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Foreword

In the United States, there are over 4000 intensive care units containing 87,000 beds.
While the number of hospitals has been more than decreasing in the United States
over the past decade, the number of intensive care unit beds has increased. From
1985 to 2000, while the total number of U.S. hospitals decreased by 8.9% and total
beds decreased by 26.4%, the number of intensive care unit beds increased by
26.2% (1–3).

Intensive care unit beds have a high occupancy rate (over 65% nationally). The
acuity of patients in those beds is rising. The costs associated with intensive care unit
care have risen at a faster rate from 1985 to 2000 (190%) than the cost of hospital
care in general (150%) and the gross domestic product (133%). Analyses have estimated
that intensive care unit care cost the United States $33 billion to $55 billion in 1995
(3–5). Thus, these numbers give a numerical background to the trend obvious to all
health care providers: a larger and larger fraction of hospitalized patients have high
acuity and require extensive resources if the patients needing such care are to benefit
from the impressive advances medical science has made over the past several decades.

Intensive care units have become such an integral part of the health care complex
over the past 40 years because medical science has developed the technical and cogni-
tive skills to reverse life-threatening processes with an increasingly higher success
rate than was conceivable even one or two decades ago. Victims of trauma, cancer,
acute infections, myocardial damage, hemorrhagic diatheses, renal failure, hepatic
failure, or neurologic catastrophes are examples of patients who have a far better prog-
nosis in 2005 if they can have prompt access to modern critical care facilities.

In terms of the infections that bring patients to intensive care units, patient out-
come has improved substantially. These improvements include a more sophisticated
understanding of pathophysiology, more accurate and less invasive diagnostic
approaches, and a dramatic expansion of therapeutic options. These improvements
have permitted patients to survive despite sepsis, human immunodeficiency virus infec-
tion, fungal disease, or viral processes to a degree not imagined two decades ago.

Many other patients, however, are admitted to intensive care units with noninfec-
tious catastrophes, only to have their courses complicated or their lives terminated by
infections they acquired in the intensive care unit. Thus, ventilator-associated
pneumonia, intravascular catheter-associated sepsis, urosepsis due to a urethral cath-
eter or fungal superinfection, and candidemia are examples of processes that can be
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prevented to a substantial degree by improved strategies to prevent such complications.
When infections do occur, they are more likely to be due to antibiotic-resistant
pathogens because of heavy antibiotic exposure in the intensive care unit and the con-
tamination of patients with pathogens transmitted from other sick patients by aerosols,
droplets, fomites, or health care staff. As many as 45% of nosocomial infections occur
in intensive care unit patients, although intensive care unit beds account for only 13%
of all hospital beds.

In this book edited by Burke A. Cunha, 32 chapters summarize the current
knowledge concerning infectious diseases occurring in the field of critical care
medicine. The material described in this book is written by an impressive team of
experienced clinicians who deal regularly with patients in intensive care units. The
material covered in these chapters is a compilation of information on general con-
cepts, specific syndromes, and current management strategies that combines material
that is derived from disparate sources. For intensivists, and for hospitalists, house
officers, and consultants who spend much of their time caring for patients in inten-
sive care units, this focused book will be most useful.

Critical care medicine is an expanding aspect of health care in the developed
world. Proper management of infectious complications is an important priority,
given the magnitude and impact of the infections on patient outcome. Regular
updates of this book will be most useful.

Henry Masur
Department of Critical Care

National Institutes for Health
Bethesda, Maryland, U.S.A.
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Preface

Infectious diseases continue to represent a major diagnostic and therapeutic chal-
lenge in the critical care unit. Infectious diseases maintain their preeminence in the
critical care unit setting because of their frequency and importance in the critical
care unit patient population. Since the first edition of Infectious Disease in Critical Care
Medicine, there have been newly described infectious diseases to be considered in dif-
ferential diagnosis, and new antimicrobial agents have been added to the therapeutic
armamentarium. The second edition of Infectious Diseases in Critical Care Medicine
continues the clinical orientation of the first edition. Differential diagnostic considera-
tions in infectious diseases continue to be the central focus of the second edition.

Clinicians caring for acutely ill patients in the critical care unit are confronted
with the common problem of differentiating noninfectious disease mimics from their
infectious disease counterparts. For this reason, the differential diagnosis of nonin-
fectious diseases remains an important component of infectious diseases in the
second edition. The second edition of Infectious Diseases in Critical Care Medicine
emphasizes differential clinical features that enable clinicians to sort out complicated
diagnostic problems.

Because critical care unit patients often have complicated/interrelated multi-
system disorders, subspecialty expertise is essential for optimal patient care. Early
utilization of infectious disease consultation is important to assure proper application/
interpretation of appropriate laboratory tests and for the selection/optimization of
antimicrobial therapy. Selecting the optimal antimicrobial for use in the critical care
unit is vital. As important is the optimization of antimicrobial dosing to take into
account the pharmacokinetic and pharmacodynamic attributes of the antibiotic.
The infectious disease clinician, in addition to optimizing dosing considerations, is
also able to evaluate potential antimicrobial side effects as well as drug–drug inter-
actions, which may affect therapy. Infectious disease consultations can be helpful in
differentiating colonization ordinarily not treated from infection that should be
treated. Physicians who are not infectious disease clinicians lack the necessary sophisti-
cation in clinical infectious disease training, medical microbiology, pharmacokinetics/
pharmacodynamics, and diagnostic experience. Physicians in critical care units should
rely on infectious disease clinicians as well as other consultants to optimize care for
these acutely ill patients.
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The second edition of Infectious Diseases in Critical Care Medicine has been
streamlined while maintaining its clinical focus. Again, the authors have been selec-
ted for their expertise and experience. The contributors are world-class teachers/
clinicians who have, in their writings, imparted their clinical experience for the
benefit of the critical care unit physicians and their patients. The second edition of
Infectious Diseases in Critical Care Medicine remains the only book dealing with
infections in critical care.

Burke A. Cunha
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1
Methicillin-Resistant Staphylococcus
aureus/Vancomycin-Resistant
Enterococci Colonization and Infection
in the Critical Care Unit

C. Glen Mayhall
Division of Infectious Diseases and Department of Healthcare Epidemiology,
University of Texas Medical Branch at Galveston, Galveston, Texas, U.S.A.

INTRODUCTION

Methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant
enterococci (VRE) are among the most common antibiotic-resistant nosocomial
pathogens in health care in general and in critical care units (CCUs) in particular.
Although discovered shortly after its introduction, resistance to methicillin was first
reported in the United States in 1968 (1,2). Since then, MRSA have spread through-
out the world and have continued to spread in the United States. In many healthcare
facilities, �50% of S. aureus isolates are MRSA. In intensive care units (ICUs),
MRSA now make up 60% of S. aureus isolates (3).

As hospital-acquired methicillin-resistant S. aureus (HA-MRSA) continues to
spread within healthcare facilities, sites where healthcare is delivered face a new
threat from community-acquired methicillin-resistant S. aureus (CA-MRSA). These
latter strains from the community first appeared in the 1990s and now have been
detected throughout the United States and in many other countries throughout
the world (4–12). Infections due to CA-MRSA occur in patients with no risk factors
or recent contact with healthcare facilities. They commonly occur in healthy children
and most commonly manifest as skin and soft-tissue infections (13–15). Most
patients require treatment, and 23% to 29% have required hospitalization (14,15).

The appearance of CA-MRSA raises concerns about an additional reservoir
for MRSA for healthcare facilities. Indeed, reports have begun to appear of the
introduction and spread of CA-MRSA in hospitals (16,17). Thus hospital epidemio-
logists and infection-control professionals will have to protect ICU patients from
both HA-MRSA and CA-MRSA.

VRE are resistant gram-positive cocci that have appeared more recently in hos-
pitals and ICUs. VRE were first noted in November 1986 and reported in January
1988 (18). In July 1988, VRE colonization of hematology patients was reported from
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Paris (19). In 1989, 0.3% of enterococci (0.1% in ICUs) isolated from patients in
hospitals participating in the National Nosocomial Infection Surveillance (NNIS)
system at the Centers for Disease Control and Prevention (CDC) were resistant to
vancomycin (20). In 1993, 7.9% of enterococci isolated in NNIS system hospitals
(13.6% in ICUs) were resistant to vancomycin. By 2003, 28.5% of enterococci
isolated in NNIS system hospital ICUs were resistant to vancomycin (21).

As normal flora, enterococci are not nearly as invasive as are S. aureus.
Approximately 1 in 10 patients colonized with VRE develop infection (22), although
this may vary with the degree of immunosuppression of the patients (23,24). The
most serious infections with VRE are bacteremia, endocarditis, and meningitis.
Urinary tract infections are less serious and easier to treat. Infections at other body
sites are difficult to document, because VRE isolated from other sites frequently
represent colonization and not infection (25,26).

METHICILLIN-RESISTANT S. AUREUS

Types of MRSA

Nosocomial Methicillin-Resistant S. aureus

Nosocomial methicillin-resistant S. aureus (NA-MRSA) first appeared in the United
States in 1968 (2). It has spread across the United States over the last three-and-a-
half decades by lateral transfer among hospital patients and by transfer of patients
between hospitals and between hospitals and long-term care facilities. Most circulating
strains of NA-MRSA appear to have originated from two or three clones of
MRSA (27,28).

Methicillin resistance and resistance to all betalactam antibiotics are conferred
by the staphylococcal cassette chromosome mec (SCCmec), which carries the mecA
gene that encodes a protein designated ‘‘penicillin-binding protein 2a’’ or ‘‘penicillin-
binding protein 20.’’ These altered penicillin-binding proteins bind betalactam
antibiotics poorly, permitting cell wall synthesis to continue in the presence of these
antimicrobial agents.

There are three types of SCCmec in HA-MRSA, types I, II, and III (4,29).
Type I contains no additional resistance determinants, but types II and III contain
resistance determinants in addition to mecA; these additional genetic elements
account for the antimicrobial resistance to many antibiotics in addition to the beta-
lactam agents. The three SCCmec types contained in NA-MRSA have an identical
chromosomal integration site and the cassette chromosome recombinase genes,
which are responsible for horizontal transfer of SCCmec (4). Thus, NA-MRSA
are resistant to many antibiotics and have a selective advantage as they are spread
among patients by the hands of personnel and other contaminated surfaces. The pre-
sence of underlying diseases and multiple types of instrumentation and procedures
predisposes patients to colonization and infection by the multiply resistant strains
of NA-MRSA.

Community-Acquired MRSA. CA-MRSA have appeared gradually over about
the last 15 years. Early on there was uncertainty about the origin of CA-MRSA, and
it was unclear whether CA-MRSA were different from NA-MRSA. Some investiga-
tors believed that most of the CA-MRSA infections could be traced back to some
previous contact with the healthcare system. More recently, it has become clear that
these infections occur in young healthy persons with no recent healthcare contacts
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and no risk factors for NA-MRSA. It has also become clear that CA-MRSA have
evolved in the community through an evolutionary pathway entirely separate from
NA-MRSA.

It appears that all four of the SCCmec types have risen from Staphylococcus
sciuri, the most ubiquitous and ancient species of Staphylococcus (30). Due to their
large size, SCCmec types I, II, and III have rarely been transferred to the cells of
methicillin-susceptible S. aureus (MSSA). On the contrary, CA-MRSA has an
SCCmec type IV that is small enough to be transferred between cells by transduction
or phage-mediated transformation (30,31). There is some evidence that transfer of
type IV SCCmec from CA-MRSA to MSSA can occur (29).

Given that many infections caused by CA-MRSA are treated in hospitals and
other healthcare facilities, there must be some concern that CA-MRSA may become
another type of MRSA in hospitals. In addition to infections, it is likely that patients
admitted to hospitals for a variety of indications will be colonized with CA-MRSA.

In addition to adding to the burden of MRSA in the hospital, CA-MRSA
appear to be more virulent than NA-MRSA. The MW2 strain of CA-MRSA, a
common strain in the United States, has 18 toxins which were not found in five
comparative S. aureus genomes (32). The majority of CA-MRSA contain the genetic
element for the Panton-Valentine leukocidin. This toxin has been associated with
necrotizing pneumonia in healthy children (6). The MW2 strain of CA-MRSA
contains genes for 11 exotoxins and four enterotoxins. All of these toxins are super-
antigens (32). CA-MRSA may also contain genes for exfoliative toxins and for
hemolysins (33).

CA-MRSA most commonly cause skin and soft tissue infections in persons
with no risk factors for NA-MRSA. However, they may cause severe disease,
and hospital patients may be at particularly high risk for serious disease. It is very
important that infection control programs be on guard for ingress of CA-MRSA
into hospitals, and this is particularly true for ICUs.

Types of Infections Caused by MRSA

Infections Caused by NA-MRSA

Adult ICUs. Bacteremia and pneumonia are the most common NA-MRSA
infections encountered when all types of ICUs are considered (34–39). Other
NA-MRSA infections reported include urinary tract infections (34,35), empyema (35),
and bacteremia associated with hemofiltration (38). Surgical site infections due
to NA-MRSA are reported from ICUs that care for surgical patients, although
most all of these infections were acquired in the operating room and not in the
ICU (35,36).

Neonatal ICUs. NA-MRSA are recovered from many more sites of infection
in patients in neonatal intensive care units (NICUs) compared with patients in adult
ICUs. As is the case in adult ICUs, reports on sites of infection due to NA-MRSA in
neonates are from publications of outbreak investigations. Table 1 shows the sites of
infection due to NA-MRSA reported from outbreaks in NICUs.

Infections Caused by CA-MRSA

Adult ICUs. To date, all cases of CA-MRSA acquired in the hospital
by adults have been reported from Australia (45–47). There were no reports of

MRSA/VRE Colonization and Infection in the Critical Care Unit 3



outbreaks in the ICUs of these hospitals. None of the isolates were tested for type of
SCCmec or for Panton-Valentine leukocidin or other toxins often found in
CA-MRSA. The strains of CA-MRSA were isolated from 24% to 42% of inhabitants
in two communities remote from the urban area where patients from these commu-
nities were hospitalized. Only one of these reports provided limited information on
the sites of infections (46). In the latter report, there were 19 episodes of bacteremia
in 16 patients.

Neonatal ICUs. Two outbreaks due to CA-MRSA have been reported from
NICUs (17,48). In one outbreak, the isolates were identified as CA-MRSA by
detection of a type IV SCCmec (17). However, virulence factors frequently found
in CA-MRSA, including the element coding for Panton-Valentine leukocidin, were
not detected in the outbreak strain. The second outbreak in an NICU was stated
to be due to CA-MRSA, but no testing for the type of SCCmec or virulence factors
was done (48). The mother of the index case had had contact with the healthcare sys-
tem, and the antibiogram of the isolates suggested that they were likely NA-MRSA.

An outbreak has also been reported in a newborn nursery and associated
maternity units (49). The isolates from this outbreak were shown to have the
type IV SCCmec and genes for Panton-Valentine leukocidin and staphylococcal
enterotoxin K.

Epidemiology of NA-MRSA Infections in Critical Care

Epidemiology of NA-MRSA

Adult ICUs. The risk for adult patients who are culture-negative for
NA-MRSA on admission to an ICU, where NA-MRSA is endemic, for acquiring
NA-MRSA ranges between 4.5% and 11.7% for cumulative incidence (36,50) and
between 7.9 and 9.9 per 1000 patient days for incidence density (51,52). In one study,
it was observed that NA-MRSA was acquired at about 1% per day in the first week
after admission and then at 3% per day thereafter (38).

Table 1 Sites of Infection Due to Nosocomial Methicillin-Resistant
Staphylococcus aureus in Patients in Neonatal Intensive Care Units

Sites of infection

Bacteremia, primary
Pneumonia
Skin and soft tissue abscess
Peritonitis or necrotizing enterocolitis
Ventriculitis or meningitis
Osteomyelitis or septic arthritis
Urinary tract infection
Eye infection
Wound infection
Endocarditis
Thrombophlebitis
Ear, nose and throat infection
Omphalitis

Source: From Refs. 40–44.
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Sources of NA-MRSA. The sources of NA-MRSA include colonized or
infected patients, colonized or infected healthcare workers (HCWs), and contami-
nated environmental surfaces. One of the best indications of the importance of
colonized and infected patients as an important source of NA-MRSA is the signifi-
cant relationship between colonization pressure and acquisition of NA-MRSA
colonization or infection by patients who have no colonization or infection due to
NA-MRSA at the time of admission to an ICU (50). Colonization pressure is defined
as the number of patient days for patients with cultures positive for NA-MRSA
divided by the number of total patient days (53). Colonization pressure can be cal-
culated for any day or for a given period of time. The most common site of MRSA
colonization is the external nares (35,54,55). The second most common site of colo-
nization is skin and soft tissue other than surgical sites (34%) (54). Other sites of
colonization include rectal (11–28.9%), respiratory tract (11%), and urinary tract
(6%) (35,54,55).

Another source of NA-MRSA is colonized or infected healthcare personnel.
Acquisition of NA-MRSA in an ICU from a respiratory therapist with chronic sinu-
sitis due to NA-MRSA has been reported, as well as surgical site infections due to
colonization of the external nares and an area of dermatitis on the hand of a surgeon
(56,57). The surgical site infections caused by the colonized surgeon were initiated at
the time of surgery but became manifest postoperatively in the ICU. HCWs often
become colonized with NA-MRSA from patient contacts when providing healthcare
but are not often implicated in transmission to patients. To implicate a colonized
HCW as a source for colonization or infection of patients, it is first necessary to
epidemiologically establish an association between contact with the colonized or
infected HCW and acquisition of NA-MRSA by patients. Then it is necessary to
prove that the strain from the HCW and the patient is the same using molecular
techniques such as pulsed-field gel electrophoresis (PGFE) after restriction endonu-
clease digestion of genomic DNA.

Contaminated surfaces of equipment and environmental surfaces appear
to make up another source of NA-MRSA for transmission to patients (58,59).
NA-MRSA has been recovered from cultures of computer terminals, the floor next
to the patient’s bed, bed linens, patient gowns, over-bed tables, blood pressure cuffs,
bedside rails, infusion pump buttons, door handles, bedside commodes, stetho-
scopes, and window sills. In the latter study, 27% of 350 environmental surface
cultures yielded NA-MRSA (59). It has also been shown in in vitro studies that
outbreak isolates of NA-MRSA survive at significantly higher concentrations and
for longer periods of time on an inanimate surface than do sporadic NA-MRSA
isolates (60). Thus, environmental contamination is likely another important source
for transmission of NA-MRSA to patients.

Mode of Transmission of NA-MRSA. The most common mode of transmis-
sion of NA-MRSA to patients is by indirect contact. Several studies have shown that
NA-MRSA is frequently transmitted to the hands and clothing of HCWs from colo-
nized or infected patients. Two studies have shown that NA-MRSA can be recovered
from 14% to 17% of HCWs’ hands after patient contact (61,62).

Another study showed that 7 out of 12 (58%) nurses who cared for patients with
NA-MRSA in a wound or urine had NA-MRSA on their gloves, recoverable by
direct plating to solid media (59). Culture of 13 of 20 (65%) nurses’ uniforms or gowns
who cared for these same patients yielded NA-MRSA. When cultures were taken
from gloves of 12 personnel who touched only environmental surfaces in the rooms
of these patients, five (42%) had NA-MRSA recovered on culture. Arbitrary-primed
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polymerase chain reaction (PCR) typing demonstrated that isolates recovered from
patients and environment had very similar banding patterns (59). Although addi-
tional studies are needed, data continue to accumulate in support of indirect transfer
of NA-MRSA to patients from contaminated hands and clothing of HCWs.

NA-MRSA also appear to have an advantage over MSSA in colonizing
patients after transmission (63). During an epidemic of NA-MRSA colonizations
and infections in a surgical ICU, 23 patients were exposed to six patients admitted
to the ICU with NA-MRSA colonization. PFGE of isolates showed that all secondary
cases had NA-MRSA PFGE patterns identical to the PFGE patterns of the strain
recovered from the patients to whom they were exposed. None of the PFGE patterns
of the isolates of MSSA cultured from patients and HCWs were the same. The
authors concluded that NA-MRSA may have spread more easily between patients
due to selection through antibiotic pressure.

Airborne transmission of NA-MRSA may occur, but the importance of this
route of transmission has not been established. The CDC has not recommended
airborne precautions for patients with NA-MRSA colonization or infection (64).
Theoretically, NA-MRSA could be transferred by the airborne route after aerosoli-
zation from contaminated environmental surfaces or by aerosolization from nasal
carriers. One study has shown that NA-MRSA can be aerosolized from environ-
mental surfaces, i.e., changing bed sheets (65). Molecular typing showed that
environmental isolates and patient isolates were identical. However, the authors did
not investigate other possible routes of transmission of NA-MRSA to the patients.

Several studies have been published on the dissemination of S. aureus from the
upper respiratory tracts of HCWs. To the author’s knowledge, no such studies have
been published on dissemination of NA-MRSA from HCWs. One study has epi-
demiologically implicated a HCW with chronic sinusitis and nasal colonization
with S. aureus in spread of S. aureus to patients. The relationship was confirmed
by molecular typing (56). There appears to be a strong relationship between shed-
ding of S. aureus by HCWs and having a viral upper respiratory tract infection
(66,67). In one study, nasal carriers of S. aureus who volunteered were experimen-
tally infected with rhinovirus (67). Investigators were able to quantify the S. aureus
colony-forming units (CFU) released into the air under varying conditions including
type of clothes worn and whether or not a mask was worn. They documented that
the S. aureus released into the air was from the experimentally infected volunteers
by molecular typing. Studies on airborne dissemination of NA-MRSA using these
techniques are needed.

Risk Factors for Acquisition of NA-MRSA. Risk factors for acquisition of NA-
MRSA in ICUs vary depending on the type of ICU. Risk for NA-MRSA colonization/
infection identified in recent well-designed studies making use of multivariable analysis
is shown in Table 2.

Neonatal ICUs. The epidemiology of NA-MRSA colonization and infection
has been less well studied in NICUs than in adult ICUs. Few, if any, reports on
outbreaks of NA-MRSA in NICUs published in the 1990s and up to the present
have included data on the risk of acquisition of NA-MRSA during outbreaks or
analytic epidemiologic studies to identify risk factors for acquisition. One study pro-
vided time-and-intensity-of-care-adjusted incidence density for infections. In the
intensive care section of the unit this incidence density was 0.73 infections/1000
patient-care hours (40). In the intermediate-care area the incidence density was
0.62 infections/1000 patient-care hours. There are no data on the rate of acquisition
of NA-MRSA colonization.
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There are few data on the source of NA-MRSA in NICUs. In one recent study,
patients would have to be presumed to be the source of NA-MRSA, as personnel or the
environment could not be implicated (42). In another study based on molecular typing,
environmental cultures were all negative and a HCW was thought to have transferred
the NA-MRSA outbreak strain from an adult hospital (44). However, the HCW was
not epidemiologically implicated as the source. In all of the latter studies, transmission
between patients by the hands of HCWs is suggested (40,42,44).

No case–control studies to identify risk factors for colonization or infection
with NA-MRSA in NICUs have been published to the author’s knowledge. Using
a different approach, one study implicated overcrowding and understaffing as risk
factors for acquisition of NA-MRSA colonization or infection (40).

Epidemiology of CA-MRSA

Adult ICUs. Although outbreaks of CA-MRSA infections have been
described in hospitals in Australia, there were no reports of such outbreaks in ICUs
(45–47). There have been no reports of infections due to CA-MRSA in adult ICUs in
the United States.

Neonatal ICUs. There are three published reports of transmission of CA-
MRSA in NICUs (17,48,69). In one report, the strain was identified as CA-MRSA
by recovery from both the mother and neonate within the first 48 hours after admis-
sion (48). However, the isolate was susceptible only to gentamicin, rifampin, and
vancomycin, and the mother had had contact with the healthcare system for prenatal
care. The isolate was not tested for either the SCCmec type or the gene that encodes
for Panton-Valentine leukocidin. Strains from the other two studies were both
tested for the SCCmec type and Panton-Valentine leukocidin (17,69). Isolates from
these two investigations had SCCmec type IV identified, but one did not carry the
gene for Panton-Vanentine leukocidin (17) and the other was not tested for the latter
virulence factor (69).

One study provided an incidence rate of 18.5 cases per 1000 hospitalized
neonates (17). There are no published data on modes of transmission or risk factors
for acquisition of CA-MRSA in NICUs. Although there are few published epidemio-
logic data on the spread of CA-MRSA in NICUs, it is clear that CA-MRSA may
enter NICUs and cause outbreaks with resultant colonization and infection of neo-
nates. It is likely that CA-MRSA will continue to enter many areas of hospitals, and
more definitive studies will be needed to better understand how to prevent entry of
CA-MRSA and to control it once present in healthcare facilities.

Prevention and Control of MRSA in ICUs

Prevention of MRSA transmission and control of ongoing dissemination among
patients receiving healthcare require a number of preventive and control measures.
The approach to control is similar for adult and neonatal patients and for NA-MRSA
and CA-MRSA. Differences for adults versus neonates and for NA-MRSA versus
CA-MRSA will be noted.

Screening Patients on Admission and During Hospitalization

The most important measures for control of MRSA in ICUs are active surveillance
for patients infected or colonized with MRSA at the time of admission followed by
prompt isolation of those patients identified as colonized or infected and weekly
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cultures for patients remaining in the ICU to detect acquisition of MRSA from
patients who may have escaped detection on admission, from colonized or infected
HCWs, or from contaminated environmental surfaces (34,44,63,70–84). It is impor-
tant to identify every colonized patient so that all colonized as well as all infected
patients can be placed on contact precautions. Surveillance cultures for MRSA
should always include samples from the anterior nares (70).

Screening patients for colonization with MRSA has been done by taking swab
samples from the anterior nares and other sites of possible MRSA colonization, such
as the oropharynx, axilla, inguinal area, perirectal areas, and from open wounds and
skin eruptions. Samples were then inoculated to broth or solid media containing
antibiotics or other agents to select out MRSA. Although effective, results are not
immediately available due to the delay for incubation and identification of isolates.
More rapid techniques for detection of MRSA based on the PCR have been
developed and published (85). Such techniques permit detection of MRSA from
swab specimens within two hours.

Screening for MRSA colonization and infection on admission is particularly
important for patients admitted from other hospitals, from long-term care facilities,
or who have been hospitalized in the past year. Although it is not yet clear as to the
impact of CA-MRSA on the influx of MRSA into hospitals, this potential reservoir
for MRSA must be kept in mind. It may be necessary to screen everyone entering
the hospital from the community regardless of whether they have one of the
above-mentioned risk factors for MRSA colonization or infection.

Barrier Precautions

Gloves should be worn before entry of HCWs into rooms of patients isolated for
MRSA (70). There is good evidence that HCWs acquire MRSA on gloved and
ungloved hands when in contact with patients colonized or infected with MRSA
(61,62). Hands should be washed before and after glove use.

Gowns should be worn on entry into the room except when there will be no
contact between the HCW and the patient or between the HCW and environmental
surfaces (70). Studies have shown that the clothing of HCWs becomes contaminated
after contact with patients and patient-care surfaces (59,86).

Whether or not masks are needed for contact precautions for MRSA is contro-
versial. The CDC has not recommended that masks be used for isolation of patients
colonized or infected by MRSA (64). Masks are recommended by the Society for
Healthcare Epidemiology of America (SHEA) Guidelines for preventing nosocomial
transmission of multidrug-resistant strains of S. aureus and Enterococcus (70).
However, the recommendation is categorized as a type II. Definitive studies are
needed to determine whether or not masks are needed for isolation of patients with
MRSA colonization or infection.

Decontamination of the Environment

There is growing evidence that the environment may be an important source for
MRSA for patient colonization and infection (59,87,88). One study has shown that
strains of MRSA survive for about 7 to 10 months on glass surfaces (60). It was also
shown that outbreak strains of MRSA survived longer than sporadic strains. There is
evidence that enhanced disinfection is an important measure for controlling epidemic
MRSA (89,90). Thus, attention should be paid to thorough cleaning and disinfection
of environmental surfaces in patient rooms and other areas where patients receive care.
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Hand Hygiene

Hand hygiene is very important in conjunction with barrier precautions in preventing
the spread of MRSA between patients and from patients to HCWs (70). Hand
hygiene practices have been suboptimal for many years, and efforts to improve them
have had little impact on compliance rates, which average about 40%. Risk factors
for poor compliance include being a physician or a nursing assistant, working in an
ICU, working during weekdays performing activities with a high risk for transmis-
sion, and having many opportunities for hand hygiene per hour of patient care (70).
Most of these risk factors for poor hand hygiene are commonly present in ICUs.

HCWs must be taught to decontaminate their hands with an antiseptic-
containing agent (an alcohol-based hand rub or a hand washing preparation containing
an antiseptic agent). If hands are visibly soiled with urine, feces, blood, or other body
fluids, they must be washed with soap and water followed by application of an alcohol-
based hand rub or washed with soap containing an antiseptic.

Hands must be decontaminated before and after contact with each patient.
This includes decontamination by washing with an antimicrobial soap or applica-
tion of an alcohol-based hand rub after removal of gloves (91). HCWs should be
strongly encouraged to apply moisturizing hand lotions, but it is important to estab-
lish that such preparations are compatible with the cleansing products and glove
materials used by the HCWs. HCWs must be thoroughly educated about microbial
contamination of their hands and why hand hygiene is important. Hand hygiene
should be monitored and feedback should be given to HCWs about their perfor-
mance on a continuous basis. It is unlikely that occasional feedback will change
hand-hygiene practice.

Decolonization of Patients Who Are Carriers of MRSA

Decolonization of patients as a way to prevent and control outbreaks of colonization
and infections due to both MRSA and MSSA has been studied for decades. In spite
of the introduction of mupirocin as one of the most potent topical antistaphylococcal
antibiotics discovered to date, decolonization of patients colonized with MRSA
remains a challenge (92). In a number of studies, patients often become recolonized
with the same or a different strain of MRSA. Few randomized controlled clinical
trials with long-term follow-up (�12 weeks after intranasal application of mupiro-
cin) have been conducted. Decolonization is often attempted using a combination
of mupirocin applied to the nares and showers with an antiseptic agent such as chlor-
hexidine. Very little published data suggest that chlorhexidine baths may add to the
efficacy of mupirocin (93). One of the major problems in the use of mupirocin for
decolonization of patients, in addition to failure to maintain long-term decoloniza-
tion, is development of resistance (94). Resistance is particularly likely to develop
with extensive use such as application to wounds. Resistance to mupirocin after
use for treatment of both colonization and infection can be effectively controlled
by limiting its use to the treatment of colonization (94).

Use of mupirocin for decolonization of patients in ICUs must be very judi-
cious. Several of the risk factors for failure are present in many ICU patients (92).
These include (i) colonization of multiple body sites; (ii) chronic nonhealing wounds;
and (iii) the presence of colonized foreign bodies such as tracheostomy tubes or gas-
trostomy tubes. Treatment for colonization should be limited to the nares. Attempts
at decolonization of patients with colonization at multiple body sites, with chronic non-
healing wounds, and the presence of foreign bodies should be avoided. If mupirocin is
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used on multiple patients over long periods of time (months), MRSA isolates from
patients should be tested for susceptibility to mupirocin.

Another approach to decolonization of MRSA carriers has been instillation of
vancomycin into the gastrointestinal tract by way of a nasogastric tube. In a recent
study, the ICU patients had surveillance cultures of throat and rectum for MRSA
over an eight-month period (95). The patients were part of a study of prevention
of infection in mechanically ventilated patients. The patients were receiving oral anti-
microbial agents for selective decontamination of the digestive tract. The authors
designed a study to determine whether oral administration of vancomycin could
eliminate MRSA from the intestinal tract. The study was not randomized and did
not have concurrent controls. The authors noted a significant decrease in MRSA
infections in the treated group compared with the historical group. They were able
to show elimination of MRSA from the gastrointestinal tract based on rectal swab
cultures. The weaknesses of the study included nonrandomization, the use of historic
controls, and the simultaneous administration of other oral antimicrobial agents.
The strengths included eradication of gastrointestinal carriage of MRSA and the
careful monitoring of vancomycin resistance in MRSA and enterococci. No resis-
tance was detected in many isolates of MRSA and enterococci tested for vancomycin
susceptibility during the study. The authors also noted that by eradicating rectal
carriage with vancomycin and preventing infection, they administered only 25% as
much vancomycin to the group given oral vancomycin prophylaxis as was needed
to treat the infections in the control group. Additional studies are required to better
define the role of oral vancomycin for decolonization of the gastrointestinal tract,
but this modality of decolonization appears to be of potential benefit and is worthy
of further investigation.

Decolonization of patients in NICUs is similar to that in adult ICUs but
has not been as well studied. In one report of a MRSA outbreak, four patients were
treated with nasal mupirocin three times a day for five days and bathed with diluted
(1:10); 4% chlorhexidine gluconate once daily for three days (17). Two of the four
neonates were successfully decolonized and two remained colonized with MRSA.
The latter two were decolonized after the regimen was repeated. In a report of a
second outbreak, colonized neonates were treated with mupirocin twice daily to
the anterior nares and the umbilical area for seven days (96). The authors did not
report the results of their decolonization regimen.

In an account of a MRSA outbreak in an NICU, one control measure was
application of triple dye to the umbilical area of the patients (40). This was one of
several control measures implemented. Other control measures instituted included
reducing overcrowding and understaffing and placing an infection control nurse
in the NICU. Because all of these control measures were implemented at the same
time, it was not possible to determine what effect the triple dye had in controlling
the outbreak.

Decolonization of Healthcare Workers Who Are MRSA Carriers

Decolonization of HCWs is necessary when they have been epidemiologically impli-
cated in the transmission of MRSA to patients from a colonized body site, which is
most often the nose. Eradication of MRSA carriage from HCWs has been shown to
help control outbreaks (56). For MRSA, mupirocin will decolonize the external
nares effectively 91% of the time, although recolonization may occur in about one
quarter of individuals so treated within four weeks (97). It has also been shown that
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decolonization of HCWs with nasal carriage of MSSA results in a substantial
decrease in hand carriage (98). Temporary decolonization of most of the colonized
HCWs in an ICU for a few weeks may help control an outbreak. Although there
are few data on decolonization of HCWs carrying MRSA, it is likely that mupirocin
will eradicate MRSA from the nares and hands of HCWs.

A second area where HCWs may be colonized with MRSA is at the site of
dermatitis on their hands or forearms. It is important that hands and forearms
of HCWs be examined and areas of dermatitis be cultured during an outbreak inves-
tigation. Other sites of colonization or infection are less common but may have to
be sought if epidemiologically indicated. Table 3 lists the control measures for
MRSA in ICUs.

Cost Effectiveness of MRSA Control

One study of the cost-effectiveness of MRSA control in an medical intensive care
unit (MICU) has concluded that identification of patients who are carriers of MRSA
on admission and during hospitalization and isolating of these carriers is cost effec-
tive (34). In spite of an ongoing MRSA carriage prevalence in admitted patients of
4%, the authors were able to reduce the incidence of ICU-acquired MRSA infection
and colonization by fourfold. They observed that costs for single-room isolation of
patients were $1480 and that the extra cost of an MRSA infection was $9275. They
estimated that control was cost effective when MRSA carriage on admission is
between 1% and 7% and when the MRSA transmission rate from colonized to iso-
lated patients is at least fivefold less than to patients not isolated. Additional studies
are needed on the cost effectiveness of MRSA control.

VANCOMYCIN-RESISTANT ENTEROCOCCI

Mechanism of Resistance

Although there are many species of Enterococcus, relatively few species make up the
VRE that cause endemic and epidemic nosocomial colonization and infection in
healthcare facilities. The most important species are E. faecium and E. faecalis.
Two other species, E. gallinarum and E. casseliflavus, are motile and display intrinsic
vancomycin resistance (99).

Vancomycin resistance in enterococci is mediated by the production of
D-Alanine:D-Alanine ligases of altered substrate specificity (100). The most common
ligases with altered substrate specificity are vanA and vanB. Both of these ligases
condense D-Ala with D-Lac (lactate). Vancomycin does not bind to D-Lac, thus per-
mitting cell wall synthesis to continue. The vanA trait is carried on a transposon,
Tn1546. This transposon is most often carried on a plasmid and can be transferred
to other gram-positive cocci. The genes that code for both vanA and vanB are similar.
The vanB genes are carried on a large mobile element found on the chromosome. The
vanB trait can be transferred to other enterococci (99). VRE containing the vanA
ligase are resistant to vancomycin and another glycopeptide, teicoplanin, whereas
vanB isolates are resistant to vancomycin but are susceptible to teicoplanin. Entero-
cocci carrying vanA have minimal inhibitory concentrations (MICs) to vancomycin
of >64 mg/mL, whereas isolates with vanB have MICs to vancomycin of 16 to
>1000 mg/mL (99).

Other types of ligases with altered substrate specificities are vanC [D-Ala-D-Ser
(serine)], vanD (D-Ala-D-Lac), and vanE (D-Ala-D-Ser). The vanE genes are found on
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Table 3 Control Measures for Methicillin-resistant Staphylococcus aureus in
Intensive Care Units

Measure Comments

Culture all patients on admission and
weekly while in the ICU until they
become positive for MRSA or they
are discharged

Use selective culture media
Always take cultures from the external nares
Culture wounds and skin eruptions
Consider perirectal cultures if other sites are

negative
Flag patients’ charts or flag patients

in the hospital computer system
who are MRSA positive

Place patients with MRSA infection and
colonization on contact precautions

Place patients flagged for MRSA on contact
precautions on admission

Wear gloves to enter the room
Wear a gown for contact with the patient

or environment
Use of a mask is optional
Remove gloves and gown prior to leaving

the room
Practice hand hygiene after leaving room Wash hands with soap containing an

antiseptic or apply an alcohol hand rub
If hands are visibly soiled, wash with a soap

containing an antiseptic or wash with plain
soap followed by application of an alcohol
hand rub

Culture environmental surfaces to assess
extent of contamination with MRSA

Obtain specimens with sterile swabs
moistened with sterile saline without
bacteriostatic agents

Use selective culture media to maximize
efficiency of laboratory identification
of MRSA

Decontaminate environmental surfaces often
enough to keep them free of MRSA

Thoroughly clean surfaces followed by
application of a hospital-grade disinfectant

Culture environmental surfaces to
determine effectiveness of cleaning and
disinfection methods

Do not use phenolic disinfectants in NICUs
for environmental decontamination

Determine what sites to clean and the
frequency of cleaning based on
environmental culture data

Attempts at decolonization of patients with
MRSA should be done only under the
supervision of infection control staff

Mupirocin is the agent of choice
Follow the manufacturer’s instructions

for use
Decolonization should be attempted for nasal

colonization only
Attempts at nasal decolonization should

not be done for patients with the following
conditions:
Colonization of multiple body sites
Chronic nonhealing wounds

(Continued )
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the chromosomes of E. gallinarum and E. casseliflavus. These latter species have
intrinsic low-level resistance to vancomycin (8–16 mg/mL).

More recently, it has been discovered that E. faecium strains of VRE have
acquired genes that appear to code for two virulence factors (101,102). The esp gene
was found only in outbreak strains of E. faecium on three continents and not in
nonepidemic isolates and isolates from healthy individuals or farm animals (101).
Isolates carrying the esp gene seem to be associated with in-hospital spread and
possibly with increased virulence. The hylEfm gene is found primarily in vancomycin-
resistant E. faecium in nonstool cultures obtained from patients hospitalized in the
United States (102). This observation suggests that specific E. faecium strains may
contain determinants that are associated with clinical infections. The appearance
of virulence determinants in microorganisms that were considered nonvirulent nor-
mal flora in the past makes control of VRE even more urgent than when the only
concern was resistance to glycopeptides.

Types of Infections Caused by VRE

Adult ICUs

The most important type of infection caused by VRE is bacteremia. Such infections
are usually related to intravascular catheters (103–109). Mortality due to VRE bac-
teremia has not been studied extensively. One study concluded that VRE bacteremia
had a negative impact on survival (107). The best study was a historical cohort study
that found an attributable mortality of 37% (95% CI 10–64%) (106). Nosocomial
meningitis has been reported rarely (110,111). VRE is frequently cultured

Table 3 Control Measures for Methicillin-resistant Staphylococcus aureus in
Intensive Care Units (Continued )

Measure Comments

Presence of colonized foreign bodies such as
tracheostomy tubes or gastrostomy tubes

Take cultures after treatment for
decolonization and 12 wks later

Nasal decolonization is the same in NICUs
Healthcare workers who have nasal

colonization with MRSA and who have
been epidemiologically implicated in
transmission to patients should be
furloughed from patient care and treated
with mupirocin for decolonization

Mupirocin should be applied to the external
nares according to manufacturer’s
instructions

Follow up cultures of the external nares
should be taken after therapy and again at
2, 6, and 12 wks to detect relapse or
recolonization

When decolonization is unsuccessful on the
first attempt, retreatment may be successful

When healthcare workers are infected with
MRSA or have colonization of dermatitis,
they should be furloughed from patient care
and treated for infection or dermatitis until
the condition clears

Sites of infection or colonization should be
culture negative before the healthcare
worker returns to patient care

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; ICU, intensive care unit; NICUs,

neonatal intensive care units.
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from urine, but only about 13% of patients with positive urine cultures have a
urinary tract infection. Bacteremia from the infected urinary tract occurs but is
uncommon (112). A univariate analysis of patients with and without a urinary tract
infection revealed a significant relationship between having a malignancy and a
urinary tract infection (112).

Neonatal ICUs

As in adults, neonates may also develop serious infections caused by VRE (113–115).
The most common infection is bacteremia. Meningitis due to VRE has been reported
in neonates, and two cases of VRE meningitis developed in patients after ventricu-
loperitoneal shunt placement (114). Urinary tract infection and lower respiratory
tract infection with VRE has also been reported (114). Similar to adult patients, only
about 1 in 10 colonized patients develop infection.

Epidemiology of VRE in ICUs

Sources of VRE

The main source/reservoir for VRE in hospitalized patients is the gastrointestinal
tract (116–119). The first sites from which VRE are recovered on culture in newly
colonized patients 86% of the time are the rectum or groin (116). Rectal cultures
for VRE remain positive 100% of the time while patients are hospitalized. Gastroin-
testinal colonization may be very prevalent in ICU patients even in the absence of an
outbreak (118). Patients with gastrointestinal colonization with VRE have very
high concentrations of VRE in stool (median 108 CFU/g) (117). VRE are the predo-
minant aerobic microorganisms in the gastrointestinal tracts of colonized patients,
outnumbering gram-negative bacilli and vancomycin-susceptible enterococci. Given
the high concentrations of VRE in stool, it is not surprising that many body sites
in the patient carrying VRE become colonized (116).

Transmission of VRE in the ICU

Transmission of VRE to patients is by indirect contact with the hands of HCWs and
fomites. There is no evidence that VRE are spread by the airborne route. Four
studies show that gloved hands in contact with colonized patients and their environ-
ments become culture positive for VRE (120–123). When patients have diarrhea, the
likelihood of HCWs picking up VRE on their gloves when in contact with these
patients is greater than when in contact with patients who do not have diarrhea (121).
It has also been shown that VRE isolates in the environment surrounding
a colonized patient are easily transferred on to the gloved hands of HCWs after
contact with environmental surfaces (122). Isolates from patients, environmental
surfaces, and gloved hands of HCWs were the same strains by PFGE. Isolates
from patients’ intact skin or environmental surfaces may also be transferred to
clean sites on patients by HCWs hands or gloves (123).

Two studies have shown that environmental surfaces have a lower density
of VRE than do perirectal swabs (123,124). Both studies showed that broth ampli-
fication was often necessary to recover VRE from environmental surface samples.
However, low density of VRE on environmental surfaces did not prevent transfer.
Sixty-nine percent of surfaces from which VRE were transferred were positive by
broth amplification culture only (123).
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Another concern about transfer of VRE from environmental surfaces is that
the microorganism can survive on inanimate surfaces from seven days to two months
(125,126). Further evidence that VRE may survive for a prolonged period on an
inanimate surface and then be transferred to a patient is provided by a report on
a VRE outbreak in a burn unit (119). After initial control of the outbreak for five
weeks, the outbreak recurred from an electrocardiogram (EKG) lead that had not
been cleaned since use on the last patient. In the five-week period, during which
the outbreak had been cleared, all weekly patient surveillance cultures and 317 envir-
onmental cultures were negative for VRE. The VRE cultured from the EKG lead,
the prior patient on which the lead had been used and the patient who acquired
the VRE from the EKG lead, were shown to be the same strain by PFGE. The time
from use of the EKG lead on the first patient to use on the second patient was 38
days. VRE have also been transmitted between patients by electronic thermometers
during an outbreak (127). Restriction endonuclease analysis of plasmid DNA
indicated that all clinical isolates and isolates from handles of the electronic thermo-
meters were identical.

Risk Factors for Acquisition of VRE in ICUs

Adult ICUs. Although many published studies have examined risk factors for
nosocomial acquisition of VRE, most have not been well designed. When trying to
ascertain risk factors for acquisition, it is important to determine the exact time of
colonization or infection by VRE, to use controls that are negative for VRE [as
opposed to controls positive for vancomycin-susceptible enterococci (VSE)], and
to use multivariable statistics to identify independent risk factors. Some studies of
risk factors have included ICUs in addition to other areas of the hospital (Table 4),
and others have been limited to ICUs (Table 5).

Several of the studies included in Tables 4 and 5 have identified a significant
relationship between prior administration of an antimicrobial agent and acquisition
of VRE. Drugs listed included cephalosporins, metronidazole, vancomycin, carbape-
nems, ticarcillin–clavulanate, and quinolones. The antibiotic most often identified as a
risk factor was vancomycin. In an extensive study of the effects of antimicrobial agents
on fecal flora, it was found that antianaerobic antibiotics promoted high-density

Table 4 Risk Factors for Acquisition of Vancomycin-Resistant Enterococci from Studies of
Mixed Patient Populations

Publications Risk factors
Adjusted odds
ratio (95% CI) p Value

Loeb et al. (128) Cephalosporin use 13.8 (2.5–76.3) 0.01
Byers et al. (129) Proximity to an unisolated patient 2.04 (1.32–3.14) 0.0014

History of major trauma 9.27 (1.43–60.3) 0.020
Therapy with metronidazole 3.04 (1.05–8.77) 0.040

Cetinkaya et al. (130) Vancomycin use 3.2 (1.7–6.0) 0.0003
Gastrointestinal bleedinga 0.26 (0.08–0.79) 0.02
Presence of central venous lines 2.2 (1.04–4.6) 0.04
Antacid use 2.9 (1.5–5.6) 0.002
Mean daily dose of Vicodin1a 0.0003

aProtective factors.
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Table 5 Risk Factors for Acquisition of Vancomycin-Resistant Enterococci from Studies in
Intensive Care Units

Publications Type of ICU Risk factors
Adjusted odds
ratio (95% CI) p Value

Karanfil
et al. (131)

Cardiothoracic
surgery

Vancomycin use Sole predictor
in the logistic
regression
model

Slaughter
et al. (132)

Medical Length of stay in
ICU �5 day

0.08 (0.02–0.39)a

Enteral feeding 6.09 (1.56–23.7)
Sucralfate 3.26 (1.09–9.72)

Bonten
et al. (53)

Medical Colonization pressure 1.032 (1.012–1.052)b 0.002
Proportion of days

with enteral feeding
1.009 (1.000–1.017)b 0.05

Proportion of
patient days with
cephalosporin use

1.007 (0.999–1.015)b 0.11

Falk et al. (119) Burn Presence of diarrhea 43.9 (5.5–infinity) 0.0001
Administration of

an antacid
24.2 (2.9–infinity) 0.002

Gardiner
et al. (133)

Medical Enteral feedings 19 (2.02–177.9) < 0.05

Padiglione
et al. (134)

Multicenter
study—mixed
ICUs and
transplant
units

Renal unit patients 4.62 (1.22–17)b 0.02
Carbapenems 2.84 (1.02–7.96)b 0.048
Ticarcillin–clavulanate 3.64 (1.13–11.64)b 0.03

Martinez
et al. (135)

Medical Hospitalization for
more than
one week before
MICU admission

18.5 (1.1–301.0) 0.04

Administration of
vancomycin
before or during an
ICU admission

6.3 (1.2–34.0) 0.03

Administration of
quinolones
before or during
MICU admission

14.8 (1.2–180.0) 0.04

Location in a high
risk MICU roomc

81.7 (2.2–3092.0) 0.02

Warren
et al. (136)

Medical Increasing age 1.02 (1.01–1.03)
Hospitalization in

the 6 mo prior to
current admission

2.74 (2.21–3.40)

Admission from
a long-term
care facility

1.30 (1.14–1.47)

aProtective factor.
bHazard ratios.
cA room that proved to be contaminated after postpatient discharge cleaning.

Abbreviations: ICU, intensive care unit; MICU, medical intensive care unit.
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colonization of stool with VRE (136). Administration of vancomycin had no effect
on the concentration of VRE in stool. Although antianaerobic agents increased the
concentration of VRE in stool, it is unclear whether these agents or vancomycin
predispose to acquisition of VRE.

Several case–control studies have shown that vancomycin is a risk factor for
acquisition of VRE. In an assessment of studies showing a relationship between
vancomycin and acquisition of VRE by meta-analysis, the authors concluded that
the apparent relationship between administration of vancomycin and colonization
with VRE is due to selection of VSE as the reference group, confounding by duration
of hospitalization and publication bias (137). However, several studies have been
published in which the reference group was appropriately selected (VRE-negative
patients and not VSE-culture positive) and duration of hospitalization was included
to control for confounding due to longer exposure time (130,131,138,139). Thus, the
issue of whether vancomycin is a risk factor for acquisition of VRE is unsettled.

Risk factors from Tables 4 and 5 that appear greater than or equal to two times
are use of antacids and enteral feedings. One study noted that a length of stay of less
than or equal to five days in an MICU was protective against VRE acquisition,
whereas another study observed that hospitalization for more than one week prior
to MICU admission was a risk factor for acquisition of VRE. In summary the most
frequently identified risk factors for acquiring VRE from these studies are adminis-
tration of antibiotics and antacids, enteral feedings, and longer length of stay.

Neonatal ICUs. There are six reports of outbreaks of VRE in NICUs
(113–115,140–142). Analytical epidemiology was used in only one of the studies to
identify risk factors for acquisition of VRE (113). This study examined a large num-
ber of variables by univariate analysis and found many variables apparently related
to VRE colonization. However, multivariable analysis by logistic regression identi-
fied days of antimicrobial therapy (OR 1.21, 95% CI 1.045–1.400, p¼ 0.01) and birth
weight (OR 0.92, 95% CI 0.862–0.979, p¼ 0.009) as the only independent associa-
tions with acquisition of VRE. Additional studies are needed to further define the
variables associated with acquisition of VRE in this population.

Prevention and Control of VRE in ICUs

Although less data were available 10 years ago on the epidemiology and control of
VRE, recommendations of the CDC’s Hospital Infection Control Practices Advisory
Committee (HICPAC) have stood the test of time (143). Virtually all of HICPAC’s
recommendations to prevent and control the spread of VRE have been supported by
the studies published in the last 10 years. Thus, the focus for control and prevention
is on the following: (i) detection of colonized patients by surveillance cultures;
(ii) barrier isolation; (iii) hand hygiene; (iv) environmental decontamination;
(v) decolonization of HCWs; and (vi) control of antimicrobial (particularly vanco-
mycin) use. The HICPAC guideline also emphasized that prevention and control
should start in ICUs and other areas where the VRE transmission rate is the highest.

Culture Surveillance

Because only about 10% of patients colonized with VRE develop infection, most
patients who make up the reservoir of VRE in the hospital are colonized and not
infected. Colonization can be detected only by surveillance cultures. Colonized
patients have been detected by screening stool specimens submitted to the clinical
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microbiology laboratory for Clostridium difficile toxin assay (144). Stool may be
collected and sent from the ICU to the clinical microbiology laboratory, but in most
cases perirectal swab specimens are cultured in broth or streaked to solid agar.
One group of authors found that a rectal swab sample had a sensitivity of 58% in
detecting VRE compared to culture of stool (145). These authors also noted that
the concentration of VRE in stool increased with the number of antibiotics adminis-
tered and duration of their administration. It is likely that perirectal swab cultures
will have a higher sensitivity for detection of VRE in ICUs where many patients
are on antibiotics.

In another study in a burn unit, the authors observed that perirectal swabs had
the same sensitivity for detecting VRE whether inoculated to broth or to solid media
(124). This suggests that small numbers of VRE detected by broth amplification can
also be detected by growth on solid media. This may have been due to the extensive
use of antimicrobial agents in the burn unit where the study was performed. The
HICPAC guideline also recommends culturing urine and wounds for VRE (143).
This will likely increase the sensitivity of surveillance cultures.

Surveillance cultures can be made more efficient by using a selective culture
media to suppress growth of other microorganisms that will likely contaminate
the specimens (124,143). It is likely that most patients who are colonized with
VRE in an ICU will be detected by perirectal swabs and swabs of open wounds
and other skin sites inoculated to selective media. This recommendation is further
supported by a study that found that rectal and perirectal swabs had approximately
the same sensitivity (79%) (146).

Surveillance cultures and isolation of colonized and infected patients has been
shown in many studies to control VRE in both acute care and long-term care facil-
ities (117,119,120,129,147–150). One publication describes the effective control of
VRE in four acute-care hospitals and in 26 long-term care facilities in the Siouxland
region of Iowa, Nebraska, and South Dakota (147).

Barrier Precautions

Patients with VRE infections and VRE colonization detected by surveillance cultures
should be immediately placed on barrier or isolation precautions. The HICPAC
guideline recommends placement of patients in a single room or in the same room
as other patients with VRE (143). The guideline also recommends donning clean
nonsterile gloves prior to entering the room. Use of a gown is recommended only
for substantial contact with the patient or environment. Many health care facilities
now require that a gown be worn as well as gloves to enter the room of a patient with
VRE. This is based on several studies. The first report noted that an outbreak in an
ICU was not contained until personnel began to wear gowns in addition to gloves
(151). In a prospective, controlled nonrandomized study in an MICU in a hospital
in which VRE were endemic, half the patients were isolated with glove use alone
and the other half were cared for by HCWs wearing both gloves and gowns (132).
The authors observed that there was no difference in transmission from patients iso-
lated with glove use only and those isolated with HCWs wearing gowns and gloves.

Two prospective nonrandomized studies using historical controls and multi-
variable analysis carried out in MICUs both observed a significantly lower rate of
transmission of VRE when gowns and gloves rather than gloves alone were used
for isolation (152,153). In the former study, the addition of gowns was protective
only for those patients exposed to VRE for more than 15 days.
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Use of gowns in addition to gloves is further supported by the findings from a
study that evaluated the proportion of gloves, gowns, and stethoscopes that were con-
taminated after a structured physical examination of patients colonized or infected
with VRE (154). Gloves were contaminated in 63%, gowns in 37%, and stethoscopes
in 31% of the examinations. Available published data support a recommendation that
both gloves and gowns be worn when entering a room where a patient is isolated for
VRE colonization or infection.

There are few data on when patients colonized or infected with VRE may be
taken off of isolation. The CDC’s HICPAC recommendation was that isolation
be discontinued when three sets of cultures taken from stool or by rectal swab
and all previous positive body sites were culture negative for VRE on three occasions
at least one week apart (143). One study has been published that supports the recom-
mendation made by HICPAC that patients may be taken off of isolation after three
consecutive negative cultures (155).

Decontamination of the Environment

That VRE can remain viable on inanimate surfaces from seven days to two months
has already been established (119,125,126). In addition to hard surfaces, upholstered
surfaces in hospitals can be contaminated with VRE (156). VRE were recovered at
72 hours and one week after inoculation to an upholstered surface. VRE were
also recovered from 3 of 10 seat cushions that were cultured in the room of a
VRE patient. The authors state that an easily cleanable nonporous material is the
preferred upholstery in hospitals.

Extensive cultures of environmental surfaces in rooms of patients colonized
with VRE in an MICU and a burn ICU identified contaminated surfaces in 12%
and 13.5%, respectively (116,119). It has also been shown that at least one environ-
mental surface was positive in the rooms of 63% to 92% of patients colonized with
VRE (116,122). Three studies have demonstrated that VRE are easily transferred to
gloves or hands of HCWs after contact with the environment (121–123). In one of
the latter studies, VRE were transferred from a culture-positive site to a culture-
negative site in 10.6% of the opportunities (123). VRE were transferred from patient
to environment and from environment to patient. VRE were transferred from sites
with low-density contamination or colonization (cultured from broth only) 69%
of the time. Environmental contamination has also been shown to be more widely
distributed in the areas around the bed of a colonized patient with diarrhea (151).

Further evidence for the importance of environmental contamination in the
acquisition of VRE in an MICU was the finding in a case–control study that
environmental contamination was a risk factor for patients acquiring VRE (135).

The effectiveness of decontamination of the environment depends on the method
used. In one study, the investigators observed that cleaning environmental surfaces with
a cleaning rag sprayed with a quaternary ammonium disinfectant was significantly less
effective than dipping the cleaning rag into a bucket of the same disinfectant, drenching
all surfaces, allowing the surfaces to remain wet for 10 minutes, and then wiping the
surfaces dry with a clean towel (157). The authors referred to the latter method as
the bucket method. Using the method in which the disinfectant was sprayed on the
cleaning rag took 2.8 applications to eradicate VRE from environmental surfaces com-
pared with one application using the bucket method. In addition to a greater efficiency
at removing VRE from surfaces, the bucket method also cost less than the method of
spraying disinfectant on a cleaning rag. Based on this study, the bucket method is the
preferred method for decontaminating environment surfaces.
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Hand Hygiene

Excellent hand hygiene must always be practiced for the prevention of nosocomial
infections, but it is particularly important in providing effective isolation of patients
with VRE. Given the frequent contamination of gloved and ungloved hands of
HCWs in contact with VRE-colonized patients and environmental surfaces, excellent
hand hygiene must be an integral part of barrier precautions for VRE (121–123,154).
After patient contact, hands should be washed with an antiseptic-containing soap or
an alcohol hand rub should be applied.

Colonization of Healthcare Workers

Colonization of HCWs with VRE has not been reported in the literature during
outbreaks of VRE infection and colonization. A study of 55 stool specimens from
HCWs in a hospital where 15% of enterococci were VRE found that all cultures
of stool specimens were negative for VRE (158). The authors concluded that coloni-
zation resistance was sufficient to prevent colonization of HCW’s gastrointestinal
tracts in the absence of acute illness or severe underlying comorbidities.

Antimicrobial Agents

Antimicrobial agents have been identified as risk factors for acquisition of VRE
as shown in Tables 4 and 5. Vancomycin has been considered as a risk factor for
acquisition of VRE, but several studies have failed to identify vancomycin as a risk
factor (128,129,132,134). The HICPAC recommendations included a list of indica-
tions for use of vancomycin and a list of contraindications for use of this antibiotic
(143). A more recent publication from the CDC reports on a study performed in
cooperation with 20 hospitals in the NNIS system that joined the Intensive Care
Antimicrobial Resistance Epidemiology (ICARE) Project. These hospitals contri-
buted data from 50 ICUs on grams of selected antibiotics used each month and
on susceptibility tests for selected microorganisms recovered from patients in these
units each month (159). The data submitted to Project ICARE was used to create
benchmarks for vancomycin use. Those ICUs that instituted changes in practice
observed significant decreases in vancomycin use and in VRE prevalence. Although
some controversy remains about whether vancomycin use is a risk factor for acquisi-
tion of VRE, the bulk of the data to date is in favor of limiting vancomycin use in
ICUs as part of the control programs for VRE.

Other antibiotics that have been identified as risk factors for acquisition of
VRE include cephalosporins, metronidazole, carbapenems, ticarcillin–clavulanate,
and quinolones (128,129,134,135). A study of the effect of antimicrobial therapy
on the concentration of VRE in patients’ stools observed that concentrations of
VRE increased significantly in stools of those patients who received antianaerobic
antibiotics. The authors made the point that vancomycin has antianaerobic activity
and showed that VRE increased in concentration in stools of patients who were
treated with vancomycin (137). The authors also showed that patients with high con-
centrations of VRE in stools caused greater environmental contamination and
observed that eight patients with VRE cultured from blood, urine, and a sacral
wound had �6 logs of VRE per gram of stool. Therefore, avoiding the use of anti-
anaerobic antimicrobial therapy in patients when possible may aid in control of
VRE by reducing environmental contamination. Limiting the concentration of VRE
in stool may also reduce the risk of invasive disease due to VRE. Limiting the use of
antianaerobic agents and vancomycin appears important in the control of VRE.
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Table 6 Control Measures for Vancomycin-Resistant Enterococci in Intensive Care Units

Measure Comments

Culture patients on admission who are
transferred from other healthcare facilities
or long-term care facilities and those
hospitalized in the last year and weekly
while in the ICU until they become
positive for VRE or they are discharged

Use selective culture media
Take specimens for culture from perirectal

area and wounds
Flag patients’ charts or flag patients in the

hospital computer system who are
VRE-positive

Place patients with VRE infection and
colonization on contact precautions

Place patients flagged for VRE on contact
precautions on admission

Healthcare workers should wear both gown
and gloves

Masks are not needed
Remove gown and gloves prior to leaving

the room
Practice hand hygiene after leaving

the room
Wash hands with a soap containing an

antiseptic or apply an alcohol hand rub
If hands are visibly soiled, wash with a

soap containing an antiseptic or wash
with plain soap followed by application
of an alcohol hand rub

Culture environmental surfaces to assess
extent of contamination with VRE

Obtain specimens with sterile swabs
moistened with sterile saline without
bacteriostatic agents

Use selective culture media to maximize
efficiency of laboratory identification
of VRE

Use bucket method to clean and disinfect
environmental surfaces

Culture environmental surfaces to determine
the effectiveness of the cleaning and
disinfection methods

Do not use phenolic disinfectants in NICUs
for environmental decontamination

When possible, limit use of those
antimicrobial agents that have been
identified as risk factors for VRE
acquisition or that increase the
concentration of VRE in stool

Antimicrobial agents that have been identified
as risk factors for the acquisition of VRE
include cephalosporins (particularly third
generation cephalosporins), vancomycin,
metronidazole, carbapenems, and
ticarcillin–clavulanate

Antimicrobial agents that have been shown to
increase the concentration of VRE in stools
include clindamycin, metronidazole,
cefoxitin, and ceftriaxone

Piperacillin-tazobactam may protect against
acquisition of VRE

Patients may be taken off of contact
precautions when they have had three
consecutive sets of negative cultures
for VRE, each taken �1 wk apart

Cultures should be taken from the perirectal
area and all previously positive sites

Abbreviations: VRE, vancomycin-resistant enterococci; ICU, intensive care unit; NICUs, neonatal inten-

sive care units.
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Another approach to controlling VRE through changes in the use of anti-
microbial agents is to replace the use of antimicrobials to which VRE are resistant
with antimicrobials to which VRE are more susceptible. Piperacillin/tazobactam
has been considered to be a good candidate for suppressing the growth of VRE,
because it has good antimicrobial activity against E. faecium, which is the most com-
mon VRE species, and because it is concentrated in bile. Five studies on the use of
piperacillin–tazobactam in place of third-generation cephalosporins and ticarcillin–
clavulanate have been published (160–164). Only one of the latter studies was
adequately designed to provide definitive results (164). There was a significant
reduction in the acquisition of VRE after ticarcillin–clavulanate was replaced by
piperacillin–tazobactam. As the authors pointed out, additional studies are needed
for this control strategy as the study was carried out in a single institution and
the reduction in acquisition of VRE was associated with the formulary change,
but causality could not be established. When other measures have failed to control
the spread of VRE, this approach could be tried.

In summary when measures are being instituted in an attempt to control VRE, it
would appear prudent to limit the use of vancomycin, cephalosporins, metronidazole,
clindamycin, and ticarcillin–clavulanate. Initiating the use of piperacillin–tazobactam
might add to the effectiveness of manipulating antimicrobials as part of the control
measures for VRE.

Other risk factors that should be addressed are the use of enteric feedings, the
use of antacids, and effectively removing VRE from environmental surfaces. Table 6
lists the control measures for VRE in ICUs.

Cost Effectiveness of VRE Control

The high cost of VRE control is often mentioned in the literature, and many
infection control programs have decided to apply very limited control measures to
prevent and control the spread of VRE. However, several recent studies on the cost
effectiveness of VRE control have all concluded that effective VRE control with a
reduction in infections caused by VRE is cost effective (165–168). In three of the stu-
dies, control of VRE was cost effective with savings to the hospitals of between
$100,000 and $500,000 per year (165,166,168). The other study estimated the costs
of VRE infections in a hospital using a retrospective matched cohort study (167).
The authors estimated that the effects of VRE infections on patients would include
15 cases of in-hospital deaths, 22 major operations, 26 ICU admissions, and 1445
additional hospitalization days with excess costs of $2,974,478 during the study
period. It is reasonable to conclude from the available data that control of VRE is
cost effective.
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2
Outbreak Investigation in the
Critical Care Unit

Brian W. Cooper
Division of Infectious Disease, Hartford Hospital, Hartford, and University of
Connecticut School of Medicine, Farmington, Connecticut, U.S.A.

INTRODUCTION

The term ‘‘outbreak’’ is a loaded word that tends to precipitate severe anxiety in hos-
pital staff. Outbreaks of nosocomial infection, however, are quite common and often
occur in critical care settings. An estimated 4% of all patients acquiring a nosocomial
infection develop the infection as part of an outbreak (1). Outbreaks occur periodi-
cally in all institutions, and all clinicians should be aware of the potential dangers of
outbreaks and the need for systematic surveillance and analysis of data in order to
interdict clusters of infection as early as possible.

Outbreaks are defined as an increase in the rate of occurrence of an event com-
pared with past experience. The past experience is the baseline or endemic rate of
event occurrence. Sometimes outbreaks are identified by large explosive increases in
rates of infection. Such outbreaks are often easily identified. A three-fold increase
in bacteremias due to Enterobacter cloacae during one month in an intensive care unit
(ICU) would be a good example. Other outbreaks are more subtle and require careful
analysis of surveillance data to recognize. For example, Kool et al. describe an out-
break of unrecognized hospital transmission of Legionnaires disease in transplant
patients which ran over a two-year period before being recognized (2).

Commonly, outbreaks may involve a single organism producing infections at a
single site, as noted above. Other outbreaks involve clusters of particular types of
infection caused by several different organisms. An example would be an increase in
urinary tract infections arising due to poor technique in handling the catheters on a
particular unit. Such an outbreak may involve infections due to several organisms.
Sometimes outbreaks involve infections at several sites, as might happen with cuta-
neous infections, conjunctivitis, and bacteremia after introduction of Staphylococcus
aureus into a neonatal ICU. Still other outbreaks may be quite difficult to detect. In
particular, outbreaks of infections with long incubation periods are not easily
discerned. Examples include nosocomial outbreaks of tuberculosis or hepatitis B viral
infection. Outbreaks may also involve unusual sources of infection. For example,
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Gaillot et al. describe the spread of an extended spectrum beta lactamase (ESBL)
producing Klebsiella strain, which was transmitted in ultrasonography gel (3).

SURVEILLANCE

Surveillance of nosocomial infections provides the foundation for investigation of out-
break control efforts. It is the means by which a baseline or endemic rate is established.
Surveillance of nosocomial infections involves systematic collection and analysis of data
on the occurrence of infection. Care needs to be taken to make sure that well accepted
definitions of nosocomial infection are followed by those conducting surveillance to
ensure database validity. In addition, changes in surveillance methodology or case-
finding methods will affect the comparability of data from one time period to another.
When surveillance methods are significantly changed, data collected by the new
surveillance activity can no longer be compared to data collected in prior time periods.

Surveillance of nosocomial infections in hospitals is commonly carried out by
infection control and hospital epidemiology personnel. Some critical care units may
wish to supplement this surveillance activity with surveillance data of their own col-
lected as part of a unit quality-improvement program. Such efforts need to be closely
coordinated with infection-control personnel. Other sources of data in outbreaks
include reports from clinicians or nursing units who may have noticed an unusual
increase in particular infections.

Mere collection of surveillance data is not sufficient in itself to detect clusters. The
data must be analyzed periodically and compared with past experience. The most
common means for this involves calculating a rate; one divides the crude number of
infections by an appropriate denominator. Appropriate denominators are often derived
from the patient census on a unit. The sensitivity of data analysis can be increased by
using incidence density-adjusted denominators. For example, the rate of primary bacter-
emias in a given month or quarter may be expressed as a ratio of the number of
infections to patients admitted to the unit. If, during a given quarter, six primary bacter-
emias are identified and 240 patients were admitted to the unit, the rate of infection may
be expressed as 6/240¼ 3.3%. However, because some patients may be admitted to the
unit only briefly while others have long-term stays, a more efficient denominator may be
patient-days. When patient-days are used as a denominator, the rate is often multiplied
by some constant such as 1000 to make the decimal point more manageable. In our
example, if the 240 patients admitted to the unit accrued 1200 patient-days, the rate
might be expressed as 6/1200� 1000¼ 5 infections per 1000 patient-days.

An even better way of calculating this rate would be to adjust for exposure to
central intravenous catheters and use catheter-days as the denominator. Such rates
more accurately reflect the exposure of patients to risk factors such as central intra-
venous catheters.

Rates of infection collected in surveillance data should be compared with base-
line rates using valid statistical methods to determine if a statistically significant
increase in rate has occurred.

INVESTIGATION OF CLUSTERS OF INFECTION

Outbreak investigation is a time- and resource-consuming process. Although there is
no set script for all investigations, it is usually wise to proceed in a systematic
fashion. Epidemiologists have derived a series of steps which comprise essential
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milestones in the workup of an outbreak (Table 1). The order of these steps does not
need to be followed precisely, but the first few steps listed are best completed initially.

Confirming the Outbreak

Because outbreak investigation is so resource-intensive, it is a waste of time to investigate
small clusters that are not epidemics. When rates of infection are significantly elevated
above baseline rates, an outbreak may be occurring.The investigator should next consider
the possibility of a pseudo-outbreak. Pseudo-outbreaks usually occur when noninfecting
organisms contaminate patient culture material. A good example has been described in
the literature (4). Occasionally, pseudo-outbreaks occur when bias is introduced into
case-finding methods, such as a change in definitions or surveillance methodology in
the epidemic and pre-epidemic periods. Sometimes, changes in laboratory techniques
during the pre-epidemic and epidemic periods may lead to pseudo-outbreaks.

Establish a Case Definition

In order to minimize bias in data collection, a precise written definition of cases
needs to be developed. The definition should be broad enough that all potential
cases are included yet not so broad as to bias the investigator with noncases. At
times, the case definition may need to be redefined as the investigation proceeds.
The definition should include the chief characteristics of the case diagnoses as well
as appropriate factors indicating time, place, and person. An example of case defini-
tion for our fictitious outbreak of bacteremias may resemble the following: ‘‘A case
was defined as any patient in the surgical ICU with Enterobacter cloacae isolated
from blood cultures in the period after December 1, 1995.’’

All potential cases must fit the proposed definition or be rejected from the ana-
lysis. This allows uniformity in further data collection.

The development of the case definition should also establish the pre-epidemic
and epidemic periods. The epidemic period is usually the time from the first identified
case to the present. The time period for the pre-epidemic period varies. In general, it
is unwise to use a pre-epidemic period of less than six months. If the epidemic period is
long or cases are few, then the pre-epidemic period should be lengthened. A one-year
pre-epidemic period is commonly used in investigations of nosocomial outbreaks.

NOTIFICATION OF APPROPRIATE INDIVIDUALS

Good communication is essential in unraveling an outbreak investigation. Early in
the investigation, the microbiology lab should be notified and the means developed
to save outbreak organisms for possible epidemiologic typing later.

Table 1 Systemic Steps in Outbreak Investigations

Confirm the outbreak
Establish a case definition and define the pre-epidemic and epidemic periods
Notify appropriate hospital personnel
Construct an epidemic curve to describe events in time, place, and person
Review the literature
Develop a line listing, chart review, and summary analysis of data
Develop hypotheses and institute preliminary control measures
Evaluate the effectiveness of control measures
If necessary, proceed to further studies, such as case-control studies
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Sometimes acute and convalescent serum needs to be collected and preserved.
Numerous other details often need to be discussed with the laboratory director, and
good lines of communication are essential. Affected chiefs of service, department
heads, ICU directors, head nurses, and other clinical staff should be notified of
the investigation. Often important information and direction can be gleaned by
talking to these sources early on in the investigation.

Outbreaks have political and sometimes public relations aspects as well.
The hospital public relations director should be kept apprised of the investiga-
tion, but unsolicited press releases are usually not wise. When the press involves
itself in an outbreak investigation and the investigators must talk to members of
the media, it is best to be forthright and honest with information. All informa-
tion released to the media should be channeled through a single hospital source
to minimize confusion.

Legal implications often flow from an outbreak investigation as well. At the out-
set, a new file should be opened and all decisions and meetings documented thoroughly.

Outbreaks involving reportable diseases should, of course, be promptly reported
to the state public health authorities. In some states, all outbreaks are required to be
reported to the state. The list of reportable diseases also varies from state to state.

CONSTRUCT AN EPIDEMIC CURVE

Epidemic curves are simple graphic tools which can convey surprising amounts of
information concisely characterizing the outbreak. In an epidemic curve, individual
cases are graphed over time. Additional data, such as mortality, location, or comor-
bid factors may be coded and superimposed on this curve. An additional graphic
tool such as a spot map of a unit or wing may be useful in characterizing the
epidemic’s geographic factors. Bed or room locations of cases can be easily displayed
on the spot map.

REVIEW THE LITERATURE

It is useful early in the investigation to gather information about the infection. The
biology of the infecting organism, its reservoirs, and it mode of transmission should
be carefully reviewed. Past outbreaks reported in the literature are important sources
of information. Other investigations may have already dealt with similar situations,
and solutions to your problems may have been suggested.

Sources of information to search are myriad but should include computerized
Medline searches, textbook sources, and Index Medicus searches. The medical
librarian can be an invaluable resource to the investigator. We have found that a
combination of computerized Medline searches and manual searches in textbooks
and Index Medicus yields the best results.

DEVELOP A LINE LISTING

A line listing is merely a questionnaire consisting of data from case records which
the investigator deems potentially useful. Included are demographic data such as
age, sex, and race, as well as patient diagnosis and location. Major diagnostic and
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therapeutic procedures that the patient has undergone are also helpful. Underlying
illnesses and medications administered are important to indicate. Listing the health
care personnel taking care of the patient is often important, especially if a cluster
of infections may be related to a health-care worker colonized with a pathogenic
organism. Richman et al. (5) described an outbreak of Group A streptococcal surgical
wound infections linked to exposure to an operating room staff member who was a
rectal carrier of the organism. In addition, the line listing should consider all other
potential risk factors for the illness noted by the investigator, including health-care
or hygienic practices that may lead to illness in unusual ways. Claesson et al. (6)
described an outbreak of Group A streptococcal endometritis on a maternity ward
linked to use of a shower head.

Data for the line listing are usually collected by chart review and stored in a
computer database for ease of analysis. Preliminary analysis of the case is conducted
by examining simple frequency rates and descriptions of the collected data. Clues to
the outbreak may be apparent in the initial pattern of data collected. Risk factors
that most cases have in common may be clues to solving an outbreak; however, in
many cases the initial review of data is insufficient to establish the cause, and one
must proceed to a case-control study as noted below.

DEVELOP HYPOTHESES AND INSTITUTE PRELIMINARY CONTROLS

Even when initial data analysis is not sufficient to establish cause for the epidemic,
the investigator commonly has developed early in the investigation several potential
hypotheses regarding the underlying cause. Further analysis or data gathering may
be necessary to prove out the likely hypothesis, but often at this stage some prelimin-
ary controls can be instituted. At times in an outbreak investigation, the preliminary
control measures must be instituted early and empirically in the investigation due to
the urgency of the situation. For example, in our institution, a case of nosocomial
Salmonella gastroenteritis was noted in the newborn ICU (7). A quick review of
the situation indicated that several staff members in the newborn ICU had been ill
with mild gastrointestinal disturbance the week prior to the index case. While further
investigation proceeded, preliminary controls were focused quickly on controlling
exposure of newborns to potentially infected or colonized hospital staff. Ultimately,
the investigation showed that no hospital staff were infected or colonized with
S. gastroenteritis and that the infant was infected by her chronically colonized but
asymptomatic mother.

Control measures instituted early in the investigation should be based on
hypotheses drawn from certain clues from the data gathered, which may suggest a
source for the outbreak. For example, an outbreak of Serratia marcescens urinary
tract infections among catheterized patients in an ICU might suggest problems in
aseptic technique during catheter care. Control measures might include an education
program stressing reinforcement of proper aseptic techniques in catheter care as well
as redoubled efforts to encourage hand washing on the unit.

EVALUATE THE EFFECTIVENESS OF CONTROL MEASURES

While control measures are being implemented, it is important to continue intensive
surveillance for any new cases that continue to accrue. If new cases accumulate, one
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should question the effectiveness of the control measures. The investigator needs
to be careful to take into account the incubation period of the infection during this
period, however. Illnesses with relatively long incubation period such as a varicella
may continue to accumulate after preliminary control measures were put into effect.

FURTHER STUDIES

If cases continue to accumulate beyond the institution of empiric controls, the inves-
tigator must question the accuracy of the hypothesis. Further hypotheses can be
developed by evaluating multiple risk factors in a case-control study. In this type
of study, case patients and appropriately chosen control patients are compared with
regard to exposure to various risk factors. The investigator is looking for statistically
significant association of certain risk factors with cases as opposed to controls. In an
investigation of fever and hypotension on a surgical ICU, Trilla et al. (8) conducted a
case-control study and found that volume of plasma expanders used was signifi-
cantly associated with symptoms in case versus controls ( p¼ .0029).

Proper selection of control patients can be critical to the success of a case-
control study. The art of selecting proper controls can be complicated, and the reader
is referred to literature specifically dealing with this subject (9–11). Most importantly,
care should be taken to ensure that cases and controls have an equal likelihood of
being exposed to a set of risk factors. As a rule of thumb, three control patients
should be chosen for each case patient.

At the conclusion of the case-control study, a new understanding about rela-
tionships between risk factors and cases may suggest a need for a new set of control
measures for the outbreak.

SUMMARY

Investigations of clusters or epidemics of nosocomial infection are often difficult, time-
and resource-consuming activities. They tax the abilities and skills of infection-control
personnel severely. However, outbreak investigations are among the most satisfying
of infection control activities because of their far-reaching preventive effects. The
proper response to a cluster of infections may mean the difference between a few clus-
ter cases and a large-scale epidemic with significant morbidity and possible mortality.
The reader is referred to the following references as examples of modern outbreak
investigation. (12–18)
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3
Clinical Approach to Fever in the
Critical Care Unit
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INTRODUCTION

Overview

Fever is a cardinal sign of disease. Fever may be caused by a wide variety of infec-
tious and noninfectious disorders. The number of disorders that occur in seriously ill
patients in critical care unit (CCU) is more limited than in the non-CCU population.
The main clinical problems in the CCU are to differentiate between noninfectious
and infectious causes of fever rather than to try and determine the specific cause
of the patient’s fever.

The clinical approach to fever in the CCU is based on a careful analysis of the
acuteness/chronicity of the fever, the characteristics of the fever pattern, the rela-
tionship of the pulse to the fever, the duration of the fever, and the defervescence
pattern of the fever. It is the task of the infectious disease consultant to relate aspects
of the patient’s history and physical, laboratory, and radiological tests with the char-
acteristics of the patient’s fever, which together determine differential diagnostic
possibilities. After the differential diagnosis has been narrowed by analysis of the
fever’s characteristics and the patient-related factors mentioned, it is usually rela-
tively straightforward to order tests to arrive at a specific diagnosis.

Most patients in the CCU have some degree of temperature elevation. Trying
to determine the cause of fever in CCU patients is the daily task of the physicians
concerned. Fever in the CCU can be a perplexing problem, because the clinician
must determine whether the patient’s underlying disorder is responsible for the fever
or fever is a superimposed phenomenon on the patient’s underlying problem respon-
sible for admission to the CCU. The infectious disease consultant’s clinical skills are
best demonstrated by the rapidity and excellence of arriving at a cause for the
patient’s fever (1–10).
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DIAGNOSTIC CONSIDERATIONS

The clinician’s initial assessment of the febrile patient is based on the temperature
elevation/patterns, underlying disorders, assessment of medications, and clinical
appearance. CCU patients may be grouped into three categories. The first group
of patients is the one that has been admitted to the hospital and directly put in
the CCU. Such patients need immediate/appropriate diagnostic tests, and if an
infectious etiology is likely, empiric antibiotic therapy based on organ system invol-
vement is needed. Some patients with lymphoma, vasculitis, or systemic lupus
erythematosus (SLE) may be febrile/critically ill and in the CCU, but these disorders
usually have a less fulminant clinical presentation.

The second group of CCU patients is those transferred to the CCU after hospi-
talization. This group of patients has been hospitalized for a variety of reasons, and
some catastrophic event during hospitalization requires transfer to the CCU for
intensive evaluation/organ support. The usual infectious diseases in this group
include nosocomial pneumonia, intravenous (IV)-line infections, Clostridium difficile
colitis, postoperative rupture of a viscus, or leakage of a partially drained/undrained
abscess. Equally important are noninfectious diseases occurring in hospitalized
patients who require transfer to the CCU. Commonly, these include acute myocardial
infarction, pulmonary emboli/infarcts, acute pancreatitis, acute adrenal insufficiency
and internal/gastrointestinal hemorrhage. Unless urologically instrumented during
hospitalization, urosepsis is rare; but if there is renal disease, SLE, or diabetes,
it may occur.

The third group of patients has underlying infectious/noninfectious dis-
orders that may flare and be superimposed on the patient’s underlying medical
disorders. Most disorders in this group are noninfectious diseases and present in
the stabilized hospital patient with a new fever. Such disorders include an acute
attack of gout, thrombophlebitis, phlebitis, C. difficile diarrhea, or connective tissue
diseases (usually SLE or rheumatoid arthritis), atelectasis/dehydration, pleural effu-
sions, and drug fever (1,5,6,10).

CAUSES OF FEVER IN THE CCU

Noninfectious Causes of Fever in the CCU

A wide variety of disorders are associated with a febrile response. Both infectious
and noninfectious disorders may cause acute/chronic fevers that may be low, i.e.,
�102�F, or high grade, i.e., �102�F. Of the multiplicity of conditions that may be
encountered in the CCU with a few notable exceptions, most noninfectious disorders
are associated with fevers of �102�F. Exceptions to the 102�F fever rule include
malignant hyperthermia, adrenal insufficiency, massive intracranial hemorrhage,
central fever, drug fever, collagen vascular disease flare, particularly SLE flare, heat
stroke, vasculitis, and certain malignancies, particularly lymphomas.

The most common noninfectious disorders encountered in the CCU either
have no fever or have low-grade fevers �102�F, and include acute myocardial infarc-
tion, pulmonary embolism/infarct, phlebitis, catheter-associated bacteriuria, acute
pancreatitis, viral hepatitis, acute hepatic necrosis, dry gangrene, uncomplicated
wound infections, subacute bacterial endocarditis, cerebrovascular accidents, small-
moderate intracerebral bleeds, pulmonary hemorrhage, acute respiratory distress
syndrome (ARDS), bronchiolitis obliterans with organizing pneumonia (BOOP),
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pleural effusions, atelectasis, cholecystitis, noninfectious diarrheas, C. difficile diar-
rhea, ischemic colitis, splenic infarcts, renal infarcts, pericardial effusion, dry gangrene,
gas gangrene, surgical toxic shock syndrome, acute gout, small bowel obstruction,
and cellulitis.

The clinical approach to the noninfectious disorders with fever is usually
relatively straightforward, because they are readily diagnosable by history, physical,
or routine laboratory or radiology tests. Having known that noninfectious disorders
are not associated with fevers >102�F in patients, the clinician can look for an
alternate explanation in these patients. The difficulty usually arises when the patient
has a multiplicity of conditions and sorting out the infectious from the noninfectious
causes can be a daunting task. For example, if a patient in the CCU following
cancer resection of the large bowel postoperatively develops extremity gangrene,
phlebitis, pulmonary infiltrates, leukocytosis, myocardial infarction, hematomas/
seromas, atelectasis, dehydration, and catheter-associated bacteriuria, has a stroke,
is on multiple medications, and has just had a blood transfusion, the clinical analysis
of the fever in this patient would go as follows. The patient spiked to 102.8�F on the
seventh postoperative day and 24 hours after receiving the blood transfusion. Post-
operatively, if there was no peritonitis, the temperatures due to hematoma/healing
should be <102�F. The patient’s condition of phlebitis, peripheral gangrene, stroke,
and myocardial infarction all do not explain the fever more than 102�F. The pro-
blem is to evaluate the fever, leukocytosis, and infiltrates on chest X ray in the
proper clinical context. The fever, leukocytosis, and pulmonary infiltrates, if due
to a nosocomial pneumonia, could certainly have a fever �102�F. Temporal
relationships are also important in detecting different causes of fever. The patient’s
fever, leukocytosis, and pulmonary infiltrates could easily be explained on the
basis of heart failure secondary to the patient’s recent postoperative myocardial
infarction. However, because the fever spike was temporally related to the blood
transfusion, the cause of the 102.8�F fever was best explained by the recent
blood transfusion (1,5–10).

Infectious Causes of Fever in the CCU

Most infections that are not toxin-mediated elicit a febrile response. Although all
infections do not manifest temperatures >102�F, they have the potential to do so,
e.g., nosocomial pneumonia may be associated with temperatures <102�F or >102�F.
Although all infectious diseases will not present with temperatures �102�F, they are
the disorders most frequently associated with temperatures in the �102�F range.

Infectious diseases encountered in the CCU usually associated with tempera-
tures �102�F include postoperative abscesses, acute meningitis, acute encephalitis,
brain abscess, septic thrombophlebitis, jugular septic vein thrombophlebitis, septic
pelvic thrombophlebitis, septic pulmonary emboli, pericarditis, acute bacterial endo-
carditis, perivalvular/myocardial abscess, community-acquired pneumonia (CAP),
pleural empyema, lung abscess, cholangitis, intrarenal/perinephric abscess, prostatic
abscess, urosepsis, central-line infections, contaminated infusates, pylephlebitis,
liver abscess, C. difficile colitis, complicated skin and soft tissue infections/abscesses,
AV graft infections, foreign body–related infections (infected pacemakers/automatic
implantable cardioveter defibrillator (AICD)s, central IV catheters, Hickman/
Broviac catheters), and septic arthritis. Infectious diseases likely to be present in
the CCU setting with temperatures <102�F include osteomyelitis, sacral decubitus
ulcers, uncomplicated wound infections, cellulitis, etc. (Table 1) (1–4,10).
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Table 1 Causes of Fever in the Critical Care Unit

System Infectious Etiology Noninfectious Etiology

Central nervous Meningitis Cerebral infarction
Encephalitis Cerebral hemorrhage

Brain abscess Posterior Fossa syndrome
Seizures

CNS tumors
Cardiovascular Endocarditis Myocardial infarction

IV line sepsis Dressler’s syndrome
Septic thrombophlebitis Postpericardiotomy syndrome

Thrombophlebitis Cholesterol emboli syndrome
Postperfusion syndrome (CMV) Deep vein thrombosis

Pericarditis Atrial myomas
Pacemaker/defibrillator infection

Pulmonary Pneumonia Atelectasis
Empyema SLE pneumonitis

Tracheobronchitis Pleural effusion
Lung abscess Pulmonary emboli/infarction

Empyema ARDS
Pulmonary drug reactions

BOOP
Fat emboli

Gastrointestinal Liver abscess Gastrointestinal hemorrhage
Splenic abscess Acalculous cholecystitis

Intra-abdominal abscess Nonviral hepatitis
Cholecystitis/cholangitis Pancreatitis

Viral hepatitis Inflammatory bowel disease
Peritonitis Non–C. difficile diarrhea

Appendicitis Ischemic/non–C. difficile colitis
Diverticulitis Splenic infarct

C. difficile diarrhea/colitis

Renal Urinary tract infection Renal infarct
Pyelonephritis

Renal abscess
Rheumatologic Osteomyelitis Acute gout/pseudogout

Septic arthritis SLE/RA flare
Vasculitis

Skin/soft tissue Cellulitis Hematoma
Wound infection Intramuscular injections

Decubitus ulcer Burns
Endocrine/metabolic Acute adrenal insufficiency

Hyperthyroidism/thyroiditis
Alcohol withdrawal/DTs

GU Prostatic abscess Hemorrhage into ovarian cyst
PID

Tubo-ovarian abscess
Other Transient bacteremias Drug fever

Septicemia Blood/blood products transfusion
Parotitis

Pharyngitis
Transient bacteremia

Abbreviations: PIDS, pelvic infectious disease syndrome; DTs, delirium tremens; SLE, systemic lupus

erythematus; RA, rheumatoid arthritis; ARDS, acute respiratory distress syndrome, BOOP, bronchiolitis

obliterans with organizing pneumonia; CNS, central nervous system; IV, intravenous; CMV, cytomegalo-

virus; GU, genitourinary; C. difficile, Clostridium difficile.

Source: From Refs. 1, 3, 5.
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Cunha’s ‘‘102�F Rule’’ is useful clinically in differentiating most common
causes of fever in the CCU. The clinician should analyze the fever relationships in
the clinical context and correlate these findings with other aspects of the patient’s
clinical condition to arrive at a likely cause for the patient’s temperature elevation.
The clinical approach utilizes not only the height of the fever but also the abruptness
of onset, the characteristics of the fever curve, the duration of the fever, and the
defervescence pattern which all have diagnostic importance (Table 2) (1,6,10).

CLINICAL SIGNIFICANCE OF FEVER PATTERNS

Extreme Hyperpyrexia (�106�F)

Infectious diseases usually present with some degree of fever. Most infectious dis-
eases encountered in the CCU setting have temperatures in the 102�F to 106�F
range. Causes of extreme hyperpyrexia (>106�F) include heat stroke, malignant
hyperthermia, central fevers, malignant neoplastic syndrome, and drug fever. These
hyperpyrexia disorders are usually readily diagnosed because of associated features,
i.e., fever immediately following surgery/general anesthesia (malignant hyperthermia),
prolonged high temperatures/dehydration (prolonged heat exposure), central nervous
system (CNS) disorders with hypothalamic involvement (tumors, neurosurgical proce-
dures, and trauma), or sensitivity medications (drug fever). Temperatures in excess of
106�F should suggest a noninfectious etiology (Table 3) (1,10,11).

Single Fever Spikes >102�F

Patients in the CCU who have been afebrile or had low-grade fevers, i.e., �102�F,
may suddenly develop a single fever spike >102�F. Single fever spikes are never
infectious in origin. The causes of single fever spikes include insertion/removal of
a urinary catheter or a venous catheter, suctioning/manipulation of an endotracheal
tube, wound packing/lavage, wound irrigation, etc. Any procedure that involves a
manipulation of a colonized/infected surface can induce a transient bacteremia.
Because of their short duration, i.e., less than five minutes, such bacteremias do
not result in sustaining infection or spread infection to other organs, and for this
reason may not be treated. Single fever spikes of the transient bacteremias are a
diagnostic not a therapeutic problem.

The other common cause of single fever spikes in the CCU is blood-product
transfusions. Fever secondary to blood products/blood transfusions are a frequent
occurrence, and are most commonly manifested by fever following the infusion.
The distribution of fever is bimodal, following a blood transfusion. Most reactions
occur within the first 72 hours after the blood/blood product transfusion, and most
reactions within the 72-hour period occur in the first 24 to 48 hours. There are very
few reactions after 72 hours, but a smaller peak five to seven days after the blood
transfusion, which although is very uncommon, may occur. Temperature elevations
associated with late blood transfusion reactions are lower than those with reactions
occurring soon after blood transfusion.

The fever subsequent to the transient bacteremia results from cytokine release
and is not indicative of a prolonged exposure to the infecting agent, but rather repre-
sents the postbacteremia chemokine-induced febrile response. The temperature
elevations from manipulation of a colonized or infected mucosal surface persist long
after the bacteremia has ceased.
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Table 2 Clinical Applications of the 102�F Rule in the Critical Care Unit

Common causes of
temperature Comments

�102�F
Acute myocardial

infarction
H/O chest pain/CAP
EKG/cardiac enzymes

Pulmonary embolism H/O PE underlying reasons predisposing to pulmonary emboli
VQ scan positive (pulmonary angiography for large emboli)
"FSPs with multiple small pulmonary emboli

GI bleed Hyperactive BS, BRB per rectum/melena
"BUN (except in alcoholic liver disease)
Endoscopy/abdominal CT scan! bleeding source

Acute pancreatitis Severe abdominal pain: may be associated with ARDS
" amylase and " lipase or pancreatitis on abdominal CT scan

Hematomas H/O recent surgery/bleeding diathesis
Visible on skin, e.g., Grey-Turner’s/Cullen’s sign, or on CT scan

Phlebitis Local erythema without suppuration/vein tenderness
Catheter-associated

bacteriuria
Urine with bacteria and WBCs nearly always represent

colonization, not infection
Bacteremia (urosepsis) does not result from bacteriuria unless

pre-existing renal disease, urinary tract obstruction, or patient
has SLE, DM, steroids, etc.

Pleural effusions Bilateral effusions are never due to infection: look for a
noninfectious etiology

Except for gas gangrene and streptococcal cellulitis,
temperatures are usually low grade

Uncomplicated wound
infections

‘‘Wounds’’ with temperatures �102�F should prompt a search
for an underlying abscess

Atelectasis/dehydration Temperatures usually �101�F
May be confused with pulmonary emboli/early pneumonia

Tracheobronchitis Purulent endotracheal secretions with negative chest X ray for
pneumonia

Tracheobronchitis does not! temperatures �102�F
Thrombophlebitis Warm, tender calf/foot veins� palpable cord

Thrombophlebitis does not!pulmonary emboli
Phlebothrombosis! pulmonary emboli

Clostridium difficile Stools positive for C. difficile toxin
Fecal WBC positive�50%. Stools are watery, green, foul smelling
If temperatures �102�F with blood/mucous diarrhea, diagnosis

is probable

>102�F
Nosocomial pneumonia/

ventilator-associated
pneumonia

May have temperatures �102�F also

Pulmonary infiltrate consistent with a bacterial pneumonia
occurring �1 wk after hospitalization

Must be differentiated from ARDS, LVF, etc.
Definitive diagnosis by quantitative protected catheter-tip

culture (PBB/BAL)
Endotracheal secretions represent upper airway colonization and

are not reflective of lower respiratory tract organisms causing
vent-associated pneumonia

(Continued )
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Table 2 Clinical Applications of the 102�F Rule in the Critical Care Unit (Continued )

Common causes of
temperature Comments

Endotracheal respiratory secretion cultures should not be
cultured or covered

IV-line infections Overdue central lines usual cause
Organisms from blood cultures taken from noninvolved

extremity same as positive semiquantitative catheter culture
(�15 colonies)

If all other sources of fever are ruled out, consider IV-line infection,
especially with overdue lines (even if site not infected visually)

C. difficile Stools positive for C. difficile toxin
Bloody diarrhea, temperature �102�F
Abdominal CT scan shows thumbprinting/colitis/toxic

megacolon
Drug fever In patients with otherwise unexplained temperatures, consider

drug fever
Blood cultures are negative (excluding contaminants)
Patients with drug fever usually have �102�F accompanied by

relative bradycardia
" WBC with left shift is common as is " ESR
Mild-moderate serum transaminases common
Eosinophils nearly always present but eosinophils less common
Patient with infection may also have a drug fever
Commonest causes of drug fever are diuretics, pain/sleep

medications, sulfa-containing stool softeners as well as sulfa
drugs, and b-lactam antibiotics

Blood/blood product
transfusion

Single fever spike (1–3 or 5–7 days posttransfusion)

Transient bacteremia due
to manipulation of a
colonized/infected
mucosal surface

Single temperature spike 1–3 days, postmanipulative, that
spontaneously resolves without treatment

September invasive
infectious diseases

Blood culture variably positive as a function of time

Usually associated with temperatures �102�F in normal hosts

Abbreviations: GI, gastrointestinal; CT, computed tomography; ARDS, acute respiratory distress syndrome;

SLE, systemic lupus erythematosus; IV, intravenous; WBC, white blood cells; DM, diabetes mellitus; PBB,

protected bronchial brushings; BAL, bronchoalveolar lavage; ESR, erythrocyte sedimentation rate; CAP,

community-acquired pneumonia; PE, pulmonary emboli; FSPs, fibrin split products.

Source: Adapted from Refs. 3, 5.

Table 3 Causes of Extreme Hyperpyrexia (>106�F)

Hypothalamic dysfunction
Malignant neuroleptic syndrome
Central fevers (hemorrhagic, trauma, malignancy)
Heat stroke
Malignant hyperthermia
Drug fever
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In patients with fever spikes due to transient bacteremias following manipula-
tion of a colonized or infected mucosal surface, or secondary to a blood product/
blood transfusion, may be inferred by the temporal relationship of the event and
the appearance of the fever. In addition to the temporal relationship between the
fever and the transient bacteremia or transfusion-related febrile response, the char-
acteristic fever curve, i.e., a single isolated temperature spike resolves spontaneously
without treatment (1,6,10,11).

Multiple Fever Spikes >102�F

Multiple fever spikes >102�F may be infectious or noninfectious in origin, because a
hectic, septic fever pattern does not in itself suggest a particular etiology. Because
this fever pattern is common but not specific, the clinician must rely upon associated
findings in the history and physical, or among laboratory or radiology tests, to
determine the cause of the fever. Pulse temperature relationships are also of help
in differentiating the causes of fever in patients with multiple temperature spikes over
a period of days. Assuming that there is no characteristic fever pattern, the presence
or absence of a pulse temperature deficit is useful.

Patients with a pulse temperature deficit, i.e., relative bradycardia, are limited to
relatively few infectious and noninfectious disorders. In the CCU setting, patients
with multiple spiking fevers and a pulse temperature deficit should suggest Rocky
Mountain spotted fever (RMSF), typhus, arboviral hemorrhagic fevers, central fevers,
lymphoma-related fevers, legionnaires’ disease, Q fever, psittacosis, or drug fever. The
diagnostic significance of relative bradycardia can only be applied in patients who have
normal pulse temperature relationships, i.e., those who do not have pacemaker-induced
rhythms, have third-degree heart block, those with arrhythmias, and those on b-blocker
therapy. Any patient on b-blocker medications who develops a fever will develop
relative bradycardia, thus eliminating the usefulness of this important diagnostic sign
in patients with relative bradycardia. If these conditions are eliminated, narrowing
diagnostic possibilities is relatively straightforward.

If the patient has pneumonia and relative bradycardia, then Legionella, psitta-
cosis, or Q fever is suggested. Patients with relative bradycardia may accompany
lymphoma or central fever, and in those conditions should not suggest an alternative
diagnosis. Typhus or RMSF will be suggested by the pattern/nature of their rash as
well as other findings, and relative bradycardia is an ancillary finding in those situa-
tions. Similarly, the arboviral hemorrhagic fevers do not require the presence of a
pulse temperature deficit for diagnosis. In those situations, epidemiology/recent tra-
vel history, systemic toxemia, and hemorrhagic nature of the rash are the primary
diagnostic determinants (1,5,10,11).

Drug fever, i.e., a hypersensitivity reaction to medications without rash, occurs
in approximately 10% of hospitalized patients. In the CCU where multiple medica-
tions are being used, drug fever is a common cause of obscure fever. Drug fever is a
diagnosis of exclusion, and its presence is suggested by the presence of relative bra-
dycardia in the absence of another explanation for the fever. Drug fever with relative
bradycardia may also be a problem that is related to the therapy of the underlying
disorder that prompted CCU admission. Aside from being a diagnosis of elimina-
tion, drug fever is suggested by negative blood cultures excluding contaminants,
increase in the erythrocyte sedimentation rate (ESR), and an early mild/transient
increase in the serum transaminases serum glutamate oxaloacetate transaminase/
serum glutamate pyruvate transaminase (SGOT/SGPT). Drug fevers <102�F may
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occur, but most occur in the 102�F to 104�F range, and some drug fevers may exceed
106�F. High spiking fevers due to medications often confuse the clinician who has not
thought of the diagnosis. Drug fevers also mimic infection in that they are usually
accompanied by an increase in the white count with a left shift. Fever with rash is a
hypersensitivity reaction to a drug with cutaneous manifestations. Because of the rash,
the clinician is alerted to the differential diagnostic possibilities. Without a rash, the drug
fever as the manifestation of a hypersensitivity reaction often goes unnoticed (1,12–16).

Low-Grade Fevers of Short Duration (Three to Five Days) in the CCU

Most of the acute, noninfectious disorders that occur in the CCU are accompanied
by low-grade fevers, i.e., �102�F for a short period of time. Fever secondary to
acute myocardial infarction, pulmonary embolus, and acute pancreatitis are asso-
ciated with fevers of relatively short duration. In such patients with these diag-
noses, fever >102�F for more than three days should suggest a complication or
alternate diagnosis. Other disorders with prolonged low-grade fevers include
dehydration, atelectasis, wound healing, hematoma, seromas, ARDS, BOOP, deep
vein thromboses, pleural effusions, tracheobronchitis, decubitus ulcers, cellulites,
and phlebitis. Prolonged low-grade fevers (�102�F) are usually noninfectious.
Clinicians should try to identify the noninfectious disorder causing the fever so
that undue resources will not be expended looking for an infectious explanation
for the fever (1,10,17–24).

Low-Grade Prolonged Fevers (more than five days) in the CCU:
Nosocomial FUOs

There are relatively few causes of prolonged fevers in the CCU that last for over a
week. Such low-grade prolonged fevers lasting over a week have been termed
nosocomial fevers of unknown origin (FUO). There are relatively few causes
of nosocomial FUO in contrast to its community-acquired counterpart. Low-grade
infections or inflammatory states account for most of the causes of nosocomial
FUO. Nosocomial FUOs are usually due to central fevers, drug fevers, postperfu-
sion syndrome, atelectasis, dehydration, undrained seromas, tracheobronchitis,
and catheter-associated bacteriuria.

Prolonged fevers that become high spiking fevers should suggest the possibility
of nosocomial endocarditis related to a central line or invasive cardiac procedure.
Prolonged high spiking fevers can also be due to septic thrombophlebitis or an
undrained abscess. Nosocomial sinusitis due to prolonged nasotracheal intubation
is a rare cause of nosocomial FUO (1,10,25).

Special Fever Patterns

Camel Back/Domedary Fevers

Fever patterns are often considered as nonspecific in nature therefore having limited
diagnostic specificity. It is true that fevers in patients being intermittently given anti-
pyretics and being instrumented in a variety of anatomical locations, do have complex
fever patterns. However, these are usually easily sorted out on the basis of clinical
findings. Fever patterns that remain useful to diagnose certain entities in the hospital
include a ‘‘domedary’’ or ‘‘camel back’’ fever pattern, i.e., increase in fever over two
to three days followed by a decrease followed a few days later by two to three more
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days of fever. Such a fever pattern should suggest the possibility of Colorado tick
fever, dengue, leptospirosis, brucellosis, lymphocytic choriomeningitis, yellow fever,
the African hemorrhagic fevers, rat bite fever, and smallpox.

Sustained/Remittent Fevers

Continuous fevers are those that rise slowly over days to peak levels and then plateau
until defervescence. The causes of continuous/sustained fevers include typhoid fever,
drug fever, scarlet fever, RMSF, psittacosis, Kawasaki’s disease, brucellosis, human
herpes virus six (HHV-6) infections, and central fevers. Remittent fevers are character-
istic of viral respiratory tract infection, malaria, acute rheumatic fever, legionnaires’
disease, Legionella/mycoplasma CAP, tuberculosis (TB), and viridans streptococcal
subacute bacterial endocarditis (SBE).

Hectic/Septic Fevers

Hectic/septic fevers are repetitive fever spikes over days that may or may not
decrease to normal between fever spikes. Hectic/septic fevers may be due to gram-
negative or gram-positive sepsis, renal, abdominal, or pelvic abscesses, acute bacterial
endocarditis, Kawasaki’s disease, malaria, miliary TB, peritonitis, or toxic shock
syndrome. Noninfectious causes include lymphomas or overzealous administration
of antipyretics.

Double Quotidian Fevers

Double quotidian fevers, i.e., two fever spikes in 24 hours, not artificially induced by
antipyretics, should suggest right-sided gonococcal endocarditis, mixed malarial
infections, miliary TB, visceral leishmaniasis, or adult Still’s disease. Double quo-
tidian fevers are helpful, when present, in narrowing diagnostic possibilities enabling
the clinician to order specific diagnostic testing for likely diagnostic possibilities
(Table 4) (1,3,10,11).

Relapsing Fevers

Relapsing fevers are those that are separated by afebrile intervals. Causes of noninfec-
tious relapsing fevers include Crohn’s disease, Behçet’s disease, relapsing funiculitis,
leukoclastic angiitis, Sweet’s syndrome, familial Mediterranean fever, fever aphthous
ulcer pharyngitis adenopathy (FAPA) syndrome, hyper IgG syndrome, and SLE.
The infectious causes of relapsing fevers include viral infections, i.e., cytomegalo-
virus (CMV), Epstein–Barr virus, lymphatic choriomeningiti virus (LCM), dengue,
yellow fever, and Colorado tick fever. Zoonotic bacterial infections include leptos-
pirosis, bartonellosis, brucellosis, rat bite fever (S. minus), visceral leishmaniasis,
malaria, babesiosis, ehrlichiosis, Q fever, typhoid fever, trench fever, and relapsing
fever. Fungal infections tend to relapse, as do melioidosis and TB. Chronic menin-
gococcemia by definition is prone to relapse (Table 5) (1,3,10,11).

PULSE–TEMPERATURE RELATIONSHIPS

Diagnostic Importance of Relative Bradycardia

Relative bradycardia is a pulse temperature deficit inappropriate for the degree of
fever. A temperature increase of normally 1�F is accompanied by an appropriate
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Table 4 Diagnostic Significance of Fever Patterns

Fever pattern Usual causes

Single fever spike Manipulation of a colonized/infected mucosal surface
(not systemic infectious disease)

Blood/blood products transfusion
Infusion-related sepsis (contaminated infusate)
Temperature error

Intermittent (hectic/septic) fevers Gram-negative/positive sepsis
Abscesses (renal, abdominal, pelvic)
Acute bacterial endocarditis
Kawasaki disease
Malaria
Miliary TB
Peritonitis
Toxic shock syndrome
Antipyretics

Remittent fevers Viral upper respiratory tract infections
Plasmodium falciparum malaria
ARF
Legionella
Mycoplasma
TB
SBE (viridans streptococci)

Continuous/sustained fevers Central fevers
Roseola infantum (human herpesvirus-6)
Brucellosis
Kawasaki disease
Psittacosis
RMSF
Scarlet fever
Enterococcal SBE (tularemia)
Typhoid fever
Drug fever

Double quotidian fevers Adult Still’s disease (adult–juvenile rheumatoid
arthritis)

Visceral leishmaniasis
Miliary TB
Mixed malarial infections
Right-sided gonococcal endocarditis

Biphasic (Camelback) fevers Colorado tick fever
Dengue fever
Leptospirosis
Brucellosis
Lymphocytic choriomeningitis
Yellow fever
Poliomyelitis
Smallpox
Rat-bite fever (Spirillum minus)
Chikungunya fever
Rift Valley fever

(Continued )
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pulse increase of 10 beats/min. If the pulse response is less than it should be for any
degree of temperature increase (>102�F), then the term relative bradycardia may be
applied. Relative bradycardia combined in a patient with an obscure fever is an
extremely useful diagnostic sign. Fever plus relative bradycardia immediately limits

Table 5 Fevers Prone to Relapse

Infectious causes
Relapsing fever (Borrelia recurrentis) Colorado tick fever
Trench fever (Rochalimaea quintana) Dengue fever
Q fever Leptospirosis
Typhoid fever Brucellosis
Vibrio fetus Bartonellosis (Oroyo fever)
Syphilus Acute rheumatic fever
TB Rate-bite fever (Spirillum minus)
Histoplasmosis Visceral leishmaniasis
Coccidioidomycosis Lyme disease
Blastomycosis Malaria
Pseudomonas pseudomallei (meliodosis) Noninfluenzal respiratory viruses
LCM Babesiosis
Dengue fever EBV
Yellow fever CMV
Chronic meningococcemia

Noninfectious causes
Behcet’s disease Familial Mediterranean fever
Crohn’s disease Fever, adenitis, pharyngitis, aphthous ulcer

syndrome
SLE
Hyper IgD syndrome

Weber-Christian disease (panniculitis)
Leukoclastic angitis
Sweet’s syndrome

Abbreviations: EBV, Epstein–Barr virus, CMV, cytomegalovirus; SLE, systemic lupus erythematosus; TB,

tuberculosis; LCM, lymphatic choriomeningitis virus.

Source: From Ref. 11.

Table 4 Fevers Prone to Relapse (Continued )

Fever pattern Usual causes

African hemorrhagic fevers (Marburg, Ebola, Lassa, etc.)
Echovirus (Echo 9)

Relapsing fevers Relapsing fever (B. recurrentis)
Yellow fever
Smallpox
Ascending (intermittent) cholangitis
Brucellosis
Dengue
Chronic meningococcemia
Malaria
Rat-bite fever (S. moniliformis)

Abbreviations: RMSF, Rocky Mountain spotted fever; SBE, subacute bacterial endocarditis; TB, tubercu-

losis; ARF, acute rheumatic fever.

Source: From Ref. 11.
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diagnostic possibilities to central fevers, drug fevers, lymphomas, and the noninfec-
tious disorders commonly causing fever in the CCU. Among the infectious causes of
fever in the CCU, relative bradycardia in patients with pneumonia narrows diagnos-
tic possibilities to Legionella, psittacosis, or Q fever pneumonia. Patients without
pneumonias with fevers in the CCU, limit diagnostic possibilities to a variety of
arthropod-borne infections, i.e., RMSF, typhus, typhoid fever, and arthropod-borne
hemorrhagic fevers, i.e., yellow fever, Ebola, and dengue fever. Relative bradycardia
like other signs should be used in concert with other clinical findings to prompt
further diagnostic testing for the infectious diseases and to eliminate from further
consideration the noninfectious disorders associated with relative bradycardia
(Table 6; Fig. 1) (1,10,26,28–31).

Table 6 Causes of Relative Bradycardia

Infectious Noninfectious

Legionella Beta blockers
Psittacosis Verapamil, or diltiazem
Q fever CNS lesions
Typhoid fever Lymphomas
Typhus Factitious fever
Babesiosis Drug fever
Malaria
Leptospirosis
Yellow fever
Dengue fever
Viral hemorrhagic fevers
RMSF

Determination of relative bradycardia
Inclusive criteria

Patient must be an adult, i.e., >13 yr
Temperature >102�F
Pulse must be taken simultaneously with the temperature elevation

Exclusive criteria
Patient has NSR without arrhythmia, second-or third-degree heart block or

pacemaker-induced rhythm
Patient must not be on b-blocker medications

Appropriate Temperature-Pulse Relationships
Pulse (beats/min) Temperature

150 41.1�C (106�F)
140 40.6�C (105�F)
130 40.7�C (104�F)
120 39.4�C (103�F)
110 38.9�C (102�F)

Relative bradycardia refers to heart rates that are inappropriately slow relative to
body temperature (pulse must be taken simultaneously with temperature
elevation). Applies to adult patients with temperature �102�F; does not apply
to patients with second/third-degree heart block, pacemaker-induced rhythms,
or those taking beta-blockers.

Abbreviations: CNS, central neurous system; RMSF, Rocky Mountain spotted fever; NSR,

normal sinus rhythm.
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DIAGNOSTIC SIGNIFICANCE OF FEVER
DEFERVESCENCE PATTERNS

Overview

Most of this chapter has been concerned with the diagnosis of fever in the CCU by
analyzing the rapidity of onset of the fever, the height of the fever, the relationship of
the fever to the pulse, the fever patterns, and the duration of the fever. Particularly in
perplexing cases of fever, the characteristics of fever resolution also have diagnostic
significance. Fever defervescence patterns may be interpreted in two ways. The
rapidity and completeness of the fever pattern resolution attests to the effective treat-
ment or resolution of the noninfectious or infectious process. Fever defervescence
patterns are as predictable and useful as fever patterns in predicting complications
secondary to the disorder or therapy (5,10,11).

Meningitis in the CCU

With bacterial meningitis, temperature resolution with appropriate therapy is related
to the pathogen causing the meningitis. Meningococcal meningitis defervesces
quickly over one to three days, whereas Haemophilus influenzae meningitis resolves
over three to five days, and severe pneumococcal meningitis may take a week or
longer for the fever to decrease/become afebrile. Viral causes of meningitis or ence-
phalitis defervesce very slowly over a seven-day period, and by fever defervescence
pattern easily differentiate viral meningitis/encephalitis from bacterial meningitis.
Because fever defervescence patterns may also point to complications, the astute
clinician will monitor the fever pattern post-therapy, looking for an unexpected tem-
perature spike after the patient has defervesced.
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Figure 1 Temperature chart showing relative bradycardia in a patient with legionnaires’
disease prior to initiation of doxycycline treatment on day 5. Solid line represents temperature;
dotted line represents pulse. Source: From Ref. 27.
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H. influenzae meningitis, for example, defervesces after three to five days but if
the patient spikes a temperature after five days, this would suggest either a complica-
tion of the infection, i.e., subdural empyema, or a complication of therapy, i.e., drug
fever secondary to antimicrobial therapy (1,5,10).

Endocarditis in the CCU

In patients with endocarditis, the fever defervescence pattern is also pathogen
related. Patients with SBE have fevers <102�F, and defervesce after a few days of
effective antimicrobial therapy. A subsequent temperature spike after the fever with
Streptococcus viridans SBE has resolved should suggest either a complication of
SBE, i.e., septic emboli/infarcts, or a complication of SBE therapy, i.e., drug fever.
With S. aureus acute bacterial endocarditis (ABE), patients have temperatures
�102�F (excluding IVDAs). Patients with S. aureus endocarditis defervesce within
three to five days after initiation of effective anti–S. aureus therapy. The persistence
of fever in a patient being treated appropriately for S. aureus ABE should suggest the
possibility of a paravalvular/mild myocardial abscess. With S. aureus ABE, the reap-
pearance of fever after initial defervescence should suggest a septic complication, i.e.,
septic emboli/infarcts, paravalvular/myocardial abscess, or complication of antimi-
crobial therapy, e.g., drug fever (5,10,11).

Patients with enterococcal endocarditis have a fever defervescence pattern
intermediate between S. viridans SBE and S. aureus ABE. Patients with enterococcal
endocarditis usually defervesce slowly over five days, and recrudescence of fever
in patients with enterococcal endocarditis should suggest a septic complication or
drug fever.

CAP in the CCU

Fever defervescence patterns are also important in patients with CAP as well as
nosocomial pneumonias (NP). In normal hosts with CAP due to typical bacterial
pathogens, i.e., S. pneumoniae, H. influenzae, or Moraxella catarrhalis, fever resolves
rapidly over the first few days with effective treatment. S. pneumoniae CAP has three
possible fever defervescence patterns, the first and most common is a rapid decrease
in temperature similar to that found in H. influenzae or M. catarrhalis CAP in nor-
mal hosts. The second fever defervescence pattern with pneumococcal pneumonia is
that of initial defervescence followed in three to five days by a secondary rise in fever.
A secondary fever rise is a normal variant and does not indicate an infectious com-
plication. The third defervescence pattern with S. pneumoniae is found in patients
with impaired humoral immunity, i.e., patients with alcoholic cirrhosis, multiple
myeloma, chronic lymphatic leukemia (CLL) etc. In patients with impaired
B-lymphocyte function, the fever slowly remits during the first week of therapy.

Patients with overwhelming pneumococcal sepsis, with no humoral immunity,
i.e., asplenia, remain febrile and critically ill until the infection resolves or there is a
fatal outcome.

NP in the CCU

Patients with NP often have temperature elevations >102�F, but fever is not helpful
in ruling in or out the diagnosis of nosocomial pneumonia. The NP is an imprecise
diagnosis and is routinely given to most patients in the CCU who have fever,

Clinical Approach to Fever in the Critical Care Unit 55



leukocytosis, and pulmonary infiltrates. Therefore, most patients who have a working
diagnosis of NP in fact do not have NP but have infiltrates, fever, and leukocytosis
due to other causes. Patients being treated appropriately with monotherapy or com-
bination therapy for NP defervesce rapidly if the infiltrates do in fact represent NP.
Monotherapy or combination therapy for NP should be with at least one agent that
has a high degree of anti–P. aeruginosa activity. Patients with bona fide NP defervesce
within a week (32–37).

The persistence of fever, i.e., lack of a fever in patients with possible NP,
suggests two possibilities; firstly, the patient has a noninfectious disorder that is
mimicking NP and for this reason is not responding to antimicrobial therapy. Secondly,
the patient could have an infectious disease, a process that is unresponsive to antipseu-
domonal antimicrobial therapy, i.e., herpes simplex virus 1 (HSV-1) pneumonia.

HSV-1 pneumonia is common in the CCU setting and presents as persistent
fever and infiltrates unresponsive to antibiotics, or as ‘‘failure to wean’’ in ventilated
patients. Patients who present as ‘‘failure to wean’’ have persistent fevers and did not
have antecedent severe lung disease that would compromise their ability to come off
the respirator. NP with empiric treatment should see an improvement/resolution of
infiltrates and a defervescence of fever within two weeks. Persistence of fever with
or without infiltrates after two weeks, in the absence of another cause for the fever,
should suggest HSV-1 pneumonia until proven otherwise.

HSV-1 pneumonia is diagnosed by bronchoscopy, demonstrating cytopathic
effects from cytology specimens, or direct fluorescent antibody (DFA)/monoclonal
tests of respiratory secretions will be positive for HSV. Importantly, no vesicles are
present in the bronchi in bronchoscoped patients with HSV-1 pneumonitis (38,39).

OBSCURE FEVERS IN THE CCUs

Drug Fever

Drug fevers are so important in the CCU setting because of the multiplicity of med-
ications. Physicians should always be suspicious of the possibility of drug fever when
other diagnostic possibilities have been exhausted. Drug fever may occur in indivi-
duals who have just recently been started on the sensitizing medication, or more
commonly who have been on a sensitizing medication for a long period of time with-
out previous problems. Patients with drug fever do not necessarily have multiple
allergies to medications, and are not usually atopic. However, the likelihood of drug
fever is enhanced in patients who are atopic with multiple drug allergies. Patients
with drug fever, i.e., hypersensitivity reaction without rash may present with any
degree of fever, but most commonly drug fevers are in the 102�F to 104�F range.
Other conditions aside, patients look ‘‘inappropriately well’’ for the degree of fever
that is different than the toxemic patient with a serious bacterial systemic infection.
Relative bradycardia is invariably present excluding patients on b-blocker therapy,
those with arrhythmias, heart block, or pacemaker-induced rhythms. Laboratory
tests include an increase in WBC count with a shift to the left. Eosinophils are often
present early in the differential count, but less commonly is their actual eosinophilia.
The ESR is increased with drug fever but this may be marked by other causes of
increased ESR by one/more acute disorders in CCU patients. The sedimentation
rate also is increased after surgical procedures, negating the usefulness of this test
in the postoperative fever patient. Serum transaminases, i.e., SGOT/SGPT are also
mildly/transiently elevated early in cases of drug fever. Such mild increases in the
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serum transaminases are often overlooked by clinicians as acute phase reactants or
not being very elevated.

However, in a patient with an obscure otherwise unexplained fever the constella-
tion of nonspecific findings including relative bradycardia, slightly increased serum
transaminases, and eosinophils in the differential count, are sufficient to make a pre-
sumptive diagnosis of drug fever. It is a popular misconception that antibiotics are
the most common cause of drug fever. Among the antibiotics, b-lactams and sulfon-
amides are the most common causes of drug fever in the CCU setting. More common
causes of fever in the CCU setting are anti-arrhythmics, anti-seizure medications,
sulfa-containing loop diuretics (furosemide) or stool softeners (Colace) or tranquili-
zers, sedatives/sleep medications, antihypertensive medications, and b-blockers. As
patients are usually receiving multiple medications, it is not always possible to discon-
tinue an agent likely to be the cause of the drug fever. Often two or three agents have to
be discontinued simultaneously. The clinician should discontinue the most likely agent
that is not life supporting or essential first, in order properly interpret the decrease in
temperature if indeed that was the sensitizing agent responsible for the drug fever.

If the agent that is likely to cause the drug fever cannot be discontinued, every
attempt should be made to find an equivalent nonallergic substitute, i.e., ethacrinic
acid in place of furosemide as a loop diuretic for congestive heart failure and a
carbapenem in place of a b-lactam. If the agent responsible for the drug fever is
discontinued, temperatures will decrease to near normal/normal within 72 hours.
If the temperature does not decrease within 72 hours, then the clinician should
discontinue sequentially one drug at a time, those that are likely to be the causes
of drug fever. Resolution of drug fever means that not only the temperature returns
to normal, but also the leukocytosis decreases and the eosinophils disappear in the
differential WBC count (Tables 7 and 8) (1,3,5,10,12–24).

IV-Line Infections

Any invasive intravascular device may be associated with infection, but central IV
lines are the ones most likely to result in IV-line sepsis. Other causes of IV-line sepsis

Table 7 Clinical Features of Drug Fever

History
Many individuals are atopic
‘‘sensitizing medication’’ taken for days or years

Physical examination
Look ‘‘inappropriately well’’ for degree of fever
Low to high-grade fevers (102�F�106�F)
Relative bradycardia (with temperature �102�F if not on b-blockers, etc.)
No rasha

Laboratory tests
" WBC count (often with left shift)
Eosinophils usually present in peripheral smear (often missed with autonated counters)
Eosinophilia is uncommon
" ESR in most (may reach �100 mm/hr)
Mild/transient "of serum transaminases (early)

Abbreviations: WBC, white blood cells; ESR, erythrocyte sedimentation rate.
aIf present, diagnosis is drug rash with fever.

Source: From Refs. 11–15.
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that may be encountered in the CCU are an infected Hickman/Broviac, Pik line,
or pacemaker lead/generator infection, Quinton catheter. Patients with AV-graft
infections resemble, in clinical presentation, those with central IV-line sepsis. The
diagnosis of IV-line infection may be obvious or less straightforward. The likelihood
that a patient in the CCU has IV-line infection is related to the duration that the cen-
tral IV line is in place. Central IV-line infections are rare in less than or equal to
seven days after line placement. There is progressive increase in the incidence of cen-
tral IV-line infection following seven days of catheter insertion, i.e., the longer the
central IV line is in the more likely that IV sepsis will ensue. Central IV-line infec-
tions often present as otherwise unexplained obscure fevers. Half of the patients will
have obvious signs of infection at the catheter entry site. This is all that is required
for a presumptive diagnosis of IV-line infection, and the catheter should be removed
and semiquantitative catheter-tip cultures and blood cultures should be obtained to
confirm the diagnosis.

The more common problem is in the other half of patients who have no local
signs of infection at the site of IV catheter insertion. IV-line infection should be
suspected after other diagnostic possibilities have been eliminated in patients who
have had a central IV line in place for days/weeks. Blood cultures should be
obtained and the catheter removed for semiquantitative culture of the catheter tip.
The finding of a positive catheter-tip culture is one with �15 colonies plated in
the method of Maki/Cleary. Positive catheter-tip culture without bacteremia indi-
cates only a colonized catheter. Bacteremia without positive catheter-tip culture with
the same organism indicates bacteremia but not secondary to the IV line. IV-line
infection is diagnosed by demonstrating the same organism in the blood and the
catheter tip.

Table 8 Drug Fever (2� Sensitizing Medications)

Common causes Rare causes

Antibiotics Digoxin
b-lactams Steroids

Sleep medications Diphenhydramine (Benadryl)
Antiseizure medications Aspirin
Sulfa-containing drugs Vitamins

Stool softeners (Colace) Tetracyclines
Diuretics (Lasix) Erythromycins

Antimicrobials (TMP-SMX, pentamidine) Ketolides
Antidepressants/tranquilizers Clindamycin
Antiarrhythmics Aminoglycosides
b-blockers Chloramphenicol
Ace inhibitors Vancomycin

Teichoplanin
Aztreonam
Carbapenems
Quinolones
Quinipristin/dalfopristin
Daptomycin
Tigecycline

Abbreviation: TMP-SMX, trimethoprim–sulfamethoxazole.

Source: From Ref. 12.
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The treatment for central IV-line infection is to remove the central IV line. If
no further central venous access is necessary, the line may be discontinued, but
if continued central IV line access is required, the catheter may be changed over a
guide wire. Changing the catheter over a guide wire does not subject the patient
to the possibility of a pneumothorax from a subclavian insertion. Alternately, after
the catheter is removed, another catheter may be placed in a different anatomical
location. Femoral catheters are the ones most likely to be infected, followed by
IJ-inserted catheters. The subclavian inserted central IV lines are those least likely
to be infected over time. Central IV-line infections are treated by catheter removal
and antibiotics are usually given, even though the source of the bacteremia has been
removed.

The organisms from the skin, i.e., S. aureus, S. epidermidis/coagulase-negative
staphylococci (CoNS), are the most frequent cause, but aerobic gram-negative bacilli
and to a lesser extent enterococci are also important causes of IV-line sepsis in the
CCU. Many times catheters are often needlessly changed when patients, particularly
postoperative patients, spike a fever in the first two to three days postoperatively.
Catheter change so early is unnecessary because IV-line infections are rare before
being in place at least seven days.

If antibiotics are used to treat IV-line infections after the central line is
removed, treatment is ordinarily for seven days for gram-negative organisms and
for two weeks for gram-positive organisms (excluding CoNS). CoNS are not ordinar-
ily treated because they are low virulence pathogens and are incapable of infection
in the absence of prosthetic metal or plastic materials. Even if prosthetic materials
are in place in a patient with a CoNS bacteremia, patients have endothelialized their
appliances and the likelihood of infection from a transient bacteremia associated
with a central line diminishes. It cannot be emphasized too strongly that the clinician
should have a high index of suspicion for central IV-line infection the longer the
catheter has been in place in patients without an alternate explanation for their pro-
longed fevers. Catheter lines should not be changed/removed prophylactically if they
are in place for less than seven days unless there are obvious signs of infection at the
catheter site entry point (1,5,10,40–42).

Persistence of Fever

The clinical approach to the delayed resolution of fever, persistence of fever, or
new appearance of fever related to a complication of therapy, i.e., drug fever after
initial improvements in temperature/fever, a recrudescence of fever manifested by
new fever/fever spikes may be related to the infectious process, or may be related
to a noninfectious complication unrelated to therapy, i.e., myocardial infarction,
gastrointestinal hemorrhage, acute pancreatitis, acute gout, deep vein thrombosis,
phlebitis, and pulmonary emboli/infarcts. The time that the fever spike occurs in
relation to the initial defervescence, pulse temperature relationships, and other
associated findings are the key determinants diagnostically in sorting out possible
explanations for the reappearance of fever in CCU patients. The recrudescence of
fever is virtually never due to resistant organisms. Recrudescence of fever may be
due to other infectious processes, i.e., candidemia, invasive aspergillosis, in patients
with central lines, or on prolonged/high dose steroid or immunosuppressive ther-
apy. Lack of response to antimicrobial therapy suggests inadequate spectrum or
insufficient activity against the pathogen in the antibiotic regimen that is selected
(Table 9) (42–44).
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CLINICAL DIAGNOSTIC APPROACH TO FEVER IN THE CCU

Patients in the CCU with fever are admitted for a primary problem but also arrive
with a variety of pre-existing disorders that may interact or complicate the primary
reason for admission to the CCU. Problems that occur in the CCU related to new
problems, complications of the original/new problems, plus the effect of multiple
medications make diagnostic possibilities to explain fever in the CCU complex.
The cause of fever may be suggested by epidemiologic factors as well as the history,
physical, laboratory, and radiology tests. If the main thrust of the diagnostic
approach is to identify reversible/curable causes of fever, analysis of the fever char-
acteristics is the best way to sort out differential diagnostic possibilities in the CCU.
Careful attention should be given to whether the fever spike is isolated or sustained,
whether the fever is > or <102�F, the duration of the fever, and the relationship of
the temperature to the pulse. Careful review of all the medications is essential not
only to recognize drug side effects/interactions, but also to entertain the possibility

Table 9 Persistent Fever in the Critical Care Unit

Antibiotic related problems
Inadequate coverage/spectrum
Inadequate antibiotic blood levels
Inadequate antibiotic tissue levels

Undrained abscess
Foreign body–related infection
Protected focus

Abscess
Foreign body
Chronic osteomyelitis, etc.

Organ hypoperfusion/diminished local blood supply
In vitro susceptibility but inactive in vivo
Antibiotic tolerance (gram-positive cocci)
Drug-induced interactions

Antibiotic inactivation
Antibiotic antagonism

Nonantibiotic related problems
Treating colonization
Noninfectious diseases mimics

SLE
Drug reactions
Drug fever
Atelectasis
Pleural effusions
Seroma
Dehydration
Acute pancreatitis
Pulmonary emboli
Acute myocardial infarction
CNS hemorrhage/cerebrovascular accident

Antibiotic-unresponsive infectious diseases
Viral infection

Abbreviations: SLE, systemic lupus erythematosus; CNS, central nervous system.

Source: From Refs. 1, 3, 5.
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of drug fever if other diagnoses are unlikely. Clinicians should also be familiar with the fever
defervescence patterns of infectious and noninfectious disorders (Table 10) (1,5,10,45–49).

Most situations are fairly straightforward, e.g., a steroid-dependent patient
with SLE and flare who is in the CCU for the management of renal insufficiency
and develops fevers >102�F without relative bradycardia, which are sustained.
Although there are many possibilities to explain these fevers, i.e., superimposed
CMV or bacterial infections, the most important correctable factor to identify as
the cause of the fever is inadequate steroid dosage. Patients on chronic cortico-
steroids when admitted to the CCU should require stress doses of corticosteroids.
Without increasing the corticosteroid daily dose, patients develop either a fever from
a flare of their SLE/relative bradycardia or adrenal insufficiency, which presents as
otherwise unexplained fever in such patients (Table 11) (1,10,47–49).

CLINICAL THERAPEUTIC APPROACH

General therapeutic interventions should be done as soon as possible. Gastrointest-
inal hemorrhage may require blood transfusion, collagen vascular diseases/vasculitis
may require high dose corticosteroid therapy, pulmonary emboli may require
anticoagulation, myocardial infarction may require balloon pump support or
cardiac interventional procedures/surgery, IV lines should be removed and sent for
semi-quantitative catheter-tip cultures and peripheral blood cultures. Patients with

Table 11 Clinical Diagnostic Approach to Fever in Critical Care Unit

Early infectious disease consultation
All febrile CCU patients should have an infectious disease

consultation
Infectious disease consultation to evaluate mimics of

infections (pseudosepsis) and microbiologic data
Persistent low grade fevers (�102�F)
Noninfectious medical diseases most likely
Infectious disease causes also important
Acute high, spiking fevers (�102�F)
Infectious disease etiology most likely
Medical disorders excluded by fevers �102�F:

MI/LVF Thrombophlebitis
PE C. difficile

diarrhea
Acute pancreatitis GI hemorrhage
ARDS Cholecystitis
Atelectasis/dehydration

Hematomas
Uncomplicated

wound infection
Only noninfectious diseases with temperatures �102�F

in CCU
Drug fevers
Malignant neuroleptic syndrome
Central fevers
Fevers 2� to blood/blood product transfusion
Transient bacteremias 2� to manipulation of a colonized/infected

mucosa

Abbreviations: CCU, critical care unit; ARDS, acute respiratory distress syndrome; GI,

gastrointestinal, MI, myocardial infarction; LVF, left ventricular failure; PE, pulmonary emboli.

Source: From Refs. 1, 3.
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ARDS should be on PEEP with high oxygen concentrations. Abscesses should be
drained as soon as possible. Abdominal computed tomography (CT) scanning is
invaluable in accessing abdominal pain in a febrile patient in the CCU. Plain films
of the abdomen are helpful, and ultrasound is (except for biliary tract obstruction)
insufficiently accurate compared to a CT scan. Because CCU problems are time
critical, the abdominal CT scan should be obtained on an urgent basis and serially
if necessary (Table 12) (50–53).

Infectious diseases should be treated with appropriate empiric antimicrobial
therapy. Coverage should be directed against the usual pathogen(s) associated with
the infected organ system involved. Once again, infectious disease consultation is
invaluable in determining adequate and appropriate antibiotic therapy without being
excessive. Infectious disease consultants can also streamline the antibiotic regimen and
make adjustments for drug allergies as well as hepatic and/or renal insufficiency,
and take into account significant drug interactions/side effects to tailor the anti-
microbial therapy to the patient’s condition. The antibiotic selected should have a
spectrum appropriate for the site of infection, be started as soon as possible,
have a low resistance potential, have excellent safety profile, and be inexpensive.
Coverage should be adequate for likely pathogens, but colonization should not be
treated. The infectious disease consultant is in the best position to analyze complex/

Table 12 Therapeutic Approach to Fever in the Critical Care Unit

Microbiologic data evaluation
Critical to differentiate colonization from infection:

Respiratory secretion isolates
Urinary isolates
Analysis of origin of blood culture isolates

Rule out pseudo-infections
Common causes of fevers
Nosocomial pneumonia/VAP

Chest X ray
If negative, no nosocomial pneumonia/VAP
If positive, rule out LVF, ARDS, etc.

Perform semiquantitative BAL to confirm diagnosis
Check central IV lines

Duration of insertion
The longer the IV line is overdue, the more likely the fever is due to IV-line infection
Otherwise unexplained fevers in a patient with overdue IV lines should be regarded

as IV line infection until proven otherwise
Evidence of infections at local site

If IV shows sign of infection, remove IV line immediately, send tip for
semiquantitative culture, and obtain blood cultures from peripheral vein

If IV site non-erythematous, IV line infection not ruled out, remove/replace IV line
and send removed catheter tip for semiquantitative culture

If nosocomial pneumonia and IV-line infection eliminated from diagnostic consideration,
consider drug fever

Early empiric therapy
Coverage based on site/organism correlations: colonization should not be treated
Infectious disease consultant recommendations should be followed.

Abbreviations: IV, intravenous; ARDS, acute respiratory distress syndrome; BAL, bronchoalveolar lavage;

VAP, ventilation associated pneumonia; LVF, left ventricular failure.

Source: From Refs. 1, 3, 5.
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conflicting culture data and select the optimal antibiotic regimen in the proper clinical
context (1,10).

Antibiotic therapy alone eliminates infection due to undrained abscesses,
IV-lines, infections associated with prosthetic material/foreign bodies, obstructed
biliary, gastrointestinal, or urinary tracts. Antibiotics will not eliminate fever due
to noninfectious diseases, e.g., hemorrhage, hematoma, atelectasis, drug fever, vascu-
litis, and fever due to malignancies. Drug fever is a common problem in CCU patients
because of the variety of nonantibiotic medications associated with drug fever.
The most common causes of drug fever in the CCU are anti-seizure medications,
b-blockers, angiotensin converting enzyme inhibitors, sleep medications, or sulfa-
containing medications, i.e., diuretics/pentamidine, stool softeners (Colace), and
sensitizing medication, but it is a common error to add/change antibiotics instead
(Table 13) (52,53).

Unless fever could be detrimental to the patient, fever should be treated per se.
In those with good cardiopulmonary function, fever >106�F should be treated to
reduce the temperature to 102�F to 104�F range. Patients with CNS trauma, recent
myocardial infarction, or borderline cardiopulmonary function should have tem-
peratures maintained at �102�F. Temperatures >102�F in sick patients could wor-
sen neurologic daze in those with CNS trauma or precipitate an acute myocardial
infarction, chronic heart failure, or pulmonary decompensation in those with
advanced cardiopulmonary disease (Table 14) (54–56).
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4
Sepsis and Its Mimics in the Critical
Care Unit

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, and
State University of New York School of Medicine, Stony Brook, New York, U.S.A.

INTRODUCTION

Sepsis refers to bacteremia or fungemia with hypotension and organ dysfunction.
The main clinical problem with the ‘‘septic’’ patient is to determine if the patient
is septic or has a noninfectious condition that mimics sepsis by hemodynamic or
laboratory parameters. In the intensive care setting it is of critical importance to
differentiate between sepsis and its mimics (1–6).

Diagnostic Approach

Many patients with fever and hypotension are not septic. Several clinical disorders
resemble sepsis. Patients do not become septic without a major breach in host
defenses. The most important clinical consideration in determining whether a patient
is septic is to identify the source of infection. Sepsis is a complication with only rela-
tively few infections. Infections limited to specific infections in a few organ systems
are the only ones with septic potential. Most sepsis is derived from perforated
obstructions or abscesses of the gastrointestinal (GI) tract/pelvis, hepatobiliary
tract, and genitourinary (GU) tract, or may be related to central intravenous (IV)
lines. Even though the GI tract is the most frequent focus of infection leading to sep-
sis, not all GI disorders including infections have a septic potential. Lower GI tract
perforations, intra-abdominal/pelvic abscesses, and pylephlebitis commonly result
clinically in sepsis. In contrast, gastritis and nonperforating gastric ulcer are rarely
associated with sepsis. Cholangitis in the hepatobiliary tract results in sepsis, but
rarely, if ever, complicates acute/chronic cholecystitis (6–13). IV line sepsis repre-
sents the ultimate breach in host defenses, as the pathogenic organisms from central
catheters are introduced directly into the bloodstream in high concentrations (14,15).

The primary task is to search for GI, GU, or an IV source of sepsis. It is almost
always possible to identify the septic source by physical exam, laboratory, or radiol-
ogy tests. Without local signs of entry site infection, IV-line sepsis should not be
entertained if the central IV line has been in place less than seven days.
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If intraabdominal and GU sources have been eliminated as diagnostic possibil-
ities, central IV lines, either temporary or long term, should be considered as a cause
of sepsis. The longer a central IV line is in place, the more likely the central IV line
may be the cause of fever/hypotension. Signs of infection at entry sites of central IV
lines indicate likely IV-line sepsis, but no superficial erythema/swelling does not rule
out IV-line sepsis (14–16).

Disorders that mimic sepsis should be recognized to treat the condition and not
to avoid inappropriate treatment with antibiotics. Disorders that mimic sepsis
(pseudosepsis) include GI hemorrhage, pulmonary embolism, myocardial infarction,
acute pancreatitis, diabetic ketoacidosis, systemic lupus erythematosus (SLE) flare,
and relative adrenal insufficiency, inadequate (maintenance, not stress dosed), or too
rapidly typed steroid therapy, ventricular pseudo-aneurysm, massive aspiration or
atelectasis, systemic vasculitis, and diuretic-induced hypovolemia (Table 1) (6,17–21).

Clinical Signs of Sepsis

Excluding the elderly, compromised hosts, and uremic patients, fever is a cardinal sign
of inflammation or infection. Fever should not be equated with infection as the chemi-
cal mediators of inflammation and infection, i.e., cytokines, induce a febrile response
mediated via the preoptic nucleus of the anterior hypothalamus. All that is febrile is
not infectious, and most, but not all diseases causing sepsis are accompanied by tem-
peratures �102�F. With the exceptions of drug fever and adrenal insufficiency, the
disorders that mimic sepsis and pseudosepsis have temperatures �102�F. The tem-
perature relationships are critical when considered together with organ involvement,
i.e., GI, GU, etc. are key factors in determining if the patient is septic or has a
noninfectious disorder resembling sepsis. Hyperthermia �106�F is only caused by
noninfectious disorders. Hypothermia is an important clinical clue to bacteremia,
particularly in renal insufficiency. In normal hosts with fever, sepsis should not be a
diagnostic consideration if temperatures are <102�F or >106�F (Table 2) (22–25).

LABORATORY ABNORMALITIES IN SEPSIS

The usual hemodynamic parameters associated with sepsis include decreased
peripheral resistance (PR) with increased cardiac output (CO) accompanied by
tachycardia/respiratory alkalosis. Patients with fever are often diagnosed as septic.
Although sepsis is associated with hemodynamic abnormalities, i.e., # PR/" CO,
many disorders mimicking sepsis also have similar findings, i.e., acute pancreatitis,
GI bleed, etc. If hemodynamic abnormalities are present but are not accompanied
by GI, GU, or IV clinical disorders associated with sepsis, then it should be assumed
that the patient has a noninfectious mimic of sepsis.

As with hemodynamic parameters, laboratory data may mislead the unwary in
incorrectly ascribing laboratory abnormalities to an infectious rather than a nonin-
fectious process. An increase in white peripheral blood cell count with a shift to the
left is a nonspecific reaction to stress, and is not specific for infection. Leukocytosis
does not differentiate bacterial from viral infections. An increase in white count with
a shift to the left is a measure of the intensity of the systemic response to stress of
infectious or noninfectious disorders.

Similarly, an increase in fibrin split products and lactic acid, decrease in serum
albumin, a-2 globulins, and fibrinogen, or an increase in prothrombin time/partial
thromboplastin time are compatible but not characteristic of infection.
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Table 1 Clinical Conditions Associated with Sepsis Disorders

Associated with sepsis (fevers � 102�F) Not associated with sepsis (fevers � 102�F)

GI source GI source
Liver Esophagitis

Abscess Gastritis
Gallbladder Pancreatitis

Gallbladder ‘‘wall abscess’’ GI bleed
Cholangitis Genitourinary source

Colon Urethritis
Colitis Cystitis (normal hosts)

Diverticulitis Cervicitis
Toxic megacolon Vaginitis

Perforation PID
Obstruction Catheter-associated bacteriuria (normal hosts)

Abscess Upper respiratory source
Genitourinary source Pharyngitis

Renal Sinusitis
Pyelonephritis Mastoiditis

Intra/perinephric abscess Bronchitis
Calculi Otitis

Urinary tract obstruction Lower respiratory source
Partial CAP (normal host)

Total Skin/soft tissue source

Prostate Osteomyelitis
Abscess Uncomplicated wound infections

Pelvic source Cardiovascular source
Pelvic peritonitis Subacute bacterial endocarditis

Tubo-ovarian abscess Central nervous system source
Pelvic septic thrombophlebitis Bacterial meningitis (excluding meningococcal

meningitis with meningococcemia)
Lower respiratory source Intravascular source

CAP A-lines
Asplenia/hyposplenism Peripheral IV lines

Empyema
Lung abscess

Nosocomial pneumonia

Intravascular source
IV line infection

Central IV lines
PICC lines

Hickman/Broviac catheters
Infected prosthetic devices

AV grafts
Jugular vein septic thrombophlebitis

Cardiovascular source
Acute bacterial endocarditis

Myocardial abscess
Paravalvular abscess

Other

Toxic shock syndrome

Abbreviations: GI, gastrointestinal; IV, intravenous; PID, pelvic inflammatory disease; CAP, community

acquired pneumonia; BPH, benign prostatic hyperpertrophy PICC, peripherally inserted central catheter;

AV, arteriovenous.

Source: From Refs. 9, 22.
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Laboratory parameters that are more indicative of infection include leukopenia
or thrombocytopenia. The only laboratory abnormalities that are specific for
sepsis are organisms in the blood, i.e., gram/acridine orange stains of buffy-coat
smears/high grade positivity in blood cultures (excluding contaminants). Increased
cytokine/endotoxin levels are also suggestive. Highly elevated C-reactive protein
(CRP) levels have also been described as a marker for sepsis. Positive buffy-coat
smears are not present in all patients with bacteremia, but when positive are diagnostic
and rapid. The bacteria/fungi present in buffy-coat smears are helpful in determining
the origin of the septic process by their association with particular organ system invol-
vement, i.e., poorly stained pleomorphic gram-negative bacilli (Bacteroides fragilis)

Table 2 Clinical Mimics of Sepsis

Acute gastrointestinal hemorrhage
Acute pulmonary embolism
Acute myocardial infarction
Acute pancreatitis
Diabetic ketoacidosis
SLE flare
Relative adrenal insufficiency
Diuretic-induced hypovolemia
Rectus sheath hematoma

Source: From Refs. 9, 22.

Table 3 Sepsis vs. Mimics of Sepsis

Parameters
Disorders mimicking

sepsis
Sepsis (bacteremia from

GI/pelvic GU, IV source)

Microbiologic Negative blood cultures (excluding
skin contaminants)

Positive buffy-coat smear

Bacteremia (excluding skin
contaminants)

Hemodynamic # PVR # PVR
" CO " CO

Laboratory " WBC (with left shift) " WBC (with left shift)
Normal platelet count # Platelet count
# Albumin # Albumin
" FSP " FSP
" Lactate " Lactate
" D-dimers " D-dimers
" PT/PTT " PT/PTT
# Fibrinogen
# a2 globulins

Clinical �102�F �102�F
Hypotension Hypotension
Tachycardia Tachycardia
Respiratory alkalosis Respiratory alkalosis

Abbreviations: PVR, peripheral vascular resistance; CO, cardiac output; FSP, fibrin split products; WBC,

white blood cell; PT/PTT, prothrombin time/partial thromboplastin time; GI, gastrointestinal; GU,

genitourinary; IV, intravenous.

Source: From Refs. 9, 22.
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point to a GI, but not GU/IV source. The morphology/arrangement of the bacteria in
buffy-coat smears is also useful in selecting appropriate empiric antibiotic coverage
(Table 3) (26–30).

EMPIRIC ANTIMICROBIAL THERAPY

The selection of appropriate antibiotic therapy for sepsis depends on accurate local-
ization of the infectious process to the abdomen/pelvis, GU tract, or IV line.
Because each organ has its normal resident flora that become the pathogenic flora
when the organ function is disrupted, empiric coverage is directed against the normal
resident flora (Table 4). Factors in antibiotic selection include hepatic/renal
insufficiency, allergic status of the patient, tissue penetration of the antibiotic, safety
profile of the antibiotic, resistance potential of the antibiotic, and cost.

If the spectrum is appropriate for the source of sepsis, no regimen is superior
to others in terms of clinical outcome. However, clinicians should utilize the most

Table 4 Empiric Therapy of Sepsis Based on Organ System Involved

Empiric therapy usual organisms

Source/usual organisms Monotherapy Combination therapy

Lower GI tract/pelvis
(common coliforms plus
Bacteroides fragilis)

Meropenem
tigacycline

Aztreonam or
aminoglycoside plus
either clindamycin or
metronidazole

Ertapenem
Piperacillin/tazobactam

GU tract/kidneys/prostate
(aerobic gram-negative
bacilli)

Quinolone
Third-generation

cephalosporin
Aztreonam

(Enterococci non-VRE) Ampicillin
Piperacillin
Meropenem

(Enterococci VRE) Linezolid
Daptomycin
Quinupristin-dalfopristin

Organism unknown Meropenem
Piperacillin/tazobactam

tigacycline
Bloodstream IV line (aerobic

gram-negative bacilli,
Staphylococcus aureus,
Enterococci)

Meropenema Cefepime plus vancomycin

Lung nosocomial pneumonia/
vent-associated pneumonia
(aerobic gram-negative
bacilli)

Meropenem Meropenem or cefepime
plus either levofloxacin
or aztreonam or
amikacin

Cefepime
Cefoperazone
Levofloxacin

aVancomycin, daptomycin, or linezolid if most intravenous-line infections in institution due to methicillin-

resistant Staphylococcus aureus (MRSA).

Abbreviations: IV, intravenous; GI, gastrointestinal; GU, genitourinary; VRE, vancomycin-resistant

enterococci.

Source: From Ref. 32.
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clinically/cost-effective regimens with a low resistance potential and begin therapy as
soon as the diagnosis of sepsis is made. The basis of empiric therapy for sepsis
depends on eliminating the source of sepsis and covering the patient with antibiotic
therapy appropriate for the septic source. The use of steroids and anti-cytokine
therapies remains controversial and is of unproven benefit (31–44).

SUMMARY

The immediate task of the clinician is to determine whether the patient has sepsis or a
mimic of sepsis. The diagnostic process may be approached from the negative per-
spective, i.e., if the patient does not have a GI, GU, and IV process usually asso-
ciated with sepsis, then the patient in all probability does not have sepsis, and the
workup should be directed to diagnosed disorders that mimic sepsis.

The temperature of the patient is of key importance in determining if the
patient has sepsis or a noninfectious mimic. In temperatures �106�F and �102�F,
a noninfectious disease process is likely and argues against a diagnosis of sepsis.
Antibiotic therapy should be instituted as soon as there is a basis for the diagnosis
of sepsis, i.e., characteristic (perforation, obstruction, or abscess) organ system of
infection, GI, GU, and IV site. Coverage should be based on the usual pathogens
associated with the involved organ system. Antibiotics with appropriate spectrum,
good safety profile, low resistance potential, and anti-endotoxin qualities are pre-
ferred. In sepsis related to perforation, obstruction, or abscess, surgical intervention
is paramount and should be done as soon as the diagnosis is confirmed.
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OVERVIEW

There are several diagnostic difficulties in patients presenting with the possibility of acute
bacterial meningitis. Critically ill patients with meningitis are usually transferred to the
critical care unit (CCU) for intensive supportive care. Meningitis may be mimicked by a
variety of infectious and noninfectious disorders. The mimics of meningitis are readily
ruled out on the basis of the history/physical exam and, if any doubt remains, then a
lumbar puncture with cerebrospinal fluid (CSF) analysis will include or exclude the diag-
nosis of acute bacterial meningitis. Early and appropriate empiric antimicrobial therapy
of acute bacterial meningitis in the CCU may be lifesaving. In contrast to the differential
diagnostic problem of encephalitis in the CCU, acute bacterial meningitis in the CCU is
not usually a diagnostic problem but is primarily a therapeutic problem.

Acute bacterial meningitis is, in the main, caused by bacterial neuropathogens.
Acute bacterial meningitis occurs in normal and compromised hosts and may be
acquired naturally or as a complication of open head trauma or neurosurgical pro-
cedures. Regardless of the pathogen or mode of acquisition, the definitive diagnosis
of acute bacterial meningitis rests on analysis of the CSF profile and gram stain/
culture of the CSF. Acute bacterial meningitis in normal and compromised hosts
presents clinically with meningeal irritation, i.e., nuchal rigidity. Nuchal rigidity
must be differentiated from other causes of neck stiffness, i.e., meningismus asso-
ciated with the mimics of meningitis. There are relatively few nonbacterial causes
of meningitis, and it is important to differentiate aseptic or viral meningitis from bac-
terial meningitis. In general, patients with aseptic or viral meningitis are less critically
ill than are those with acute bacterial meningitis. Patients ill enough to be admitted
to the CCU usually are more likely to have bacterial versus viral meningitis. Aseptic
viral meningitis may be diagnosed by analysis of the CSF profile, as well as spe-
cific viral culture/polymerase chain reaction (PCR) determinations. Patients with
acute meningitis, either bacterial or viral, will have various degrees of nuchal rigidity
with intact mental status. Patients with mental confusion, i.e., encephalopathy, have

PART II: CLINICAL SYNDROMES
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encephalitis, and these patients do not have nuchal rigidity. Central nervous system
(CNS) infection caused by a few organisms, i.e., Herpes simplex virus (HSV)-1,
Mycoplasma pneumoniae, and Listeria monocytogenes, may present with a combina-
tion of stiff neck and mental confusion, i.e., meningoencephalitis. Any patient with
fever and otherwise unexplained neck stiffness should have a lumbar puncture per-
formed to confirm the diagnosis of acute bacterial meningitis. If acute bacterial
meningitis is suspected, lumbar puncture should be performed prior to head com-
puted tomography (CT)/magnetic resonance imaging (MRI) (1–6).

Therefore, the challenge of meningitis in the CCU setting is to arrive at a correct
diagnosis by ruling out the noninfectious mimics of meningitis, and then differen-
tiating viral meningitis from bacterial meningitis. Patients with signs of meningeal
irritation and mental confusion, i.e., meningoencephalitis, are diagnosed on the basis
of the CSF profile and extra-CNS signs, symptoms, and/or laboratory abnormalities.
The objective of arriving at a presumptive diagnosis of acute bacterial meningitis is to
begin appropriate empiric therapy as soon as possible. Appropriate empiric therapy for
acute bacterial meningitis is determined by predicting the likely range of pathogens.
In acute bacterial meningitis, the most likely pathogen is determined by the age of
the patient, mode of onset, epidemiological history/predisposing factors, physical
signs, e.g., rash, rhinorrhea, cranial nerve abnormalities, etc., specific host defense
defects and associated underlying disorders, and the morphology/arrangement of
organisms seen on the gram stain of the CSF (1,2,4).

CLINICAL DIAGNOSIS OF ACUTE BACTERIAL MENINGITIS

Overview

Excluding open CNS trauma or neurosurgical procedures, bacteria causing acute
meningitis reach the CSF hematogenously. Many bacteria have a bacteremic poten-
tial, i.e., bacteremias are part of their infection process, but relatively few are able
to cross the blood–brain barrier and cause meningitis. Acute bacterial meningitis
usually involves the leptomeninges or the covering of the brain. Leptomeningeal
irritation is responsible for the nuchal rigidity, Kernig’s and Brudzinski’s signs asso-
ciated with acute bacterial meningitis (7,8). Because the leptomeninges cover the
brain parenchyma, meningitis is not associated with changes in mental status that
require parenchymal invasion. The majority of pathogens causing acute bacterial
meningitis are respiratory tract organisms. Acute bacterial meningitis may also result
from contiguous spread from a local source in close proximity to the brain. Infec-
tions that cause meningitis by contiguous spread include sinusitis or mastoiditis.
Cracks in the cribriform plate are another example of a mode of entry via a con-
tiguous bacterial source. Meningitis may also occur by hematogenous spread of
nonrespiratory pathogens, e.g., Listeria, Escherichia coli, and Staphylococcus aureus,
as part of secondary bacteremia with CNS seeding. Acute bacterial endocarditis due
to S. aureus is not infrequently complicated by acute purulent bacterial meningitis as
a suppurative complication (9). The insertion of CNS shunts for hydrocephalus/
increased intracranial pressure, if complicated by meningitis, reflects either the flora
of the skin introduced during the insertion process, or the flora at the distal end of
the shunt, i.e., a ventricular peritoneal shunt. Open head trauma introduces the
bacteria into the CSF/brain parenchyma (Table 1) (1–5,10–13).

Meningoencephalitis due to L. monocytogenes is recognizable by clues from the
CSF profile and is common in the elderly/immunosuppressed. M. pneumoniae
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meningoencephalitis is being recognized as part of the clinical presentation of
M. pneumoniae atypical pneumonia. M. pneumoniae meningoencephalitis occurs in
patients with Mycoplasma community–acquired pneumonia with very high cold
agglutinin levels (>1:512).

The viruses, e.g., enteroviruses, that cause meningitis are relatively few compared
to their bacterial counterparts. Some viruses, i.e., HSV-1 cause a spectrum of CNS
infections in normal hosts from aseptic meningitis to encephalitis. Partially treated
meningitis is bacterial meningitis following initial treatment for meningitis. Partially
treated bacterial meningitis is diagnosed by history, and findings in the CSF, i.e., pleo-
cytosis with a variably decreased glucose and a moderately elevated CSF lactic acid
(4–6 mmol/L). Partially treated meningitis requires retreatment with antimicrobials
with the same spectrum and dosage as to treat acute bacterial meningitis (1–3,14,15).

THE MIMICS OF MENINGITIS

Overview

Because a stiff neck or nuchal rigidity is the hallmark of acute bacterial meningitis,
any condition that is associated with neck stiffness may mimic meningitis. Patients
with acute torticollis, muscle spasm of the head/neck, cervical arthritis, or meningismus
due to a variety of head and neck disorders can all mimic bacterial meningitis. For-
tunately, most of these causes of neck stiffness or meningismus are not associated
with fever. Fever plus nuchal rigidity is the distinguishing hallmark of acute bacterial
meningitis. It may be difficult in elderly patients to rule out meningitis on the basis of
fever and nuchal rigidity alone because many elderly individuals have fever due to a
variety of non-CNS infections, and may have a stiff neck due to cervical arthritis. In
such situations, analysis of the CSF profile will readily distinguish the mimics of
meningitis from actual infection (1–5).

Noninfectious Mimics of Acute Bacterial Meningitis

Disorders that commonly may be mistaken for meningitis include drug-induced
meningitis, meningeal carcinomatosis, serum sickness, collagen vascular diseases,
granulomatous angiitis of the CNS, Behçet’s disease, systemic lupus erythematosus
(SLE), and neurosarcoidosis. The diagnostic approach to the mimics of menin-
gitis is related to the clinical context in which they occur. For example, lupus cerebritis
would rarely present as the sole manifestation of SLE. Similarly, with Behçet’s dis-
ease, patients developing neuro-Behçet’s disease have established Behçet’s, and have
multiple manifestations, which should lead the clinician to suspect the diagnosis in

Table 1 Symptoms and Signs of Acute Bacterial Meningitis

Symptoms Signs

Headache Fever
Photophobia Meningismus
Nausea and vomiting Kernig’s sign

Brudzinski’s sign
Acute deafness
Cranial nerve palsies
Seizures
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such a patient. Similarly, with neurosarcoid, the presentation is usually subacute or
chronic rather than acute, and occurs in patients with a known history of sarcoidosis
(Table 2) (16–21).

Drug-Induced Meningitis

Drug-induced meningitis may present with a stiff neck and fever. The time of menin-
geal symptoms after consumption of the medication is highly variable. The most

Table 2 Mimics of Acute Bacterial Meningitis

Drug-induced aseptic meningitis
Toxic/metabolic abnormalities
NSAIDs
OKT13
ATG
TMP-SMX
Azathioprine

CNS vasculitis
SLE cerebritis
Sarcoid meningitis
Bland emboli from SBE or marantic endocarditis

(nonbacterial thrombocytic endocarditis)
Tumor emboli
Primary or metastatic CNS malignancies

(meningeal carcinomatosis)
AML
ALL
Hodgkin’s lymphoma
Non-Hodgkin’s lymphoma
Melanoma
Breast carcinomas
Bronchogenic carcinomas
Hypernephromas (renal cell carcinomas)
Germ cell tumors

Legionnaires’ disease
Posteria fossa syndrome
Subarachnoid hemorrhage

Intracerebral hemorrhage
CNS leukostasis
Thrombocytopenia
DIC
Abnormal platelet function
Coagulopathy
CNS metastases

Embolic and thrombotic strokes
Partially treated bacterial meningitis
Meningoencephalitis

Abbreviations: AML, acute myelogenous leukemia; ALL, acute lympho-

blastic leukemia; DIC, disseminated intravascular coagulation; CNS, cen-

tral nervous system; SLE, systemic lupus erythematosus; NSAIDs,

nonsteroidal inflammatory drugs; ATG, antithymoglobulin; SBE, suba-

cute endocarditis; TMP-SMX, trimethoprim-sulfamethoxazole.

Source: From Refs. 1–6.
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common drugs associated with drug-induced meningitis include use of nonsteroidal
inflammatory drugs. In addition, trimethoprim alone (TMP-SMX), and to a lesser
extent, azathioprine may present as a drug-induced aseptic meningitis. Leukocytosis
in the CSF with a polymorphonuclear predominance is typical with drug-induced
meningitis, and the clinical clue to the presence of drug-induced meningitis is the pre-
sence of eosinophils in the CSF. In drug-induced meningitis, the CSF also contains
increased protein, but the CSF glucose is rarely decreased. RBCs or an increased
CSF lactic acid level are not features of drug-induced meningitis. Treatment is dis-
continuation of the offending agent (1,16,17).

Serum Sickness

Serum sickness is a systemic reaction to the injection of serum-derived antitoxin
derivatives. Because such toxins are not used much anymore, serum sickness is now
most commonly associated with the use of certain medications, including b-lactam
antibiotics, sulfonamides, and streptomycin among the antimicrobials. Nonanti-
microbials associated with serum sickness include hydralazine, alpha methyldopa,
propanolol, procainamide, quinidine, phenylbutazone, naproxen, catapril, and
diphenyl hydantoin. Symptoms typically begin about two weeks after the initiation
of drug therapy, and are characterized by fever, arthralgias/arthritis, and immune
complex–mediated renal insufficiency. Urticaria, abdominal pain, or lymphadenopa-
thy may or may not be present. Neurologic abnormalities are part of the systemic
picture and include a mild meningoencephalitis, which occurs early in the first few
days with serum sickness. Ten percent of patients may have papilledema, seizures,
circulatory ataxia, transverse myelitis, or cranial nerve palsies. The clues to serum
sickness systemically are an increased sedimentation rate, a decreased serum comple-
ment, microscopic hematuria/RBC casts, and hypergammaglobulinemia. The CSF
typically shows a mild lymphocytic pleocytosis, and protein is usually normal but
may be slightly elevated as is the CSF glucose. The cause of the patient’s fever and
meningeal symptoms may be related to serum sickness if the clinician appreciates
the association of the CNS findings and extra-CNS manifestations of serum sickness.
Treatment is with corticosteroids (1–4).

Collagen Vascular Diseases

SLE often presents with CNS manifestations ranging from meningitis to cerebritis, and
encephalitis. The most frequent CNS manifestation of SLE is aseptic meningitis,
which needs to be differentiated from acute bacterial meningitis. CNS manifestations
of SLE usually occur in patients who have established multisystem manifestations of
SLE. CNS SLE is usually present as part of a flare of SLE. SLE flare may be man-
ifested by fever, an increase in the signs/symptoms of SLE manifested in previous
flares. Laboratory tests suggesting flare include new or more severe leukopenia,
thrombocytopenia, increased erythrocyte sedimentation rate (ESR), polyclonal gam-
mopathy, and proteinuria/microscopic hematuria. The CSF in patients with SLE
includes a lymphocytic predominance (usually<100 WBCs/mm3). Polymorphonuc-
lear neutrophils (PMNs) may predominate early in SLE and aseptic meningitis. The
RBCs are not present in the CSF with SLE and aseptic meningitis, and the CSF
lactic acid level is also normal. The definitive test for diagnosing CNS SLE is
to demonstrate a decreased C4 level in the CSF. Unfortunately, patients with a
flare of CNS lupus are predisposed to bacterial meningitis/viral encephalitis. CCU
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clinicians must be careful to be sure that the patient with an SLE flare with CNS
manifestations does not have a superimposed acute bacterial meningitis or acute
viral encephalitis (1,18,22,23).

Granulomatous angiitis of the CNS is an uncommon cause of aseptic meningitis.
The fever and encephalopathy are the most common manifestations of granuloma-
tous angiitis of the CNS, but the focal abnormalities including seizures and cranial
nerve palsies may mimic bacterial meningitis. Systemic laboratory tests are unhelpful.
The ESR is usually elevated. The CSF profile includes a lymphocytic predominance
(usually< 200 cells/mm3), a low CSF glucose may occur, and RBCs are rarely present.
Such findings are also compatible with the diagnosis of HSV meningoencephalitis or
aseptic meningitis. The diagnosis of granulomatous angiitis of the CNS is made by
head CT/MRI imaging demonstrating vasculitic lesions in the CSF (22,23).

Behçet’s disease is a multisystem disorder of unknown etiology characterized
by oral aphthous ulcers, genital ulcers, eye findings, and neurological manifestations
in up to one quarter of patients. CNS presentation of Behçet’s may be the presenting
finding in about 5% of patients. Neuro-Behçet’s disease is characterized by fever,
headache, and meningeal signs closely mimicking a bacterial process. Aseptic menin-
gitis, meningoencephalitis, or encephalitis may also be present. The CSF profile is
indistinguishable from aseptic viral meningitis/encephalitis. There are no distin-
guishing features on the electroencephalogram (EEG) or head CT/MRI imaging.
The diagnosis of neuro-Behçet’s disease is based on recognizing that the patient
has Behçet’s disease and has neurologic manifestations not attributable to another
or superimposed process (19,23).

Neurosarcoidosis is a common manifestation of sarcoidosis. Signs of CNS
sarcoid include headaches, mental confusion, and cranial nerve palsies. Any of the
cranial nerves may be affected. Patients with sarcoidosis may often present with
polyclonal gammopathy on serum protein electrophoresis, an elevated ESR, leuko-
penia and mild anemia, and increased levels of serum angiotensin converting
enzyme. Chest X-ray shows one of the four stages of sarcoidosis ranging from
bilateral hilar adenopathy to parenchymal reticular nodular fibrotic changes. In neu-
rosarcoid, the CSF is usually abnormal. A lymphocytic pleocytosis (�300 cells/mm)
is usual. Protein levels in the CSF are usually elevated, and ~20% of patients have a
decreased CSF glucose level. RBCs are not a feature of neurosarcoidosis. Aseptic
meningitis with sarcoidosis may present as an acute meningitis mimicking/viral asep-
tic meningitis. Sarcoid meningoencephalitis is more chronic mimicking the chronic
causes of meningitis due to acid fast bacilli or fungi. Patients usually have a history
of sarcoidosis, which is a clue to the diagnosis. Diagnosis of neurosarcoidosis is a
diagnosis of association and exclusion. Neurosarcoidosis occurs in the setting of sys-
temic sarcoidosis and is characterized by a negative CSF gram stain and culture.
Treatment is with corticosteroids/immunosuppressives (Table 3) (1,20,21,23).

CLINICAL AND LABORATORY FEATURES OF ACUTE
BACTERIAL MENINGITIS

Overview

The clinical diagnosis of acute bacterial meningitis concerns differentiating it from its
mimics as well as the viral/aseptic causes of meningitis. Patients with acute bacterial
meningitis have a more fulminant course and tend to be more critically ill than those
with a meningitis mimic or a virally mediated meningeal process. Many meningeal
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Table 3 Mimics of Acute Bacterial Meningitis

Meningeal mimic Differential features and diagnostic clues

Enteroviral meningitis Seasonal distribution: summer
Not as ill as bacterial meningitis, clinically
Sore throat, facial/maculopapular rash, loose

stools/diarrhea common
CSF:

Gram stain: �
Lactic acid: normal (< 3 mmol/L)

Partially treated bacterial meningitis
(usually 2�to Haemophilus influenzae)

Previous antibiotic therapy
Onset: subacute
CSF:

Gram stain: þ/�
Lactic acid: mildly " (4–6 mmol/L)

HSV-1 Season: nonseasonal
Presentation: dense/prolonged neurologic

defects, encephalopathic/coma
Historical: antecedent herpes labialis (not

concurrent)
EEG: temporal lobe focus
Head MRI/CT scan: temporal lobe focus

(negative early)
CSF:

Gram stain: �
RBCs (negative early; present later)
" PMNs (may be>90%)

Glucose may be #/normal
" Lactic acid ~ RBCs in CSF

Meningeal carcinomatosis History: leukemias, lymphomas, carcinomas,
or without known primary neoplasm

Onset: subacute/afebrile
Mental status changes: þ/�
Nuchal rigidity: þ/�
80% have cranial nerve involvement, (CNs III,

IV, VI, VII, or VIII most common)
CSF:

Gram stain: �
RBCs: �
Protein: highly "
Lactic acid: variably "

Cytology: abnormal in 90%

Amebic meningoencephalitis
(Naegleria fowleri)

History: recent swimming in fresh water
Onset: rapid
Olfactory/gustatory abnormalities: early
Head MRI/CT: mass lesions
CSF:

RBCs: þ
Glucose: #
Lactic acid: variably "
Gram stain: ‘‘motile WBCs’’ (ameba) on wet
prep

(Continued )
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Table 3 Mimics of Acute Bacterial Meningitis (Continued )

Meningeal mimic Differential features and diagnostic clues

Brain abscess (with ventricular leak) Source usually suppurative lung disease
(bronchiectasis), cyanotic heart disease (R!
L shunts), mastoiditis, dental abscess, etc.

Head MRI/CT: mass lesions
CSF: mimics bacterial meningitis (with

ventricular leak)
Protein: highly "
Without leak: usually <200 WBCs
With leak:�100,000 WBCs

Leptospirosis Usually associated with severe leptospirosis
(Weil’s syndrome)

Presentation: clinically ill, jaundiced,
conjunctival suffusion, "SGOT/SGPT

CSF:
Bacterial profile
CSF: bilirubin "
RBCs: þ

Tuberculosis/fungal meningitis Presentation: acute, usually with evidence of
primary infection. Lung lesions not always
apparent in TB (chest X-ray negative in 50%)
Basilar meningitis

Fundi: characteristic choroidal tubercles
CNS: unilateral CN VI abducens palsy,
MRI/CT scans: hydrocephalus/arachnoiditis
CSF:

WBCs: <500
PMNs (early); lymphs (later)
Glucose: # (may be normal)
RBCs: "
TB smear/culture þ ~80%

Serial CSFs:
Over time # glucose/" protein

Lactic acid: " (variably elevated)

Neurosarcoidosis History/signs of systemic sarcoidosis (bilateral
hilar adenopathy/interstitial infiltrates, skin
lesions, uveitis, erythema nodosum, arthritis,
hypercalciuria, " ACE levels)

Nuchal rigidity: mild
Cranial nerves: unilateral/bilateral CN VII

(facial nerve palsy characteristic also CN
palsies II, VII, VIII, IX, X)

CSF:
Lymphs: "
Glucose: #
WBCs:<100

RBCs: none (vs. TB or Ca)

SLE cerebritis History/signs of SLE (pneumonitis, nephritis,
skin lesions, cytoid bodies/cotton wool spots
in fundi) seizures/encephalopathy: �

(Continued )
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pathogens have associated systemic manifestations, which, if appreciated and related
to the CNS findings, make the diagnosis of the underlying condition relatively
straightforward. However, in spite of an analysis of predisposing factors, host
defense defects, age of the patient, and history of systemic disorders and cutaneous
findings, the diagnosis of meningitis remains based on the analysis of CSF findings.
Analysis of the CSF obtained by lumbar puncture is critical in ruling in the diagnosis
of acute bacterial meningitis, as well as ruling out viral or noninfectious causes of
meningitis (22,24).

Table 3 Mimics of Acute Bacterial Meningitis (Continued )

Meningeal mimic Differential features and diagnostic clues

CSF:
CSF ANA: þ
CSF C4: #

LCM Seasonal distribution: fall
History: hamster/mouse/rodent contact
Presentation: biphasic ‘‘flu-like’’ illness

followed by recovery, then headache, fever,
mental confusion/meningismus, myalgias

CBC:
WBCs: #
Platelets#CSF: resembles aseptic meningitis

if glucose normal
Glucose: normal/#
WBCs: >1000 lymphs

RMSF Seasonal distribution: spring/fall; woods/
animal exposure

Onset: sudden with severe headache, myalgias,
and mild nuchal rigidity

Conjunctival suffusion, periorbital edema/
edema of dorsum of hands/feet, wrists/
ankles rash

CSF:
WBCs: <100 lymphs
Lactic acid: normal/slightly "
Glucose: normal/#
Protein: " (variably)

Mycoplasma meningoencephalitis History: mycoplasma CAP
Presentation: nonexudative pharyngitis, otitis/

bullous myringitis, loose stools/diarrhea,
erythema multiforme

Cold agglutinin titers: >1:512
CSF:

Culture for mycoplasma: �

Abbreviations: CSF, cerebrospinal fluid; CNS, central nervous system; SLE, systemic lupus erythematosus;

PMNs, polymorphonuclear leukocytes; LCM, lymphocytic choriomeningitis; RMSF, Rocky Mountain

spotted fever; HSV, Herpes simplex virus; ACE, angiotensin converting enzyme; SGOT, serum glutamate

oxaloacetate transaminase; SGPT, serum glutamate pyruvate transaminase; EEG, electroencephalogram;

MRI, magnetic resonance imaging; CT, computed tomography.

Source: From Ref. 6.
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Predicting the Pathogen in Acute Bacterial Meningitis

Normal hosts with acute bacterial meningitis may or may not have a variety of his-
torical epidemiologic clues as well as physical findings that may suggest a particular
organism. Patients with chronic meningitis are diagnostic not therapeutic problems
and are not included in this chapter concerned primarily with the diagnosis and man-
agement of patients in the CCU with acute bacterial meningitis. In compromised
hosts, the diagnosis of acute bacterial meningitis depends on correlating the under-
lying disorder with its host defense defect, which predicts the meningeal pathogen.
Compromised hosts with impaired cellular-mediated immunity (CMI) usually pres-
ent with chronic rather than bacterial meningitis. Such patients presenting with acute
bacterial meningitis should be viewed as normal hosts from the standpoint of pathogen
predictability, i.e., the underlying disorder is not responsible for their meningitis. If a
patient who has an organ transplant or HIV, for example, is involved in an outbreak of
meningococcal meningitis, the underlying disorder does not predispose the patient
to this pathogen. With acute bacterial meningitis, compromised hosts with impaired
CMI are afflicted with the same infectious diseases as are normal hosts. Compromised
hosts are not exempt from the spectrum of infectious diseases that affect immunocom-
petent hosts. Compromised hosts with defects in humoral immunity (HI) or those with
combined CMI and HI defects, e.g., chronic lymphatic leukemia, are predisposed to
meningitis due to encapsulated organisms, Streptococcus pneumoniae, Haemophilus
influenzae, or Klebsiella pneumoniae (Tables 4 and 5) (1–5,24).

Diagnostic Workup in Acute Bacterial Meningitis

The critical laboratory test in acute bacterial meningitis is analysis of the CSF. In
acute bacterial meningitis, there is usually a pleocytosis of the CSF. In acute bacte-
rial meningitis, the cells in the CSF are nearly all PMNs. As the meningeal infection is
treated, the number of PMNs decreases, and there is a parallel rise in the number of
CSF lymphocytes. Bacterial meningitis begins with a PMN predominance and ends
with a lymphocytic predominance. Other CNS infections, e.g., tuberculosis, viral
infections, fungal infections, syphilis, etc., may all present initially with a pleocytosis
with a PMN predominance. These disorders are characterized by a lymphocytic CSF
pleocytosis but initially may present with a PMN predominance. Importantly, with
the exception of HSV-1, �90% PMNs in the CSF initially always indicate an acute
bacterial meningitis. A PMN predominance of <90% is compatible with a wide vari-
ety of CNS pathogens and does not, of itself, indicate a bacterial etiology. In patients
with fever and nuchal rigidity, a lumbar puncture should always be performed before
a head CT/MRI scan is obtained. Patients with bacterial meningitis are acutely ill
and have a potentially rapidly fatal disorder. To waste valuable time obtaining a
head CT/MRI can result in a fatal outcome. Fear of supratentorial herniation is
the main reason why head imaging studies are done before lumbar puncture, which
is appropriate if a mass lesion is suspected, but not if the diagnosis includes acute
bacterial meningitis. Far more people will die from a delay in therapy than have died
from supratentorial herniation (Tables 6–9) (1–3,24–26).

The CSF Profile in Acute Bacterial Meningitis

The evaluation of the CSF is the definitive diagnostic test in patients with acute bac-
terial meningitis. Microscopic examination of the CSF by Gram stain provides rapid
information regarding the CSF cellular response as well as the concentration mor-
phology/arrangement of potential neuropathogenic bacteria. The typical ‘‘purulent
profile’’ in the CSF of bacteria causing acute meningitis includes an early PMN
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Table 4 Host–Pathogen Association in Meningitis

Host Pathogen

Sinopulmonary function Streptococcus pneumoniae
Haemophilus influenzae

Neisseria meningitidis
Elderly H. influenzae

Listeria monocytogenes
Brain abscess (2� dental focus)

Sickle cell disease S. pneumoniae
Salmonella

N. meningitidis
H. influenzae

Splenectomy S. pneumoniae
H. influenzae

N. meningitidis
Klebsiella pneumoniae

HIV HIV
CMV

Toxoplasma
L. monocytogenes

Nocardia sp.
Cryptococcus neoformans

TB/MAI
Lymphomas

Complement deficiencies S. pneumoniae
N. meningitidis

CSF leak S. pneumoniae
IVDAs Staphylococcus aureus

Gram-negative bacilli
Alcoholism/cirrhosis S. pneumoniae

Klebsiella

TB
Hypogammaglobulinemia S. pneumoniae

H. influenzae
N. meningitidis

Enteroviruses
VA/VP shunts Staphylococcus epidermidis

S. aureus
Gram-negative bacilli

Recurrent meningitis (usually 2� to
immune/anatomic defects)

S. pneumoniae
H. influenzae

N. meningitidis
Noninfectious CNS diseases SLE

Neurosarcoidosis
Neuro-Behçet’s

CNS granulomatosis
Vasculitis

ABE S. pneumoniae
S. aureus

Brain abscess Anaerobes
Citrobacter (children)

S. aureus
Gram-negative enteric bacilli

Abbreviations: IVDAs, IV drug abusers; VA, ventriculo-atrial; VP, ventriculo-peritoneal;

ABE, acute bacterial endocarditis; CMV, cytomegalovirus; CNS, central nervous

system; SLE, systemic lupus erythematosus; MAI, mycobacterium arium-intracellulare.

Source: From Ref. 6.
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predominance, a decreased CSF glucose, a variabilitated CSF protein, no RBCs, and
a highly elevated CSF lactic acid level. The positivity of the CSF gram stain depends
on the concentration and type of organism present. The CSF gram stain is negative
half the time with L. monocytogenes meningitis, for example, but the organism is vir-
tually always culturable from the CSF. With acute bacterial meningitis due to the
meningococcus, no organisms may be seen on CSF Gram stain, even in the presence
of overwhelming infection due to autolysis by the organism. The CSF may appear
turbid or cloudy due to the abundance of WBCs present. Organisms may not be
visible on the CSF gram stain, but culture is invariably positive for Neisseria
meningitidis. The typical purulent profile of acute bacterial meningitis may also be

Table 5 Complications of Meningitis

Conditions Associated organisms

Deafness/hearing loss Haemophilus influenzae
Neisseria meningitidis
TB
RMSF
Mumps

Seizures Streptococcus pneumoniae (early)
H. influenzae
Group B streptococci
Neurosarcoidosis
HSV-1
Histoplasmosis
TB
Brain abscess

Subdural effusions H. influenzae
S. pneumoniae

Septic arthritis N. meningitidis
Staphylococcus aureus

Hemiplegia S. pneumoniae
Cerebral-vein thrombosis H. influenzae (associated Jacksonian seizures)
Hydrocephalus H. influenzae

TB
Neurosarcoidosis
Group B streptococci

Cranial nerve abnormalities N. meningitidis (CN VI, VII, VIII)
Tuberculosis (CN VI)
Sarcoidosis (CN VII)
Meningeal carcinomatosis (multiple CNs)

Herpes labialis N. meningitidis
S. pneumoniae

Panophthalmitis N. meningitidis
S. pneumoniae
H. influenzae

Purpura/petechiae or shock N. meningitidis
S. pneumoniae
Listeria monocytogenes
S. aureus

Abbreviations: RMSF, Rocky Mountain spotted fever; HSV, herpes simplex virus.

Source: From Ref. 6.
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present in patients with early tuberculous or fungal meningitis, but more typi-
cally present as subacute/chronic meningitis (1,5).

The various causes of viral/aseptic meningitis are uniformly associated with a
normal CSF glucose with a few important exceptions. The presence of a normal CSF
glucose in a patient with suspected meningitis argues strongly against a bacterial
tuberculous or fungal etiology and suggests a viral or noninfectious mimic of menin-
gitis. The viruses that are capable of decreasing the CSF glucose include HSV,
lymphocytic choriomeningitis, mumps, and occasionally enteroviruses. With these
exceptions aside, a normal CSF glucose virtually excludes a bacterial etiology of
acute bacterial meningitis (1,5).

Table 6 Central Nervous System Infections in Normal Versus Compromised Hosts

CNS infection in normal hosts
Usually acute onset of signs and symptoms of meningitis
Single pathogen
Predictable pathogen based on epidemiology, patient age, head and neck/CNS anatomic

abnormalities, and host defense defects
Meningitis or encephalitis most frequent manifestation of CNS infection

CNS infection in compromised hosts
Subacute/indolent onset of signs and symptoms of CNS infection
Single or sequential pathogens
Pathogen determined by type of immune defect and degree/duration of immunosuppression
Encephalitis or mass lesions (brain abscess) most common manifestations of CNS infection

Abbreviation: CNS, central nervous system.

Table 7 Central Nervous System Pathogens and Disorders Associated with Impaired
B-Lymphocyte–Mediated Humoral Deficiency

Disorders associated with impaired B-lymphocyte function/humoral immunity
Multiple myeloma
B-cell lymphoma

Splenic infarcts
Advanced age
Infiltrative diseases of the spleen
Splenectomy

Waldeström’s macroglobulinemia
Hereditary immunoglobulin deficiencies
CLL
IgA deficiency
Hyposplenia/decreased splenic function

Sickle cell anemia
Alcoholic liver disease
Inflammatory bowel disease
Rheumatoid arthritis

CNS pathogens associated with impaired B-lymphocyte function/humoral immunity
Common Uncommon Rare
Streptococcus pneumoniae Neisseria meningitidis Pseudomonas aeruginosa
Hemophilus influenzae Klebsiella pneumoniae Echovirus

Poliovirus

Abbreviations: CNS, central nervous system; IgA, immunoglobulin A; CLL, chronic lymphatic leukemia.

Source: From Ref. 30.
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RBCs are not a feature of acute bacterial meningitis, and should suggest an
alternate explanation for the patient’s symptoms. Excluding a traumatic tap, CNS
leaking aneurism, etc., RBCs in the CSF limit diagnostic possibilities to L. mono-
cytogenes, amebic meningoencephalitis, leptospirosis, tuberculous meningitis, HSV,
and anthrax. RBCs in the CSF can also decrease the CSF glucose and increase
the CSF lactic acid. The abnormalities in CSF glucose and lactic acid are pro-
portional to the number of RBCs present in the CSF, and can account for mild to
moderate abnormalities in these two CSF parameters (1,5).

The white blood cell response in the CSF typically is early and brisk with
bacterial meningitis. Many CNS infections characteristically associated with a
lymphocytic predominance often present acutely with a PMN predominance, i.e.,
TB, fungi, syphilis, viruses, etc. With the exception of HSV-1, only acute bacterial
meningitis presents with a CSF PMN count �90%. Patients with partially treated
meningitis have a mixed picture with both PMNs and lymphocytes as well as a mod-
erately decreased glucose versus the profoundly decreased glucose and untreated
acute bacterial meningitis, and will have CSF lactic acid levels that are intermediate
between aseptic/viral meningitis and acute bacterial meningitis. The clinician uses not
only the CSF gram stain but analyzes the patient’s clinical information integrating the
CSF findings of the number of white cells in relationship to the PMN predominance
glucose levels, CSF lactic acid levels, and the presence or absence of RBCs in the
absence of trauma to correctly analyze CSF findings (Tables 10 and 11) (1,5,27,28).

Table 8 Central Nervous System Pathogens and Disorders Associated with Impaired
T-Lymphocyte/Macrophage-Mediated Cellular Immunity

Disorders associated with impaired T-lymphocyte/macrophage-mediated cellular Immunity
HIV/AIDS
Lymphoreticular malignancies

Hodgkin’s lymphoma
Chronic immunosuppressive

therapy
Organ transplantation (bone

marrow, renal, cardiac,
pancreatic, hepatic, etc.)

Chronic corticosteroid therapy
Collagen vascular diseases
Systemic vasculitis
Chronic renal failure
Rheumatoid ailments

CMV

CNS pathogens associated with impaired T-lymphocyte/macrophage-mediated cellular immunity
Common Uncommon Rare
Listeria Mycobacterium tuberculosis PML
Nocardia Brucellosis Strongyloides stercoralis
Cryptococcus neoformans Aspergillus Toxicara canis
CMV Mucor Pneumocystis

(carinii)jiroveci
HSV Pseudallescheria boydii
VZV

Abbreviations: CNS, central nervous system; CMV, cytomegalovirus; VZV, varicella zoster virus; HSV,

Herpes simplex virus; PML, progressive multifocal leukoencephalopahy.

Source: From Ref. 30.
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The Critical Importance of the CSF Lactic Acid in the Diagnosis of Meningitis

In the diagnosis of acute bacterial meningitis, the CSF lactic acid levels are second
only to the CSF gram stain as a rapid and reliable indicator of acute bacterial
meningitis. It has been said that the CSF lactic acid levels offer no information that
cannot be inferred from CSF glucose levels. This is not the case. The CSF glucose
levels and CSF lactic acid levels are inversely proportioned to each other. As the
CSF glucose decreases, the CSF lactic acid increases. With successful treatment,
the CSF lactic acid levels and CSF glucose levels are the first to normalize. It takes
days for the initial PMN predominance in the CSF to become lymphocytic, and a
lymphocytic pleocytosis may persist in the CSF for weeks after clinical resolution
of the patient’s bacterial meningitis. The CSF lactic acid level decreases more rapidly
and acutely than does the CSF glucose. For example, if a patient has S. aureus and
acute bacterial endocarditis, and has seeded the CSF resulting in an early purulent
meningitis, the CSF lactic acid level will be elevated before the Gram stain is positive
or the CSF glucose levels have dropped. The CSF lactic acid test is invaluable in
separating viral from bacterial meningitis as well as for identifying patients with par-
tially treated meningitis (1,29–33).

CSF lactic acid levels are also useful in assessing the significance of RBCs in the
CSF in patients with a decreased CSF glucose. If the diagnosis is between HSV-1 and
L. monocytogenes meningitis, in L. monocytogenes meningoencephalitis, CSF lactic

Table 9 Diagnostic Approach in Compromised Hosts with Symptoms/Signs of Central
Nervous System Infection

Syndrome
presentation Diagnostic procedures Comments

Meningeal signs LP with CSF: Determine host defense defect
to predict most likely CNS
pathogens

WBC cell count/
differential

RBC count Rule out mimics of meningitis
Glucose/protein Empiric therapy is based on

CSF findingsLactic acid
Cytology
Bacterial signs/culture
AFB fungal smears/culture

Encephalitis/
encephalopathy or
mass lesion

Head CT/MRI: Determine host defense defect
to predict most likely CNS
pathogens

To rule out cerebritis
To rule out mass lesions
To rule out hydrocephalus Rule out noninfectious causes

by history/physical exam,
and CT/MRI appearance

To rule out CNS hemorrhage
Lumbar puncture if papilledema

not present: Specific therapy based on tissue
diagnosis, or empiric therapy
for the most likely diagnostic
possibility

WBC cell count/differential
Glucose/protein/RBCs
Lactic acid
Cytology
Bacterial strains/culture
AFB fungal smears/culture

Abbreviations: CNS, central nervous system; CSF, cerebrospinal fluid; MRI, magnetic resonance imaging,

CT, computed tomography; AFB, acid-fast bacilli; LP, lumbar puncture.
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acid levels will be highly elevated, i.e., �6 mmol/dL, whereas the CSF lactic acid
levels will be normal/near normal in HSV-1. A normal CSF lactic acid level in the
absence of RBCs from a trauma or traumatic tap is the best way to differentiate
aseptic from septic meningitis. If the Gram stain is negative and CSF lactic acid
levels are normal, then the clinician can confidently wait for CSF cultures to be
reported as negative during the next one to three days. No empiric antimicrobial
therapy is needed if the CSF lactic acid level is normal and the CSF Gram stain is
normal. CSF lactic acid levels may be obtained serially to determine if antimicrobial
therapy of the meningitis is effective, and also may be used at the end of therapy as a
test of cure (Fig. 1) (1,31,32).

Other CSF Tests

Another test that has been used to differentiate aseptic/viral meningitis from bacte-
rial meningitis is the C-reactive protein (CRP). CSF CRP is elevated in bacterial
meningitis but is not elevated in viral/aseptic meningitis, and is a useful adjunctive
diagnostic test.

Other CSF parameters have been used, i.e., lactate dehydrogenase (LDH) to dif-
ferentiate the various types of meningeal pathogens, but lack sensitivity and specificity.
The CSF antigen tests, i.e., counter immunoelectrophoresis (CIE) techniques of the

Table 10 Cerebrospinal Fluid Gram Stain Clues in Acute Bacterial Meningitis

Purulent CSF/no organisms seen Clear CSF/no organisms seen
Neisseria meningitidis Viral meningitis
Streptococcus pneumoniae Tuberculous/fungal meningitis

Neurosarcoidosis meningitis
Early bacterial meningitis
Partially treated bacterial meningitis

Cloudy CSF/without WBCs Meningitis in leukopenic host
S. pneumoniae Meningeal carcinomatosis

Gram-positive bacilli Brain abscess
Listeria monocytogenes Parameningeal infection
Pseudomeningitis (Bacillus,

Corynebacterium)
Bland emboli (2� to SBE)
Cerebritis
Neuroborreliosis

Gram-negative bacilli LCM
Haemophilus influenzae (small

encapsulated, pleomorphic) enteric
aerobic gram-negative bacilli
(larger, unencapsulated)

Viral meningitis
Listeria monocytogenes
HIV
Syphilis
Leptospirosis

Gram-positive cocci Gram-negative cocci
Group A, B streptococci (pairs and chains) N. meningitidis
S. pneumoniae (pairs) Mixed organisms/polymicrobial
Staphylococcus aureus (clusters) Pseudomeningitis
Staphylococcus epidermidis VA/VP shunt

infections only (clusters)
Brain abscess with meningeal leak
VP shunt infection
Disseminated Strongyloides stercoralis
Meningitis (2� to penetrating

head trauma)

Abbreviations: CSF, cerebrospinal fluid; VA, ventriculo-atrial; VP, ventriculo-peritoneal; LCM, lympho-

cytic choriomeningitis; SBE, subacute endocarditis.
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CSF, are generally unhelpful. The problems with the CSF CIE assays are a lack of
sensitivity and specificity. When a CNS pathogen is demonstrated by Gram stain
and culture, and there is no question about the diagnosis, the CIE is not infrequently
negative. There are other tests that are useful in selected CNS disorders. The CSF C4

level is decreased, and diagnostic of SLE meningitis/cerebritis although clonal bands
in the CSF may be present in SLE as well as multiple sclerosis. Cytology of the CSF

Table 11 Differential Diagnosis of Cerebrospinal Fluid with a Negative Gram Stain

Predominantly PMNs/decreased glucose RBCs
Partially treated bacterial meningitis Traumatic tap
Listeria monocytogenes Posterior fossa syndrome
HSV-1 HSV-1
Tuberculosis (early) CNS bleed/tumor
Syphilis (early) Listeria monocytogenes
Neurosarcoidosis Leptospirosis
Parameningeal infection TB meningitis
Septic emboli (2� to ABE) Amebic Naegleria fowleri meningoencephalitis
Amebic meningoencephalitis Predominantly lymphs/normal glucose
Naegleria fowleri Partially treated bacterial meningitis
Syphilis (early) Neurosarcoidosis
Posterior fossa syndrome Neuroborreliosis

CSF lactic acid HIV
<3 mmol/L Leptospirosis

Aseptic ‘‘viral’’ meningitis RMSF
Parameningeal infections Viral meningitis

<3 mmol/L Bland emboli (2� to SBE)
Partially treated meningitis Parameningeal infection
RBCs TB/fungal meningitis
TB/fungal meningitis Neuropsittacosis

>6 mmol/L Meningeal carcinomatosis
Bacterial meningitis Predominantly lymphs/decreased glucose

CSF protein Partially treated bacterial meningitis
Elevated (any CNS infection/
inflammation)

LCM
Enteroviral meningitis

Very highly elevated Listeria monocytogenes
Brain tumor Mumps
Brain abscess Leptospirosis
TB with subarachnoid block
Multiple sclerosis

TB/fungal meningitis
Neurosarcoidosis
Meningeal carcinomatosis

CSF eosinophilia
CNS vasculitis
NSAIDS
Coccidioidomycosis
Neuropsittacosis
CNS lymphomas
VA/VP shunts
Interventional contrast materials

Abbreviations: CSF, cerebrospinal fluid; HSV, herpes simplex virus; CNS, central nervous system; ABE,

acute bacterial endocarditis; LCM, lymphocytic choriomeningitis; SBE, subacute endocarditis; PMNs,

polymorphonuclear leukocytes; RMSF, Rocky Mountain spotted fever; VA, ventriculo-atrial; VP, ventri-

culo-peritoneal; NSAIDs, nonsteroidal inflammatory drugs.
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may indicate meningeal carcinomatosis, which may mimic acute bacterial meningitis
(28–30).

Other tests are useful in the CSF for selected pathogens. PCR technique is use-
ful to make the diagnosis of enteroviral aseptic meningitis or HSV aseptic meningitis.
PCR is also useful to diagnose acute tuberculous meningitis (1,5,28–30).

Radiologic Tests

Neuroimaging tests are primarily valuable for ruling out the mimics of acute bacte-
rial meningitis. In acute bacterial meningitis, head CT/MRI scans are of limited
value and are done primarily to rule out parameningeal suppurative focus or brain
abscess, or systemic mimics of meningitis. As mentioned previously, lumbar puncture
takes precedence over neuroimaging if the diagnosis of acute bacterial meningitis
is being considered. The EEG is primarily useful in diagnosing encephalitis and is
nondiagnostic in acute bacterial meningitis. The main use for EEG is in the early
diagnosis of herpes meningoencephalitis because of the propensity of HSV-1 to loca-
lize in the frontal temporal lobe. EEG abnormalities are diffuse with most causes of
acute viral encephalitis, but are localized very early with HSV-1 meningoencephali-
tis, which is an important diagnostic clue to its presence (1–5).

EMPIRIC THERAPY OF ACUTE BACTERIAL MENINGITIS

Overview

Empiric therapy of acute bacterial meningitis depends upon demonstrating or pre-
dicting the CNS pathogens so that an appropriate antibiotic may be selected. If
the pathogen can be demonstrated by gram stain or inferred from aspects of the
history, epidemiological data, systemic laboratory tests, or physical findings, then
an antibiotic with an appropriate spectrum can be selected to begin treatment. Early
treatment with an appropriate antibiotic is crucial to the outcome in patients with
acute bacterial meningitis.

Not only must the antimicrobial being selected to treat acute bacterial meningi-
tis be effective against the pathogen, but it must reach bactericidal concentrations in

Figure 1 Temporal relationships of cerebrospinal fluid lactic acid levels in bacterial meningitis.
Source: From Refs. 6, 31, 32.
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the CSF with the usual ‘‘meningeal doses.’’ Certain antibiotics achieve a therapeutic
CNS concentration when being in the usual dose, e.g., chloramphenicol, TMP-SMX,
doxycycline, minocycline, antituberculous drugs, etc., whereas others require higher
than usual doses, i.e., ‘‘meningeal doses’’ to penetrate the CSF, e.g., cefepime, mero-
penem. Most other antimicrobials do not achieve sufficient CSF concentration with
usual or even with high dosing, i.e., first/second-generation cephalosporins, vanco-
mycin, amphotericin, etc (1–3).

After selecting a drug with the appropriate spectrum for the presumed neuro-
pathogen and delivering the drug intravenously in a dose that will rapidly achieve
bactericidal concentrations in the CSF, patients are ordinarily treated for a total of
two weeks. The main determinants of antibiotic penetration of the CSF are antibiotic
size and the lipid solubility characteristics of the antibiotic. In general, highly lipid
soluble antibiotics penetrate the CSF in the presence or absence of inflammation.
b-lactam antibiotics do not penetrate the CSF well in the absence of inflamma-
tion. Third- and fourth-generation cephalosporins given in ‘‘meningeal doses’’ do
not penetrate the CNS well, but penetrate sufficiently well and have a sufficiently high
degree of activity that they are effective against nearly all common neuropathogens
except Listeria (34–38).

Listeria meningitis is ordinarily treated with ‘‘meningeal doses’’ of ampicillin,
i.e., 2 g (IV) q4h, in penicillin tolerant patients. In patients with Listeria meningitis
intolerant of penicillin, chloramphenicol or TMP-SMX may be used. For the treat-
ment of staphylococcal meningitis due to methicillin-sensitive strains, ‘‘meningeal
doses’’ of an antistaphylococcal penicillin, e.g., nafcillin, may be given as a 2 g (IV)
q4h dose. Drugs used to treat methicillin-resistant strains of S. aureus causing acute
bacterial meningitis include minocycline and linezolid. Vancomycin does not pene-
trate the CSF well. Vancomycin CSF concentrations are approximately 15% of
simultaneous serum concentrations. Therefore at the usually used dose of 1 g (IV)
q12h (15 mg/kg/day), CSF concentrations may be inadequate. If vancomycin is
selected to treat CNS methicillin-resistant S. aureus (MRSA) infections, then either 3
to 60 mg/day of vancomycin is necessary, or the usual dose of vancomycin [15 mg/
kg/day (IV)] may be supplemented with 20 mg of intrathecally administered vancomy-
cin daily. Linezolid and minocycline penetrate the CNS well and achieve therapeutic
concentrations. Because bactericidal antibiotics are preferred in CNS infections, linezo-
lid is preferred over minocycline for MRSA CNS infections (1,35–37).

The treatment of shunt-related infections usually requires shunt removal and the
administration of an antibiotic that has a high degree of activity against Staphylococ-
cus epidermidis or S. aureus (depending upon the pathogen isolated that penetrates
the CSF in therapeutic concentrations). In patients with meningitis secondary to open
CNS trauma, the antibiotics selected should have a high degree of aerobic gram-
negative bacillary coverage as well as sufficient antistaphylococcal activity (1–5,35,39).

The preferred drugs for each pathogen causing meningitis are presented in
tabular form here (Table 12).

The use of steroids as an adjunctive measure to treat acute bacterial meningitis
remains controversial. Steroids have long been used together with antituberculous
therapy in acute tuberculous meningitis, but there is relatively little information
on the use of steroids in the treatment of acute bacterial meningitis in adults. Steroids
have been shown to be beneficial in the treatment of meningitis in children due to
H. influenzae but have been limited to H. influenzae. Because steroids affect
blood/brain barrier permeability, if used they should be given after antimicrobial
therapy has been initiated (36,40,41).
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Repeat Lumbar Puncture

The diagnosis of acute bacterial meningitis rests on analysis of the CSF and demon-
stration of the putative organism in the CSF by gram stain or culture. Corroborative
evidence includes a PMN predominance in the CSF, a decreased CSF glucose, and a
highly increased CSF lactic acid level. A repeat lumbar puncture is indicated if the
patient has not responded to therapy within 72 hours. If the antibiotic is ineffective,
the CFS profile will remain relatively unchanged and most importantly, the CSF lac-
tic acid levels will have not decreased. CSF lactic acid levels decrease rapidly with
appropriate antimicrobial therapy, and CSF glucose levels also quickly return to
normal. If the patient is clinically not responding to antimicrobial therapy and the
repeat lumbar puncture shows the same or only slightly increased CSF glucose levels
with the same or only slightly decreased lactic acid levels, then the clinician should
reassess the antimicrobial regimen (1,5,31).

Reevaluation of the antibiotic should include a reassessment of its spectrum,
degree of activity, dosage, and CNS penetration, to determine if a change in therapy
is warranted. The only CNS infection that may present with acute bacterial menin-
gitis that would change quickly as the result of appropriate therapy would be a brain
abscess that has ruptured into the ventricular system. Such a large number of organ-
isms released from the brain abscess into the CSF would be overwhelming to the host
and in spite of appropriate antimicrobial therapy would not change the CSF param-
eters within three days without drainage of the brain abscess. There is no need to
repeat the lumbar puncture if the patient is responding to therapy, suggesting that
the proper antibiotic has been chosen and given in the correct dose, and that it is
effectively cidal at CNS concentrations resulting in a rapid clinical response as well
as a rapid response to the key CSF parameters of the lactic acid/CSF glucose (1–5).
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Encephalitis and Its Mimics in the Critical
Care Unit

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, and
State University of New York School of Medicine, Stony Brook, New York, U.S.A.

INTRODUCTION

Encephalitis is usually due to a viral infection of the brain and is most often of viral
etiology. Encephalitis presents as encephalopathy, i.e., with mental confusion. Menin-
gitis is characterized by meningeal irritation and nuchal rigidity without mental confu-
sion and is usually due to bacteria. Viral encephalitis is characterized by mental
confusion, but nuchal rigidity is not a feature of the infection. Some organisms, i.e.,
Mycoplasma pneumoniae, Listeria monocytogenes, may present as meningoencephalitis
or encephalitis. Patients with meningoencephalitis present with both mental confusion
and nuchal rigidity. Patients are usually admitted to the critical care unit (CCU) with
the diagnosis of encephalitis and some become encephalopathic while in the CCU. The
main diagnostic problem in the CCU is to differentiate noninfectious from infectious
causes as well as to identify the treatable causes of acute encephalopathy (1–4).

The commonest cause of encephalopathy in the CCU setting is drug induced.
In patients being admitted from the community with mental confusion, the diagnos-
tic challenge in the CCU is to differentiate infectious and noninfectious diseases
with an encephalopathic component from the patient with encephalitis. Excluding
drug-induced encephalopathy, most of the systemic disorders that have an encepha-
lopathic component may be suspected on the basis of extra central nervous system
(CNS) symptoms, signs, or findings that point to the underlying cause of the patients
encephalopathy. After arriving at any presumptive diagnosis of encephalitis, the
clinician then should begin appropriate empiric therapy for treatable disorders. After
eliminating nonviral causes of encephalitis, the clinician must decide whether the
patient has herpes simplex encephalitis, the only treatable cause of encephalitis versus
encephalitis due to another virus. Supportive care is the key in encephalitis patients
in the CCU. Supportive measures should be continued to provide them time to
recover, if they can, from their viral encephalitis. Unlike acute bacterial meningitis
where the main problem in the CCU is to determine appropriate empiric antimicro-
bial therapy based on clinical findings, cerebrospinal fluid (CSF) profile, and the
gram stain of the CSF, in encephalitis, the main problem is diagnosis because only
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few causes of viral encephalitis are treatable, i.e., herpes-simplex virus-1 (HSV-1),
varicella zoster virus (VZV), and cytomegalovirus (CMV) (1–4).

MIMICS OF ENCEPHALITIS IN THE CCU

Nonviral Infectious Mimics of Acute Viral Encephalitis

Viral encephalitis is caused by neurotropic viruses. These neurotropic viruses affect
the cortical function of the brain, which is manifested as mental confusion clinically
and as focal/diffuse electrical abnormalities in the electroencephalogram (EEG).
Most bacteria that cause meningitis do not cause encephalitis, but a few species
cause a combination of meningitis and encephalitis, i.e., meningoencephalitis. The
only organisms that cause this commonly are M. pneumoniae, L. monocytogenes,
and Legionella species (Table 1) (1,2).

L. monocytogenes Meningoencephalitis/Encephalitis

L. monocytogenes may cause a variety of infections but the primary CNS manifesta-
tion is that of meningitis or meningoencephalitis. Usually there are no systemic clues
to the presence of Listeria CNS infection. However, L. monocytogenes meningitis or
meningoencephalitis occurs in compromised hosts with impaired T-lymphocyte
function and in elderly patients. L. monocytogenes is also the most common
cause of meningitis in patients with malignancies. The only clue to the presence of
L. monocytogenes is the cause of meningoencephalitis is in the CSF profile. In the
CSF, patients with viral encephalitis usually have a variably elevated pleocytosis pre-
dominantly lymphocytic in nature. RBCs in the CSF may be of some help in differ-
entiating Listeria from other causes of encephalitis (5,6).

Any acute bacterial or viral process effecting the CSF may present initially with
a predominantly polymorphonuclear (PMN) pleocytosis. Most patients present
with a lymphocytic predominance, but HSV-1 occasionally may present with over
90% PMNs in the CSF differential. Other viral etiologies may present with a PMN
predominance but never exceeding 90% PMNs in the CSF, which is characteristic

Table 1 Mimics of Acute Encephalitis

Nonviral infectious causes Noninfectious causes

Listeria monocytogenes Toxic/metabolic encephalopathy
Mycoplasma pneumoniae Hepatic encephalopathy
Legionella species Collage vascular diseases

SLE cerebritis
CNS granulomatous angitis

Neuroborreliosis

CVA/intracranial hemorrhage

Rocky Mountain spotted fever

Primary CNS lymphomas

Subacute bacterial endocarditis

CNS metastases
Bronchogenic carcinoma, squamous cell
carcinoma, small cell carcinoma, breast
carcinoma, lymphoma

Acute psychosis

Abbreviations: SLE, systemic lupus erythematosus; CNS, central nervous system; CVA, cerebral vascular

accident.

Source: From Refs. 1–4.
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of acute bacterial meningeal pathogens. The CSF profile for L. monocytogenes
typically is that of mononuclear predominance. The CSF glucose typically is normal.
The CSF glucose may be decreased in mumps, lymphocytic choriomeningitis, and in
some cases of enteroviral meningitis, but these organisms do not present as encepha-
litis. The only viral etiology of encephalitis that may present with a decreased CSF
glucose is HSV-1 encephalitis (5,7).

In viral encephalitis, the protein is variably elevated and protein levels in the CSF
of L. monocytogenes are variable as well and, therefore, this parameter is unhelpful
diagnostically. Red blood cells (RBC) are present in the CSF excluding traumatic
tap and other causes of CSF hemorrhage or leaking Berry/mycotic aneurysms. There-
fore, RBC in the CSF excluding the exceptions mentioned points to HSV-1 or L. mono-
cytogenes as the cause of the patient’s encephalopathy. The CSF lactic acid is useful in
the exclusionary sense in viral encephalitis, because CSF lactic acid levels are normal
with viral infections of the CNS. The sole exception again is HSV-1 encephalitis, which
may be associated with increased lactic acid levels. The increased CSF lactic acid HSV-1
encephalitis may either be due to/proportional to the RBCs present in the CSF.
Excluding a large number of RBCs in the CSF, the CSF lactic acid levels in HSV-1
encephalitis should be normal/near normal. In contrast, L. monocytogenes meningoen-
cephalitis CSF lactic acid levels should be low as in bacterial meningitis and lower out
of proportion to the few RBCs that may be present with L. monocytogenes (8,9). The
diagnosis of L. monocytogenes meningoencephalitis is made presumptively by demon-
strating gram-positive bacilli in the gram stain of the CSF, which is positive in about
half of cases. L. monocytogenes, however, is culturable from the CSF in virtually all
cases, which confirms the diagnosis. L. monocytogenes meningoencephalitis may mimic
viral encephalitis, i.e., West Nile encephalitis (WNE) (8–11).

Mycoplasma pneumoniae Meningoencephalitis/Encephalitis

M. pneumoniae is predominantly an infection of the respiratory tract without CNS
manifestations, i.e., meningoencephalitis. M. pneumoniae meningoencephalitis is
uncommon but is a distinct clinical entity. Patients with M. pneumoniae meningoen-
cephalitis are those that have other extrapulmonary manifestations of M. pneumoniae
infection. Aside from CSF involvement in a patient with M. pneumoniae infection, the
feature that is most closely associated with M. pneumoniae meningoencephalitis is a
highly elevated cold agglutinin titer. Approximately, three quarters of M. pneumoniae
community–acquired pneumonias (CAPs) are with initial/transient increase in cold
agglutinins. Of the patients with increased cold agglutinin titers, most patients with
M. pneumoniae CAP will have cold agglutinin titers �1:64. A patient with CAP
and a cold agglutinin titer �1:64 should be considered as having M. pneumoniae
CAP until proven otherwise. Patients with M. pneumoniae meningoencephalitis will
have cold agglutinin titers �1:512, usually in the thousands. Cold agglutinin titers
of this order of magnitude are unusual in Mycoplasma CAP without CNS involve-
ment. The diagnosis of Mycoplasma meningoencephalitis is suggested by the very
highly elevated cold agglutinin titers as well as the extra-pulmonary manifestations
of Chlamydia pneumoniae CAP.

The extra-pulmonary manifestations of C. pneumoniae CAP include otitis/
bullous myringitis, nonexudative pharyngitis, Erythema multiforme, or watery diar-
rhea. Patients suspected of having M. pneumoniae, i.e., those with CAP with one or
more of the extra-pulmonary findings described and highly elevated cold agglutinin
titers should have specific tests to confirm the diagnosis. M. pneumoniae may
be cultured on viral media from oropharyngeal secretions. Alternately, serological
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diagnosis is made by demonstrating elevated IgM titer with or without an elevated IgG
M. pneumoniae enzyme linked immunosorbent assay (ELISA) titer enzyme linked
immunosorbent assay (5,12).

Legionnaires’ Disease

Legionnaires’ disease is an infection caused by any species of Legionella and is a sys-
temic infection that predominantly affects the lungs. Legionnaires’ disease, as with
other atypical causes of CAP, is characterized by its particular pattern of extra-pul-
monary organ involvement. In patients with Legionella CAP, CNS manifestations
are frequent and include varying levels of consciousness, headache, and, most com-
monly, encephalopathy manifested my mental confusion. The characteristic pattern
of extra-pulmonary organ involvement with Legionella, in addition to CNS findings,

Table 2 Clinical Features of Legionnaires’ Disease

Organ
involvement in
legionnaires Common features

Uncommon
features Argues

Clinical Features
CNS Headache mental

confusion/dullness
lethargy

Dizziness Meningeal signs
seizures

HEENT None Vertigo Sore throat, ear pain,
bullous myringitis,
and otitis media

Cardiac Relative bradycardia Legionella
endocarditis

Emboli to heart,
joints, lungs, spleen,
and CNS

GI Loose stools/watery
diarrhea

Abdominal pain Hepatic tenderness
and peritoneal signs

Renal " Creatinine Acute renal failure CVA tenderness and
chronic renal failure

Laboratory Tests
CSF Normal Mild pleocytosis RBCs, # glucose, and

" lactic acid
WBC count (blood) Leukocytosis Leukopenia Thrombocytosis and

thrombocytopenia
Gram stain (sputum) Few mononuclear

cells and no bacteria
PMN predominance

or mixed flora
Purulent sputum and

single predominant
organism

Pleural fluid Exudative pattern " WBCs RBCs, # pH, and
# glucose

SGOT/SGPT Mildly elevated
(<2�normal)

Moderately elevated
(>2�normal)

Markedly elevated
(>10�normal)

Urine analysis Microscopic
hematuria

Proteinuria,
myoglobulinuria

Gross hematuria,
pyuria, and
hemoglobinuria

Abbreviations: CN, cranial nerve; CNS, central nervous system; CSF, cerebrospinal fluid; CVA, costover-

tebral angle; GI, gastrointestinal; HEENT, head, eyes, ears, nose and throat; RBC, red blood cell; SBE,

subacute bacterial endocarditis; WBC, white blood cell; SGOT, serum glutamate oxaloacetate transami-

nase; SGPT, serum glutamate pyruvate transaminase.
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includes heart, liver, renal, and gastrointestinal involvement (Table 2). Legionella
infections do not have upper respiratory tract or skin manifestations. The main cardiac
manifestation of Legionella is relative bradycardia, i.e., a pulse temperature deficit
(excluding patients on beta-blocker therapy, with arrhythmias, or pacemaker-induced
rhythms). Gastrointestinal involvement is characterized by watery diarrhea as with
M. pneumoniae. Hepatic involvement is manifested by an early mild/transient increase
in the serum transaminases. In patients with atypical CAPs a slightly increased
SGOT/SGPT limits diagnostic possibilities to Legionnaires’ disease, Q fever, or psitta-
cosis. CAP due to Q fever or psittacosis present with severe headache as the primary
CNS manifestation but rarely, if ever, with encephalopathy. A low serum sodium
secondary to syndrome of inappropriate ADH (SIADH) is common in patients with
Legionella as well as any patient with a pulmonary/CNS process, although frequently
Legionella is nonspecific and diagnostically unhelpful. Other laboratory tests pointing
to Legionella are an elevated creatine phosphokinase (CPK) or creactive protein
(CRP) of more than 30. Urinalysis may show otherwise unexplained microscopic
hematuria. Increased cold agglutinins are not a feature of Legionnaires’ disease and,
if present, argue strongly against the diagnosis.

Because coinfections are exceedingly rare, high cold agglutinins �1:64 in a
patient with atypical CAP should point to M. pneumoniae and not a co-infection with
Mycoplasma and Legionella. Relative bradycardia is also not a feature of M. pneumo-
niae, which is a constant finding in those with Legionnaires’ disease with or without
CNS manifestations. The clinical syndromic diagnosis of Legionella is based on find-
ing one or more of the extra-pulmonary clinical or laboratory findings mentioned and,
if present, should prompt specific diagnostic testing. Legionella may be diagnosed
early before treatment by direct fluorescent antibody (DFA) or respiratory secretions.
Serologically, Legionella may be demonstrated by an increased IgM titer or a fourfold
or greater increase between acute and convalescent IgG titers. Legionella pneumophila
(serotype 01) may be diagnosed by the urinary antigen test. Legionella antigenuria is
often negative early in the infectious process when the patient is in the CCU and is
only positive with L. pneumophila serogroup 01. Legionella antigenuria becomes posi-
tive over time, persists for weeks after the infection, and is of more use later in the
course of infection/convalescence when a retrospective diagnosis is desired. In the cri-
tical care setting, a negative initial Legionella titer or a negative Legionella antigen
determination does not rule out Legionella. The presumptive diagnosis of Legionella
is based on the clinical syndrome suggested by the characteristic pattern of organ
involvement and laboratory tests described (Table 3) (5,14).

NONINFECTIOUS MIMICS OF ACUTE VIRAL ENCEPHALITIS

Toxic/Metabolic Encephalopathy

The most common cause of noninfectious acute encephalopathy in the CCU are
related to acute metabolic/toxic encephalopathy usually due to one or more medica-
tions. Patients with toxic/metabolic abnormalities have no findings to suggest that
an infectious etiology and toxic/metabolic encephalopathy is largely a diagnosis of
exclusion. Computed tomography (CT)/magnetic resonance imaging (MRI) scans
of the head are negative, and the EEG is unremarkable/nonspecific. CSF findings
in toxic/metabolic encephalopathy usually contain <5 white blood cells/hpf and
typically do not have an elevated protein, decreased glucose, or elevated CSF lactic
acid level. Microbiologically, the CSF gram stain and culture are negative for
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neuropathogenic bacteria. Hepatic encephalopathy in patients with advanced liver
disease frequently precipitates their admission to the CCU. Hepatic encephalopathy
is a cause of the patients, altered mental status and is based on history and physical
findings that point to chronic advanced liver disease. The diagnosis of hepatic ence-
phalopathy is suggested by fetor hepaticus asterixis hyperventilation in addition to
the stigmata of chronic alcohol-induced liver disease. Highly increased serum ammo-
nia levels support the diagnosis of hepatic encephalopathy. Clinicians should be
aware that patients with cirrhosis have impaired B->T-lymphocyte function which
may predispose them to pneumonia or bacterial meningitis superimposed on their
on hepatic encephalopathy. Lumbar puncture should be obtained, if possible, using
plating/clotting factors infusions prelumbar puncture because such patients often
have coagulopathy related to their hepatic dysfunction. Lumbar puncture with ana-
lysis of the CSF gram stain/cultures is the only way to definitely rule out a coexisting
bacterial process that could easily be masked by the superimposed hepatic encepha-
lopathy (Table 4) (1–3).

CNS Hemorrhage CVA

Patients in the CCU due to a massive cerebral vascular accident (CVA) or a massive
intracranial hemorrhage may be suspected on the basis of neurologic findings. CNS
hemorrhage or CVA may be confirmed by head CT or MRI scans. Lumbar puncture
will reveal a bloody CSF in patients with CNS hemorrhage that communicates
with the ventricles. CSF gram stain and culture will be negative, but in patients with
intracranial hemorrhage, there will be a CSF pleocytosis and a variably elevated protein.
The CSF glucose may be decreased in proportion to the RBCs present. RBCs in the CSF
actively metabolize glucose and decrease the CSF glucose via this mechanism. The
CSF lactic acid will also be elevated in direct proportion to the number of red cells pre-
sent, but the negative CSF gram stains/culture will rule out an infectious etiology (1–3).

MISCELLANEOUS OTHER DISORDERS

SLE Cerebritis

There a variety of miscellaneous disorders that may present with mental confusion.
Most of these are collagen vascular diseases, e.g., systemic lupus erythematosus (SLE)

Table 3 Causes of Relative Bradycardia

Infectious Noninfectious

Legionella b-Blockers
Diltiazem
Verapamil

Psittacosis

CNS lesions

Q fever

Lymphomas

Typhoid fever

Factitious fever

Typhus

Drug fever

Babesiosis
Malaria
Leptospirosis
Yellow fever
Dengue fever
Viral hemorrhagic fevers
Rocky Mountain spotted fever

Abbreviation: CNS, central nervous system.

Source: From Ref. 13.
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Table 4 Noninfectious Mimics of Acute Encephalitis

Disorder CSF findings Other findings

Primary CNS lymphomas þ Cytology Mass lesion on head
CT/MRI" Protein

� RBCs þ HIV serology
# Glucose
Normal/" lactic acid

(�RBCs)
Metastatic lymphoma

to CNS
þ Cytology Primary lymphoma
" Protein
� RBCs
# Glucose
N/" lactic acid

(�RBCs)
Metastases to CNS þ Cytology CXR central mass lesion

(� cavitation with
squamous cell carcinoma)

Squamous/small cell
bronchogenic carcinoma

" Protein " Caþþ (with squamous cell
carcinoma)

� RBCs Clubbing/Hypertrophic
Pulmonary Osteoarthropathy
(HPO)

# Glucose SVC/IVC syndrome
N/" lactic acid (�RBCs) þ Bone marrow cytology with

(small/squamous cell
carcinomas)

Breast carcinoma þ Cytology History/presence of breast
cancer" Protein

� RBCs
# Glucose
N/" lactic acid (�RBCs)

Other carcinomas þ Cytology History/presence of extra CNS
primary malignancy" Protein

� RBCs
# Glucose
N/" lactic acid (�RBCs)

Massive intracerebral
hemorrhage

""" RBCs/bloody tap
# Glucose
" Lactic acid (�RBCs)

SLE cerebritis Lymphocytic pleocytosis History/features of SLE
� # Glucose Evidence of SLE flare (# WBC

count, # C3, " ferritin)� # Lactic acid
# CSF, C4

Granulomatous CNS angitis No pleocytosis þ Head CT Magnetic
Resonance Angiograhm
(MRA)

N glucose þ Brain biopsy
N lactic acid

Toxic/metabolic No pleocytosis Multiple medications (opiates,
narcotics, sedatives, etc.)N glucose

No RBCs
N lactic acid

(Continued )
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or various causes of cerebral vasculitis. Among the collagen vascular diseases with CNS
manifestations, SLE is the most common. Behçet’s disease, sarcoidosis, antiphospho-
lipid syndrome, and Sjögren’s occasionally mimic meningitis but not encephalitis.
Lupus cerebritis among the collagen vascular diseases is the most likely to mimic ence-
phalitis. The possibility of lupus cerebritis is suggested by the patient’s history, i.e., a
long-standing history of lupus with multisystem manifestations. Lupus cerebritis
may be diagnosed from head CT/MRI appearance showing bilateral abnormalities
over the surface of both hemispheres. The diagnosis of lupus cerebritis may be con-
firmed by demonstrating decreased C4 level in the CSF. Lupus cerebritis usually occurs
as part of a SLE flare. SLE flare is suggested by the presence of leukopenia, decreased
complement levels, or an increased ferritin level. SLE may also present with psychosis,
seizure, or CVA (5,15,16).

CNS Vasculitis

Among the vasculitides that have CNS manifestations are periarteritis nodosa,
Churg–Strauss granulomatosis, CNS angitis, and temporal arteritis. Patients with
these disorders usually present with headache mimicking meningitis rather than
encephalitis. Of this group, granulomatous CNS angiitis involving the leptomeninges
may present with encephalitis. Diagnosis is by CT angiography or brain biopsy.
The erythrocyte sedimentation rate (ESR) is highly elevated, and the serological tests
for other collagen vascular diseases, e.g., SLE are negative. Neurologic involvement
with sarcoidosis is infrequent but occurs in 5% to 10% of cases. The most common
manifestation of neurosarcoidosis is chronic basilar meningitis. Cranial neuropathy,
most frequently central seventh nerve palsy, with optic nerve involvement is the char-
acteristic finding in neurosarcoidosis. Neurosarcoidosis may also present as AIDS or
septic meningitis but encephalitis is rarely, if ever, a feature of neurosarcoidosis
(1,15,17,18).

CNS Malignancies

Primary or metastatic disease to the CNS often presents as mental confusion. Pri-
mary CNS lymphoma occurs in patients with severely impaired T-cell function,
e.g., human immunodeficiency virus (HIV). It is difficult in such patients without
imaging to differentiate the encephalopathy due to HIV from HIV with superim-
posed CNS lymphoma. With HIV encephalopathy, the head CT/MRI shows no

Table 4 Noninfectious Mimics of Acute Encephalitis (Continued )

Disorder CSF findings Other findings

Hepatic encephalopathy No pleocytosis History/presence of severe/
advanced liver diseaseN glucose

No RBCs
N lactic acid " Ammonia levels

Abbreviations: CNS, central nervous system; CSF, cerebrospinal fluid; HIV, human immunodeficiency

virus; RBC, red blood cell; SLE, systemic lupus erythematosus; WBC, white blood cell; CXR, chest

X-ray; HPO, hypertrophic pulmonary osteoarthropathy.

Source: From Refs. 1–4.
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mass lesions, but with HIV and CNS lymphoma, there are mass lesions seen with
neuroimaging studies. A variety of neoplasms metastasizes to the CNS and may pre-
sent with encephalopathy. Common among these are the bronchogenic carcinomas,
particularly squamous cell carcinoma and small cell carcinoma. Breast carcinoma is
a frequent cause of CNS metastases. Patients with a history of breast cancer and
encephalopathy should be viewed as potentially having encephalopathy due to
CNS metastases. Metastatic lymphomas are also a common cause of metastatic dis-
ease to the CNS that present with mental confusion. Although virtually any tumor
may metastasize to the CNS, other malignancies do so only rarely. The suspicion of
CNS metastases based on a tumor is based on history, and the diagnosis may be con-
firmed by cytology of the CSF and/or brain biopsy. West Nile encephalitis (WNE)
may also occur in patients with cancer, mimicking CNS metastases (19–21).

VIRAL CAUSES OF ACUTE ENCEPHALITIS IN THE CCU

The viruses responsible for acute encephalitis may be classified in several ways. Acute
encephalitis may be classified as either being transmitted or not transmitted by
arthropod vectors. Encephalitic viruses may also be classified according to season
of peak occurrence, i.e., those having a seasonal, e.g., arboviruses, or nonseasonal
occurrence, e.g., HSV-1 encephalitis. The viruses causing acute encephalitis have
been named according to their original location, i.e., Powassan virus, West Nile virus
(WNE), etc., of their isolation or their host, i.e., the equine encephalitides. Other
neurotropic viruses causing encephalitis include the agent of Colorado tick fever,
rabies, etc. The viruses causing acute encephalitis have many different physiochemical
characteristics, come from different families, and are transmitted differently to
humans. They also differ in their rapidity of onset, severity, and lethality. Encepha-
litis viruses may also be considered clinically as those that cause only encephalitis,
e.g., HSV-1 and those that cause encephalitis with other extra CNS findings, e.g.,
WNV with encephalitis plus flaccid paralysis. In compromised hosts with impaired
T-cell immunity, Epstein–Barr virus (EBV), human herpes virus-6 (HHV-6) and
CMV may present with encephalitis. As there are only a limited number of antiviral
agents effective against all the viral etiologies of viral encephalitis, drugs are avail-
able only for HSV and CMV. The clinical diagnostic approach in the CCU has a
twofold purpose. The first clinical task is to eliminate disorders that may mimic ence-
phalitis. The clinicians then can treat the few underlying disorders that are nonviral
and for which there is effective therapy, e.g., Listeria, Legionella, and M. pneumoniae
meningoencephalitis. The last task faced by the clinician is to try and differentiate
the treatable causes of viral encephalitis, e.g., HSV or CMV, from the other nontrea-
table causes of viral encephalitis (Tables 5–8) (1–5,23–45).

CLINICAL DIAGNOSTIC APPROACH

Treatable Noninfectious Mimics of Viral Encephalitis

Among the noninfectious mimics of encephalitis, hepatic encephalopathy, SLE
cerebritis, granulomatous CNS angiitis, some types of metastatic carcinomas to
the CNS, and metastatic lymphomas to the CNS may be responsive to treatment.
Other noninfectious mimics of encephalitis that are usually not responsive to thera-
peutic interventions are massive CVAs/intracranial hemorrhage.
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Table 5 Causes of Acute Viral Encephalitis

HSV-1/HSV-2
VZV
HIV
Arboviruses

US
Western equine
Eastern equine
St. Louis
California group
Venezuelan equine
Powassan
Colorado tick fever
West Nile virus

Influenza A
LCM
Enteroviruses
CMVa

Mumps
Measles
Rubella
EBV
Adenoviruses
Toxoplasma gondiia

Rabies

aOnly in human immunodeficiency virus, organ transplants.

Abbreviations: HSV-1/HSV-2, herpes simplex types 1 and 2; VZV, varicella-

zoster virus; HIV, human immunodeficiency virus; LCM, lymphocytic

choriomeningitis; CMV, cytomegalovirus; EBV, Epstein–Barr virus.

Source: From Refs. 1–5.

Table 6 Geographical Distribution of Acute Arboviral Encephalitis

North America EEE
WEE
StLE
CE
LAC
POW
WNE

South America VEE
EEE
StLE

Eastern Europe TBE
Africa WNE
Asia JE

RSSE
WNE

Australia MVE

Abbreviations: EEE, eastern equine encephalitis; WEE, western equine encephali-

tis; StLE, St. Louis encephalitis; CE, California encephalitis; LAC, La Crosse;

POW, Powassan; WNE, West Nile encephalitis; VEE, Venezuelan equine ence-

phalitis; TBE, European tick-borne encephalitis; JE, Japanese B encephalitis;

RSSE, Russian spring-summer encephalitis; MVE, Murray Valley encephalitis.

Source: From Refs. 1–3, 54.
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NONVIRAL INFECTIOUS MIMICS OF ACUTE
ENCEPHALITIS IN THE CCU

All of the nonviral infectious mimics of encephalitis are amenable to antimicrobial
therapy, i.e., L. monocytogenes, M. pneumoniae, and Legionella species. As with the
noninfectious mimics of encephalitis, the clue to the diagnosis of the cause of the enceph-
alopathy is usually apparent from the history, physical, and routine laboratory/radiology
tests. With L. monocytogenes encephalopathy, meningoencephalitis/encephalitis may be
the only clinical feature making the diagnosis possible and only by CSF gram stain/
culture (8–11).

M. pneumoniae and Legionella as typical pneumonias have one or more extra-
pulmonary findings, which, if recognized, should suggest the diagnosis. In a patient

Table 8 Encephalitis Associations

Clinical clues Type of encephalitis suggested

Chorioretinitis WWE
Tongue tremors SLE, WEE
Zoster ophthalmicus/contralateral

hemiplegia
VZV

Annular rash (erythema migrans) Lyme disease
Erythema multiforme HSV, Mycoplasma pneumoniae
Vesicular rash VZV, HSV (herpes labialis)
Maculopapular rash Lupus cerebritis, measles, rubella, HIV, EBV, CTF,

WNE
Petechial rash RMSF, arboviral or hemorrhagic fever, CTF,

arboviruses
Very rapid onset and prominent

myalgias
Arboviruses

Posterior cervical adenopathy SLE, VEE, HIV, CMV, toxoplasmosis,
trypanosomiasis, LGV

‘‘Stroke’’ with fever Subacute bacterial endocarditis with emboli,
lupus cerebritis

Diarrhea Enteroviruses, VEE, Legionnaire’s disease,
Whipple’s disease, M. pneumoniae

Pharyngitis EBV, CMV, toxoplasmosis, enteroviruses, HIV,
(secondary to CMV), Candida, VEE,
rabies, M. pneumoniae, Lyme disease

Pneumonia Adenovirus, M. pneumoniae, influenza, Legionnaire’s
disease, HIV (secondary to PCP), pertussis

Seizures Lupus cerebritis, primary and secondary CNS
malignancies, CE, EEE, Powassan, HSV, VEE

Tremors WNE
Coma Rabies, HSV, Reye’s syndrome, CTF, VEE, WNE
Ataxia EBV, SLE, tertiary syphilis, measles, VZV, echovirus 9
Epididymo-orchitis Mumps, EBV, CTF

Abbreviations: CE, California encephalitis; CMV, cytomegalovirus; CNS, central nervous system; CTF, Color-

ado tick fever; EBV, Epstein–Barr virus; HIV, human immunodeficiency virus; HSV, herpes-simplex virus; SLE,

systemic lupus erythematosus; VEE, Venezuelan equine encephalitis; VZV, varicella zoster virus; WEE, western

equine encephalitis; WNE, West Nile encephalitis; RMSF, Rocky Mountain spotted fever; LGV, lympho

granulomatous venereum; PCP, Pneumocystis (carinii) jiroveci pneumonia; EEE, Eastern equine encephalitis.

Source: From Refs. 1–5, 23–45.
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with CAP and ill-defined infiltrates on the chest X-ray without relative bradycardia,
and encephalopathy with a nonexudative pharyngitis, otitis, or E. multiforme may
have M. pneumoniae. Even if these findings are not present, ill-defined infiltrates in
a normal host with meningoencephalitis should cause the clinician to order cold
agglutinin titers or perform a bedside agglutination disassociation test. The bedside
cold agglutination disassociation test is positive if the cold agglutinin titer present
is �1:64. If this is positive, serum cold agglutinin titers can be ordered and the actual
titers can be determined. An elevated bedside cold agglutination disassociation test
also should prompt the clinician to order specific serological testing for Mycoplasma,
i.e., M. pneumoniae IgM ELISA titer (1,5,12).

The diagnosis of Legionella in a patient with encephalopathy and CAP is
suggested by the presence of relative bradycardia, mild early/transient increase in
serum transaminases, and mild early/transient decrease in the serum phosphorous,
with/without microscopic hematuria. Any combination of these findings in a patient
with encephalopathy and CAP should prompt specific Legionella diagnostic testing,
i.e., sputum direct fluorescent antibody (DFA), Legionella serology, and Legionella
urinary antigen determinations (1,5,14).

TREATABLE CAUSES OF ACUTE ENCEPHALITIS IN THE CCU

The first priority in the diagnostic approach is to identify treatable/reversible causes
of encephalopathy, both infectious and noninfectious. After the treatable and non-
treatable mimics of acute encephalitis are eliminated from further diagnostic
consideration, the next task is to try and identify HSV or VZV encephalitis in a
normal host or CMV or Toxoplasma gondii encephalitis in the compromised host
with impaired cell-mediated immunity (CMI).

The most straightforward diagnosis is VZV-associated encephalopathy, because
it is associated with readily apparent cutaneous manifestations. In nondisseminated
VZV, zoster involving the dermatomes closest to the CNS are those most likely to be
associated with VZV encephalopathy. Lumbar puncture shows a lymphocytic pleo-
cytosis with a normal CSF glucose and lactic acid with a variably elevated protein
level (Table 5) (45–52).

ACUTE ENCEPHALITIS IN NORMAL HOSTS

HSV-1 Encephalitis

The single most important viral cause of acute encephalitis amenable to treatment to
identify is HSV encephalitis. HSV encephalitis has no seasonal distribution, does not
have a positive arthropod/zoonotic contact history, and has no geographical distri-
bution. When these factors are absent in the history in a patient presenting with
acute encephalitis, then HSV-1 encephalitis should be the main diagnostic considera-
tion. Patients with HSV encephalitis have early and dense neurological deficits.
Some patients have a mild course of encephalitis when treatment has begun early
but they will not be in the CCU. Patients admitted to the CCU with HSV-1 ence-
phalitis will have substantial neurological defects. There are no specific clues from
the history in a patient with HSV encephalitis except within the previous two weeks
having had herpes labialis. Patients with HSV encephalitis often have a recent
history of herpes labialis, but importantly, the lesions are not present at the time
the patient presents with encephalitis.
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The presumptive diagnosis of HSV-1 encephalitis is suggested by the EEG,
which shows focal activity in the area of the temporal lobe. Excluding HHV-6 enceph-
alitis, every other cause of encephalitis has nonfocal findings on the EEG. Because
HHV-6 encephalitis is rare and HSV-1 is so common, the findings of focality on
EEG should suggest HSV-1 encephalitis until proven otherwise. The head computed
tomography (CT)/magnetic resonance imaging (MRI) shows focal abnormalities in
the temporal region, but these changes occur after the EEG changes and may not be
visible on imaging studies initially. The severity of HSV encephalitis is proportional
to the degree of parenchymal damage visualized on the head CT/MRI.

The CSF in HSV-1 encephalitis is abnormal, but the findings are relatively
nonspecific. HSV-1 encephalitis is the great neurologic imitator. It is not uncommon
to find an initial PMN predominance early in the process. HSV-1 encephalitis is the
only viral CNS infection that may be associated with � 90% of PMNs in the CSF.
Subsequently, the CSF pleocytosis changes from a predominance of PMNs to a lym-
phocytic pleocytosis. In the CSF, RBCs may not be present initially but become
present subsequently and are proportional to the degree of parenchymal damage.
The CSF lactic acid in HSV-1 encephalitis is directly proportional to the number of
red cells present in the CSF. The protein is variably elevated. HSV-1 is one of the
few neurotropic viruses that may lower the CSF glucose. Focal EEG or head CT/
MRI abnormalities and RBCs in the CSF with mild elevations of the CSF lactic acid
should prompt the clinician to obtain a polymerase chain reaction (PCR) determina-
tion for herpes in the CSF. Empiric therapy should be started with acyclovir as soon as
the diagnosis is entertained and should not wait for confirmation by CSF PCR (1,6,53).

Varicella Zoster Virus Encephalitis

VZV encephalitis may complicate localized/dermatomal VZV of the head/neck or
may be secondary to disseminated VZV. Patients that have VZV and develop enceph-
alitis should be considered as having VZV-associated encephalitis until proven
otherwise. Unlike HSV-1 encephalitis where there are no cutaneous clues to the cause
of the patient’s encephalopathy, the characteristic vesicular lesions of VZV are the
key clue to the diagnosis. The main diagnostic problem is that many physicians fail
to appreciate the CNS manifestations of head/neck dermatomal VZV and do not
appreciate the relationship between the skin lesions and the patient’s encephalopathy.
A lumbar puncture in patients with VZV encephalitis reveals a CSF which has a viral
profile. The CSF findings in VZV usually reveal a modest lymphocytic pleocytosis
with a normal CSF glucose, variably elevated CSF protein, a normal CSF lactic acid,
and no RBCs. Head CT/MRI scans reveal no abnormalities. The diagnosis of VZV
encephalitis is clinical (Table 9) (1,45).

ACUTE ENCEPHALITIS IN COMPROMISED HOSTS

CMV Encephalitis

In the compromised host with severely impaired CMI due to decreased lymphocyte
function, opportunistic infections of the CSF are common. Among these, the most
important causes are CMV and toxoplasmosis. CMV encephalitis may occur in
HIV patients or immunosuppressed organ transplants patients. CMV encephalitis
should be considered in the differential diagnosis in patients with impaired CMI
but there are no clinical features, which would suggest a specific diagnosis except
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in patients with CMV retinitis. The funduscopic appearance of CMV retinitis is that
of diffuse white exudates superimposed on the retina that have a ‘‘tomato soup’’
appearance. The EEG scan shows nonfocal bilateral hemispheric abnormalities,
which are nonspecific. Changes include periventricular abnormalities with variable
degrees of enhancement. The diagnosis of CMV encephalitis is suggested by obtain-
ing semiquantitative CMV antigen levels in the serum, which were highly elevated,
indicating an active infection. Alternately, a CSF PCR for CMV may be obtained.
However, patients with severely impaired CMI may not express a serological
response and IgM antibody titers may be negative. CMV encephalitis occurs in
HIV patients with CD4 counts < 50 cells/mm3 (1,3,53,54).

Toxoplasmosis Encephalitis

There are no specific findings on the EEG or head CT/MRI, which suggests T. gondii
encephalitis. Patients with T. gondii encephalitis will have an elevated T. gondii IgG

Table 9 Differential Diagnosis of the Causes of Meningoencephalitis/Encephalitis
Responsive to Antimicrobial Therapy

Causes of
meningoencephalitis/
encephalitis

Clinical features

CSF findings Non-CSF findings

Listeria monocytogenes Monocytic/lymphocytic
pleocytosis

History/presence of
malignancy (especially
lymphoreticular
malignancies)

# Glucose
þ RBCs
" Lactic acid/(not �RBCs)
þ Gram stain(50%þ)

(100%þ)/culture
Legionella Mild/no pleocytosis CAP þ relative bradycardia

N glucose " SGOT/SGPT
N lactic acid # PO4

N protein
Mycoplasma pneumoniae N/# glucose CAP þ no relative bradycardia

N lactic acid N LFTs
N/variably increased protein """ Cold agglutinin titers

HSV-1 encephalitis PMNs/lymphocytic
pleocytosis

Recent history of herpes
labialis (not concurrent)

� # glucose
" lactic acid (� to RBCs)
- Gram stain/culture
N/variably increased protein
þ PCR for HSV-1

VZV encephalitis Lymphocytic pleocytosis Recent dermatomal head/neck
VZVN glucose

N lactic acid Recent disseminated VZV
N/variably increased protein

Abbreviations: CAP, community-acquired pneumonia; CSF, cerebrospinal fluid; HSV, herpes-simplex

virus; RBC, red blood cell; VZV, varicella zoster virus; N, normal; LFT, liver function test.

Source: From Refs. 1–5, 53.
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titer, which may be the only clue to the patient’s encephalopathy. Aside from having
an IgG toxoplasmosis titer, patients with T. gondii encephalitis usually do not have
concomitant pneumonia. Head CT/MRI shows mass lesions which are often multiple
and indistinguishable from primary CNS lymphoma or tuberculosis. Characteristic
of T. gondii CNS lesions are their location. Most lesions are at the corticomedullary
junction and baso ganglia. Edema and mass effect are common with these multiple
CNS T. gondii lesions (53,54).

There are a variety of other viral infectious diseases that may have an encepha-
lopathic component. EBV, HHV-6, and others may in normal hosts present with
an infectious mono-like illness, which may or may not be accompanied by mental
confusion. Encephalopathy is rare with EBV, CMV, and HHV-6 in normal hosts,
but it does occur. As with most causes of acute viral encephalitis or disorders that
mimic acute encephalitis, clues to the diagnosis are derived from the epidemiology
and associated physical and laboratory findings, which point to the cause of the
patient’s encephalopathy. There is no specific therapy for EBV, CMV, or HHV-6
encephalitis in immunocompetent hosts (1–3,54).

THERAPEUTIC APPROACH

Treatment of Nonviral Mimics of Acute Viral Encephalitis

Patients diagnosed with SLE cerebritis or CNS angiitis should be treated with vascu-
litis doses of steroids. The care for intracerebral hemorrhage or CVA is supportive.
The treatment of toxic metabolic encephalopathy or drug-induced encephalopathy
involves discontinuing the medication and treating underlying metabolic abnormal-
ities to reverse the patients, altered mental status. The therapeutic approach to these
and other disorders that may present with encephalopathy involves removing/cor-
recting the underlying cause.

TREATMENT OF INFECTIOUS MIMICS OF VIRAL ENCEPHALITIS

The infectious diseases most likely mimicking acute viral encephalitis are amenable to
specific therapy. The treatment of L. monocytogenes meningoencephalitis in the peni-
cillin-tolerant patient is with meningeal doses of ampicillin. In penicillin-intolerant
patients, trimethoprim-sulfametoxozole (TMP-SMX) or chloramphenicol is usually
effective. Treatment for Listeria meningoencephalitis is usually for two weeks. The
treatment of Mycoplasma meningoencephalitis or Legionnaires’ disease requires
antimicrobial therapy, which is effective in the lung as well as the CNS. Although
it has not been shown that there is direct invasion of the CSF in either Mycoplasma-
or Legionella-induced CNS disease, it would seem prudent to use an antimicrobial,
which is effective in both CNS and extra-CNS sites of infection. Of the antibiotics
effective against Mycoplasma and Legionella, quinolones, macrolides, and tetracy-
clines have the advantage of CNS penetration. Of the tetracyclines, doxycycline
and minocycline achieve therapeutic concentrations in the CSF as well as the lung
and would be preferred agents in Mycoplasma or Legionella infections with CNS man-
ifestations. Toxoplasma encephalitis occurs exclusively in patients with severely
impaired CMI, i.e., organ transplants, HIV, etc. Toxoplasma encephalitis may be
treated with clindamycin, sulfadiazine pyrimethamine, or TMP-SMX (1,53).
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TREATMENT OF ACUTE VIRAL ENCEPHALITIS

Excluding HSV-1, VZV, and CMV encephalitis, the therapy of other causes of acute
viral encephalitis is supportive in the CCU. Recovery of CNS function is difficult to
predict, and patients’ vital functions should be supported until it is clear if the pro-
cess is reversible or terminal. CMV encephalitis occurs in patients with markedly
impaired T-lymphocyte function, i.e., HIV, organ transplants, etc. and does not
occur in normal hosts. Treatment for CMV encephalitis is with ganciclovir or val-
ganciclovir. After initial therapy, life-long suppression is required in survivors.

HSV-1 and VZV encephalitis are the causes of viral encephalitis most amenable
to specific antiviral therapy. HSV-1 should be treated as soon as the diagnosis is
suspected from historical laboratory or X-ray findings. Mild encephalopathy seen
in early HSV infection is readily reversible with early treatment with acyclovir or
an acyclovir derivative. In HSV encephalitis, which presents with dense neurological
deficits, RBCs in the CSF, frontotemporal EEG abnormalities, or frontal/temporal
lobe destruction, head CT/MRI is much less responsive to therapy. Patients present-
ing with severe HSV-1 encephalitis usually have a poor prognosis and, if they survive,
frequently have serious neurological sequelae. Treatment is ordinarily with acyclovir
for 10 to 14 days. The treatment of VZV encephalitis is with the same drug also for
the 10 to 14 days in duration (1,53).

REFERENCES

1. Boos J, Esiri MM. Viral Encephalitis in Humans. Washington: ASM Press, 2003.
2. Ho M. Acute viral encephalitis. In: Vinken PJ, Bruyn GW, eds. Handbook of Clinical

Neurology. Infections of the Nervous System. Part II. Vol. 34. New York: North Holland
Publishing, 1978:63–82.

3. Wood M, Anderson M. Neurologic Infections. London: W.B. Saunders, 1988.
4. Cunha BA. Encephalitis. Infect Dis Pract 1989; 12:1–12.
5. Cunha BA. The diagnosis and therapy of acute bacterial meningitis. In: Schlossberg D, ed.

Central Nervous System Infections. Berlin: Springer-Verlag, 1990:3–24.
6. Cunha BA. The usefulness of CSF lactic acid levels in central nervous system infections

with decreased cerebrospinal fluid glucose. Clin Infect Dis 2004; 39:1260–1261.
7. Latcha S, Cunha BA. Listeria monocytogenes meningoencephalitis–the diagnostic impor-

tance of the CSF lactic acid. Heart Lung 1994; 23:177–179.
8. Bailey EM, Domenico P, Cunha BA. Bacterial or viral meningitis? Measuring lactate CSF

can help you know quickly. Postgrad Med 1990; 88:217–219.
9. Cunha BA. The diagnostic significance of the CSF lactic acid. Infect Dis Pract 1997;

21:57–60.
10. Mylonakis E, Hohmann EL, Calderwood SB. Central nervous system infection with

Listeria monocytogenes. 33 years’ experience at a general hospital and review of 776
episodes from the literature. Medicine (Baltimore) 1998; 77:313–336.

11. Cunha BA, Filozov A, Reme P. Listeria monocytogenes encephalitis mimicking West Nile
encephalitis. Heart Lung 2004; 33:61–64.

12. Bitnun A, Ford-Jones E, Blaser S, et al. Mycoplasma pneumoniae encephalitis. Semin
Pediatr Infect Dis 2003; 14:96–107.

13. Cunha BA. Diagnostic significance of relative bradycardia. Infect Dis Prac 1997; 21:38–40.
14. Cunha BA. Clinical Diagnosis of Legionnaire’s Disease. Sem Resp Infect 1998; 13:116–127.
15. Warnatz K, Peter HH, Schumacher M, et al. Infectious CNS disease as a differential

diagnosis in systemic rheumatic diseases: three case reports and a review of the literature.
Ann Rheum Dis 2003; 62:50–57.

122 Cunha



16. Sanna G, Bertolaccini ML, Mathieu A. Central nervous system lupus: a clinical approach
to therapy. Lupus 2003; 12:935–942.

17. Hadfield MG, Aydin F. Lippman HR, et al. Neuro-Behçet’s disease. Clin Neuropathol
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OVERVIEW

Introduction

The availability of a lot of new antimicrobials for successful therapy of many infec-
tions generated a widespread euphoria in the past, so that ‘‘most experts believe that
by the year 2000 viral and bacterial infections will have disappeared from our life’’ (1).
The recent and current epidemiology has totally put an end to that enthusiasm. Due
to a series of phenomena such as immune suppression, bacterial resistance to anti-
biotics, migratory flows, and so on, infectious diseases are still an important
challenge in the third millennium.

Among them, severe head and neck infections (HNIs) include a heterogeneous
variety of deep fascial space infections (in the facial, suprahyoid, and infrahyoid
regions) and other cervical infections (suppurative parotitis and thyroiditis,
peritonsillar abscess, and acute epiglottitis), and some intracranial suppurative
complications (brain abscess, subdural empyema, epidural abscess, and septic
thrombophlebitis) that can follow cervical infections as well as pericranial infections
(mastoiditis, otitis, and sinusitis).

All those infections were much more common and frequently fatal in the pre-
antibiotic era, when they challenged physicians’ ability to make an early and correct
diagnosis and treatment by the available means. In the past, HNIs most frequently
followed oropharyngeal, tonsillar, or sinusal infections, whereas currently they are
generally the consequence of a dental infection or secondary to either animal or
human bite wounds, traumatic or surgical injuries, or irradiation of malignancies.

Epidemiology

The availability of potent and effective antibiotics and vaccines has fortunately
reduced both incidence and severity of HNIs: for example, the mortality rate of
Ludwig’s angina and peritonsillar abscess was greater than 50% in the preantibiotic
era and is less than 5% currently (2), and similarly the mortality rate of septic caver-
nous sinus thrombophlebitis and other complications (i.e., rupture of the internal
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carotid artery) has markedly decreased from virtually 100% to less than 30% (3). The
mortality rate of brain abscess and subdural empyema has decreased from approxi-
mately 50% and virtually 100% in the preantibiotic era to the current 5% to 10% and
10% to 20% rates, respectively (4).

In the same way, the improvement of radiologic techniques with the availabil-
ity of computed tomography (CT) scanning and magnetic resonance imaging (MRI)
for both early diagnosis and postoperative follow-up has greatly contributed to
the reduced mortality rate of intracranial suppurative infections; for example, the
mortality rate of brain abscess has decreased from 44% before advent of CT scanning
to approximately zero following its introduction (5).

Moreover, the scenario of invasive infections caused by Haemophilus influenzae—
such as meningitis, epiglottitis, and others—has notably changed since the introduction
of conjugate vaccine anti–H. influenzae type b (Hib) among preschool-aged children in
1988. So, between 1987 and 1997 the incidence of Hib invasive infections dramatically
declined by 97% in children aged less than five years, whereas it remained stable among
adults and children aged greater than or equal to five years (6).

MICROBIOLOGY

Most Relevant Pathogens

The microbiology of severe HNIs, and in particular of cervical infections, presents
a series of features that can be summarized as follows:

� The etiology is very complex and typically polymicrobial, as it generally
reflects the indigenous flora of the oral cavity, upper respiratory tract, and
certain parts of the head and neck.

� Among such autochthonous microflora, aerobes and anaerobes, gram-
positives and gram-negatives, cocci and bacilli, and even spirochetes can
be present.

� Globally, anaerobes outnumber aerobes by an 8–10:1 ratio (7).
� As a group, bacterial agents of severe HNIs are opportunists that invade the

deep tissues of the head and neck in the presence of breaks on the mucosal
surfaces (i.e., for infections or trauma). Moreover, invasiveness is favored by
synergic interactions between bacterial species, adherence properties of cer-
tain bacteria, local conditions (pH and oxygen tension), and predisposing
factors (age, diet, smoking, oral hygiene, immune suppression, hospitaliza-
tion, and previous antibiotic therapy) (8).

� Unique microbial niches are characteristically observed, although a few
streptococcal species are by far predominant among the oral flora (Strepto-
coccus mutans and S. sanguis on the gingival crevice and dental plaque, and
Streptococcus salivarius and S. mitior on the tongue and in the saliva).
However, Actinomyces on the gingival crevice, Corynebacterium and Lacto-
bacillus on the dental plaque, and Peptostreptococcus and Veillonella in the
saliva are numerous as well (9).

� Streptococcus pyogenes is prevalent in pharyngeal and tonsillar tissue infec-
tions, and staphylococci (in particular, Staphylococcus aureus) of the
cutaneous flora are important in the genesis of suppurative parotitis and
thyroiditis.

� Aerobic gram-negative bacilli are uncommon in normal adults, but they
can be prominent in patients with risk factors (advanced age, frequent
hospitalization, and severe underlying conditions) (10).
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The etiology of intracranial suppurations (brain and epidural abscess, subdural
empyema, and septic thrombophlebitis) is typically polymicrobial as well, with the
participation of aerobic and anaerobic, gram-positive and gram-negative, and bacil-
lary and coccal microorganisms. However, in contrast to the previously cited HNIs,
some microorganisms (i.e., Streptococcus pneumoniae) can play an increasing role as
a consequence of the spread from a contiguous focus of infection, most often the
middle ear and paranasal sinuses. Importantly, the efficacy of antibiotic therapy
can be limited by the poor penetration of most antibacterial agents into the central
nervous system, making these severe infections frequently devastating.

Bacterial Resistance to Antibiotics

Soon after the introduction of antimicrobial agents into clinical practice, it appeared
clear that bacteria could possess the capacity to acquire resistance to antibiotics.
Penicillin was first used in 1941, but by 1944 S. aureus was able to destroy it by
means of penicillinase (11), and by the end of 1940s the majority of strains were
resistant (12). As early as in 1955, Maxwell Finland observed that ‘‘changes in the
susceptibilities of strains of various species to the different antibiotics perhaps reflect
the effects of the extensive use of any given antimicrobial agents and the susceptibil-
ity of different bacteria to the same and to different agents’’ (13).

Currently, antibiotic resistance among a number of microorganisms is one of
the most important causes of therapeutic failure in every part of the world. In parti-
cular, as far as the United States is concerned, a comprehensive national surveillance
study has recently found a worrisome increase in resistance between the period 1997–
2001 and the year 2002; for example, Pseudomonas aeruginosa isolates that are resistant
to third-generation cephalosporins, imipenem, and quinolones increased by 22%,
32%, and 37%, respectively, whereas methicillin-resistant S. aureus (MRSA) and
vancomycin-resistant enterococci increased by 13% and 11%, respectively (14). A
concise but exhaustive overview of resistance issues targeted to bacteria that
produce HNIs seems to be quite pertinent.

Staphylococcus aureus

If, by the mid-1970s, 85% to 95% of both community and hospital isolates of S. aureus
were resistant to penicillin (15), the emergence and spread of MRSA is much
more recent. Methicillin was introduced into clinical practice in 1960, but the first
methicillin-resistant strain was reported as early as 1961 (16), and the first nosocomial
outbreak of MRSA infection dates back to 1968 (17). In U.S. hospitals, a 12-fold
increase of the isolation rate of MRSA (from 2.4% to 29%) was observed between
1975 and 1991 (18), and the percentage reached 42% at the end of the millennium
(19). In European hospitals, the MRSA prevalence varies from less than 1% in Scandi-
navian countries to more than 30% to 40% in Britain and Mediterranean countries (20),
and similarly high rates have been recently found in Africa (South Africa, 39%) and Asia
(Malaysia, 49%) (21).

However, the epidemiology of S. aureus is changing, as MRSA is increasingly
recovered in nursing homes, where in Wisconsin it rose from 18% in 1997 to 51% in
2002 (22), but it is emerging also in the community (23,24). In 1980, the first commu-
nity-acquired outbreak of MRSA was reported by the Centers for Disease Control
among drug abusers (25), and the proportion of community-associated MRSA
isolates increased in San Francisco from 7% in 1993 to 29% in 1999 (19).
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During 2004, a number of papers have been published on clusters of community-
onset MRSA infections (mostly of skin and soft tissues) in many parts of the United
States (26–30), including outbreaks among military trainees, jail inmates, and foot-
ball players (31–33).

The epidemiology of S. aureus has been further complicated since 1997 by the
reporting of clinical strains (named vancomycin-intermediate S. aureus VISA) with
reduced susceptibility to vancomycin (34) that until then was considered the last
resource for therapy of multiresistant S. aureus infections, as it had been always
effective in vitro. Some experts compared that finding with the Roman Emperor
Julius Caesar’s surprise in discovering his adopted son, Brutus, among conspirators
(‘‘You, my son, as well?’’) (35), and the report of the first fully vancomycin-resistant
S. aureus (VRSA) isolate followed after a few years (36). Fortunately, large surveil-
lance studies have found percentages of VISA that were either negligible (<0.1%)
(37) or just equal to 0 (38), and until now only papers describing a single case or
small outbreaks (39) have been published in some parts of the world. Even the feared
dissemination of isolates that were heterointermediately resistant to vancomycin
(hVISA), initially observed in Japanese hospitals (40), has not subsequently come
true, as the prevalence of these strains has been recently found to be low (4.3%) in
the Far East, whereas neither VISA nor VRSA was isolated (41).

Also, one must consider that many VISA or hVISA isolations were reported
from patients with confounding factors such as inadequate vancomycin levels, severe
underlying conditions, presence of foreign devices, or undrained abscesses (42).

Streptococcus pyogenes

Despite more than 60 years of extensive and frequently indiscriminate use of penicil-
lin and its derivatives, S. pyogenes remains extremely susceptible to these antibiotics;
no clinical isolate that was resistant to penicillin has been identified to date. Some
of the most likely explanations for this unique phenomenon are (i) beta-lactamases
may not be expressed or may be toxic to the microorganisms; (ii) low-affinity penicillin-
binding proteins either are not expressed or make bacteria nonviable; (iii) circumstances
favorable for the development of resistance have not yet occurred; and (iv) mechanisms
for or barriers to genetic transfer of resistance are inefficient (43).

Either a macrolide or clindamycin is recommended as alternative treatment for
patients allergic to beta-lactams (44). As opposed to penicillin, the increased clinical
consumption of erythromycin and its derivatives has been related to increased resis-
tance of S. pyogenes to all macrolides, primarily in Spain and Finland (45,46).
Indeed, a significant class effect exists among macrolides, because the constitutive
MLSB phenotype of erythromycin resistance (target modification) determines
high-level and cross-resistance to macrolides, lincosamides, and streptogramin B,
whereas the other mechanism (drug efflux, i.e., M phenotype) confers low-level resis-
tance to 14- (clarithromycin, dirithromycin, and roxithromycin) and 15-membered
(azithromycin) macrolides only (47).

Currently, erythromycin-resistant S. pyogenes (ERSP) is present worldwide,
primarily in Southern Europe (20–25%) and in the Far East (average 18.3%), as
evidenced by the results of a multinational surveillance program named PROTEKT
that was carried out during the years 1999 and 2000 (Fig. 1). Clindamycin resistance
was present only in ERSP strains and ranged from zero in Australia and North
America to 51% in Western Europe (38). An even more recent (2001–2002) update
of the same study targeted to the United States confirms a low prevalence of ERSP
(6%) that is homogeneous through all the states, varying from 4.3% in the
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southwestern states to 7% in the northwestern and southcentral ones; the rate of
clindamycin resistance continues to be negligible (0.6%) (48).

Streptococcus pneumoniae

Pneumococci were among the most highly penicillin-susceptible bacteria through-
out the first quarter-century of penicillin use. The first clinical penicillin-resistant
pneumococcal (PRP) strain was isolated in 1967 from a patient in Papua, New
Guinea (49), and during the following 10 years sporadic reports on PRP clinical
strains from various parts of the world were published. The subsequent event in
the epidemiology of antibiotic-resistant pneumococci was the 1977 South African

Figure 1 Prevalence (%) of erythromycin-resistant Streptococcus pyogenes in America (A),
Europe, and the Far East (B). Source: From Ref. 38.
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outbreak of pneumococcal disease caused by multiresistant strains, which were
shown to have greatly increased minimal inhibitory concentrations (MIC) not only
for penicillin, but also for many other drugs (50).

The current epidemiology of PRP is worrisome worldwide. In the United
States, the rate of penicillin-nonsusceptible strains [both intermediate (MIC 0.12–
1 mg/mL) and resistant (MIC�2 mg/mL)] varies from 25.7% in the Northcentral
states to 44.3% in the Southcentral ones (Fig. 2) (48). The most recent problem with
PRP is the emergence of very high-level penicillin resistance (MIC�8 mg/mL), whose
prevalence increased across the United States from 0.56% in 1995 to 0.87% in 2001
(p¼ 0.03) (51). The epidemiology of penicillin-nonsusceptible strains is very hetero-
geneous in Europe, as their frequency is high in France (56.7%), Greece (36.4%), and
Spain (54.5%) and low in Germany (9.1%), Italy (12.4%), and the United Kingdom
(6.7%) (52).

Macrolide resistance is generally increasing among both penicillin-susceptible
and penicillin-resistant strains, with variations between geographic areas: in the
United States, from 22.4% in the northwestern states to 34.7% in the southcentral
ones (53); in Europe, from 10% to 20% in Germany, Greece, and the United Kingdom
to 30% to 40% in Italy and Spain, and to more than 50% in France (52). All these high
rates of antibiotic resistance are correlated with outpatient antibiotic use (54,55).

Haemophilus influenzae

H. influenzae was uniformly susceptible to ampicillin until the early 1970s, when the
first beta-lactamase-producing (BLP) strains appeared. Today, production of plas-
mid-mediated beta-lactamases is by far the most common mechanism by which

Figure 2 Prevalence (%) of penicillin-resistant Streptococcus pneumoniae (black numbers)
and beta-lactamase-producing Haemophilus influenzae (white numbers) in the United States.
Source: From Ref. 48.
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H. influenzae acquires resistance to aminopenicillins and partly to former oral cepha-
losporins, remaining almost invariably susceptible to beta-lactam/beta-lactamase
inhibitor combinations and third-generation cephalosporins.

In the United States, the rate of BLP H. influenzae varies from 22.1% in the
southwestern states to 33.4% in the southcentral ones (Fig. 2) (48).The epidemiology
of BLP H. influenzae is very heterogeneous in Europe, as their prevalence is high in
France (33.1%), moderate in Spain (19.1%) and the United Kingdom (13.9%), and
low in Germany (8.1%), Greece (6.2%), and Italy (8%) (52).

Enteric Gram-Negative Bacilli

Members of the family Enterobacteriaceae are a heterogeneous group of aerobic
gram-negative bacilli that include both multiresistant microorganisms (Enterobacter
spp., Serratia spp., and indole-positive Proteus) and less ‘‘difficult-to-treat’’ bacteria
(Escherichia coli, Klebsiella spp., and Proteus mirabilis), all of which are important
agents of infection in the hospital environment and in the immunosuppressed patient.
However, even in E. coli, in Klebsiella spp., and, to a lesser degree, in P. mirabilis
new resistance determinants have eventually emerged, in particular because of
the increasing resistance to third-generation cephalosporins that is mediated by
extended-spectrum beta-lactamases (ESBLs). These transferable enzymes conferring
resistance to oxyimino beta-lactams (third-generation cephalosporins and monobac-
tams) and making carbapenems as the therapeutic option of choice were first reported
two decades ago in gram-negative bacilli from Europe (56) and, after a few years,
from the United States as well (57), and they eventually spread worldwide.

Large ongoing surveillance studies provide us with an updated overview of the
global resistance prevalence. The production of ESBLs is currently more frequent in
Europe than in North America and more common among Klebsiella spp. than
among E. coli strains (58). For instance, the MYSTIC Programme found ESBL-
positive Klebsiella isolates in U.S. hospitals to be 6.6% in 2001 and 8.6% in 2003,
and simultaneously ESBL-positive E. coli decreased from 7.1% to 2.1% (59,60).
Between 1997 and 2000, the same multinational study showed that in European hos-
pitals the ESBL rate among E. coli and Klebsiella spp. was 22.1%, with higher values
in the eastern countries (29.9%) than in the northern and southern ones and higher
percentages among Klebsiella spp. (32.8%) than among E. coli (14.4%) (61). Between
2001 and 2002, the PEARLS study showed a lower ESBL prevalence among noso-
comial pathogens, which was higher in Southern Europe for both Klebsiella spp.
(25.7%) and E. coli (6.6%) than in Northern Europe (5.2% and 1.4%, respectively) (62).
At the same time, ESBLs have appeared and spread in P. mirabilis as well, reach-
ing a prevalence rate of approximately 15% (63).

Resistance associated with the production of chromosomally mediated (AmpC)
cephalosporinases among some ‘‘difficult-to-treat’’ Enterobacteriaceae (Enterobacter
spp. and Serratia spp.) is a more widespread and worrying problem than the ESBL-
mediated resistance. In Europe, ceftazidime resistance has been observed in 34% of
Enterobacter spp., 20% of Citrobacter spp., and 12% of Serratia spp. strains (64),
whereas in U.S. hospitals resistance to third-generation cephalosporins among Enter-
obacter spp. is as high as 20.3%, reaching 26.6% in the intensive care unit (14).

Anaerobes

Like common aerobic bacteria, anaerobes have showed increasing antimicrobial
resistance in the recent years as well, primarily with microorganisms of the
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Bacteroides fragilis group. For example, in the United States a significant increase in
both the geometric mean MICs and the resistance rates for clindamycin and cepha-
mycins (cefoxitin) was observed between 1990 and 1996 (65).

Among the mechanisms of beta-lactam resistance displayed by anaerobes, i.e.,
production of beta-lactamases, alteration of penicillin-binding proteins, and block-
ing of the drug penetration into the bacterial cell, the first one is by far the most
important (66). The first BLP B. fragilis isolate was described by Garrod in 1955
(67), but BLP strains were subsequently found in other Bacteroides spp., Fusobacter-
ium spp., and Clostridium spp.

To date, more than 95% of B. fragilis strains are BLP and, therefore, resistant
to penicillin and aminopenicillins in both the United States and Europe (68), whereas
imipenem, beta-lactam/beta-lactam inhibitor combinations (piperacillin/tazobac-
tam), and metronidazole maintain an in vitro efficacy that is superior to 97% (69).
Increasing resistance is showed by B. fragilis and Peptostreptococcus magnus to clin-
damycin (13%) and by Peptostreptococcus anaerobius to amoxicillin/clavulanate
(10%), whereas other both gram-negative (Prevotella spp., Fusobacterium nucleatum,
and Porphyromonas spp.) and gram-positive (Peptostreptococcus micros) anaerobes
are still exquisitely susceptible to beta-lactams, clindamycin, and metronidazole (68).

CLINICAL PRESENTATION OF DEEP FASCIAL SPACE INFECTIONS

These ‘‘space infections’’ most frequently derive from odontogenic foci and include
infections of the facial (buccal, canine, masticator, and parotid spaces), suprahyoid
(lateral pharyngeal, sublingual, and submandibular spaces), and infrahyoid (pretra-
cheal and retropharyngeal spaces) regions.

Infections of the Facial Region

Infections of the Buccal, Canine, and Masticator Spaces

They generally arise from molar teeth (buccal and masticator spaces) or from max-
illary incisor or canine teeth (canine space) and present as major, painful swelling of
the relative area: cheek for buccal space, upper lip and canine fossa for canine space,
and mandibular region for masticator space. Systemic signs and symptoms are
mostly absent. Trismus can be prominent in infections of the masticator space.

The involvement of the temporal space can spread to the whole hemiface
including the orbit and produce severe pain and complications (optic neuritis and
ocular nerve palsy).

Infection of the Parotid Space

It most often complicates a masseteric space infection with severe pain and swelling
of the angle of the jaw, chills, and fever. In turn, it can spread into the infrahyoid
region and then into the posterior mediastinum.

Infections of the Suprahyoid Region

Infection of the Lateral Pharyngeal Space

It generally complicates an odontogenic infection or, more rarely, an upper respira-
tory tract infection (mastoiditis, otitis, parotitis, pharyngitis, and tonsillitis) and can
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affect either the anterior (prestyloid) or the posterior (retrostyloid) compartment.
Infection of the anterior space is mostly suppurative and produces high fever with
chills, trismus, marked pain, dysphagia, swelling below the angle of the mandible,
and medial bulging of the pharyngeal wall.

Patients with infection of the posterior space are septic and can present severe
complications such as dysphagia, edema of the larynx, involvement of the internal
carotid artery (erosion and aneurysm formation), and thrombophlebitis of the inter-
nal jugular vein. The latter can in turn spread and complicate with metastatic
abscesses of bones, brain, joints, liver, lungs, and other sites, and with right-sided
endocarditis.

Infections of the Sublingual and Submandibular Spaces

These infections usually occur from mandibular incisor teeth (sublingual) and from
the second and third mandibular molar teeth (submandibular), and they present as
erythematous and tender swelling of the mouth floor with elevation of the tongue,
pain and swelling of the submylohyoid space, and minimal trismus.

Ludwig’s angina is a bilateral infection of both sublingual and submandibular
spaces that begins in the floor of the mouth and then rapidly and contiguously
spreads as an indurated cellulitis without abscess formation and lymphatic involve-
ment. Clinically, the patient presents with a brawny swelling of submandibular
spaces and an enlargement of the tongue that can make eating, swallowing, and even
breathing very difficult; fever and other systemic toxicities are generally present and
often severe. Ludwig’s angina and other submandibular space infections can rapidly
spread to the neck and thoracic regions such as the laryngeal space (edema of the
neck and glottis, stridor, cyanosis, and asphyxiation), the retropharyngeal space,
and then the mediastinum (Fig. 3).

Infections of the Infrahyoid Region

Infections of the pretracheal and retropharyngeal spaces arise most commonly from
penetrating trauma caused by instrumentation or foreign bodies (i.e., chicken bones).
Alternatively, the infection of the retropharyngeal space can occur from distant sites
(odontogenic and peritonsillar infections) via the lymphatics. Both infections present
with systemic (high fever and chills) and local manifestations (dysphagia, dyspnea);
they can complicate with asphyxiation and spread into the mediastinum, where acute
necrotizing mediastinitis is characterized by a mortality rate as high as 25%.

Further signs and symptoms of retropharyngeal involvement include neck stiff-
ness, regurgitation, and pain, swelling, and bulging of the posterior pharyngeal wall.
Hemorrhage and thrombosis of the jugular vein are other possible complications of
this localization (9).

CLINICAL PRESENTATION OF OTHER CERVICAL INFECTIONS

Suppurative Parotitis

Acute bacterial parotitis primarily affects immunosuppressed (dehydrated, elderly,
and malnourished) or postoperative patients or subjects with predisposing factors
(sialolithiasis, parotid trauma). A tender and painful erythematous swelling around
the ear suddenly begins and extends to the angle of the mandible with high fever and
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chills. This infection can complicate with septicemia, osteomyelitis of the contiguous
bones, massive swelling of the neck with asphyxiation, and spread to the infrahyoid
region and, consequently, to the posterior mediastinum.

Although staphylococci are by far more prevalent, gram-negative bacilli and
anaerobes (Fusobacterium spp., peptostreptococci, pigmented Prevotella and Porphyr-
omonas, and Propionibacterium acnes) can cause suppurative parotitis as well (70).

Suppurative Thyroiditis

It can result from hematogenous dissemination or from adjacent sites of infection
and is facilitated by predisposing conditions such as goiter, adenoma, or thyroglossal
fistula. Thyroiditis can affect one or both lobes and presents as the classical signs of
inflammation (erythema, pain, tenderness, and warmth), dysphagia, dysphonia, and
systemic toxicity (high fever and chills). Thyroid function tests are mostly normal.

In addition to S. aureus, aerobic streptococci and secondarily, gram-negative
anaerobes and peptostreptococci can be isolated from patients with suppurative
thyroiditis (71).

Peritonsillar Abscess

In the antibiotic era, this suppurative complication of streptococcal tonsillopharyn-
gitis is luckily infrequent and primarily affects young adults. The abscess is generally
monolateral and produces high fever, sore throat, dysphagia, trismus, and cervical
lymphadenitis. As a complication, airway obstruction or lateral pharyngeal space
infection can emerge.

Figure 3 Abscess of the right parotid and submandibular spaces following abscess of the
third mandibular molar tooth, and complicated by necrotizing fasciitis of the neck, right
supraclavear, and anterior thoracic regions. The patient—a 61-year-old woman with rheuma-
toid arthritis—was in chronic suppression therapy with the steroid methylprednisolone and
the cytotoxic methotrexate. Cultures of both needle aspirate and bioptic specimen from the
skin lesions grew numerous colonies of a Streptococcus anginosus strain which was sensitive
to beta-lactams and resistant to macrolides and clindamycin (personal observation).
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Non-A beta-hemolytic streptococci, S. aureus, and anaerobes are other puta-
tive agents of peritonsillar abscess.

Acute Epiglottitis

Acute epiglottitis is a nonsuppurative infection of supraglottic structures and epi-
glottis that can cause a severe airway obstruction. It is very difficult to diagnose in
younger children, whereas older pediatric and adult patients present with sore throat
followed by odynophagia, fever, stridor, and muffled voice. The respiratory obstruc-
tion is announced by the appearing of cyanosis and bradycardia and must be treated
by very expert health care workers (physicians and nurses) in a hospital emergency
department.

In developed countries, the incidence of acute epiglottitis has considerably
declined in children since the introduction of the Hib vaccine in the late 1980s to
early 1990s, whereas in the same period it has dramatically increased in adults. In
Israel, for instance, its mean annual incidence rose from 0.88 per 100,000 adult popu-
lation in 1986—1990 to 2.1 in 1991—1995 and to 3.1 in 1996—2000 (p< 0.001). This
increase appeared to be unrelated to H. influenzae but related to other bacterial
pathogens (S. pneumoniae, S. aureus, and Klebsiella pneumoniae) (72).

DIAGNOSIS OF CERVICAL INFECTIONS

Laboratory Tests

A moderate to severe leukocytosis with left shift can be found in the vast majority of
deep fascial space and other cervical infections, along with an elevation of the main
laboratory indices of inflammation (erythrocyte sedimentation rate, C-reactive pro-
tein, and fibrinogenemia).

The etiologic diagnosis of infection is very important in order to begin a targeted
antibiotic therapy as soon as possible. Special care must be taken for a correct
documentation of anaerobic infections:

� An appropriate collection of specimens, such as needle aspiration of liquid,
pus, or tissue—which is preferred to swabs,

� An expeditious transportation of specimens to the microbiology labora-
tory, within 30 minutes if possible, under anaerobic conditions, and

� A careful cultivation in the laboratory—are all of crucial importance for a
successful isolation of anaerobes.

In addition to culture methods, the Gram stain for direct microscopic examina-
tion can provide useful and early information on the etiology of infection (73).

Radiology

In an era of newer and more sensitive and specific diagnostic tools, standard X ray is
of limited value for radiologic diagnosis of cervical infections, although it can be
helpful in selected cases, provided that the patient is in the sitting position with
the neck hyperextended and in inspiration, if possible. So, radiographic views of the
lateral neck demonstrate soft tissue swelling and gas collection within necrotic tissue
in a number of deep fascial space infections; in addition, cervical lordosis and
compression or deviation of tracheal air can be evident in retropharyngeal space
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infections, whereas enlargement of the epiglottis, thickening of the aryepiglottic
folds, and ballooning of the hypopharynx are classical signs of acute epiglottitis (74).

Ultrasonography can provide further information on gas and, primarily, fluid
collections.

CT scanning and MRI are extremely useful in localizing the infection and dif-
ferentiating an abscess from cellulitis. It shows hypodensity and, in the presence of
an abscess, the typical ring enhancement of the inflammatory mass following injec-
tion of contrast (Fig. 4) (75).

Radionuclide scanning (technetium bone and gallium- or indium-labeled white
blood cells) is particularly helpful for diagnosis of osteomyelitis of the jaws or mandible.

THERAPY OF CERVICAL INFECTIONS

For a proper management of severe cervical infections, both medical (antibiotic) and
surgical (debriding, drainage, etc.) therapies are generally required as soon as possible.

The duration of antimicrobial therapy is a critical issue. Normally, antibiotics
should be continued for two or three weeks, but if one considers the possible etiologic
role of anaerobes, which often produce chronic infections, four weeks of treatment
seem to be a reasonable duration.

Figure 4 Computed tomography scanning of a 1.5 cm abscess of the right submandibular
space (same case as Fig. 3) showing the hypodense center surrounded by the ring enhancement
following injection of contrast (personal observation).
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The availability of oral antibiotics for switch therapy is another important con-
sideration. After an initial period of parenteral therapy, when a series of conditions
are encountered (Table 1) the passage to the oral route of administration for some
antibiotics (amoxicillin/clavulanate, chloramphenicol, clindamycin, and metronida-
zole) is desirable (76).

Empiric Antibiotic Therapy

In the field of antimicrobial chemotherapy for bacterial infections, targeted therapy
is the gold standard for a number of reasons, but it is often difficult to obtain an
etiologic diagnosis; so physicians must develop an empiric therapy based on the
knowledge of both epidemiology of infections and characteristics of antibiotics.
Moreover, antimicrobial therapy is initially always empiric, waiting for the results
of microbiologic cultures.

Factors to be considered in choosing initial antibiotic therapy are summarized
in Table 2 .

The antibacterial spectrum of antibiotics available for therapy of both aerobic
and anaerobic infections is shown in Table 3. In summary, beta-lactam/beta-
lactamase inhibitor combinations, carbapenems, and, to a lesser degree, cephamycins
possess the broadest spectrum of antibacterial activity, being effective against both
the main aerobic and anaerobic agents of cervical infections. On the other hand, peni-
cillin is the drug of choice only against non–beta-lactamase–producing anaerobes.
Among drugs that are effective against anaerobes, chloramphenicol, clindamycin,
metronidazole, and, limitedly to gram-positive bacteria, glycopeptides (vancomycin)
can be considered, but only in combination with an antimicrobial agent active against
aerobes and as an alternative to the previously cited beta-lactams for allergic patients.

Table 1 Criteria Applicable for Switch from Intravenous to Oral
Antibiotic Therapy

Clinically stable patient, who is capable of assuming oral drugs
Identical or similar drug in both parenteral and oral formulations
Documented clinical efficacy after oral administration
High oral bioavailability
No gastrointestinal abnormalities
Good safety
No interactions

Table 2 Factors to be Considered for an Appropriate Choice of
Antibiotic Therapy

Bactericidal activity
Efficacy against both aerobic and anaerobic microorganisms
No or little ability to induce bacterial resistance
No or little effect on the normal flora
Favorable pharmacokinetics (high drug levels in the infected site)
Good compliance
Minor toxicity
No significant drug interactions
Low costs
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Because of their peculiar etiology, some cervical infections require a peculiar
antimicrobial treatment (Table 4).

Targeted Antibiotic Therapy

Obviously, the choice of antimicrobial agents for therapy of infections is simplified
when culture results are available. In this case, ecologic and economic issues must
influence the selection.

Indeed, a narrow-spectrum antibiotic such as penicillin G and oxacillin (nafcil-
lin) is preferable as it induces bacterial resistance with a lower frequency than other
drugs do (semisynthetic penicillins, cephalosporins, and carbapenems) and, last but
not least, it is much cheaper.

Schedules of targeted antimicrobial therapy for cervical infections are suggested
in Table 5, whereas the different antibiotic dosages are summarized in Table 6.

Table 4 Antibiotic Therapy of Selected Cervical Infections

Infection Prevalent etiology Antibiotic therapy

Suppurative parotitis
or thyroiditis

Staphylococcus aureus Oxacillin (nafcillin) 2 g every
4 hrsa � rifampin 600 mg
every 24 hrs

Peritonsillar abscess Streptococcus pyogenes Penicillin G, 4 mU every 4 hrs
Acute epiglottitis Haemophilus influenzae Cefotaxime 2 g every 8 hrs

Ceftriaxone 2 g every 24 hrs

aReplace oxacillin (nafcillin) with vancomycin in areas with a high prevalence of methicillin-resistant Sta-

phylococcus aureus.

Table 5 Targeted Therapy of Cervical Infections

Microorganism Suggested therapy Alternative therapy

Methicillin-susceptible
Staphylococcus aureus

Oxacillin (nafcillin)� rifampin Vancomycin� rifampin

Methicillin-resistant S. aureus Vancomycin� rifampin Linezolid
All streptococci Penicillin G Vancomycin
Penicillin-susceptible

Streptococcus pneumoniae
Penicillin G Chloramphenicol

Penicillin-intermediate
S. pneumoniae

High-dose ceftriaxone
(cefotaxime)

Vancomycin� rifampin

Penicillin-resistant
S. pneumoniae

High-dose ceftriaxone
(cefotaxime)þ vancomycin

Vancomycin� rifampin

Clostridia Penicillin G Chloramphenicol
Haemophilus influenzae Ceftriaxone (cefotaxime) Cotrimoxazole
Enterobacteriaceae Broad-spectrum cephalosporina Ciprofloxacin, meropenem
Non-BLP gram-negative

anaerobes
Penicillin G Metronidazole

BLP gram-negative anaerobes Metronidazole Clindamycin
Actinomyces spp. Penicillin G Clindamycin
Nocardia asteroides Cotrimoxazole Imipenemþ amikacin

aCefotaxime, ceftriaxone, and cefepime.

Abbreviation: BLP, beta-lactamase-producing.
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Adjunctive Therapy

Surgical therapy plays a role in changing the local environment in order to prevent
bacterial (primarily anaerobic) proliferation. This is possible promptly and early by

� Debriding necrotic tissue
� Decompressing soft tissues and closed spaces (i.e., sinuses)
� Draining abscesses
� Relieving obstructions

Other adjunctive therapies (e.g., hyperbaric oxygen) can be useful in individual
cases (77).

In infections that can be associated with airway obstruction (Ludwig’s angina
and acute epiglottitis), a well-timed maintenance of an adequate airway is often
required, even by an artificial control; under these circumstances, tracheostomy is
generally less traumatic and safer than intubation.

CLINICAL PRESENTATION OF INTRACRANIAL
SUPPURATIVE INFECTIONS

Brain Abscess

Predisposing factors to brain abscess and related microbiology are shown in Table 7.
The most frequent pathogenetic mechanism for the formation of brain abscess is the
spread from a contiguous focus of infection, primarily otitis media and mastoiditis in
the extreme ages and sinusitis in the 10- to 30-year age group, and secondarily odon-
togenic infections. Other mechanisms include hematogenous dissemination from a

Table 6 Antibiotic Dosages for Therapy of Cervical Infections

Penicillin G, 4 mU every 4 hrs
Oxacillin (nafcillin), 2 g every 4 hrs
Ampicillin/sulbactam, 3 g every 6 hrs
Amoxicillin/clavulanate, 2.2 g every 8 hrs
Ticarcillin/clavulanate, 3.1 g every 6 hrs
Piperacillin/tazobactam, 4.5 g every 8 hrs
Imipenem, 500 mg every 6 hrs
Meropenem, 1 g every 8 hrs
Cefotetan, 2 g every 12 hrs
Cefoxitin, 2 g every 6 hrs
Cefotaxime, 2 g every 8 hrs
Ceftriaxone, 2 g every 24 hrs
Cefepime, 2 g every 12 hrs
Chloramphenicol, 500 mg every 6 hrs
Clindamycin, 900 mg every 8 hrs
Metronidazole, 500 mg every 6 hrs
Cotrimoxazole, 30 mg/kg every 8 hrs
Rifampin, 600 mg every 24 hrs
Linezolid, 600 mg every 12 hrs
Ciprofloxacin, 400 mg every 12 hrs
Amikacin, 15 mg/kg every 24 hrs
Vancomycin, 500 mg every 6 hrs
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distant focus of infection (mainly pulmonary), trauma or postneurosurgical proce-
dures, and cryptogenic origin (the latter in approximately 20% of cases, although
many of these are associated with dental infections) (78). Importantly, in up to
30% of all brain abscesses no obvious source of infection can be determined for
a certainty (79).

The onset of symptoms can be abrupt or insidious, with hemicranial or gener-
alized headache being the benchmark, present in approximately three-quarters of
patients. Most clinical manifestations are caused by brain space–occupying lesions:
altered mental status and focal neurologic deficits in more than 50% of cases, nausea,
vomiting, and seizures in less than 50%, and nuchal rigidity and papilledema in
a minority of patients. Fever is present in approximately half the cases, whereas
the classical triad fever, headache, and focal neurologic signs are currently observed
in less than 50% of patients (80).

The localization of the abscess obviously modifies the clinical picture. So, frontal
lesions most frequently cause headache, lethargy, and other mental status changes;
temporal abscesses produce homonymous headache, hemianopsia, and possibly apha-
sia; and cerebellar masses determine ataxia, dysmetria, intention tremor, nystagmus,
and vomiting. Patients with brain stem abscess generally present with headache,
dysphagia, facial weakness, hemiparesis, and vomiting (81).

Subdural Empyema

As in the case of brain abscess, the most frequent pathogenetic mechanism for the
formation of subdural empyema is the spread from a contiguous focus of infection,

Table 7 Predisposing Factors to Brain Abscess and Related Microbiology

Predisposing factor Preferred localization Microbiology

Otitis media, mastoiditis Temporal lobe,
cerebellum

Aerobic and anaerobic streptococci,
Bacteroides, Prevotella,
Enterobacteriaceae

Sinusitis Frontal lobe Streptococci, Bacteroides, Haemophilus
influenzae, Enterobacteriaceae,
Staphylococcus aureus

Dental infection Frontal and temporal
lobes

Anaerobes (streptococci, Bacteroides,
Prevotella, Fusobacterium)

Pulmonary infection
(lung abscess, pleural
empyema, cystic fibrosis,
bronchiectasis)

Multiple
and multiloculated

Anaerobes (streptococci, Bacteroides,
Prevotella, Fusobacterium),
Actinomyces, Nocardia asteroides

Cyanotic congenital heart
disease (tetralogy of
Fallot, transposition of
the great vessels)

Streptococci, H. influenzae

Bacterial endocarditis S. aureus, streptococci
Post-traumatic (cranial

fracture, foreign body,
dog bite),
postneurosurgical

S. aureus, streptococci,
Enterobacteriaceae, clostridia

Immune suppression (no
HIV infection)

Enterobacteriaceae, Aspergillus,
Candida, Mucorales, N. asteroides
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primarily frontal or ethmoidal sinusitis (50–80%) and secondarily otitis media and
mastoiditis (10–20%), dental, facial, or scalp infections. Other mechanisms include
posttraumatic or postneurosurgical localization and hematogenous dissemination
from a distant focus of infection, mainly from the pulmonary district (5%) (82). Con-
sequently, microbiology of subdural empyema consists of pneumococci, H. influenzae,
Enterobacteriaceae, staphylococci, both anaerobic (peptostreptococci) and microaero-
philic (S. anginosus, S. constellatus, and S. intermedius) streptococci, and B. fragilis (83).

Subdural empyema is a rapidly progressive, life-threatening clinical condition
most frequently observed in young men and localized over the convexity of the hemi-
sphere. The clinical picture includes symptoms and signs of

� General involvement: high fever with chills
� Increased intracranial pressure: headache (initially localized and, subse-

quently, often generalized), vomiting, papilledema, altered mental condition,
risk of herniation, and death

� Meningeal irritation: nuchal rigidity, positive Kernig’s, Brudzinski’s, and/
or Lasegue’s signs

� Focal neurologic signs: most commonly hemiparesis/hemiplegia, but even
disphasia, hemianesthesia, ipsilateral hemianopsia, mydriasis, ocular pal-
sies, cerebellar signs (ataxia, dysmetria, and nystagmus), and either focal
or generalized seizures (84)

The complications of subdural empyema, such as venous sinus thrombosis and
brain abscess, are potentially devastating (85).

Subdural empyema resulting from complications of craniotomy is usually sub-
acute, with a protracted course and a frequent absence of focal neurologic signs (86).

Epidural Abscess

The pathogenesis and microbiology of epidural abscess are generally identical to
those aforementioned for subdural empyema, with virtually all cases following
frontal sinusitis, mastoiditis, or craniotomy (87).

The onset of epidural abscess is generally insidious and masked by the preex-
isting sinusal or mastoid infection. The clinical picture, essentially comprised of
headache, is much more indolent than in subdural empyema, unless deeper intracra-
nial extension (with major neurologic signs) or abscess enlargement (with signs of
elevated intracranial pressure) develops. Osteomyelitis of the overlying bone is often
present (88).

Septic Intracranial Thrombophlebitis

Suppurative thrombophlebitis of venous sinuses usually follows infection of the
paranasal sinuses, middle ear, mastoid, face, or oropharynx, and it secondarily com-
plicates other intracranial infections, and occasionally it can spread from more dis-
tant sites (i.e., pulmonary). Clinical presentation, microbiology, and sinuses affected
vary with predisposing factors.

Sinusitis and infections of the face or mouth promote septic thrombosis of the
cavernous sinus, which is caused by streptococci, Enterobacteriaceae, staphylococci,
and anaerobes. The altered venous drainage produces periorbital edema, hex-
ophthalmos, papilledema, visual loss, and headache, whereas dysfunction of the

142 Paradisi and Corti



third to sixth cranial nerve determines diplopia, ocular palsies, ptosis and proptosis,
photophobia, lachrymation, chemosis, reduced pupillary reactivity and corneal
reflex, and weakness of ocular muscles. Meningismus and change in mental status
can be present, and fever is prominent. The onset is generally acute or chronic in
cases secondary to facial infection or sinusitis, respectively.

Thrombophlebitis of the lateral sinus is most often associated with otitis media
and mastoiditis, and etiologic agents include streptococci, Enterobacteriaceae, and
anaerobes. Patients predominantly complain of headache, fever, and, because of
the ear involvement, earache with edema over the mastoid (Griesinger’s sign), ver-
tigo, and vomiting. The frequent fifth and sixth nerve palsy produces homonymous
facial pain with altered sensation and lateral rectus muscle weakness (Gradenigo’s
syndrome). Papilledema and other signs of increased intracranial pressure appear
if the contralateral sinus is also compromised.

Septic thrombosis of the superior sagittal sinus can complicate an infection
of the face or scalp and cause bilateral leg weakness followed by arm weakness,
and increased intracranial pressure with hydrocephalus, papilledema, and altered
mental status.

Finally, thrombophlebitis of the petrosal sinuses can derive from otitis media
or mastoiditis and produce Gradenigo’s syndrome (89).

DIAGNOSIS OF INTRACRANIAL SUPPURATIVE INFECTIONS

Laboratory Tests

An elevation of white blood cell count, erythrocyte sedimentation rate, and C-reactive
protein is generally encountered in patients with brain abscess, subdural empyema,
or epidural abscess. Blood cultures are positive only in 30% of patients (90), but they
should always be collected, even in the absence of fever, as these noninvasive proce-
dures can provide information of fundamental importance. Indeed, a significant per-
centage of cases can be polymicrobial in nature (91).

Lumbar puncture is contraindicated because of the risk of cerebral herniation.
Moreover, there is recent evidence that lumbar puncture can cause cerebral venous
thrombosis by decreasing blood flow velocity in veins or dural sinus (92). Lastly,
even if performed, lumbar puncture only gives aspecific information: increased open-
ing pressure, elevated protein concentration, slightly reduced or normal glucose
concentration, and moderate neutrophil pleocytosis. Cerebrospinal fluid (CSF) cul-
ture can be positive in up to 40% of patients (90,93).

As for cervical infections, the etiologic diagnosis is very important in order to
begin a targeted antibiotic therapy as soon as possible. The most appropriate surgi-
cal techniques for collecting purulent material are described below (see Section
‘‘Adjunctive therapy’’).

Radiology

The advent of cross-sectional imaging (CT and MRI) has revolutionized the diagno-
sis of intracranial suppurative infections and made angiographic and radionuclide
techniques obsolete because of its high sensitivity and specificity (94). However, it
is important to remember that concomitant steroid therapy can decrease the sensitiv-
ity of those newer radiologic methods.
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Brain Abscess

In patients with brain abscess, CT scanning typically shows a round lesion with a
hypodense center and a peripheral ring-enhancement capsule after injection of the
contrast, surrounded by an usually large, hypodense area of cerebral edema. The sen-
sitivity of CT is greater than 95%, whereas its specificity is a little lower, as
the characteristic lesion appears with neoplasms, brain infarction, and hematomas
as well. Further CT findings in the case of brain abscess include nodular enhancement
and low attenuation zones, primarily in the early cerebritis phase. Other important
uses of CT scanning include the follow-up of abscesses and the guidance for stereo-
tactic aspiration in order to obtain material for microbiologic diagnosis.

MRI is even more sensitive and specific than CT, particularly for early detec-
tion of cerebritis, satellite lesions, and brain edema. T1-weighted images display a
typically hypointense center of the abscess and an isointense to mildly hyperintense
capsule that becomes resolutely hyperintense following administration of the con-
trast agent gadolinium (Fig. 5); T2-weighted images show a hyperintense center
and a hypointense capsule of the abscess with a surrounding area of edema as a
marked high signal intensity (Fig. 6) (95).

In the case of inconclusive results with both CT and MRI, scintigraphy with
111In-radiolabeled leukocytes can be useful because of their tendency to accumulate
in zones of active inflammation. This technique is highly accurate, giving false-
positive results only in the presence of necrotic neoplasms and false-negative results
after the concomitant use of steroids (96).

Figure 5 T1-weighted magnetic resonance imaging (MRI) of a right occipital abscess show-
ing a hypointense center with a hyperintense capsule following administration of the contrast
agent gadolinium and hypointense surrounding edema (personal observation).
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Subdural Empyema and Epidural Abscess

In subjects with subdural empyema, CT scanning with contrast shows a hypodense,
sometimes multiloculated area that is often associated with displacement of the
adjacent structures due to mass effect and is surrounded by an intense enhancement
(Fig. 7). MRI with gadolinium contrast is currently the procedure of choice as it is
morphologically superior to CT, primarily in identifying small fluid collections,
empyemas of the base or along the falx cerebri, or the infrequent localizations in
the posterior fossa (Figs. 8–10) (97).

Also in epidural abscess, MRI with gadolinium enhancement is superior to CT,
revealing the epidural collection of pus as a thick, superficial, and limited zone of
reduced density (98).

Septic Intracranial Thrombophlebitis

Both CT scanning and MRI typically reveal filling defects in the sinus vessels, with
MRI being considerably more sensitive and specific. Newer noninvasive imaging
techniques with angiography (CT and MRI venography) have demonstrated a
higher sensitivity in showing the typical filling defects and are more and more used
for both initial evaluation and follow-up control (99).

Figure 6 T2-weighted MRI of a right occipital abscess (same case as Fig. 5) showing a
hyperintense center with a hypointense capsule of the abscess and a hyperintense area of sur-
rounding edema (personal observation).
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In all these infections, the usefulness of both CT and MRI also consists of eval-
uating adjacent structures (paranasal sinuses, middle ear, and mastoid) and detecting
concomitant cerebral edema and infarction, hemorrhage, etc. (Fig. 11).

THERAPY OF INTRACRANIAL SUPPURATIVE INFECTIONS

As in the case of severe cervical infections, urgent medical and surgical therapy is
generally required (except for septic thrombophlebitis) in order to (i) facilitate
abscess sterilization by antibiotics; (ii) provide purulent material for bacterial cul-
tures; and (iii) control increased intracranial pressure. However, in selected patients,
especially those with epidural abscess or with an early and/or small (no larger than
2.5 cm) brain abscess or subdural empyema, it is possible to use antibiotics alone,
provided that antimicrobial therapy is prolonged up to 12 weeks, and noninvasive
imaging (MRI) is repeated in order to control the evolution of infection. Multiple
and/or deep-sided abscesses, concomitant meningitis, and preexisting conditions
that increase surgical risk are important contraindications to surgery (100).

In the field of suppurative intracranial infections, it is of fundamental impor-
tance that antibiotics are not only active against the putative pathogens, but even

Figure 7 Computed tomography scanning of a left frontal subdural empyema with extension
to the left side of the anterior falx cerebri that is slightly displaced to right. The hypodense cen-
ter is surrounded by an intense enhancement. This patient is a 17-year-old girl with subdural
empyema following left frontal, ethmoidal, and mascellar sinusitis (personal observation).
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capable of penetrating the abscess or empyema. Antibiotic penetration of the blood–
brain barrier (BBB) is even more variable than penetration of the blood–CSF
barrier, and it is affected by a number of factors such as molecular weight, lipid solu-
bility, level of ionization, protein binding, and drug interactions (101). The following
considerations can be made:

� Among broad-spectrum agents, aminoglycosides have a very poor penetra-
tion of the BBB, whereas beta-lactams [in particular, third- and fourth-genera-
tion cephalosporins and carbapenems (meropenem)] generally achieve fair to
good concentrations, provided that high doses are used;

� Among antibiotics that are active against anaerobes, chloramphenicol and,
first of all, metronidazole, penetrate the BBB better than clindamycin does;

� Among agents that are effective against difficult-to-treat gram-positive
cocci, the drug concentrations achievable with glycopeptides (vancomycin)
cannot be sufficiently high, especially if corticosteroids are concomitantly
used, whereas the new oxazolidinones (linezolid) penetrate the BBB very
well, although they are only bacteriostatic.

Figure 8 T1-weighted MRI of left frontal multiloculated subdural empyema (same case as
Fig. 7) showing a hypointense center with a hyperintense capsule following administration
of the contrast agents gadolinium, a hypointense surrounding edema, and displacement of
the adjacent structures (personal observation).
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Also the duration of antimicrobial therapy is a critical issue. A six- to eight-
week course of high-dose parenteral antibiotics has traditionally been recommended,
often followed by oral therapy for two to six months, although the efficacy of this
long additional therapeutic period has not been demonstrated. Three- to four-week
courses are believed to be generally appropriate for patients undergoing surgical
excision of the abscess. The rare brain abscesses caused by Nocardia asteroides
should be treated for up to one year (79).

Empiric Antibiotic Therapy

Once purulent material has been collected for microbiologic as well as histopa-
thologic purposes, empiric antimicrobial therapy should be started based on the
predisposing conditions and related microbiology (Table 8). In the vast majority
of cases, the combination of a beta-lactam antibiotic (penicillin G or, better, a
third-generation cephalosporin) with an antianaerobic (metronidazole) agent is a very
effective and safe treatment (102).

Figure 9 T2-weighted MRI of left frontal multiloculated subdural empyema showing
a hyperintense center with a hypointense capsule of the abscess, and a large hyperintense area
of surrounding edema displacing the adjacent structures (personal observation).
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Vancomycin and linezolid are the preferred antistaphylococcal agents in
patients allergic to penicillins and where a methicillin-resistant strain is likely (see
Section ‘‘Bacterial Resistance to Antibiotics’’), otherwise oxacillin (or nafcillin) must
be preferred.

Targeted Antibiotic Therapy

The same considerations and schedules of targeted antimicrobial therapy for cervical
infections (see above and Table 6) are valid for intracranial suppurative complica-
tions as well. However, suggested daily dosages of third-generation cephalosporins
and meropenem are higher than normal: cefotaxime, 8 g in four doses; ceftriaxone,
4 g in two doses; and meropenem, 6 g in three doses.

Adjunctive Therapy

Surgical drainage is required for most patients with brain abscess, subdural empyema,
and epidural abscess. Either stereotactic CT-guided aspiration after burr hole place-
ment or complete excision after craniotomy may be performed. Currently, the latter
procedure is no longer preferred, primarily in early cases, because of the availability
of accurate and safe aspiration techniques; however it is of choice in particular cases,
i.e., posterior fossa localization, multiloculated or not resolving abscesses, or where

Figure 10 T1-weighted MRI of left frontal multiloculated subdural empyema complicated
by brain abscess in coronal projection (personal observation).
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Figure 11 Computed tomography scanning of left ethmoidal and mascellar sinusitis compli-
cated by left subdural empyema (same case as Fig. 7). Inflammatory effusion can be seen both
along the alveolar border of the left mascellar sinus and in the left ethmoidal cells (personal
observation).

Table 8 Empiric Antibiotic Therapy of Suppurative Intracranial Infections

Predisposing condition Probable organisms Suggested initial regimen

Sinusitis, otitis media,
mastoiditis

Aerobic, microaerophilic,
and anaerobic streptococci,
gram-negative anaerobes,
Staphylococcus aureus,
Enterobacteriaceae

Broad-spectrum cephalosporinaþ
metronidazole� vancomycinb

Trauma, cranial
surgery

Staphylococci (often
methicillin-resistant),
Enterobacteriaceae

Broad-spectrum cephalosporina,cþ
vancomycin

Dental infection All anaerobes, streptococci Penicillin Gþmetronidazole
Pulmonary infection Gram-negative anaerobes,

streptococci, Actinomyces,
Nocardia asteroides

Penicillin Gþmetronidazole�
cotrimoxazoled

Bacterial endocarditis Staphylococci, streptococci Vancomycinþ gentamicin
Congenital heart

disease
Streptococci, Haemophilus

influenzae
Broad-spectrum cephalosporina

Unknown Broad-spectrum cephalosporina

þmetronidazole� vancomycin

aCefotaxime, ceftriaxone, cefepime.
bIf methicillin-resistant Staphylococcus aureus is suspected.
cCeftazidime or cefepime if Pseudomonas aeruginosa is suspected.
dIf Nocardia asteroides is suspected.
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aspiration has failed (103,104). Concomitant surgical therapy of the primary infection
(sinusitis, otitis media, and mastoiditis) can be necessary as well.

The use of corticosteroids (a short course of dexamethasone at the dosage of
0.15 mg/kg of body weight every six hours) for control of increased intracranial
pressure and its life-threatening complications (i.e., cerebral herniation) remains con-
troversial: reduced antibiotic entry into the abscess, impaired clearance of certain
pathogens, and delay in the encapsulation process are important clues that argue
against their use. Antiepilectic drugs (carbamazepine, phenytoin, and phenobarbital)
are generally appropriate in order to prevent the appearance or recurrence of sei-
zures, even after surgery (79).

In patients with septic intracranial thrombophlebitis, the use of anticoagulants
has always been controversial, but based upon recent limited evidence, anticoagula-
tion appears to be safe, associated with a potential reduction in the risk of death,
and not complicated by significant thrombocytopenia or major hemorrhage (105).
Preliminary results indicate that thrombolytic agents can have a promising role in
adjunctive therapy of septic intracranial thrombophlebitis, but randomized con-
trolled trials are needed in order to verify their efficacy and safety in this field (106).
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46. Bergman M, Huikko S, Pihlajamäki M, et al. Effect of macrolide consumption on
erythromycin resistance in Streptococcus pyogenes in Finland in 1997–2001. Clin Infect
Dis 2004; 38(9):1251–1256.
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Severe Community-Acquired Pneumonia
in the Critical Care Unit

Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, and
State University of New York School of Medicine,
Stony Brook, New York, U.S.A.

INTRODUCTION

Severe community-acquired pneumoniae (CAP) can present as mild, moderate,
or severe pneumonia. Patients with severe CAP require hospital admission and usually
are admitted to the critical care unit (CCU). Patients with severe CAP in the CCU are
those with compromised respiratory function requiring ventilatory support. The clini-
cal presentation of severe CAP occurs in both normal and compromised hosts. In
immunocompetent patients, severe CAP is severe because of the underlying cardiopul-
monary status of the patient. Although some pathogens are inherently more virulent
than others, e.g., Legionella is more virulent than Moraxella catarrhalis, clinical severity
is primarily determined by host rather than microbial factors. A patient with good car-
diopulmonary function may present with severe CAP with Legionnaires’ disease, and a
patient with severe chronic obstructive pulmonary disease (COPD) with M. catarrhalis
CAP will present as a severe pneumonia. Patients with asplenia, although not strictly
normal hosts, are usually considered as a variant of normal host. Patients with various
degrees of hyposplenism if they have pneumonia, usually present as severe CAP. In
contrast, compromised hosts in the usual sense refer to patients with congenital or
acquired severe immune defects, e.g., human immunodeficiency virus (HIV) (1–3).

As patients presenting with severe CAP may occur in normal or compromised
patients, and due to a variety of diseases, the clinical approach depends on determin-
ing the pre-admission cardiopulmonary status, degree of splenic dysfunction, and
identifying the disorders associated with specific immune defects. This analysis of host
defense defects is usually done by history combined with the chest X-ray appearance
and arterial blood gas determinations (1,4).

Empiric therapy depends upon predicting the usual pathogens related to spe-
cific immune defects in compromised hosts. Antimicrobial coverage in normal hosts
with impaired cardiopulmonary function is the same as in normal hosts with normal
cardiopulmonary function. A cardinal principle of empiric antimicrobial therapy
in the CCU is that severe CAP is treated the same as nonsevere CAP in terms of
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antibiotic selection. Patients with severe CAP in the CCU are initially treated
intravenously. Therapy is usually continued as the diagnostic workup is in progress.
Therapy for severe pneumonia is usually two to three weeks in total (5,6).

DETERMINANTS OF SEVERE CAP

Microbial Factors

Microorganisms causing CAP exhibit a spectrum of clinical severity ranging from
mild to severe. The clinical spectrum of Streptococcus pneumoniae CAP ranges
from mild in young ambulatory adults, to fulminating, overwhelming sepsis in
asplenics. M. catarrhalis in a patient with severe COPD presents as severe CAP.
Because of advanced lung disease and even low virulence organisms, e.g., M. catarrhalis
may decrease already compromised respiratory function. Host factors, not microbial
virulence are the key determinants of severe CAP.

Secondary bacteremias reflect the bacteremic potential of the organism and
are not per se a marker of clinical severity. Bacteremia frequently accompanies
S. pneumoniae or Haemophilus influenzae CAP and is not related to severity (7,8).

Pulmonary Factors

Elderly adults with decreased lung function have diminished pulmonary reserve,
readily compromised by superimposed pneumonia. The added burden of CAP easily
causes respiratory decompensation. In patients with advanced lung disease and bor-
derline pulmonary function, any organism causing CAP may manifest as severe CAP.
The functional capacity of the lungs is a key determinant of severe CAP (1,3,4).

Cardiac Factors

If cardiac function is borderline, cardiac decompensation is frequent in patients
with CAP. The fever of pneumonia that increases heart rate per minute may be
enough to precipitate congestive heart failure (CHF). Heart rate increases
10 beats/min for every degree (Fahrenheit) of temperature elevation above normal.
Fever often precipitates CHF, increasing the apparent clinical severity of pneumo-
nia. Cardiac decompensation also results in diminished oxygenation secondary to
decreased ejection fraction in patients with CAP. Decreases in pO2 in patients with
advanced cardiac disease can adversely affect cardiac function (1,4).

Cardiopulmonary Factors

Heart and lungs are physiologically interrelated and decompensation in one will
adversely affect the other. Elderly patients often have both lung and heart disease.
Elderly patients with CAP and limited cardiopulmonary reserve, usually present
as severe CAP requiring critical care admission/ventilatory support (1–4).

CLINICAL APPROACH TO SEVERE CAP

Normal Hosts

Normal hosts presenting with CAP are invariably those with impaired cardiac or
respiratory function. The most common clinical conditions included are CHF,
cardiomyopathy, or severe valvular disease among the cardiac causes. The most

158 Cunha



common respiratory causes are COPD, bronchiectasis, interstitial pulmonary disease,
and pulmonary fibrosis. These conditions are readily recognizable by history because
these are, in the main, chronic conditions. The analysis of the chest X-ray pattern also
complements the history and physical examination in determining the nature and
severity of impaired lung and/or cardiac function. Importantly, if the clinical presen-
tation of severe CAP in the CCU occurs in patients with good cardiopulmonary
function, the clinician should analyze the patient from the perspective of having an
immune defect to explain the severity of the clinical presentation (Table 1) (1,4).

Determining Probable Pathogens by Recognizing
Disorders with Specific Immune Defects

In compromised hosts presenting with CAP, the clinician should determine whether
the patient is likely to have a common or unusual pathogen causing pneumonia.
Compromised hosts, like normal patients, may be infected with the usual array of
community-acquired pathogens, but may present as severe CAP due to their under-
lying defect. Compromised patients with disorders that are associated with specific
immune defects predispose to a narrow, not wide, range of potential pathogens
causing pneumonia. Physicians often reason in error because the patient is a compro-
mised host and the range of pathogens is wide. In point of fact, it is narrow because
the range of pathogens is limited by the host-specific immune defect. For example,

Table 1 Determinants of Severe Community-Acquired Pneumonia

Pathogen related factors Host defense factors
Inoculum size Impaired B-lymphocyte function (HI)
Highly virulent organisms Disorders associated with # HI

Streptococcus pneumoniae SLE
Klebsiella pneumoniae Multiple myeloma
Francilla tularensis Cirrhosis
Bacillus anthracis Hyposplenia
Avain influenza Asplenia

Pulmonary factors Impaired T-lymphocyte function (CMI)
Decreased functional lung capacity

(emphysema)
Disorders associated with # CMI

T-cell lymphomas
High dose/chronic steroid therapy
Immunosuppressive therapy
HIV

Advanced lung disease
(chronic bronchitis)

Cardiac factors Impaired combined B/T lymphocyte function
CHF Disorders associated with # HI/CMI
Severe valvular disease CLL
Cardiomyopathy SLE with flare
CAD SLE with flare/immunosuppressive therapy

Advanced age
Systemic factors

Advanced age (CNS/esophageal
dysfunction)

Hepatic insufficiency
Uremia

Abbreviations: HI, humoral immunity; CMI, cellular mediated immunity; CHF, congestive heart failure;

SLE, systemic lupus erythematous; HIV, human immunodeficiency virus; CNS, central nervous system;

CAD, coronary artery disease; CLL, chronic lymphocytic leukemia.
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patients with multiple myeloma who have CAP are particularly prone to develop
CAP due to encapsulated typical bacterial pathogens not viruses, Rickettsia, or para-
sitic infections. If the clinician has determined by history or laboratory tests that
the patient has multiple myeloma, then the pathogens are predictable and are not
extensive or unusual. The clinical approach, therefore, rests on the relationship
between the disorders, which determines the immune defect. The immune defect in
turn determines the range of potential pathogens. The range of potential pathogens
determines what is antimicrobial coverage for the immunocompromised patient with
severe CAP in the CCU (9,10).

Disorders Associated with Impaired HI

The disorders associated with impaired B-lymphocyte function are those that
decrease humoral immunity (HI). Regardless of the disorder with underlying
B-lymphocyte defect, the pathogens predisposed to by impaired B-lymphocyte
function are the same. The pathogens causing pneumonia associated with impaired
HI are the encapsulated pulmonary pathogens, i.e., S. pneumoniae and H. influenzae.
The disorders that commonly encounter the clinical practice associated with
impaired HI include hyposplenia/asplenia, multiple myeloma, alcoholic cirrhosis,
systemic lupus erythematous (SLE), and CLL (a combined B/T-lymphocyte disorder
with primarily impaired HI). There is insufficient time for pneumonia to develop in
these critically ill patients with overwhelming sepsis. The more common clinical
scenarios are patients with various degrees of hyposplenism that do not present with
sepsis and do have sufficient time to present as severe CAP. The pathogen range of
hyposplenic function may be inferred from either X-ray evidence of intra-abdominal
pathology decreasing splenic blood flow or displacing function parenchyma of the
spleen. The degree of hyposplenism may be inferred from the complete blood count
(CBC) by noting the concentration of Howell-Jolly bodies in the peripheral smear.
The number of Howell-Jolly bodies is inversely proportional to the degree of splenic
function. The most common clinical presentation of hyposplenism is an ‘‘apparently
normal’’ host with good cardiopulmonary function that presents inexplicably with
severe CAP. Severe CAP is not a random occurrence, but always has an underlying
cardiopulmonary or immunologic explanation. Patients with multiple myeloma or
CLL may be diagnosed by previous history, findings on the peripheral blood
smear/bone marrow examination, as well as other specific diagnostic studies.
Patients presenting with CAP and hypotension/shock have either impaired splenic
function, influenza, and S. aureus pneumonia, or CAP with an unrelated systemic
disorder causing hypotension/shock. Normal hosts with CAP do not present with
hypotension/shock (Tables 2 and 3) (1,2,4,11–16).

Disorders Associated with Impaired CI

Patients with impaired cellular immunity (CI) or cell-mediated immunity (CMI) are
those with impaired T-lymphocyte or macrophage function. Impaired disorders
associated with impaired CMI predispose to intracellular pathogens, i.e., viruses,
Rickettsiae, systemic mycoses, and intracellular bacteria. However, the entire range
of potential pathogens that may affect patients with impaired CMI are not those that
are frequently associated with pneumonia, i.e., Herpes simplex virus, cytomegalovirus
(CMV), Rocky Mountain Spotted fever, Listeria, etc. The systemic mycoses causing
pneumonias may occur in normal hosts after inhalation exposure, e.g., histoplasmosis
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may occur after endogenous reactivation in the presence of decreased CMI. Therefore,
the usual pathogens associated with pneumonia in patients with decreased CMI are
Pneumocystis (carinii) jiroveci (PCP) pneumonia, CMV pneumonia, and Legionella
pneumonia. The most commonly encountered conditions associated with decreased
CMI include chronic high dose corticosteroid therapy, immunosuppressive therapy,
organ transplants, and HIV. As mentioned previously, CLL is an example of an
acquired combined B/T-lymphocyte defect with moderately impaired CMI (6,17).

Disorders Associated with Both Impaired Humoral and CI

Most of the disorders that have combined defects excluding CLL are those that repre-
sent an underlying B-lymphocyte disorder combined with a drug that decreases CMI.
Common examples include inflammatory bowel disease treated with monoclonal anti-
body therapy, various arthritis treated with steroids or immunosuppressives, etc. A good
example of appreciating the subtleties of layered and combined immune defects is in the
patient who presents with SLE. SLE itself is a pure B-lymphocyte defect. Patients with
SLE that flare resemble CLL and have a predominantly impaired HI with a component
of decreased CMI. Lastly, patients with SLE with flare and receiving therapy with cor-
ticosteroids/immunosuppressive therapy represent predominantly a T-lymphocyte
defect not unlike transplant patients. The infectious disease consultant can be invalu-
able in assessing patients with multiple or combined defects in the CCU setting, because
an accurate assessment defines differential diagnostic possibilities and points to appro-
priate empiric therapy. It would be superficial to consider all SLE patients as those
having pure lymphocyte defects because the patients with flare and/or immunosuppres-
sive therapy change radically the nature of the host defense effects (1,4,17).

Table 2 Diagnostic Approach to CAP with Hypotension/Shock

Infectious causes Noninfectious plus infectious causes

CAP with hyposplenia MI with CAP
CAP with asplenia GI bleed with CAP
Severe human Avian influenza Pancreatitis with CAP
Post-influenza S.aures

(MSSA/CA-MRSA)
Severe lung disease with CAP
Severe CAD, cardiomyopathy, valvular

disease with CAP

Abbreviations: CAP, community-acquired pneumonia; CAD, coronary artery disease;

CA-MRSA, community acquired MRSA.

Source: From Refs. 1, 4.

Table 3 Disorders Associated with Functional/Anatomic Hyposplenia

Splenectomy Ulcerative colitis
Congenital asplenia Celiac disease
Splenic atrophy Amyloidosis
Impaired splenic blood flow Graft versus host disease
Sickle cell anemia Rheumatoid arthritis
Hemoglobin SC disease SLE
Infiltrative disorders of the spleen Cirrhosis

Abbreviations: SLE, systemic lupus erythematous.

Source: From Refs. 1, 4.
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CLINICAL APPROACH TO SEVERE CAP BY CHEST X-RAY
PATTERN AND DEGREE OF HYPOXEMIA

Patients that are normal hosts without significant pre-existing lung disease usually
present with segmental or lobar defects with or without pleural effusion. Pleural
effusion is dependent upon the pathogen and would be most common with Group
A streptococci CAP and less common with H. influenzae CAP and uncommon
with S. pneumoniae CAP. Ill-defined infiltrates due to atypical organisms, i.e.,
Mycoplasma pneumoniae, only present as severe CAP in patients with host defense
defects. Legionella may affect normal or patients with impaired CMI and presents
characteristically as a rapidly progressive bilateral asymmetric pulmonic process.
It is the behavior of the infiltrates rather than the location or description of the
infiltrates per se that suggests the possibility of Legionella CAP.

Excluding Legionella bilaterality, bilateral pulmonary infiltrates, which are
primarily perihilar and interstitial, are not a feature the common typical or atypical
pulmonary pathogens. Bilateral interstitial infiltrates suggest an intracellular patho-
gen, e.g., PCP or CMV, etc. Bilateral interstitial infiltrates presenting as severe
pneumonia that are not a mimic of pneumonia are always due to intracellular patho-
gens, either viruses or PCP, that typically is an infection of the interstitium causing
an oxygen diffuse defect across the alveolar membrane. A combination of bilateral
perihilar interstitial infiltrates, hypoxemia, and a # DLco/" A-a gradient (>30) all
point to an interstitial process typical of PCP or CMV. There are many noninfec-
tious mimics of pneumonia that may present with bilateral infiltrates that are not
on an infectious basis. The common mimics of pneumonia encountered in the
CCU include acute pulmonary edema, multiple pulmonary emboli/infarcts, lupus
pneumonitis, pulmonary vasculitis, pulmonary drug effects, bronchiolitis obliter-
ans–organizing pneumonia (BOOP), pulmonary leukostasis, pulmonary hemorrhage,
and acute respiratory distress syndrome (ARDS). It is of critical importance to
remember that with the exception of viral pneumonia and PCP, the pathogens pre-
senting as severe CAP are not caused by the pathogens presenting with severe
CAP. Severe bacterial pneumonias, fungal pneumonias, and Rickettsial pneumonias
may be accompanied by impressive pulmonary infiltrates but are not accompanied by
profound diffusion defects, i.e., # pO2/#DLco/"A-a gradient (>30) (Table 4) (6,18).

Disorders Associated with Decreased PMN Function

Most disorders associated with neutropenia are the result of chemotherapy. When
the peripheral PMN count drops below 1 K/mm3, the probability of infection
increases greatly. Patients with neutropenia are predisposed to Pseudomonas aerugi-
nosa bacteremia or Candidemia. Patients with prolonged neutropenia also are
predisposed to Aspergillus and other fungal infections. Patients with neutropenia
do not ordinarily present with pneumonia even though their PMN counts are very
low, but present with bacteremia or fungemia (6,19).

Severe CAP Accompanied by Cavitation

The presence of cavitation on the chest X-ray or computed tomography chest scan is
an important diagnostic clue to the etiology of the pulmonic infectious process.
Pneumonias with cavitation tend to be severe because they represent a necrotic
invasive pulmonary process. Severe CAP that presents with cavitation may be
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approached clinically by the rapidity of the cavitary process. Cavitation within
72 hours in a patient with pneumonia is limited to S. aureus or S. aeruginosa pneu-
monias. Patients with S. aureus pneumonias are almost always those that follow viral
influenza pneumonia. The presentation of influenza pneumonia is that of a viral
pneumonia or may be accompanied simultaneously by pulmonary infiltrates usually
due to S. aureus. The third clinical presentation of viral pneumonia is for an initial
viral influenza presentation followed by a period of improvement followed subse-
quently by superimposed focal or segmental pneumonia usually due to S. pneumo-
niae or H. influenzae. Therefore, in a patient who presents with viral influenza
pneumonia during the influenza season, the chest X-ray is unremarkable even
though oxygen diffusion defects are present but pulmonary infiltrates are virtually
absent in the early phases. If such a patient has pulmonary infiltrates, then a super-
imposed bacterial pneumonia is the working diagnosis. Because S. pneumoniae and
H. influenzae usually follow a period of improvement and are not accompanied by
cavitation, the diagnostic possibilities of an influenza presentation with rapid cavita-
tion within 24 hours limit the diagnosis to superimposed S. aureus pneumonia.
Pseudomonas pneumonia is rare and nearly always fatal, and it occurs only in the
setting of chronic bronchiectasis or cystic fibrosis. Normal hosts do not present with
P. aeruginosa CAP. Patients presenting with bilateral interstitial infiltrates and a
diffusion defect may have a noninfectious disorder, i.e., BOOP or ARDS. If the
etiology of the infiltrate is infectious, the differential diagnosis is limited to PCP
or viral causes. One of the common clinical scenarios in a nonorgan transplant
patient presenting with CAP is a HIV patient with PCP/CMV. In transplant patients
or those with impaired CI, CMV pneumonia may present as an isolated clinical
entity as severe CAP. However, in the HIV patient, PCP is the predominant cause
of the patient’s diffusion defect and CMV is a secondary or suppressed pathogen,
which may be demonstrated as an incidental finding in three quarters of the patients

Table 4 Diagnostic Approach to Bilateral Diffuse Pulmonary Infiltrates

Without oxygen diffusion defect
(N/# pO2/N A-a gradient)

With profound oxygen diffusion defect
(### pO2/" A-a gradient >30)

Aspiration pneumonia PCP
Pulmonary edema/LHF CMV
Pulmonary hemorrhage HSV-1
Typical bacterial pneumonitis HHV-6
Atypical bacterial pneumonitis Influenza
Advanced pulmonary tuberculosis RSV
Fungal pneumonias ARDS
Rickettsial pneumonias BOOP
Parasitic pneumoniasa

Radiation pneumonitis
Pulmonary drug reaction
Noncardiogenic pulmonary edema
Leukostasis

aExcluding PCP.

Abbreviations: ARDS, acute respiratory distress syndrome; BOOP, bronchiolitis obliterans–

organizing pneumonia; CMV, cytomegalovirus; HSV, herpes simplex virus; PCP, Pneumocystis

(carinii) jiroveci pneumonia; LHF, left heart failure; HHV, human herpes virus; RSV, respiratory

syncytial virus.

Source: From Ref. 6.
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with PCP and HIV. The bystander role of CMV is indicated by the fact that if the
PCP is treated in an HIV patient, the patient gets well and the CMV does not require
separate treatment as it does in a transplant patient with CMV pneumonia (1,17).

Cavitation occurring after three to five days points to K. pneumoniae as the
pathogen. K. pneumoniae occurs almost exclusively in patients with chronic alcohol-
ism. Therefore, the clinical history plus the speed of cavitation will point to the
diagnosis, which is easily confirmed by gram stain/culture of the sputum and/or
blood cultures. The K. pneumoniae CAP typically presents as severe CAP. Cavitation
after five to seven days is associated with aspiration pneumonia. Such patients will
not present as severe CAP unless the aspiration is bilateral and massive, or if the
aspiration is more limited but superimposed upon limited pulmonary function.
These patients usually present with pneumonia that becomes more severe as cavita-
tion becomes apparent after the first week of hospitalization. In massive bilateral
aspiration, severe CAP is the usual clinical presentation (19,20).

Empiric Therapy for CAP

Appropriate empiric therapy depends upon identifying the most likely pathogen
in the patient presenting with severe CAP in the CCU. The pathogen is determined
primarily by host factors. The presentation of severity may be manifested by focal
and segmental infiltrates unaccompanied by diffusion defect or bilateral interstitial
infiltrates with or without accompanying oxygen diffusion defect. The patient’s
history is important in identifying previously diagnosed disorders that are associated
with specific immune defects that, combined with the X ray presentation and the
presence or absence of profound hypoxemia, helps limit differential diagnosis
possibilities (10,21–23).

A patient presenting with severe CAP, who is apparently a normal host with
focal or segmental infiltrates, should be treated for the usual typical and atypical
pathogens causing CAP. Therapy should be started as soon as the diagnosis of
CAP is made (20,24).

Normal hosts presenting with near normal chest X-ray and profound hypox-
emia should be considered as having viral influenza or PCP. If the severe pneumonia
occurs during influenza season, then influenza is a likely, diagnostic possibility. If the
CAP occurs during spring, summer, or fall, then PCP is likely, particularly if accom-
panied by isolated cytopenias. PCP is becoming more common as more people in
the general population develop HIV. PCP is an HIV-defining illness and is not an
infrequent pulmonary presentation for HIV. The influenza patient is treated with
antivirals, and antimicrobial therapy is not needed unless there is simultaneous infec-
tion with S. aureus or subsequent infection due to S. pneumoniae or H. influenzae.
PCP should be treated initially with TMP-SMX or pentamidine accompanied by
steroids as the diagnostic work up is in progress. Patients who are on steroids or
immunosuppressive therapy, as well as organ transplants, may present with focal
or segmental pneumonias that are not accompanied by diffusion defects. Bacterial
pathogens should be covered empirically in these patients, even though the diagnos-
tic work up proceeds to exclude such causes as Aspergillus. Because the number of
fungal pathogens is extensive, a tissue biopsy is needed upon which to base specific
antifungal therapy. Immunosuppressed patients/organ transplants presenting with
bilateral symmetrical interstitial infiltrates may be approached in two categories, i.e.,
those with an oxygen diffusion defect and those without an oxygen diffusion defect.
In such patients, the absence of a diffusion defect suggests pulmonary hemorrhage,

164 Cunha



T
a
b

le
5

C
li

n
ic

a
l

A
p

p
ro

a
ch

to
C

o
m

m
u

n
it

y
-A

cq
u

ir
ed

P
n

eu
m

o
n

ia
e

in
C

o
m

p
ro

m
is

ed
H

o
st

s

H
o

st
d

ef
en

se
d

ef
ec

t
In

fi
lt

ra
te

O
n

se
t

O
x

y
g

en
d

if
fu

si
o

n
d

ef
ec

t:
#

p
O

2
/

"
A

-a
g

ra
d

ie
n

t
(>

3
0

)
D

ia
g

n
o

st
ic

te
st

L
ik

el
y

d
ia

g
n

o
si

s
E

m
p

ir
ic

th
er

a
p

y

N
o

n
e/

#
H

I
F

o
ca

l/
se

g
m

en
ta

l
A

cu
te

�
S

p
u

tu
m

/
b

lo
o

d
cu

lt
u

re
s

T
y

p
ic

a
l/

a
ty

p
ic

a
l

p
n

eu
m

o
n

ia
‘‘

R
es

p
ir

a
to

ry
q

u
in

o
lo

n
e’

’
o

r
b-

la
ct

a
m
þ

d
o

x
y

cy
cl

in
e

#
C

M
I

F
o

ca
l/

se
g

m
en

ta
l

A
cu

te
�

S
p

u
tu

m
/

b
lo

o
d

cu
lt

u
re

s
T

y
p

ic
a

l/
a

ty
p

ic
a

l
p

n
eu

m
o

n
ia

‘‘
R

es
p

ir
a

to
ry

q
u

in
o

lo
n

e’
’

o
r

b-
la

ct
a

m
þ

d
o

x
y

cy
cl

in
e

B
il

a
te

ra
l

d
if

fu
se

A
cu

te
þ

C
y

st
s

in
tr

a
n

s
b

ro
n

ch
ia

l
b

io
p

sy
P

C
P

T
M

P
-S

M
X

a
to

ra
g

o
n

e,
o

r
p

en
ta

m
id

in
e

B
A

L
þ

fo
r

C
M

V
cy

to
lo

g
y

C
M

V
G

a
n

ci
cl

o
v

ir
o

r
v

a
lg

a
n

g
ci

cl
o

v
ir

S
p

u
tu

m
D

F
A

In
fl

u
en

za
A

O
se

lt
a

m
iv

ir
þ

ei
th

er
a

m
a

n
ta

d
in

e
o

r
ri

m
a

n
ta

d
in

e
#

H
I/

C
M

I
F

o
ca

l/
se

g
m

en
ta

l
S

u
b

a
cu

te
/

ch
ro

n
ic

–
S

p
u

tu
m
þ

fo
r

A
F

B
T

u
b

er
cu

lo
si

s
IN

H
,

ri
fa

m
p

in
,

et
h

a
m

b
u

to
l,

P
Z

A
L

u
n

g
b

io
p

sy
N

o
ca

rd
ia

T
M

P
-S

M
X

o
r

m
in

o
cy

cl
in

e
L

u
n

g
b

io
p

sy
A

sp
er

g
il

lu
s

C
a

sp
o

fu
n

g
in

o
r

v
o

ri
co

n
a

zo
le

B
il

a
te

ra
l

d
if

fu
se

S
u

b
a

cu
te

/
ch

ro
n

ic
þ

S
p

u
tu

m
D

F
A

o
r

se
ro

lo
g

y
o

r
cy

to
lo

g
y

o
n

b
ro

n
ch

o
sc

o
p

y

H
S

V
-1

,
C

M
V

,
R

S
V

,
H

H
V

-6
H

S
V

(a
cy

cl
o

v
ir

),
C

M
V

(g
a

n
ci

cl
o

v
ir

o
r

v
a

lg
a

n
sa

d
o

v
ir

),
R

S
V

(r
ib

a
ri

ri
n

).

A
b

b
re

vi
a

ti
o
n

s:
H

I,
h

u
m

o
ra

l
im

m
u

n
it

y
;

C
M

I,
ce

ll
u

la
r

m
ed

ia
te

d
im

m
u

n
it

y
;

C
M

V
,

cy
to

m
eg

a
lo

v
ir

u
s;

H
S

V
,

h
er

p
es

si
m

p
le

x
v
ir

u
s;

A
F

B
,

a
ci

d
-f

a
st

b
a
ci

ll
i;

P
C

P
,

B
A

L
,

b
ro

n
ch

o
a

l-

v
eo

la
r

la
v

a
ge

;
D

F
A

,
d

ir
ec

t
fl

u
o

re
sc

en
t

a
n

ti
b

o
d

y
;

R
S

V
,

re
sp

ir
a

to
ry

sy
n

cy
ti

al
v

ir
u

s;
H

H
V

,
h

u
m

an
h

er
p

es
v

ir
u

s;
P

Z
A

,
p

y
ra

zi
n

a
m

id
e;

T
M

P
-S

M
X

,
tr

im
et

h
o

p
ri

m
-s

u
lf

a
m

et
o

x
o

zo
le

.

S
o

u
rc

e:
F

ro
m

R
ef

s.
1

,
6

,
2

0
.

Severe Community-Acquired Pneumonia in the Critical Care Unit 165



pulmonary embolus, or another noninfectious process. In this patient group, with
bilateral infiltrates accompanied by a profound oxygen diffusion defect, viral pneumo-
nias and PCP are the most likely diagnostic infectious possibilities. Noninfectious
causes of oxygen defects and bilateral pulmonary infiltrates include BOOP and ARDS,
which should be relatively straightforward diagnoses (Table 5) (6,17,20).

In conclusion, the clinician should not use a ‘‘shot gun’’ approach to treating
patients with severe CAP, because of the mistaken notion that there are many
diagnostic possibilities. The diagnostic process is concerned with limiting diagnostic
possibilities to one or two possible etiologies based on a syndromic analysis of the
history, physical, and laboratory abnormalities, as well as the chest X-ray appear-
ance and the presence or absence of an oxygen diffusion defect. Except in patients
with decreased CMI, focal or segmental defects may be treated the same as in normal
hosts with antibiotics that are active against typical and atypical pathogens. No
unusual organisms will be missed using this approach. Patients with decreased
CMI are more complex and may also present with the pathogens that affect the
normal population. If patients with decreased CMI present with an acute, severe
CAP, then the same therapeutic approach is used as in normal patients, i.e., use
an antibiotic, e.g., respiratory quinolone or combination therapy that is effective
against both typical and atypical pathogens. Usually the focal and segmental infil-
trates in patients with decreased CMI are subacute or chronic, and they do not
usually become diagnostic problems in the setting of severe CAP. The patients devel-
oping focal infiltrates due to Aspergillus do so over weeks rather than days.

Clinicians should be aware of the noninfectious mimics of pneumonia both in
the normal and compromised hosts. The mimics of pneumonia can usually be
excluded by history and routine laboratory tests. Transbronchial or open lung
biopsy is necessary when analysis fails or the patient is not responding to appropriate
antimicrobial therapy. Compromised hosts respond more slowly than normal hosts
to appropriate therapy. Normal hosts with severe CAP may show improvement in
three to five days, but compromised hosts may take a week or more to show
improvement. The duration of therapy in compromised hosts is necessarily longer
because of their impaired host defenses. Normal hosts are usually treated for 10
to 14 days, whereas pneumonias in the compromised host are often treated for
two to three weeks (20–22).

The prognosis in CAP is a function of the same determinants that make CAP
severe, i.e., host factors. Delay in therapy can make the prognosis worse (25–30).
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OVERVIEW

Introduction

Nosocomial pneumonia or hospital-acquired pneumonia (HAP) is defined as pneu-
monia that appears 48 hours or more after hospitalization. In this definition, it is
assumed that the patient was not incubating the causative microorganism when
admitted to the hospital. Patients with HAP may be managed in a ward or when the
illness is severe in the intensive care unit (ICU). Ventilator-associated pneumonia
(VAP) refers to pneumonia that begins and develops after endotracheal intubation
(1,2). However, a patient who has just undergone tracheotomy yet is not on a venti-
lator is similarly susceptible to VAP. Thus, a more appropriate term would be
‘‘endotracheal-tube-associated pneumonia.’’ In this chapter we have opted, neverthe-
less, to use the traditional term.

Epidemiology

HAP is currently the second most common nosocomial infection in North America
and is associated with a high morbidity and mortality. Although HAP is not a report-
able illness, the available data indicate that it occurs at a rate of 5 to 10 cases per
1000 hospital admissions, and that this rate is 6- to 20-times higher in patients
subjected to mechanical ventilation (3,4). Nevertheless, the incidence density of VAP
varies widely depending on the case definition of pneumonia and the hospital popula-
tion evaluated. Numbers of reported episodes per 1000 days of ventilation are: 34.5
after major heart surgery (5), 26 in a burns ICU (6), 18.7 in a pediatric ICU (7),
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and between 8.0 (8) and 46.3 (9) in mixed medical/surgical ICUs. In the most recent
report of the Centers for Disease Control National Nosocomial Infection Surveil-
lance System it is stated that surgery and trauma ICUs have the highest VAP rates
(mean 15.2/1000 ventilator days), followed by medical ICUs (mean VAP rate 4.9),
coronary ICUs (mean VAP rate 4.4), and surgical ICUs (mean VAP rate 9.3) (10).

The incidence of VAP in mechanically ventilated patients rises as the time of
ventilation is prolonged. Early during the course of a hospital stay, the incidence of
VAP is highest, with estimates of 3% per day during the first five days of ventilation,
2% per day from days 5 to 10, and 1% per day thereafter (11). Approximately half
of all VAP episodes occur within the first four days of mechanical ventilation.
The intubation process itself carries a risk of infection such that when acute res-
piratory failure is noninvasively managed, the rate of nosocomial pneumonia is
lower (12–16).

The overall mortality rate for HAP may be as high as 30% to 70%, but
many critically ill patients with HAP die of their underlying disease rather than of
pneumonia. VAP-related mortality has been estimated at 33% to 50% in several
case-matched studies. Increased mortality rates have been attributed to the factors:
bacteremia, especially that caused by Pseudomonas aeruginosa or Acinetobacter
spp., medical rather than surgical illnesses, and ineffective antibiotic therapy (17–19).

As well as being the leading cause of nosocomial mortality, VAP is the leading
cause of nosocomial morbidity. Secondary bacteremia and empyema have been
reported to occur in 4% to 38% and 5% to 8% of cases, respectively. On average,
the hospital stay of VAP patients is extended for 4 to 13 days (median 7.6 days). Cur-
rent estimates indicate that this additional length of stay generates a cost of $20,000
to $40,000 per case of HAP or VAP in the ICU.

PATHOGENESIS

The pathogenesis of HAP and VAP is linked to two separate, but related, processes:
colonization of the aerodigestive tract with pathogenic bacteria and aspiration of
contaminated secretions.

For VAP to occur, the delicate balance between host defenses and microbial inva-
sion has to be upset, allowing pathogens to colonize the lower respiratory tract (20).

In healthy subjects, the oropharynx is colonized by generally nonpathogenic
microorganisms including Streptococcus viridans, Streptococcus pneumoniae, several
anaerobes, and occasionally Haemophilus influenza, yet it is rare to find opportunistic
gram-negative rods such as P. aeruginosa and Acinetobacter spp. Several factors have
been reported to contribute to the pathogenesis of VAP such as the severity of the
underlying disease, prior surgery, exposure to antibiotics, as well as the use of inva-
sive respiratory equipment (2,21–30). Oropharyngeal and tracheal colonization by
P. aeruginosa and enteric gram-negative bacilli have been related to the length of
hospital stay and the severity of the underlying disease (26).

The main route of VAP infection is oropharyngeal colonization by normal
flora or by exogenous pathogens acquired in the ICU. Typical sources of these
pathogens are the hands of medical staff or contaminated respiratory equipment,
water, or air.

Once the oropharynx has been invaded, microorganisms may reach the lower
respiratory tract and lungs through several mechanisms. The main portals of bac-
terial entry into the lungs are oropharyngeal pathogen aspiration or the leakage of
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bacteria-containing secretions around the endotracheal cuff. The stomach and
sinuses may act as potential reservoirs for nosocomial pathogens colonizing the
oropharynx, but their relative role is largely unknown and could depend on the
patient population or the changing natural history and management of VAP.

Microaspiration is common even in healthy individuals. Approximately 45% of
healthy subjects aspirate during sleep, and the rate of aspiration is higher in patients
with reduced levels of consciousness. Factors promoting aspiration include a gener-
ally reduced level of consciousness, a diminished gag reflex, abnormal swallowing
for any reason, delayed gastric emptying, or decreased gastrointestinal motility.
Reflux and aspiration of nonsterile gastric contents is also a possible mechanism
of pathogen entry into the lungs.

The risk of pneumonia is determined by the type and quantity of bacteria
colonizing the oropharynx (31). Hospitalized patients may become colonized with
aerobic gram-negative bacteria within several days of admission, and as many as
75% of severely ill patients will be infected within 48 hours (32). In addition, the near
sterility of the stomach and upper gastrointestinal tract may be disrupted by altera-
tions in gastric pH due to illness, medication, or enteric feeding. Much attention has
therefore been paid to the possible detrimental effects of ulcer prophylaxis regimens
that raise the gastric pH (29,30).

Orotracheal intubation diminishes the natural defense mechanisms of the
respiratory tract affecting mechanical factors (ciliated epithelium and mucus),
humoral factors (antibody and complement), and cellular factors (polymorphonu-
clear leukocytes, macrophages, lymphocytes, and their respective cytokines).

The dorsal decubitus position is more conducive to microaspiration. The use
of a nasogastric tube obstructs the ostia of the facial sinuses. The sinuses may then
act as an infection reservoir causing the cardias to remain permanently open and
inducing gastroesophagic reflux (33–35).

The formation of a biofilm on the endotracheal tube could help sustain tra-
cheal colonization, and this mechanism is also thought to play a role in late-onset
VAP caused by resistant organisms.

In summary, most cases of endemic VAP are acquired through the aspiration of
microorganism-containing oropharyngeal, gastric, or tracheal secretions around the
cuffed endotracheal tube into the normally sterile lower-respiratory tract.

On the contrary, the most common source of epidemic VAP infection is con-
taminated respiratory treatment equipment, bronchoscopes, medical aerosols, water
(e.g., Legionella), or air (e.g., Aspergillus).

Direct inoculation of pathogens through ventilation devices is possible if no pre-
ventive measures are taken. Bacterial contamination of equipment was able to
account for several VAP outbreaks in the 1970s, although today’s improved hygiene
has meant that this route is only responsible for a few isolated outbreaks. Water con-
densing in the ventilation circuit is a potential source of contamination and several
preventive measures are specifically recommended (see below) to avoid the risk of
contamination via this route (2,22–25,27).

The inhalation of pathogens such as viruses, fungi (Aspergillus spp.), or even
Legionella spp. from the environment (2,15,22) has also been described.

Pneumonia can also be acquired by the spread of infection from adjacent
infected tissue such as the pleura or mediastinum, but this occurs very rarely.

Bacterial translocation from the gastrointestinal tract is another pathogenic
mechanism described for VAP. The intestinal wall of critically ill patients loses its
capacity to prevent the systemic absorption of bacteria and toxins. This in turn leads
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to impaired intestinal function, promoting the invasion of the blood system with
intestinal pathogens and causing bacteremia and thus metastatic infections (36,37).

The hematogenous spread of pathogens from intravascular catheters seems to
be rare.

An exception to the idea that ‘‘pathogenesis always starts with oropharyngeal
colonization’’ is the case of infection by Pseudomonas spp. The findings of several
studies indicate that tracheal colonization by these pathogens may occur without
previous oropharyngeal colonization (38–40).

MICROBIOLOGY

Although HAP and VAP are caused by a wide range of bacterial pathogens and some
infections are polymicrobial [rates are especially high in patients with adult respiratory
distress syndrome (ARDS)], viral or fungal pathogens are rarely the causative agents in
immunocompetent patients. Sixty percent of nosocomial pneumonias are caused by
gram-negative bacilli, representing six of the seven most frequently identified patho-
gens: P. aeruginosa (17%), Staphylococcus aureus (16%), Enterobacteriaceae (11%),
Klebsiella spp. (7%), Escherichia coli (6%), H. influenza (6%) and Serratia marcescens
(5%) (41). Moreover, in some hospitals, Acinetobacter spp. are starting to account
for a significant number of cases of nosocomial pneumonia (42–44).

Gram-positive cocci, such as S. aureus, particularly methicillin-resistant S. aureus
(MRSA) represent another source of infection. The detection of an increased load
of oropharyngeal commensals (viridans group streptococci, coagulase-negative sta-
phylococci and Corynebacterium spp.) in distal bronchial specimens is difficult to
interpret, but it is not generally considered that they could cause pneumonia. Rates
of polymicrobial infection are highly variable although they seem to be on the
increase and are particularly high in patients with ARDS (22,23,25,45–51).

In a series of 104 patients over 75 years of age with severe pneumonia, El-Solh
et al. identified S. aureus (29%), enteric gram-negative rods (15%), S. pneumoniae
(9%), and Pseudomonas spp. (4%) as the pathogens most commonly responsible
for nursing-home–acquired pneumonia (47). Generally, both nonventilated and
ventilated patients show similar bacteriology and infection is usually provoked by
multidrug-resistant pathogens (MDR) such as MRSA, P. aeruginosa, Acinetobacter spp.,
and K. pneumoniae. Pneumonia due to S. aureus is more common in patients with
diabetes mellitus, head trauma, and ICU patients (4,47,52,53). P. aeruginosa is a
frequent pathogen in patients with severe chronic obstructive pulmonary disease
(COPD) and those with prior hospitalization, prolonged intubation (more than eight
days), and prior exposure to antibiotics (54). Infection with Acinetobacter baumannii
has been related to specific risk factors (55) including neurosurgery, ARDS, head
trauma, and large-volume pulmonary aspiration.

MDR-related VAP rates have recently undergone a dramatic increase in hos-
pitalized patients. These pathogens are more likely to infect patients with late-onset
HAP and VAP. The following risk factors for colonization and infection with MDR
pathogens have been identified (2,19,56–59):

1. Antimicrobial therapy in the preceding 90 days
2. A length of hospital stay of five days or more
3. An existing high incidence of resistance to antibiotics in the hospital area

or unit

172 Bouza et al.



4. Risk factors for health-care–associated pneumonia
a. Hospitalization for two days or more in the preceding 90 days
b. Residence in a nursing home or extended care facility
c. Home infusion therapy (including antibiotics)
d. Chronic dialysis within the previous 30 days
e. Home wound care
f. Family member with a multidrug-resistant infection

5. Immunosuppressive disease and/or therapy

Today, the role of anaerobic bacteria is still under investigation (60). In one
report, anaerobes were isolated from 23% of patients with VAP diagnosed by
quantitative culture methods (45). The authors of this study highlighted that the
anaerobes recovered mirrored the bacteriology of the oropharynx and that only in
four patients were they the only microorganism isolated. No anaerobic bacterium
was found in blood or associated with necrotizing disease. In a more recent study,
however, no anaerobes could be recovered using the same culture methods in 143
patients strictly followed during 185 episodes of VAP (61). Collectively, these and
other findings point to an unlikely role of anaerobes in VAP or late-onset HAP.
Their role in patients with poor dentition could, however, be more significant.

Early-onset and late-onset disease can be distinguished using quantitative
culture methods of diagnosis. When pneumonia develops within four or five days
of admission (or intubation), microorganisms associated with community-acquired
pneumonia are isolated with some frequency. In contrast, when disease develops
after five days, few pathogens associated with community-acquired pneumonia are
recovered and gram-negative bacilli and S. aureus are the main agents detected.
Although indicators of late-onset disease, these bacteria can also cause early-onset
pneumonia, especially in patients with severe comorbidities under recent antimicro-
bial treatment, making the distinction between early-onset and late-onset disease
more difficult. As mentioned above, a longer period of mechanical ventilation and
antimicrobial therapy will increase the risk of infection by MDR pathogens.

Fungal pathogens are uncommon in immunocompetent hosts. Nosocomial
Aspergillus spp. infection should warn of airborne transmission by spores related
to an environmental source, such as contaminated hospital air ducts. Recently, a
high rate of hospital-acquired Aspergillus pneumonia was observed in patients with
COPD under therapy with antibiotics and high-dose corticosteroids (62). Candida
albicans or other Candida species are often detected in endotracheal aspirates
(EA), but usually indicate airway colonization rather than pneumonia and antifun-
gal treatment is rarely necessary (63–67).

Within the categories described, the causes of nosocomial pneumonia also vary
considerably according to geographic, temporal, and intra-hospital factors. The use
of up-to-date local epidemiologic ICU data on endemic pathogens can help select the
most appropriate empirical antibiotic regimen and infection control strategies.

Table 1 lists the conditions that may predispose a patient to acquire VAP attrib-
utable to a specific pathogen.

HAP and VAP of viral cause is also rare in immunocompetent hosts.
Outbreaks of HAP and VAP due to viruses, such as influenza, parainfluenza, adeno-
virus, measles, and respiratory syncitial virus have usually been seasonal. Influenza,
parainfluenza, adenovirus, and respiratory syncitial virus account for 70% of all noso-
comial viral pneumonias. The diagnosis of these viral infections is often made by
rapid antigen testing and viral cultures or serological assays. Influenza A is probably
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the most common viral cause of HAP in adult patients and predisposes the patient to
secondary bacterial infection (2,68–72).

The role of herpes simplex virus (HSV) as a causative agent of VAP is presently
under discussion. In a prospective study performed at our center, HSV was isolated
from respiratory secretions in 6.4% of all patients not fulfilling VAP criteria and in
13.4% of those who did fulfill these criteria (Bouza E et al. Unpublished observa-
tions). However, the role of HSV in pneumonia is yet far from clear.

RISK FACTORS

Several risk factors have been linked to nosocomial pneumonia through univariate
and multivariate analysis of prospective and retrospective data (11,22,60,73–84).
The elderly and moderately to severely ill are especially at risk. In these subjects,
respiratory tract function is impaired, lung volume is diminished, and airway clear-
ance may be reduced. Trauma, surgery, medications, and respiratory therapy devices
may additionally impair the capacity of the lungs to ward off infection.

Notwithstanding, the most significant risk factor for nosocomial pneumonia is
mechanical ventilation. In effect, the terms nosocomial pneumonia and VAP are
often used interchangeably. It has been described that when an endotracheal tube
is introduced, many lines of host defense are bypassed such that microorganisms
gain direct access to the lower respiratory tract (22,75,79,81). Further, as the tube
is inserted, possible damage to the tracheal mucosa will allow pathogens to achieve
a foothold. Table 2 provides additional risk factors listed by category for both
VAP and pneumonia occurring in both ventilated and more mixed nonventilated
hospital populations.

Table 1 Risk Factors for Ventilator-Associated Pneumonia Attributable to a
Specific Microorganism

Risk factor Responsible microorganism

Aspiration Anaerobic microorganisms
Abdominal surgery Anaerobic microorganisms
IV drug abuse
Coma Staphylococcus aureus
Diabetes mellitus
Chronic renal failure
Prolonged ICU or hospital stay Pseudomonas aeruginosa
Antimicrobial therapy Acinetobacter spp.

Stenotrophomonas maltophilia
Enterobacter spp.
Methicillin-resistant S. aureus

Chronic obstructive pulmonary
disease

Pseudomonas aeruginosa

Age>65 yr
Hypoalbuminemia <2.5 g/dL
Nonresolving pneumonia
Immunocompromise Candida spp.
Isolated outbreaks Aspergillus spp.

Mucor spp.

Abbreviation: ICU, intensive care unit.
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The risk factors identified by Croce et al. (106) to predict VAP in a review of
admissions to a trauma center over a 28-month period were: penetrating wounds,
a high Glasgow Coma Scale score, spinal cord injury, the coexistence of emergent
laparotomy, a high Injury Severity Score and number of blood units transfused in
the resuscitation room, and the place of initial intubation.

PREVENTION

Understanding the dual pathogenesis of VAP (colonization of the aerodigestive tract
with pathogenic bacteria and their subsequent aspiration) has allowed the develop-
ment of several VAP prevention strategies. These education-based programs have
shown that the occurrence of VAP can be reduced by as much as 50% or more (107)
if measures that prevent colonization and aspiration are implemented. These
measures are based on avoiding or improving the specific risk factors identified to
promote VAP in studies involving multivariate analysis.

In 2003, a revised set of recommendations for the prevention of nosocomial
pneumonia was published by the Hospital Infection Control Practices Advisory
Committee (HICPAC) of the Centers for Disease Control and Prevention (2). As
before, its key components are (i) staff education and infection surveillance, (ii) pre-
venting the transmission of microorganisms, and (iii) modifying host risk factors
for infection.

VAP prevention strategies strive to minimize invasive mechanical ventilation
and reduce airway contamination from endogenous (oropharynx, stomach, and
sputum retention) and exogenous sources.

Table 2 Risk Factors for Nosocomial Pneumonia and Ventilator-Associated Pneumonia

Category
Unventilated or wide range

of hospital patients Mechanically ventilated patients

Host-related Advanced age, severe illness,
trauma/head injury, poor
nutritional status, coma,
impaired airway reflexes,
neuromuscular disease

Advanced age, chronic lung disease,
severe illness, reduced
consciousness or coma, organ
failure, severe head trauma, shock,
blunt trauma, burns, stress
ulceration

Device-related Endotracheal intubation,
nasogastric tube,
bronchoscopy

Prolonged mechanical ventilation,
reintubation or self-extubation,
ventilator circuit changes at
intervals <48 hrs, emergent
intubation after trauma, PEEP,
tracheostomy

Drug-related Immunosuppression therapy Prior antimicrobial therapy, antacid
or H2 blocker therapy, barbiturate
therapy after head trauma

Miscellaneous Thoracic or upper abdominal
surgery, prolonged surgery,
prolonged hospitalization,
large-volume aspiration

Thoracic or upper abdominal
surgery; gross aspiration of gastric
contents, supine head position,
fall-winter season

Abbreviations: H2, histamine type 2; PEEP, positive end-expiratory pressure.

Source: From Refs. 2,11,22,28–30,60,74,75,79–105.
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Effective infection control measures, hand hygiene, and patient isolation to
reduce cross-infections are routine mandatory practices (2,29,88,104,108). Recom-
mended practices are the surveillance of ICU infections to identify and quantify
endemic and new MDR pathogens, and the acquiring of recent data on which to
base infection monitoring and antimicrobial therapy in patients with suspected
HAP or another nosocomial infection (2,28,29,71,88,104,108–111).

The time of invasive ventilatory support and therefore the risk of VAP can be
reduced by noninvasive ventilatory support (112) and protocol-driven weaning (113).
Reintubation also increases the risk of VAP (2,23,29,30,102,114–116).

In high-risk populations, early tracheostomy in patients predicted to require
prolonged mechanical ventilation has been proposed as a preventive strategy and
shown to reduce the incidence of VAP (117).

The use of orotracheal intubation and orogastric tubes rather than naso-
tracheal intubation and nasogastric tubes has been reported to prevent nosocomial
sinusitis and to reduce the risk or VAP, although a direct link has not been demon-
strated (2,29,30,86,104,118).

Good oral hygiene can reduce the load of infective microorganisms in the
oropharynx and can be a cost-effective way of preventing VAP (119). The use of oral
chlorhexidine has served to avoid ICU-acquired HAP in selected subsets of patients
such as those undergoing coronary bypass, but its routine use is not recommended
until more data become available (120–123). Unfortunately, sponge toothettes, despite
being ineffective at plaque removal, are the only tools used today for oral care in
ICUs (124). Selective decontamination of the digestive tract (SDD) using topical anti-
microbial agents for oral decontamination and the use of SDD to prevent gastric
colonization in critically ill, mechanically ventilated, or ICU patients appear to reduce
the incidence of VAP (22,75,122,125–127), although the widespread use of antimicro-
bial prophylaxis is not recommended.

The infective organism load of the stomach can increase when the pH of the
stomach contents is lowered. Thus, H2 blockers and sucralfate, although this latter
medication does not induce stomach acidity to the same degree, are risk factors for
VAP (128) and unsuitable in patients with a high risk of gastrointestinal bleeding (129).
Impairing gastroesophageal reflux reduces the risk of aspiration. Accordingly, a
semirecumbent position (87,90–93,130–132) and the use of an inflated esophageal
balloon (in patients with a nasogastric tube and enteral feeding tube) during mecha-
nical ventilation (133) can reduce gastroesophageal reflux and the possible bronchial
aspiration of gastric contents.

When in use in an individual patient, the breathing circuit (i.e., ventilator tubing
and exhalation valve and the attached humidifier) should not be routinely changed.
The circuit should be replaced only when visibly soiled or not working properly (2).

Compared to open endotracheal suction systems, closed systems reduce cross-
contamination between the bronchial system and gastric juices (134) but increase
colonization rates of ventilator tubing with multidrug-resistant microorganisms (135).
There is no increase in VAP frequency (135); however, closed endotracheal suction
systems may be in fact associated with lower rates of VAP relative to open systems
(134). No recommendation is made, nonetheless, as to the preferential use of one
system over the other in the HICPAC guidelines (2,136,137).

Closed suction systems do not have to be changed every day (138,139), and a
policy of weekly changes of the in-line suction catheter offers substantial cost savings
with no significant increase in the incidence of VAP (140). Adequate sputum clear-
ance above the endotracheal cuff is essential if VAP is to be minimized. Subglottic
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suctioning is effective at removing secretions above the endotracheal cuff (2,35,87,136),
but may damage the bronchial mucosa (141) and does not appear to prevent late-
onset VAP (142). Endotracheal tube cuff pressure should be higher than 20 cmH2O
to prevent leakage of bacterial pathogens around the cuff into the lower respiratory
tract (143,144).

Good humidification is important for sputum clearance (145), although passive
as opposed to active humidification devices have been related to a lower VAP inci-
dence (139,146).

Kinetic beds may be useful for secretion clearance and to reduce VAP (147). It
is difficult to avoid airway contamination from exogenous sources, but changing
ventilators only for infection control and not allowing the build up of condensation
in the ventilator circuit can minimize contamination (139). Contaminated condensates
should be carefully emptied from ventilator circuits and their entry into the endotra-
cheal tube or in-line medication nebulizer should be avoided (144,148,149).

Silver-coated endotracheal tubes have been reported to reduce the incidence
of Pseudomonas pneumonia in intubated dogs and to delay airway colonization in
intubated patients, although patient subsets likely to benefit from this practice still
need to be identified before the system can be applied on a large scale (150).

The daily interruption of sedation or its reduction, and avoiding agents that
could depress the cough reflex have proved effective in the prevention of VAP (114).

Making sure there are adequate numbers of staff in the ICU will reduce length
of stay, improve infection control practices, and reduce the duration of mechanical
ventilation (115,116,151,152).

A selective transfusion policy should be adopted for the transfusion of red
blood cells or other allogeneic blood products (20). Leukocyte-depleted red blood
cell transfusion can help to reduce HAP in some patient populations (153–156).

Intensive insulin therapy to keep serum glucose levels in the range 80 to
100 mg/dL has been studied in ICU patients to reduce nosocomial bloodstream infec-
tion, duration of mechanical ventilation, ICU stay, morbidity, and mortality (157), but
more studies are required before widespread recommendation.

Preventive measures are ineffective if not put into practice by all medical staff.
Accordingly, multidisciplinary educational programs directed towards ICU staff that
emphasize preventive strategies have been associated with decreased rates of VAP
(139,158). For example, Babcock et al. (159) showed a 46% reduction in the VAP rate
following a training program focusing on preventive measures.

Although not mentioned in the HICPAC guidelines, two further promising
preventive measures are the implementation of protocols for ventilator management
(160) and the use of antimicrobial agents in the ICU. Indeed, a ventilator management
protocol was able to reduce the duration of ventilatory support and the incidence of
VAP in a small study (116). In a French ICU, the results of a four-year study indicated
that the rotation and restricted use of antibiotics reduced the frequency of VAP
associated with multidrug-resistant bacteria; findings that have been subsequently con-
firmed (161,162). The proportions of VAP caused by methicillin-susceptible S. aureus
increased from 40% to 60% and those of MDR gram-negative bacilli decreased from
61% to 49%. These findings warrant further investigation (Table 3).

A program started by the Institute for Healthcare Improvement (IHI), the
‘‘100,000 Lives Campaign,’’ aims to enlist thousands of hospitals across the United
States and abroad to implement changes in care that are known to prevent deaths
(http://www.ihi.org/IHI/Programs/Campaign). This campaign seeks to reduce
the number of avoidable deaths by 100,000 over an 18-month period that finishes
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Table 3 Preventing Health Care–Associated Pneumonia

Recommendation Category

Staff education and involvement in infection prevention IA
Infection and microbiological surveillance

Conduct surveillance for bacterial pneumonia IB
Do not routinely perform surveillance cultures II

Prevention of transmission of microorganisms
Sterilization or disinfection and maintenance of equipment and devices

General measures
Thoroughly clean all equipment and devices to be disinfected or

sterilized later
IA

Use steam sterilization or high-level disinfection for reprocessing
semicritical equipment or devices. After disinfection, proceed with
appropriate rinsing, drying, and packaging

IA

Use sterile water or isopropyl alcohol for rinsing reusable semicritical
respiratory equipment and devices and dry

IB

Mechanical ventilators
Do not routinely sterilize or disinfect internal machinery II

Breathing circuits, humidifiers, and HME
Change the breathing circuit only if visibly soiled or malfunctioning IA
Breathing-circuit-tubing condensate: periodically drain and discard

(use gloves for this procedure or to handle the fluid)
IB

Previously decontaminate hands IA
Humidifier fluids: use sterile water to fill bubbling humidifiers II
Ventilator breathing circuits with HMEs: change an HME only if visibly

soiled or malfunctioning; do not change more frequently than every
48 hrs; do not routinely replace the breathing circuit attached to an
HME while in use on a patient

II

Oxygen humidifiers: change the humidifier tubing only if visibly
soiled or malfunctioning

II

Small-volume medication nebulizer
Between treatments on the same patient: clean, disinfect, rinse with sterile

water, and dry
IB

Use only sterile fluid for nebulization and dispense the fluid aseptically
into the nebulizer

IA

Use aerosolized medications in single-dose vials IB
Mist-tents: between uses on different patients these require sterilization or

high-level disinfection; daily, on the same patient, they require low-level
disinfection

II

Other devices used in association with respiratory therapy: between uses on
different patients, sterilize or subject to high-level disinfection: portable
respirometers, ventilator thermometers, and reusable hand-powered
resucitation bags

IB

Anesthesia machines and breathing systems or patient circuits IB
The internal machinery of anesthesia equipment does not require routine

sterilization or disinfection
IB

Between uses on different patients, clean reusable components of the
breathing system or patient circuit and then sterilize or subject them to
high-level disinfection in accordance with manufacturers’ instructions

IB

Pulmonary-function testing equipment
Do not routinely sterilize or disinfect internal machinery II

(Continued )
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Table 3 Preventing Health Care–Associated Pneumonia (Continued )

Recommendation Category

Change the mouthpiece of a peak flow meter or the mouthpiece and
filter of a spirometer between patients

II

Room-air humidifiers and faucet aerators
Do not use large-volume room-air humidifiers that create aerosols unless

they can be sterilized or subjected to high-level disinfection
II

If Legionella spp. are detected in the water of a transplant unit and until
no longer detected by culture, remove faucet aerators from the unit

II

Prevention of person-to-person transmission of bacteria
Standard precautions

Hand hygiene: decontaminate hands before and after contact with a
patient with an endotracheal or tracheostomy tube in place, and before
and after contact with any respiratory device that is used on the patient,
whether or not gloves are worn

IA

Gloving: wear gloves for handling respiratory secretions or objects
contaminated with respiratory secretions of any patient

IB

Change gloves and decontaminate hands between contacts with different
patients and between contacts with a contaminated body site and the
respiratory tract of, or respiratory device on, the same patient

IA

Gowning: when soiling with respiratory secretions from a patient is
anticipated, wear a gown and change it before providing care
to another patient

IB

Care of patients with tracheostomy
Perform tracheostomy under aseptic conditions II
Change tracheostomy tubes aseptically wearing a gown, and replace the

tube with one that has undergone sterilization or high-level disinfection
IB

Suctioning of respiratory tract secretions
If an open suction system is employed, use a sterile single-use catheter II
Use sterile fluid to remove secretions from the suction catheter if it is to be

used for re-entry into the patient’s lower respiratory tract
II

Modifying host risk factors for infection
Increasing host defense against infection: administration of

immune modulators
Pneumococcal vaccination

The 23-valent pneumococcal polysaccharide vaccine is recommended
in persons aged >65 yr; in persons aged 5–64 yr with certain conditions
(see Guideline) and in persons in long-term care facilities

IA

The 7-valent pneumococcal polysaccharide protein-conjugate vaccine is
recommended in all children aged <2 yr and in children aged 24–59 mo
with certain conditions

IB

Precautions for prevention of aspiration: as soon as the clinical indications
for their use are resolved, remove all tubes (endotracheal, tracheostomy,
or enteral) from patients

IB

Prevention of aspiration associated with endotracheal intubation
Use noninvasive ventilation to reduce the need for and the duration of

endotracheal intubation
II

Avoid repeat endotracheal intubation II
Perform orotracheal rather than nasotracheal intubation IB
If feasible, perform continuous or frequent intermittent suctioning of

tracheal secretions that accumulate in the patient’s subglottic area
II

(Continued )
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in June 2006. A number of U.S. organizations, are now partners in this campaign.
The program has started by implementing the following measures:

1. Deploy rapid response teams
2. Provide reliable, evidence-based care for acute myocardial infarction
3. Prevent adverse drug events
4. Prevent central line infections
5. Prevent surgical site infections
6. Prevent VAP

The IHI aims to prevent VAP by focusing on four components of care jointly
denoted ‘‘the Ventilator Bundle.’’ Care bundles are sets of best practices for man-
aging a disease process. Individually these measures improve care, but when applied
together they give rise to a substantial improvement. The scientific basis for each
bundle component is sufficiently established to be considered the care standard.
Hence, the IHI’s ventilator bundle is a group of evidence-based practices that, when
applied to all patients on mechanical ventilation, leads to a dramatic reduction in the
rate of VAP.

The four measures comprising the ventilator bundle are:

1. Elevate the bed headrest (30–45�) so that the patient adopts a semi-
recumbent position

2. Interrupt sedation daily and assess readiness to extubate daily
3. Prophylaxis for peptic ulcer disease
4. Prophylaxis for deep vein thrombosis unless contraindicated

Table 3 Preventing Health Care–Associated Pneumonia (Continued )

Recommendation Category

Prevention of aspiration associated with enteral feeding
Elevate the bed head rest to an angle of 30–45� for patients at high risk for

aspiration pneumonia
II

Routinely verify appropriate placement of the feeding tube IB
Prevention or modulation of oropharyngeal colonization

Oropharyngeal cleaning and decontamination with an antiseptic agent II
Use an oral chlorhexidine gluconate (0.12%) rinse during the perioperative

period on adult patients who have undergone cardiac surgery
II

Prevention of postoperative pneumonia
Instruct preoperative patients, especially those at high risk for contracting

pneumonia, about taking deep breaths and ambulating as soon as
medically indicated in the postoperative period

IB

Encourage all patients to take deep breaths, move about the bed, and
ambulate unless medically contraindicated

IB

Use incentive spirometry on postoperative patients at high risk for
developing pneumonia

IB

Other prophylactic measures for pneumonia
Administration of antimicrobial agents other than SDD Unresolved
Turning or rotational therapy Unresolved

Note: Guidelines of the Centers for Disease Control and Prevention (Ref. 2).

Abbreviations: HICPAC, hospital infection control practices advisory committee; HME, heat-moisture

exchangers; SDD, selective decontamination of the digestive tract.
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The use of the ventilator bundle in the care of ventilated patients can markedly
reduce the incidence of VAP. This reduction was estimated at 45% on average in a
recent ICU collaborative improvement IHI project.

CLINICAL PRESENTATION AND DIAGNOSTIC TESTING

Establishing a Diagnosis of VAP

There is no single pathognomonic test that ensures or excludes the presence of VAP.
Wide spectrum antimicrobial therapy should be started if there is reasonable suspi-
cion and this can then be adjusted once the results of microbiological tests become
available (22,163).

The American Thoracic Society and the Infectious Disease Society of America
(20) recently defined VAP as the presence of new or progressing lung infiltrates plus
clinical evidence that the infiltrates are of an infectious origin. The presence of infec-
tion is determined on the basis of two or more of the following data: fever greater
than 38�C or hypothermia, leukocytosis or leukopenia, purulent secretions, and
reduced oxygenation (164). In the absence of demonstrable pulmonary infiltrates,
a diagnosis of infective tracheobronchitis is pursued (165).

Unfortunately, radiographic data from chest X rays show low sensitivity and
specificity for diagnosing VAP (166–169). Radiological infiltrates are difficult to
define and distinguish from other frequent conditions in this patient population.
Moreover, they correlate poorly with computed tomography (CT) data and postmor-
tem criteria. Lung infiltrates are also provoked by other causes such as atelectasis,
pulmonary edema, pleural effusion, pulmonary hemorrhage, lung infarction, and
ARDS (169). In a study comparing the use of portable chest X rays and CT scans,
26% of infiltrates detected by CT were missed by the portable chest X rays, particu-
larly those located in lower lobes (170). This also occurs when we compare any gold
standards such as the postmortem examination (164,168) and bronchoscopic exam-
ination (168,171–173).

CT has shown a sensitivity and a specificity of 53% and 63%, respectively, for
the diagnosis of VAP (174). Ground glass infiltrates appeared to have a higher
specificity but were found in only 45% of patients. Added to these limitations is inter-
observer variability in interpreting radiological observations (175).

The sensitivity of the use of other clinical data increases if only one criterion
is considered sufficient, but this occurs at the expense of specificity, leading to sig-
nificantly more antibiotic treatment (164). For patients with ARDS, suspicion of
pneumonia should be high and even one of the clinical criteria described should
prompt further diagnostic testing (176).

When clinical diagnoses of nosocomial pneumonia were compared to histo-
pathologic diagnoses made at autopsy, pneumonia was diagnosed correctly in less
than two-thirds of cases (177).

The Clinical Pulmonary Infection Score (CPIS) described by Pugin et al. (178)
is a multifactorial system used to make a diagnosis of VAP. This method is based on
assigning points to clinical, radiological, and physiological variables. In the original
report, a score of �6 points was found to correlate well with a diagnosis of VAP.
However, in subsequent studies, the sensitivity and specificity of the CPIS score proved
not to be much improved over the subjective clinical approach unless the score
includes microbiological information (rapid Gram stain or culture results) (Table 4)
(179). Nonetheless, a clinical score of �6 is good at identifying a subset of patients
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who either do not require antimicrobial therapy for VAP or, when antibiotics are pre-
scribed, is amenable to a short course (three days) of treatment, provided the patient
remains clinically stable and with a nonincreased score three days later (180).

Confirming the Etiology

Although the presence of clinical signs should raise a suspicion of VAP, confirming
the diagnosis is much more difficult because clinical variables are of no use for defin-
ing the microbiologic etiology of pneumonia. For an etiologic diagnosis of VAP,
a lower respiratory tract culture and a quantitative bacterial culture are needed.
The threshold bacterial count depends on the type of specimen collected (more or less
dilution of the original respiratory secretions), the collection method, and the sam-
pling time (whether there has been a recent change or not in antimicrobial therapy)
(20). Growth below the threshold is assumed to be due to colonization or contamina-
tion. This type of information has been used as a basis for decisions about whether to
start antibiotic therapy, which pathogens are responsible for infection, which antimi-
crobial agents to use, and whether to continue therapy (181,182).

Today, the most common methods of sampling the lower respiratory tract are
endotracheal aspirates (EA), protected brush samples (PBS), and bronchoalveolar
lavage (BAL). No single method is considered better than any other including
bronchoscopic versus non bronchoscopic sampling (165,183–190).

It is essential that the laboratory is informed of the type of sample submitted to
adequately process the sample and interpret the results (20). Nonetheless, in a survey
of different sampling techniques, Ruiz et al. (185) found no differences in rates of
diagnoses, changing of antimicrobial treatment due to etiologic findings, length
of ICU stay and of mechanical ventilation, and crude 30-day or adjusted mortality.

Quantitative cultures were found to be especially useful for diagnosing VAP in
patients with a low or equivocal clinical suspicion of infection (186,187). Fagon et al.
performed a multicenter, randomized, uncontrolled trial to evaluate the effects on
clinical outcome and antibiotic use of the two approaches ‘‘clinical’’ versus ‘‘bacteri-
ological’’ to diagnose VAP and select the initial treatment for this condition (188).
These authors concluded that the invasive management strategy was significantly

Table 4 Modified Clinical Pulmonary Infection Score

Points

Criterion 0 1 2

Temperature �36.5�C to �38.4�C �38.5�C to �38.9�C �36�C to �39�C
Blood leukocytes

(/mL)
�4,000 to �11,000 <4,000 or >11,000 < 4,000 or >11,000

þ bands (>500)
Tracheal secretions Rare Abundant Abundant and

purulent
Chest X ray

infiltrates
None Diffuse Localized

PaO2/FiO2 >240 or ARDS <240 and no ARDS
Microbiology Negative Positive

Abbreviation: ARDS, adult respiratory distress syndrome.
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associated with fewer deaths at 14 days, earlier improvement of organ dysfunction,
and less use of antibiotics.

Blood cultures are not very useful for diagnosing VAP (189,190). Overall, their
sensitivity is less than 25% and, when positive, the organisms detected could largely
correspond to an extrapulmonary source, even if VAP is also present (191). Blood
cultures are mainly useful for diagnosing extrapulmonary infections or detecting
respiratory pathogens in patients with borderline respiratory sample cultures (191–193).

Value of Rapid Gram Stain

A reliable tracheal aspirate Gram stain can be used to decide upon initial empirical
antimicrobial therapy (194), and infrequently gives rise to inappropriate treatment
(22,188). A negative tracheal aspirate in a patient without a recent change in anti-
biotics (within 72 hours) has strong negative predictive value (94%) for VAP (195).

Value of Cultures

The etiologic cause of pneumonia is determined by microscopy examination of an
endotracheal aspirate (EA) culture (196–198). From a practical standpoint, quantita-
tive culture counts between 100 to 1000 cfu/mL for protected specimen brush (PSB)
specimens and between 1000 and 10000 cfu/mL for (BAL) broncho-alveolar lavage
specimens should be considered probably positive for VAP and are an indication
for antibiotic treatment (199). Counts of �100,000 cfu/mL in blind, aspirated, undi-
luted tracheal secretions suggest infection rather than colonization (196).

Several technical considerations can affect the results of quantitative cultures,
and may explain why the reported accuracy of invasive methods varies so widely.
Methodological issues responsible for the inconsistent results of published studies
have been summarized in a meta-analysis (200). One of the most frequent problems
is the dilution of BAL, which could minimize bacterial counts. This occurs par-
ticularly in patients with severe COPD. Knowledge of the extent of dilution can
dramatically increase the value of quantitative cultures. The recent starting or a
change in antibiotic therapy is among the main factors causing false negative quan-
titative cultures, especially if the start or change occurs in the preceding 24 to
72 hours (187,201). Thus, all cultures should be obtained prior to treatment. If this
is not possible, then a change in the diagnostic threshold could be useful (163,201).
For BAL, the use of a threshold 10-fold lower than usual may avoid some false nega-
tive results in patients given antibiotics before testing.

Assessment of Response

Along with the findings of semiquantitative tracheal aspirates, the patient response
should be assessed on day 3 of therapy (202). By this time, fever resolves, the PaO2/FiO2

is >250 mmHg, and a normal white blood cell count is found in 73.3%, 74.7%,
and 53.3% of patients, by this time, fever resolve is 73.3% of patients, the PaO2/
FiO2 is > ;250 mm Hg is 74.7% of patients and a normal white blood cell count is found
in 53.3% of patients (54). Other authors report that infection variables resolve after
antimicrobial therapy in patients with VAP by day 6 (203). Resolution of radiologic
opacities and clearance of secretions occur at a median time of 14 and 6 days, respec-
tively (54). However, failure to improve after 48 hours of therapy occurs in 65% of
ARDS patients (54). Thus, ARDS significantly delays the clinical response to

Nosocomial Pneumonia in the Critical Care Unit 183



treatment in critically ill patients with VAP, although temperature is still the earliest
resolution variable in this group of patients. Reassessment is necessary in patients
who show no clinical improvement by day 3, whereas for those showing a good
response, it may be possible to design an abbreviated course of therapy (204).

Prompt empirical therapy for all patients suspected of having VAP should be
balanced with the need to limit antimicrobial misuse in ICUs. The reassessment of the
patient’s situation on the basis of culture results is another major principle. In
patients with positive cultures, therapy can be tailored in terms of quality and dura-
tion. In patients with negative cultures, the need to continue with antimicrobial
drugs should be promptly reassessed. Discontinuation of antimicrobial agents is
presently recommended in patients with a stable condition although in deteriorating
or critically ill patients, it is difficult to make this decision.

The Value of Surveillance

Several research teams have addressed the issue of whether routine systematic sur-
veillance of EA cultures may serve as a predictive diagnostic tool for VAP, although
results have been contradictory (5,205,206). In a study performed at our center, the
pathogens present in surveillance cultures taken prospectively on a twice-weekly
basis did not correlate well with cultures obtained on diagnosis of VAP (5).

Table 5 summarizes the performance of the different culture methods for the
diagnosis of VAP.

Table 5 Performance of the Different Culture Methods for the Diagnosis of Ventilator-
Associated Pneumonia

Diagnostic
technique Cutoff Sensitivity Specificity References

Conventional
Tracheal

aspirates
105 cfu/mL 80% (60–97) 62% (41–74) (196,207–209)

Tracheal
aspirates

106 cfu/mL 66% (38–82) 78% (72–85) (198,210,211)

BAL 104 cfu/mL 73% (42–93) 82% (45–100) (199,212–217)
Protected

specimen brush
103 cfu/mL 66% (33–100) 90% (50–100) (215–217)

Plugged
telescopic
catheter

103 cfu/mL 72% (54–100) 82% (58–93) (207,218,219)

Blind
Tracheal

aspirates
105 cfu/mL 94% 50% (220)

Bronchial suction 103–104 cfu/mL 74–97% 74–100% (221)
Mini BAL 103–104 cfu/mL 63–100% 66–100% (220,221)
Protected

specimen brush
103 cfu/mL 66% (54–98) 91% (57–100) (209,221,222)

Protected
telescopic
catheter

103 cfu/mL 65% 83% (220)

Note: Range given in parenthesis.

Abbreviations: cfu, colony forming units; BAL, bronchoalveolar lavage.
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ANTIMICROBIAL TREATMENT

Selecting an Empirical Regimen

When trying to overcome severe infection, cardiovascular support and measures to
improve hemodynamics and oxygenation are critical (54). The most important lesson
learned in the last decade on the management of VAP is probably that delaying effec-
tive antimicrobial therapy in these patients increases mortality (50,108,111,223),
length of stay, and costs (224).

As soon as there is clinical suspicion of VAP, adequate antibiotics should be
administered to increase the likelihood of an early reduction in the bacterial load.

The first step is to decide whether a patient carries a low or high risk of having
a MDR pathogen. The main risk factors for a MDR pathogen are (i) five or more
days of prior hospitalization or mechanical ventilation, (ii) exposure to antibiotics
in the preceding 90 days, (iii) a high incidence of antimicrobial resistance in the spe-
cific hospital unit, and (iv) comorbidities such as use of corticosteroids, head trauma,
and lung structural disease among others (20,55–57,59,225–229).

Patients with none of these risk factors can start therapy with reduced-
spectrum drugs such as ceftriaxone, a fluorquinolone (levofloxacin, moxifloxacin),
ampicillin/sulbactam, or ertapenem. If the patient has any of the risk factors for
a MDR pathogen then a two to three drug regimen should be started, including
an anti-Pseudomonas beta-lactam agent (cefepime or ceftazidime, or piperacillin/
tazobactam or imipenem or meropenem), a second anti-Pseudomonas agent (amino-
glycoside or anti-Pseudomonas fluoroquinolone such as ciprofloxacin or levofloxacin)
plus a broad-spectrum agent against gram-positive microorganisms (linezolid or van-
comycin) (Table 6). Treatment should be started immediately after obtaining adequate
samples for microbiological diagnosis.

Treatment Based on Knowledge of the Etiologic Microorganism

A key issue in the antimicrobial treatment of VAP is the de-escalation of treatment
once microbiological information becomes available. We have already mentioned
that antimicrobial agents should be discontinued when appropriate culture results
are negative.

Once 24 to 48 hours has passed, information on the number and type of micro-
organisms growing in culture should be available. Depending on whether there is
a lack of gram-negative microorganisms or one of gram-positive microorganisms,
the specific drug against the corresponding microorganisms can be withdrawn even
before the identity and susceptibility of the etiologic agent is known.

The microorganisms that deserve most attention are MRSA, P. aeruginosa,
and A. baumannii.

Vancomycin is presently the standard agent against MRSA, although both
industry-sponsored clinical trials and data from individual centers have consistently
reported clinical failure rates of 40% or greater, at least using a standard dose. New
evidence suggests that vancomycin failure could be related to inadequate dosing
(230,231) and some authors argue that trough levels of around 15 mg/L are needed
(232), although the success of this strategy requires confirmation in clinical trials.
The addition of rifampin, aminoglycosides, or other drugs has achieved little
improvement (233).

The use of new antimicrobial agents against MRSA has also been explored.
Thus, quinupristin-dalfopristin has generated worse results than vancomycin (230).
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Linezolid, an oxazolidinone antimicrobial agent, is active against MRSA and
achieves better tissue penetration than vancomycin, but is bacteriostatic rather than
bactericidal (234,235). However, a combined analysis of the results of two random-
ized trials comparing linezolid with vancomycin for the treatment of nosocomial
pneumonia (each in combination with aztreonam for gram-negative coverage) sug-
gests a therapeutic advantage for linezolid (236). In a further analysis of a subset
of patients with MRSA VAP, linezolid was associated with a significantly higher
probability of bacterial eradication, clinical cure, and hospital survival (237). Despite
higher costs, linezolid therapy for MRSA VAP was attributed an absolute mortality
benefit of 22%, which translates into five patients as the number-needed-to-treat
to save one life (237). This has led linezolid to become recommended therapy for
MRSA VAP (20).

Further agents presently under investigation include tigecycline, a new glycyl-
glycine antimicrobial derived from tetracyclines. Tigecycline has an extremely broad
spectrum of action against gram-positive, gram-negative, and anaerobic pathogens,
with the exception of Pseudomonas (238). Its role in VAP is currently being evaluated
in a phase III clinical trial.

Pneumonia due to P. aeruginosa in ventilated patients is frequently a recurrent
disease caused most of the time by several relapsing infections (239). Frequently, the
pathogens are MDR such that no single antibiotic is active against all isolates.
Empirical therapy includes the combination of two drugs active against P. aeruginosa
to improve the chances of successful early treatment. Once the susceptibility pattern
is known, many physicians prefer combination therapy with a beta-lactam agent plus
either an aminoglycoside or an anti-Pseudomonas fluoroquinolone, based on early
findings related to patients with bloodstream infections (240). There is presently,
however, no evidence that combination therapy has any benefit over monotherapy
in patients with VAP or other forms of nosocomial pneumonia (241–243). Moreover,
the combined regime was even found to fail at avoiding the development of resistance
during therapy (242). In select patients with infections caused by MDR strains, aero-
solized colistin has proved beneficial as supplemental therapy (244).

A. baumannii is a nonfermenter gram-negative rod, which has been held respon-
sible for the recent rise in VAP. It is intrinsically resistant to many antimicrobial
agents, and the agents found to be most active against them are the carbapenems,
sulbactam, and polymyxins (42,54). In effect, intravenous carbapenem is today the
treatment of choice for MDR isolates (245). In patients with strains resistant to car-
bapenems, intravenous colistin has been successfully used (43).

Adequate Dosing

To ensure the best outcome for patients, it is essential that the dosing of initial anti-
biotics for suspected MDR pathogens is adequate (235). All too often, agents are
initially underdosed. For example, vancomycin should not be routinely given at a
dose of 1 g q12h, but rather the dose should be calculated by weight in mg/kg (a dose
that needs adjusting for renal impairment). Retrospective pharmacokinetic modeling
has suggested that the failures described for vancomycin could be the result of inade-
quate dosing. Many physicians aim for a trough vancomycin concentration of at
least 15 mg/L, although, as mentioned in the previous section, the success of this
strategy has not been prospectively confirmed.

Some antibiotics penetrate well and achieve high local concentrations in the
lungs, whereas others do not. For example, most beta-lactam antibiotics achieve
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less than 50% of their serum concentration in the lungs, whereas fluoroquinolones
and linezolid attain equivalent or higher concentrations than blood levels in bron-
chial secretions.

Table 7 shows how to adjust the antibiotic dose in patients with renal impairment.

Aerosolized Antibiotics

All patients with VAP should initially receive antibiotics intravenously, but conver-
sion to oral/enteral therapy may be possible in certain responding patients. The
direct aerosol delivery of antibiotics is not considered as a standard therapy either
for prophylaxis or for the treatment of lower respiratory tract infections (246).

In the past, aminoglycosides and polymyxins were the most common agents
used in aerosols.

In a prospective randomized trial, the use of intravenous therapy was com-
pared to the same treatment plus aerosolized tobramycin. The results of this trial
suggest no better clinical outcome, but bacterial cultures of the lower respiratory
tract were more rapidly eradicated (246b).

At present aerosolized antimicrobial therapy is mainly limited to MDR patho-
gens for which no other treatment exists, such is the case of MDR P. aeruginosa and
A. baumannii, which are treated with intratracheal colistin (244).

Monotherapy or Combination Therapy

When considering the use of a single antimicrobial agent or combined therapy, we
first need to make the distinction between the use of multiple antimicrobial agents
in the initial empirical regimen (to ensure that a highly resistant pathogen is covered
by at least one drug) and that of combination therapy continued intentionally after
the pathogen is known to be susceptible to both agents. The former use of combina-
tion therapy is uniformly recommended, whereas the latter use remains controversial.
Two meta-analyses have recently explored the value of combination antimicrobial
therapy in patients with sepsis (243) and gram-negative bacteremia (247). No benefits
of combination therapy were shown, and nephrotoxicity in patients with sepsis or
bacteremia increased. However, in the subset of bacteremic patients infected with
P. aeruginosa, combination therapy (usually a beta-lactam and an aminoglycoside)
reduced the risk of mortality by half. A trend towards improved survival has been pre-
viously observed with aminoglycoside-including, but not with quinolone-including
combinations (8). Combination therapy could therefore be beneficial in patients with
severe, antimicrobial-resistant infections. Whether this benefit is due to more reliable
initial coverage or to a synergistic effect is unclear. The present general consensus is
to use combination therapy with an aminoglycoside for the initial five days in patients
with VAP caused by gram-negative bacilli (20,162). However, the nephrotoxicity of
aminoglycosides limits the use of these agents.

Duration of Therapy

The ideal length of antibiotic therapy is still under debate. In a prospective random-
ized clinical trial, Chastre et al. (248) demonstrated that an eight-day antibiotic
regimen is comparable to a 15-day regimen in terms of mortality, superinfections,
and relapse of VAP. A seven-day treatment course was described as safe, effective,
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Table 7 Antibiotic Dose Adjustment in Renal Impairment

Antibiotic CrCl (mL/min) Dose adjustment

Amicacin �40 15 mg/kg/24 hrs
30–39 15 mg/kg/36 hrs
20–29 15 mg/kg/48 hrs
<20 7.5 mg/kg� 1 and consult kinetics

Ampicillin/
sulbactam

>30 Normal dose IV q6 hrs
15–30 Normal dose IV q12 hrs
<15 Normal dose IV q24 hrs

Cefepime >60 No adjustment
30–60 1–2 g/24 hrs
11–29 500 mg to 1 g/24 hrs
<11 250–500 mg/24 hrs

Ceftazidime >50 1–2 g/8 hrs
10–50 1–2 g/12 hrs
<10 1 g/24–48 hrs

Ceftriaxone Adults with both kidney and liver failure should not receive more
than 2 g/24 hrs

Ciprofloxacin >50 750 mg/12 hrs PO 400 mg/12 hrs IV
10–50 250–500 mg/12 hrs PO 400 mg/18 hrs IV
<10 250–500 mg/18 hrs PO 400 mg/24 hrs IV

Ertapenem >31 No adjustment
�30 500 mg/24 hrs IV–IM

Gentamicin �50 5 mg/kg/24 hrs
30–49 5 mg/kg/36 hrs
20–29 5 mg/kg/48 hrs
<20 2 mg/kg� 1 and consult kinetics

Imipenem �71 �70 kg: 500 mg/6 hrs
60–69 kg: 500 mg/8 hrs
50–59 kg: 250 mg/6 hrs
40–49 kg: 250 mg/6 hrs
30–39 kg: 250 mg/8 hrs

41–70 �70 kg: 500 mg/8 hrs
60–69 kg: 250 mg/6 hrs
50–59 kg: 250 mg/6 hrs
40–49 kg: 250 mg/8 hrs
30–39 kg: 125 mg/6 hrs

21–40 �70 kg: 250 mg/6 hrs
60–69 kg: 250 mg/8 hrs
50–59 kg: 250 mg/8 hrs
40–49 kg: 250 mg/12 hrs
30–39 kg: 125 mg/8 hrs

6–20 �70 kg: 250 mg/12 hrs
60–69 kg: 250 mg/12 hrs
50–59 kg: 250 mg/12 hrs
40–49 kg: 250 mg/12 hrs
30–39 kg: 125 mg/12 hrs

Patients with CrCl�5mL/min should not receive imipenem/
cilastatin unless dialysis is programmed within 48 hrs. These

patients may be at an increased risk of seizures

(Continued )
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and less likely to promote the growth of resistant organisms in patients who are clini-
cally improving. Patients with VAP caused by nonfermenting gram-negative bacilli,
including P. aeruginosa given eight days of antimicrobial therapy had no less favor-
able outcomes but had a higher infection-recurrence rate compared to those receiving
15 days of treatment (40.6% vs. 25.4%; difference; 15.2%, 90% CI: 2.9–26.6). This was
not found in patients with VAP caused by MRSA, in whom infection recurrence
was 14.3% and 19% for the 8- and 15-day courses of antibiotics, respectively (90%
CI: 9.9–0.4). Most authors agree, nevertheless, that the length of treatment should
be tailored to suit each patient (227).

Resolution patterns can help optimize the duration of antibiotic therapy. Thus,
after 48 hours of defervescence and resolution of hypoxemia, antibiotic therapy can
be withdrawn (54). In patients with ARDS, fever is the main clinical variable used to
evaluate the response to therapy.

Examining the Causes of Treatment Failure

Treatment failure should be assessed to simultaneously determine both the pulmonary/
extrapulmonary and infectious/noninfectious causes of a failed response. The etiol-
ogy of treatment failure can be ascribed to three possible causes (i) inadequate
antibiotic treatment; (ii) concomitant foci of infection; or (iii) a noninfectious origin
of disease (249). In a study designed to establish the causes of nonresponse to treat-
ment in VAP patients in an ICU performed by Ioanas et al. (250), of a total of

Table 7 Antibiotic Dose Adjustment in Renal Impairment (Continued )

Antibiotic CrCl (mL/min) Dose adjustment

Levofloxacin >50 500 mg/24 hrs
20–49 500 mg/48 hrs
<20 500 mg� 1, then 250 mg/48 hrs

Linezolid No adjustment
Meropenem >50 No adjustment

26–50 Normal dose q12 hrs
10–25 50% normal dose q12 hrs
<10 50% normal dose q24 hrs

Moxifloxacin No adjustment
Piperacillin–

tazobactam
>40 No adjustment
20–40 4.5 g/8 hrs
<20 4.5 g/12 hrs

Tobramycin �50 5 mg/kg/24 hrs
30–49 5 mg/kg/36 hrs
20–29 5 mg/kg/48 hrs
<20 2 mg/kg� 1 and consult kinetics

Vancomycin >50 15 mg/kg/12 hrs
10–50 1 g/3–10 days
<10 1 g/5–10 days

Note: CrCl calculated using the formula: males: [(140 — age)� IBW]/[SrCr� 72] where age is the age in

years, IBW, the ideal body weight in kg, IBW in men ¼ 50 kg þ 2.3 kg/in. of height over 60 in., IBW

in women ¼ 45.5 kg þ 2.3 kg/in. of height over 60 in., SrCr ¼ serum creatinine in mg/dL, females ¼ CrCl

(males)� 0.85.

Abbreviation: CrCl, creatinine clearance.
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71 patients, 44 (62%) were described as nonresponders. In 64% of these nonrespon-
ders, at least one cause of nonresponse was identified: inappropriate treatment (23%),
superinfection (14%), concomitant foci of infection (27%), and noninfectious origin
(16%). The remaining nonresponding patients underwent septic shock, multiple
organ dysfunction, or had acute respiratory distress syndrome. In this type of situa-
tion, we would recommend the following basic tests: further respiratory sampling
using invasive techniques; central lines should be checked and removed if necessary
and surveillance cultures taken (251); urine cultures; echocardiography; and ultraso-
nographic examination of the abdomen. Further examinations could include CT
scans of the sinuses, CT scan of the chest (to check for pulmonary embolism or
abscess and empyema formation), and CT scan of the abdomen.
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INTRODUCTION

Pneumonia is a relatively common infection associated with a wide variety of
microbes. Empyema and necrotizing pneumonia or lung abscess are relatively rare
complications that are usually associated with relatively few pathogens. Many of
these processes are indolent and chronic, but some are also acute and life threatening.
The purpose of this chapter is to review empyema and lung abscess with particular
attention to specific microbial associations and management guidelines.

EMPYEMA

The classic definition is ‘‘pleural pus.’’ Subsequent alternative definitions are based
on a leukocyte count exceeding 25,000/mm3 with a predominance of polymor-
phonuclear leukocytes or pleural fluid with microorganisms demonstrated by Gram
stain and/or culture. The most recent and now well-accepted definition is a pleural
fluid pH of �7.0 or lower (1,2).

Pathophysiology

The most common cause of empyema is simply extension of a bacterial infection of the
lung to contiguous pleural space. This accounts for 40% to 60% in most series (3–9).
Previous thoracic surgery accounts for the majority of nosocomial infections and repre-
sents 15% to 30% of cases. A third mechanism is extension from a subdiaphragmatic
collection. Rare predisposing conditions are esophageal perforation, chest trauma with
a hemothorax, extension from a perimandibular or neck space infection, and septicemia
or thoracentesis with inadequate sterile technique.

Empyema is classically divided into three stages, which represent a continuum.
This sequence dictates the findings on pleural fluid analysis and also the appropriate
method of drainage (1,2). The initial stage is exudative with thin, free-flowing
fluid with a small number of leukocytes, a pH above 7.2 and lactate dehydrogenase
(LDH) below 1000 IU/L. At this stage microbial studies are generally negative,
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and antibiotic treatment at this stage usually stops progression. The second stage is
the ‘‘fibropurulent stage’’ with pleural fluid showing a large number of polymorpho-
nuclear leukocytes and fibrin. Pleural fluid analysis at this stage shows a pH< 7.2,
LDH exceeding 1000 IU/L, low glucose, and positive Gram stain and culture for
bacteria. Deposits of fibrin on the parietal and visceral pleural surfaces at the site
of involvement result in loculation. The loculated collections make adequate drain-
age with chest tubes progressively difficult. The final stage is the ‘‘organizing stage’’
in which there is the production of a pleural peel of fibrous tissue. This is a chronic
stage in which the exudate is thick pus, and the lung becomes entrapped.

Incidence

In the prepenicillin era empyema was said to complicate 10% to 20% of cases of
pneumococcal pneumonia (10,11). It was a relatively late complication of untreated
disease. Streptococcal empyema was also well described in the prepenicillin era and, in
contrast to pneumococcal pneumonia, the empyema complication occurred early
in the course of the disease (12,13). Since that time there has been a substantial
decrease in the frequency of empyema so that this complication is now noted in only
about 1% of cases of community-acquired pneumonia sufficiently severe to require
hospitalization (14). The frequency of empyema as a complication of lung resection
is reported at 1% to 5% (15,16). Most of these latter cases are associated with a
bronchopleural fistula.

Diagnostic Studies

Pleural effusions may be caused by a number of infectious and noninfectious dis-
eases. The infections include those due to mycobacteria, viruses, fungi, bacteria,
and, on rare occasions, parasites. The noninfectious diseases include pulmonary
embolism, postcardiotomy syndrome, collagen vascular disease (particularly sys-
temic lupus erythematosus or rheumatoid effusions), malignancies, drug-induced
pulmonary disease, congestive heart failure, and sympathetic effusions from sub-
diaphragmatic conditions such as pancreatitis or subphrenic abscess.

Routine tests recommended include pH determination, leukocyte count with
differential, total protein, levels of LDH, glucose levels, and Gram stain and cultures
for aerobic and anaerobic bacteria. Pleural collections that are grossly purulent
generally require no studies beyond culture and Gram stain. A meta-analysis of
multiple reports showed the pleural fluid pH had the highest diagnostic accuracy
for identifying effusions that require drainage (17). The decision threshold in this
analysis was 7.21 to 7.29. For tuberculosis effusions, adenosine deaminase (ADA)
levels are particularly useful (18,19), but this diagnosis rests on recovery of Mycobac-
terium tuberculosis from sputum, pleural fluid, or pleural tissue. Demonstration of
granulomas in pleural biopsies is suggestive (20). Bloody effusions with low ADA
levels favor malignancy (21).

Bacteriology

Streptococcus pneumoniae

Bacteriology studies of empyema in the prepenicillin era showed S. pneumoniae
accounted for 60% to 70% (Table 1) (10,11). The most comprehensive review was
a summary of 5393 cases of pneumococcal pneumonia reported from 1926 to 1939,
which included 286 with empyema for a frequency of 5.3% (11). The more recent
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studies have shown a substantial decline in the frequency of empyema as
a complication of pneumococcal pneumonia presumably attributed to successful
antimicrobial therapy. Most studies now show this organism accounts for only 5%
to 10% of all cases (3–9). The largest recent report included 430 cases with the pneu-
mococcus accounting for 7% (3). Most of these represent extension of pneumonia
through contiguous pleural surfaces because S. pneumoniae is infrequently or almost
never associated with pulmonary necrosis.

Mycobacteria

M. tuberculosis is a relatively common cause of pleural effusion and obviously an
important diagnosis to establish (18–21). These are particularly common in develop-
ing countries, immigrants from these areas, and the presence of HIV infection. Many
of these patients have very large pleural collections (26). Characteristic features of
the fluid include high levels of ADA and a predominance of lymphocytes, and most
respond to standard therapy for tuberculosis (18–21,26).

Streptococcus pyogenes

This organism accounted for 10% to 15% of empyema in the prepenicillin era and
now is relatively rare as a cause of either pneumonia or empyema (12,13). One of
the highly characteristic features is the predominance of this microbial pathogen
in pediatric cases and the clinical course of infection, which shows rapid accumula-
tions of pleural fluid and/or empyema, which presumably reflects the penchant of
this organism to block lymphatics. The typical presentation is relatively rapid.

Anaerobic Bacteria

During the past two decades there has been substantial attention to the role of
anaerobic bacteria in empyema, complicating aspiration pneumonia or lung abscess
(1,24,25,27–29). The yield is highly variable, which presumably reflects variations in
laboratory capability to detect oxygen-sensitive forms and the population studied.
The yield in most recent series has ranged from 11% to 76% (1,3–9,24,25,27–29). The
clinical clues to these infections are the presence of putrid pleural fluid, which is con-
sidered diagnostic of anaerobic infection and a Gram stain showing a polymicrobial
flora or a Gram stain showing the unique morphologic characteristic of anaerobic
gram-negative bacilli.

Table 1 Bacteriology of Empyema

Refs. Period Cases
Sterile

(%)
Streptococcus

pneumoniae (%)
Beta

strep (%)
Staphylococcus

aureus (%)
GNB
(%)

Anaerobes
(%)

(22) 1934–1939 3000 NS� 64 9 7 – 5
(23) 1932–1939 500 NS� 63 16 5 – 7
(24) 1950–1972 482 53 13 – 12 6 19
(25) 1971–1973 83 0 6 0 20 25 76
(5) 1970–1978 117 32 15 – 25 29 11
(6) 1984–1990 82 7 11 – 13 26 39
(8) 1989–1993 43 37 2 – 26 2 12
(3) – 427 43 7 – 9 – –

�NS, not stated.

Abbreviation: GNB, gram-negative bacilli.
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Staphylococcus aureus

S. aureus is by far the most frequent pathogen associated with nosocomial empyema
and usually represents a complication of thoracic surgery (15,16). Many of these
infections involve methicillin-resistant S. aureus (MRSA), which obviously has
important implications regarding infection control and therapy. In the past several
years there has been the recognition of a new variety of MRSA pulmonary infections
associated with ‘‘community-acquired MRSA (CA-MRSA),’’ which is now referred
to as the ‘‘USA300’’ strain (30–32). This is a devastating cause of necrotizing pneu-
monia that is commonly complicated by empyema formation and will be discussed
more extensively in the section on lung abscess.

Bacillus anthracis

Inhalation anthrax is virtually always due to bioterrorism (30–32). The last case of
naturally occurring inhalation anthrax in the United States was reported in 1976,
and then there were the 11 cases resulting from bioterrorism in 2002. This organism
is actually an infrequent cause of pneumonia per se, but is acquired by inhalation
and is transported to hilar and mediastinal lymph nodes, where it produces toxins
resulting in rapid progression to sepsis, the characteristic wide mediastinum on chest
X-ray and shock. Large bloody pleural fluid collections are common; the average
case is associated with pleural collections that average 1600 mL (30–32). In fact,
chest compression has been thought to be an important contributing factor to death
so that daily drainages are now considered an essential feature of management.

Clinical Features

The common features with empyema include fever, cough, sputum production,
dyspnea and, in approximately 60% of patients, pleurisy. The physical exam demon-
strates reduced breath sounds and dullness at the implicate site. It is not possible by
physical exam to distinguish parapneumonic effusions and empyema. Chest X-rays
show pleural effusions, which are common in pneumonia. It is often recommended that
the lateral decubitus X-ray is important for detection for small pleural effusions (2);
if the distance from the inside chest wall to the bottom of the lung measures over 10 mm
a thoracentesis is commonly recommended but infrequently done in practice (33).
Computed tomography (CT) will readily distinguish pleural collections from parench-
ymal infiltrates (34,35). There are multiple causes of pleural effusions, but empyema is
quite rare as noted above.

Treatment

The three core principles of treatment are prompt antibiotics, complete evacuation of
the pleural collection, and preservation of lung function.

Antibiotic Treatment

Antibiotic selection is obviously much simpler if an etiologic diagnosis is made on
the basis of Gram stain and culture. Most antibiotics diffuse well into pleural fluid
so that local installations are not required (36,37).
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Thrombolytic Agents

Streptokinase and urokinase are often advocated for lysis of loculated effusions.
A large controlled clinical trial with this method failed to demonstrate any benefit
with installations of streptokinase. However, these results have been challenged by
the suggestion that a subset of patients who were younger and had less complicated
cases might benefit from this treatment (38). This report (38) showing a favorable
outcome had a much smaller sample size (22 patients vs. 430 patients) but also used
larger tubes (#24 or 28 French vs. #12 French), and tubes were placed under ultra-
sound guidance (Diacon AH). The method commonly advocated is instillation of
250,000 IU streptokinase given in 30 mL saline q12 h for six doses (3). Thus, no
conclusions are available, and the reported experience is variable (3,9,38–42).

Drainage

The main issue in the management of empyemas is drainage, which has been the
mainstay of treatment for 2000 years (43). Despite consensus on the importance of
this issue there is substantial controversy about how it is actually done, and a recent
guideline for empyema in children noted sparse evidence to support any specific
tactic. In general, the recommendations are dictated by findings on chest X-rays or
CT and analysis of pleural fluid, which indicates the stage of infection (2,22,23,44–55).

During the initial exudative phase (Table 2) the fluid is thin and free flowing,
the lung is easily reexpanded, and the empyema may resolve simply with thoracent-
esis and antibiotic treatment: This may be augmented with repeated thoracentesis or
tube thoracostomy drainage (49,51). The need for thoracostomy drainage increases
with a lower pH and higher LDH. Nearly all patients with a pleural fluid pH
below 7.2 require tube drainage, and nearly all with pH above 7.3 have resolution
with appropriate antibiotics (2,44–48,52–54). The pleural fluid pH interval from
7.0 to 7.3 is arbitrary meaning repeated pleural fluid analyses and careful clinical
observation along with antibiotic treatment. Tuberculous effusions usually respond
to anti-TB therapy, but many advocate drainage of large collections to remove as
much fluid as possible (26).

Table 2 Management Recommendations

Stage Drainage

Early stage Thoracentesis þ antibiotics
pH< 7.2
Glucose< 40 mg/dL
LDH> 1000 IU/dL
Protein> 2.5 g/dL
WBC> 500/mm3

Fluid is serous or cloudy, free flowing
Fibropurulent stage Large-bore thoracostomy

tube� fibrinolytics
Thick fluid and positive cultures

Organizing stage Open thoracostomy
Organizing peel with entrapped lung Mini-thoracotomy

Thoracoscopic evacuation
Decortication

Abbreviations: LDH, lactate dehydrogenase; WBC, white blood count.
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The fibropurulent phase is associated with fluid that is too thick for drainage by
thoracentesis necessitating thoracostomy, often with large-bore needles. The drainage
may be facilitated by catheter placement under fluoroscopic, computed tomographic,
or ultrasonic guidance (22,23,51,52). Closed drainage with suction is recommended if
the fluid is thick, there is evidence of a bronchopleural fistula, or the pleural fluid is
putrid. The thoracostomy tubes are left in place until the cavity is obliterated, and
the yield of pleural drainage is less than 25 mL/day, any bronchopleural fistula is
sealed, and fever has resolved. Failure to achieve these goals may indicate the require-
ment for chest tube positioning or reinsertion. Failure of the closed procedure often
indicates the need for open drainage with rib resection or decortication.

Decisions regarding drainage procedure may be facilitated by the empyema
severity score based on pleural fluid pH glucose and results of imaging—ultrasonog-
raphy to localize loculated pleural fluid prior to aspiration or thoracostomy, or CT
scan to detect a pleural peel (56). Factors indicating a possible need for surgery are
failure to defeverse with antibiotics and thoracentesis and a severity of pleural dis-
ease score based on low pleural fluid pH, low glucose, moderate or severe scoliosis,
presence of pleural peel, and infection due to anaerobes or gram-negative bacilli.

The initial surgical procedure is often a closed tube thoracostomy using
ultrasound or CT guidance for tube placement. Fibrolytic agents are often instilled
through the tubes, but their utility is not clearly established. The next stage for
patients who do not respond is rib resection with open drainage, a procedure asso-
ciated with substantial morbidity. A variant is the mini-thoracotomy, which involves
a 5 cm incision and short segment rib resection (57).

The late organizing phase is characterized by an extensive collection of fibrous
material or pleural peel and lung entrapment, which generally requires open thora-
cotomy or decortication (9,41,48). This procedure is done with open thoracotomy,
debridement of the coagulum, careful excision of the peel, and assessment of lung
expansion prior to closure. A variant recently introduced is decortication with video
assistance to reduce morbidity.

Outcome

Studies from the prepenicillin era showed mortality rates of 7% to 41% with pneu-
mococcal empyema (10,11). The mortality is obviously much lower in the current
era associated with antibiotics and improved thoracic surgery but still reported at
8% to 20% (3–12,58,59). This includes studies published since 1984 (3,60). Factors
that indicate a poor prognosis include chronic empyema, nosocomial empyema,
advanced age, association with malignancy, and the presence of a bronchopleural
fistula. Excluding patients with serious or ultimately lethal underlying conditions,
the mortality rates are generally 3% to 6% (3,57). In many of these cases, the major
difficulty is achieving adequate drainage. These cases are associated with long
hospital stays and continuing controversies about the next step in the patient with
persistent pleural collections.

LUNG ABSCESS

Introduction

Lung abscess results from necrosis of lung parenchyma. The term ‘‘necrotizing pneu-
monia’’ and ‘‘pulmonary gangrene’’ are sometimes used to indicate small pulmonary
abscesses in contiguous areas of the lung. These represent a continuum and are
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infections involving a relatively small number of pathogens that can cause this patho-
logic result. Thus, as with empyema, the tabulation of microbes that cause pneumonia
is legion; the number that cause pulmonary necrosis is a relatively short list.

Classification

A number of methods to classify lung abscess and either the terms or the definitions
have been used in the literature. Some of the standard terms that have been used during
the past 50 years include

� Acute or chronic abscesses with four to six weeks as the standard dividing
line.

� Primary versus secondary abscesses; the former generally refers to abscesses
in patients prone to aspiration or in healthy adults while secondary absce-
sses represent complications of a primary condition of the lung such as a
neoplasm or HIV infection.

� Nonspecific lung abscess often refers to abscesses in which no likely patho-
gen is recovered from expectorated sputum; most of these are considered
anaerobic infections.

� Putrid lung abscess indicates the offensive odor of sputum that is considered
diagnostic of anaerobic infection.

� Nosocomial lung abscess in reference to those that occur during hospitaliza-
tion and are usually due to nosocomial pathogens.

In an extensive experience with over 1000 reported cases of lung abscess in the
antibiotic era, approximately 80% were considered primary, 60% putrid, 40% non-
specific, and 40% chronic (61–68).

Clinical Features

Lung abscesses may be acute or chronic. Chronic abscesses are most likely to represent
microbacteria infections due to mycobacteria, anaerobic bacteria, and melioidosis.
The latter is a relatively common cause of pulmonary infections due to Burkholderia
pseudomallei in Asia; this is extremely rare in the United States except for occasional
immigrants. Acute lung abscess is usually associated with more virulent organisms such
as Klebsiella and S. aureus.

The usual clinical features of lung abscess include fever, fatigue, cough with spu-
tum production, and sometimes pleurisy and/or hemoptysis. Chronic lung abscesses
are usually accompanied by weight loss and anemia. Approximately 60% of patients
with bacteriologically confirmed lung abscesses that are due to anaerobic bacteria
have putrid sputum, empyema fluid, or breath.

Evaluation

The characteristic feature on chest X-ray is a cavity in the pulmonary parenchyma
often with an air-fluid level within a pulmonary infiltrate. Lymphadenopathy sug-
gests some specific conditions such as mycobacterial or fungal infection. CT is a
particularly sensitive method to detect lung abscess and provides good anatomic
definition. This also will clearly distinguish air-fluid levels in the pleural space from
those within the pulmonary parenchyma (68,69). Segmental location of the abscess is
important in the differential diagnosis. Anaerobic lung abscess due to aspiration
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usually involves dependent pulmonary segments, the posterior segments of the upper
lobe of superior segments of the lower lobes. These reflect the dependent pulmonary
segments in the recumbent position. Tuberculosis favors the upper lobes.

There are a number of conditions to consider in the patient with an established
or suspected abscess involving the pulmonary parenchyma as indicated in Table 3.

Detection of the etiologic agent is particularly important because these infections
are often both severe and chronic so that pathogen-specific therapy is highly desired. A
good pretreatment expectorated sputum is useful for Gram stain and culture; the diag-
nostic yield is generally excellent for detection of S. aureus and aerobic gram-negative
bacilli, particularly Klebsiella pneumoniae or Pseudomonas aeruginosa. This specimen
is not appropriate for anaerobic culture so that these organisms, the most common
causes of lung abscess, must be treated empirically or there needs to be a diagnostic
method which bypasses the contamination associated with specimens that traverse
the upper airways. In former years this was done by transtracheal aspiration (TTA),
which became the technique to define the etiology of aspiration pneumonia and lung
abscess in the 1970s (58,59,70,71). The TTA has subsequently been abandoned. More
recent studies have sometimes used quantitative cultures of bronchoscopic specimens,
either bronchoalveolar lavage or use of the protected brush (72–75). The experience
with this technique is quite variable, in part related to the need for specimens prior
to antibiotic treatment, the deleterious effect of lidocaine on some fastidious
anaerobes, the difficulty that many laboratories have in cultivating oxygen-sensitive
bacteria, and inconsistent methods of specimen collection and processing. Thus, many
authorities do not regard this as an appropriate method to either rule in or rule out
anaerobic bacteria. An alternative method that is occasionally used is transthoracic
aspiration in which there is needle aspiration of the abscess percutaneously.

Bacteriology

Anaerobic Bacteria

These are the organisms that represent normal flora of the oral cavity, primarily the
gingiva crevice. They reach the lung by aspiration, usually in a host that is prone to

Table 3 Pulmonary Lesions with Appearance of Lung Abscess

Necrotizing infections of the lung
Bacteria: anaerobic bacteria, microaerophilic/anaerobic streptococci (Streptococcus

milleri), enteric GNB (esp. Klebsiella), Pseudomonas aeruginosa, Staphylococcus aureus
(including MRSA USA 300)

Less common: nocardia, actinomycosis, Rhodococcus, Legionella, Pasteurella multocida
Mycobacteria: Mycobacterium tuberculosis, M. kansasii, M. avium-intracellulare
Fungi: Coccidioidomycosis, Histoplasmosis, Blastomycosis, Aspergillus, Cryptococcus,

Mucor
Parasite: Entamoeba histolytica, Paragonimus westermani, Echinococcus
Cavity

Bland infarct� infection
Septic emboli
Vasculitis: Wegner’s granulomatosis, periarteritis nodosa
Neoplasms: lung cancer, metastatic carcinoma, lymphoma
Others: cysts, blebs, pneumatocele, sequestration, bronchiectasis, empyema

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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aspiration due to decreased consciousness or dysphagia. The dominant isolates in
these cases are Peptostreptococcus spp., Prevotella melaninogenica, and Fusobacterium
nucleatum (58,59,70,71,76,77).

Staphylococcus aureus

This organism has been historically found primarily in pediatric patients, patients
with influenza complicated by bacterial superinfections, injection drug users with
tricuspid valve endocarditis with septic emboli to the lung, and with nosocomial pul-
monary infections (78,79). More recently there has been a new syndrome attributed
to ‘‘CA-MRSA,’’ an epidemic strain referred to as ‘‘USA300’’ (80–84). The latter
actually refers to a family of related strains, but those involved are a relatively homo-
geneous group that is characterized by the presence of genes for the Paton-Valentine
Leukocidin, a possible virulence factor, and the mecIV element, which confers resis-
tance to all betalactams (85). Many or most of these strains are sensitive to many
antibiotics that are not generally found to be active in vitro with nosocomial strains
of MRSA; these include trimethoprim-sulfamethoxazole, gentamicin, rifampin, and
doxycycline. The clinical syndrome associated with this pathogen is usually devastat-
ing. Most of the patients are young, previously healthy adults, who acquire influenza
and then have a rapid and fulminant course characterized by necrotizing pneumo-
nia and shock. The putative is recovered from blood and/or respiratory secretions.
The mortality rate is variously reported at 20% to 50% (80–84).

Klebsiella

Klebsiella has always been recognized as a possible pulmonary pathogen with a
penchant to cause abscess (86,87). The classic description was in the prepenicillin
era when the typical presentation was a debilitated host who presented with fever,
cough, pleurisy, and sputum that looked like currant jelly and an X ray that showed
an upper lobe infiltrate with the ‘‘bulging fissure sign’’; this went on to cavitate. This
form of Klebsiella pulmonary infection is rarely seen currently, but Klebsiella con-
tinues to be occasionally implicated in lung abscess, particularly in Taiwan where
it is epidemic (87).

Miscellaneous Bacteria

Other agents implicated include nocardia (88,89) Legionella (90–92), Streptococcus
milleri (93,94), S. pyogenes (95,96), Rhodococcus equi (97–100), Fusobacterium necro-
phorum (as a complication of Lemierre syndrome) (101–103), and B. pseudomallei
(melioidosis) (104).

Treatment

Most patients respond to antibiotic treatment, and this is best if it is pathogen-
specific. Tuberculosis is treated with the standard four drug regimen. Klebsiella
generally responds to cephalosporin treatment, but in vitro sensitivity tests are
desired, and P. aeruginosa is found primarily in the compromised host or the patient
with structural disease of the lung; optimal therapy is controversial due to the debate
concerning the need for one or two drugs directed against this pathogen (105,106).
Long courses of a fluoroquinolone selected on the basis of in vitro activity in patients
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with HIV infection show high rates of failure, suggesting that alternative drugs may
be preferred (106).

For infections involving S. aureus (USA300), most are MRSA, and the rec-
ommended treatment is either vancomycin combined with rifampin or linezolid
combined with rifampin (25,26). Some strains are methicillin-sensitive and should
be treated with oxycillin or nafcillin. Patients tend to do poorly despite seemingly
adequate antibiotic treatment (80–84). It is possible that antibiotics directed against
exotoxin production such as clindamycin or linezolid are important (81).

For abscesses involving anaerobic bacteria, penicillin and tetracyclines were the
standard drugs in the 1950s and 1960s when these were referred to as nonspecific lung
abscesses; most patients responded. More recent trials have shown that clindamycin is
superior to penicillin in terms of time to defervescence, time to eradication of putrid
sputum and overall response rates (107,108). Any betalactam–betalactamase inhibi-
tor combination also appears to be successful in the great majority of cases (109,110).
Metronidazole is active against virtually all anaerobic bacteria but has a relatively
poor track record in the treatment of anaerobic lung infections (111–113). The pre-
sumed explanation is the potentially important role of microaerophilic and aerobic
streptococci in these infections. This may be obviated by the addition of penicillin to
metronidazole. The duration of treatment is arbitrary, and many patients relapse when
the treatment is discontinued prematurely. Current recommendations are to treat for
six weeks or, preferably, treat until the X ray is clear or shows only a small, stable
residual scar.

Drainage is generally an essential component of managing abscesses, but this
does not usually apply to lung abscess, which drains spontaneously by communica-
tion with the bronchus. There is an occasional attempt to facilitate drainage with
physical therapy for postural drainage or bronchoscopy. Studies in the prepenicil-
lin era showed bronchoscopic therapy had virtually no effect on outcome. For
patients who fail to respond, thoracic surgery is occasionally required, usually in
about 5% to 10% (114–117). The usual indications are failure of medical manage-
ment and suspected neoplasm or hemorrhage. Failure to respond is usually
associated with an extremely large abscess measuring greater than 6 cm in diameter,
abscesses that have been present for prolonged periods, and those due to relatively
resistant organisms such as P. aeruginosa. When surgery is performed, the usual
procedure is a lobectomy or pneumonectomy. An alternative drainage option is
drainage under computed tomographic guidance which has a modest but favorable
reported experience.

Outcome

Patients with lung abscess due to anaerobic bacteria usually show decrease in fever
within three to four days of initiating antibiotic treatment with complete deferves-
cence over 7 to 10 days (27,62,64,107). Patients with fever lasting more than 7 to 14
days usually undergo bronchoscopy or other diagnostic intervention to better
define the microbiology. CT scans may be particularly useful for anatomic defini-
tion to determine possible obstruction or adenopathy that would prompt an inves-
tigation for alternative pathogens such as TB or fungi. Mortality rates for lung
abscess are usually reported at 5% to 15% but are much lower if there is no major
underlying, ultimately fatal condition. A review of lung abscess cases in Japan
showed a mortality of 2% in community-acquired cases and 67% for nosocomial
infections (65).
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OVERVIEW

Since Osler’s comprehensive description of infective endocarditis (IE) in the 1880s,
this disease has continuously evolved in respect to its epidemiology, clinical presenta-
tions, and therapy.

Over the last 30 years, greater numbers of patients with IE are being cared for
in critical care units (CrCU) mainly because of the increased incidence of acute
staphylococcal IE. In recent series, approximately 60% of cases of IE are caused by
Staphylococcus aureus (1). By prolonging the lives of those with acute IE, antibiotics
are contributing to the increasing number of cardiac and extracardiac complications
of this type of valvular infection. Even in subacute IE, antibiotics have failed to
lessen the frequency of embolic complications including mycotic aneurysms (2). This
is due to the delay in diagnosis that has not lessened over the last 30 years. The average
interval between the onset of valvular infections and diagnosis remains six weeks (3).
Although complications of IE affect the heart most frequently, neurological events
and sepsis are the most frequent causes of death.

Increasingly, patients being cared for in CrCU are developing IE that is a con-
sequence of the increased reliance on various types of intravascular devices in the
care of the critically ill. Even the surgical procedures meant to repair the damage
of cardiac infections pose their own unique risks to the patient.

This chapter will focus on the epidemiology, pathogenesis presentation, diag-
nosis, treatment prevention of the bacteria, and the types of IE that will most likely
be encountered in CrCU. Among these are native valve IE (NVE), prosthetic valve
endocarditis (PVE), and health-care associated IE (HCIE). The organisms that will
be discussed include the various streptococcal species: Streptococcus viridans, the
nutritionally variant streptococci (NVS) and group B streptococci, gram-negative
aerobes, and fungi and of course S. aureus. Many infectious and noninfectious
disease processes share important clinical features with IE. The most effective of
these mimics will also be highlighted.
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Epidemiology

IE is usually an infection of the valvular endocardium, rarely of the mural endo-
cardium. Because it can present with noncardiac signs and symptoms, especially
subacute disease, the diagnosis of IE may be particularly challenging. Additionally
5% to 10% of cases may be blood culture negative. Histological exam of the involved
valvular tissue remains the gold standard for diagnosing IE (4). Because it is uncom-
mon to obtain premortem valvular tissue, Von Reyn et al. developed strict case
definitions for the diagnosis of IE (5). By these criteria, only 20% of clinically diag-
nosed cases could be considered as definite examples of IE. In order to increase this
system’s sensitivity, The Duke Endocarditis Service in 1994 combined echocardio-
graphic findings with a set of clinical measures (6). These Duke Criteria have far
greater positive predictive value and negative predictive value of at least 92% (6).
These criteria were further modified in 2000 (see Section on diagnosis).

The incidence of IE has not changed over the last 50 years (approximately 4/
100,000 person-years) (7). Those institutions that serve large numbers of intravenous
drug abusers (IVDA) and those that perform large numbers of intravascular proce-
dures will generate many more cases than will a community hospital. The incidence
of IE is at least two times more common in men than in women. In those greater
than 50 years of age, the male incidence is six times that of the female (1,7,8). The
risk of developing HCIE is equal among men and women (9). The term HCIE is pre-
ferable to that of nosocomial IE because it recognizes the fact that a growing amount
of medical care, such as hemodialysis, is provided outside of the hospital proper.

IE has become a disease of the older population. In a series collected in the
1990s (1), the mean age was 50 with 35% greater than 60 years of age and 15% greater
than 70 years of age. The major exception to this ‘‘graying’’ trend is IE among IVDA
of which 85% are complicated with HIV infection. Several factors have contributed to
this rise of IE among elderly (10,11). Among these are:

1. The aging-related atherosclerotic changes to the circulatory system (i.e.,
calcific valvular disease).

2. The proliferation of cardiac surgery and placement of intravascular devices
in older individuals (the majority of patients with hospital acquired staphy-
lococcal bacteremia are in this age group).

3. Those with congenital heart disease are living longer.
4. The age associated dysfunction of the immune system.

There has been a marked increase in cases of HCIE, IVDA IE, and PVE
accounting for 22%, 36%, and 16%, respectively, of all cases (1).

Perhaps the most striking change is the rise in cases of acute IE. Currently these
account to for more than 50% of cases and growing (1). This reflects the rise of
staphylococcal/health-care associated bloodstream infections (HCBSI) (12) coupled
with a significant decrease in disease caused by S. viridans (13).

Predisposing Cardiac Lesions

Acquired and Congenital Cardiac Abnormalities

The frequency of underlying cardiac lesions in IE of native tissue is dependent on the
prevalence of acute IE in the studied population. More than 50% of cases of acute
IE have no definable underlying cardiac pathology (14). Congenital heart disease is
found in 15% of cases. Congenital bicuspid aortic valve is the most common example
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found in older patients (20% of cases) (15). A somewhat neglected predisposing
condition is asymmetric septal hypertrophy. This accounts for 5% of cases of IE (16). The
greater the degree of obstruction the greater is the chance of valvular infection. The mitral
valve is the most frequently affected (17). Other contributory congenital conditions are
ventricular septal defect, patent ductus arteriosus, and tetralogy of Fallot (18).

In the developed world, rheumatic heart disease (RHD) accounts for <20% of
NVE (19). The lifelong risk of individuals with RHD developing IE is approximately
6%, usually of the mitral valve.

Mitral valve prolapse (MVP) accounts for 30% of cases of NVE in younger
adults. This rate is most likely related to its prevalence in the general population
(5% overall and 20% among females) (18,19). It appears that those who have a pre-
existing systolic ejection murmur associated with thickening and redundancy of the
valvular leaflets are at a 10- to 100-fold increased risk of developing IE (20).

Degenerative cardiac disease underlies 20% of all cases and 50% of cases of IE
in patients>60 years of age (21). These lesions include calcified valvular leaflets, calci-
fied mitral rings, and postmyocardial infarction thrombi. Calcified aortic stenosis
may result from calcium deposition either on a congenital bicuspid valve or on
a previously normal valve damaged by hemodynamic stress over the years (22).
Because of the prevalence of associated illnesses, such as diabetes or renal failure,
IE in this group of patients has a poorer than average outcome. The degree of stenosis
is often not hemodynamically significant and so is frequently overlooked as a candi-
date for antibiotic prophylaxis (23).

Forty percent of NVE, excluding IVDA IE, infect only the mitral valve and
40% the aortic solely. The right side of a heart is rarely involved except in cases of
IVDA IE (24).

Overall, PVE accounts for 10% to 20% of all cases of IE and 26% in those >60
years of age (25). The 10-year risk of infection of both mechanical and bioprosthetic
valves is approximately 5% (26). During the first three months after implantation,
mechanical valves are more at risk. However, after one year, bioprosthetic valves
exhibit a greater chance of IE due to the ongoing calcification of the leaflets asso-
ciated with degeneration of the valvular tissue.

Infection of implanted pacemakers (PMs) and cardioverter-defibrillator is
becoming more frequent (27). These devices most often become infected within a
few months of placement. Infection of PMs may involve the generator pocket (the
most common type): there may be infection of proximate leads and those portions
of the leads that are in direct contact with the endocardium. The last type is synon-
ymous with true Pacemaker IE (PMIE) (0.5% of all PMs) (28). Seventy five percent
of all types of PM infections are caused by staphylococci.

It is important to note that the true risk for development of IE for most under-
lying cardiac abnormalities has not been accurately quantified for many cardiac
conditions (29). Patients with MVP and associated regurgitation have a three- to
eightfold increase in risk. Those with a history of prior IE or with prosthetic valves
in place have a 60- to 185-fold increased risk.

Extracardiac Predisposing Factors

The incidence of IE among IVDA lies between 1% and 5% per year. IVDA IE causes
up to 20% of hospital admissions and 5% to 10% of deaths among narcotics abusers.
It appears that IVDA IE is decreasing due to safer injection practices, such as the use
of sterile needles and syringes brought about to combat the spread of the HIV virus
among this population. Eighty percent of patients are male, probably due to their
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longer usage of illicit drugs. The tricuspid valve is infected in about 70% of cases with
the mitral and aortic valves involved in 20% to 30% of patients. The pulmonic valve is
rarely infected. In some series, up to 75% of IVDA IE occurs in the absence of any
preexisting valvular abnormalities. Forty three percent of recurrent valvular infections
are seen in illicit drug users. Interestingly 7% had prosthetic valves in place. A history
of IVDA IE has become the most significant risk factor for recurrent NVE (30–35).

HCIE has been defined as a valvular infection that presents either 48 hours
after the patient has been hospitalized or that is associated with a health-care facility-
based procedure that has been performed within four weeks of presentation (36,37).
Patients with HCIE are older and have a higher rate of underlying valvular disorders
and develop bacteremias that are related to a variety of invasive vascular procedures.
The incidence of HCIE accounts for approximately 20% of IE overall (1,12) and
appears to be ever increasing. Much of this is due to the rise in staphylococcal bac-
teremia associated with intravascular line infection (12,38,39). HCIE often involves
normal valves. Type 1 HCIE results from endocardial trauma to the right ventricular
wall produced by an intravascular catheter. Type 2 HCIE occurs in patients who
develop left-sided IE due to bacteremias originating from the skin, urinary tract
or intravenous lines, or other invasive procedures. In this situation, the left side pre-
dominates because of the greater proportion of structural abnormalities on that side
(i.e., degenerative valvular disease, MVP). In addition to S. aureus and coagulase-
negative staphylococci (CONS), gram-negative organisms and fungi are frequently
involved. HCIE may be fatal in up to 50% of cases as compared to an overall
mortality rate of 11% of IE acquired in the community. This increase in mortality
is attributable in part to the older age of the patients with HCIE (64% of patients
>60 years of age) (40). An exception to this is that community-acquired cases of
S. aureus IE have a higher mortality rate than S. aureus HCIE. This may be due
in part to the higher rate of metastatic complications arising from the prolonged
bacteremia prior to the correct diagnosis being made (41).

The major reason for focusing on HCIE has been well expressed by Friedland
et al. (9), ‘‘nosocomial endocarditis occurs in a definable subpopulation of hospita-
lized patients and is potentially preventable.’’

Various types of primary immunodeficiencies as well as diseases that lower the
patient’s resistance to infection by a variety of mechanisms have been cited as pre-
disposing risk factors for developing IE (42). Among them are a variety of neoplasms,
diabetes mellitus, renal failure, liver disease, and the use of corticosteroids. All of
these disease states are associated with an increased frequency of bacteremias (43).

The role of dental procedures as a risk factor for developing IE is currently in
question (44) and will not be further discussed, especially because most of the
patients who develop the IE due to bacteremias secondary to dental work do not
require care in CrCU. Suffice it to say that the vast majority of dental associated
IE are secondary to an increase in transit bacteremias that arise from poor dental
hygiene and are not due to any one specific procedure.

Table 1 presents the recent changes in the characteristics of IE.

MICROBIOLOGY

The exact profile of causative organisms of a given hospital is dependent on the
population it serves. The pathogens causing NVE are somewhat different than those
that produce PVE or IVDA IE (Table 2). Overall, S. aureus produces about 30%
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of cases, CONS 16%, S. viridans 23%, S. bovis 5%, Enterococcus faecalis 4%, gram-
negative organisms 2%, no growth <5%, and other (including fungi) 17% (45).

S. viridans has decreased by 35% in frequency while S. aureus has increased by
50%. Non–S. viridans streptococci have also become more frequent (46). The inci-
dence of culture negative endocarditis has drastically decreased because of markedly
improved culture and serologic techniques.

Overall, S. viridans cause <50% of all types of endocarditis. This is a term of clas-
sification that has been applied to all nonpneumococcal streptococci excluding groups
A, D, and E. The use of this terminology will be continued in this chapter. Members
this group include are Streptococcus salivarius, S. sanguis I and II, S. mitis, S. interme-
dius, S. milleri, and S. mutans. These are generally commensals of the respiratory and
gastrointestinal tracts that posses little invasive capacity. They are the classic organ-
isms of subacute IE. Because of their high rate of retrieval from cases of MVP IE,
S. viridans is increasingly associated with IE occurring in a younger age group (47).

NVS, although currently classified as Abiotrophia, will be still considered
members of the S. viridans family. They require the presence of cystine or pyridoxine
for growth. These pathogens bind specifically to the extracellular matrix of
fibroblasts and endothelial cells. They produce luxuriant valvular vegetations that
frequently embolize (48). They may be relatively resistant to penicillin (see Section
on therapy) and typically produce subacute disease. The intermedius group (S.
milleri, S. anginosus, and Streptococcal MG (S.MG)) is suppurative and locally

Table 2 Microbiology of Infective Endocarditis in Different Risk Groups

Prosthetic valve
endocarditis

Microorganism
recovered (% of cases)

Native valve
endocarditis

Intravenous
drug users Early Late

Viridans-group
streptococci

50 20 7 30

Staphylococcus aureus 19 67 17 12
Coagulase-negative

staphylococci
4 9 33 26

Enterococci 8 7 2 6
Miscellaneous 19 7 44 26

Table 1 Changing Patterns of Infective Endocarditis Since 1966

Marked increase in the incidence of acute IE

Rise of nosocomial, IVDA and prosthetic valve IE
Change in the underlying valvular pathology: RHD <20% of cases
Mitral valve prolapse 30% of cases
Prosthetic valve endocarditis 10–20% of cases
50% of elderly patients have calcific aortic stenosis

These changes are due to:
The ‘‘graying’’ of patients (excluding cases of IVDA IE,

55% of patients >60 yrs of age)
The increased numbers of vascular procedures

Abbreviations: IE, infective endocarditis; IVDA, intravenous drug abusers; RHD,

rheumatic heart disease.
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invasive. These properties may be related to its polysaccharide capsule. They can
produce myocardial abscesses as well as valvular infection. These organisms are cap-
able of producing either acute or subacute IE.

Group D streptococci (S. faecalis, S. faecium, and the nonenterococcal species
S. bovis and S. equinis) usually produce subacute disease. S. faecalis is the most
common example. The rise in cases of enterococcal IE appears due to both the
increase in third generation cephalosporin use and intravascular invasive procedures.
These organisms collectively comprise the third most common cause of IE. They are
residents of the gastrointestinal and genitourinary tracts. Enterococcal resistance
patterns pose major challenges to the clinician.

S. bovis typically produces subacute IE. Bacteremia/IE with this group often
reflects underlying bowel disease ranging from ulcerative colitis to colonic cancer.
They are uniformly sensitive to the penicillins.

Group B streptococci produce acute IE not only in the pregnant but in older
patients afflicted with a variety of underlying diseases. Their mortality rate is 40%
due to the high rate of complications including metastatic infection, arterial thrombi,
and congestive heart failure (49). Often valvular replacement is necessary for cure.

Group A streptococcal IE causes acute disease quite similar to that of
S. aureus. There is up to a 70% mortality rate due to their high rate of suppurative
complications. These organisms respond well to penicillin G. Group C and group G
streptococci have similar clinical presentation to that of group A IE, but require a
synergistic combination of antibiotics for cure.

S. aureus is overall the most common cause of IE and predominates especially
in PVE, acute IE, and IVDA IE (50). Approximately 30% of staphylococcal BSIs
are complicated by IE; 50% of these are associated with previously abnormal valves.
The mortality rate ranges up to 50%. There has been a marked increase in the
amount of methicillin-resistant S. aureus (MRSA) involved in IE both hospital and
community-acquired strains (38,51). Sixty percent of individuals are intermittent
carriers of methicillin-sensitive S. aureus (MSSA) and MRSA. S. aureus is secondary
only to CONS as a cause of HCBSI. Fifty percent of the 200,000/yr S. aureus
bacteremias arise from infected vascular catheters (11). Other risk factors include
neoplasms, corticosteroid use, diabetes, IVDA, renal failure, and alcoholism.

CONS is the most common cause of PVE (52). Subacute PVE typically results
from this type of infection. NVE is rare but has been reported in previously abnor-
mal valves, usually MVP (53).

Gram-negative rods account for approximately 5% of cases of IE (54). Their
inability to adhere efficiently to the valvular endothelium, as compared to the gram-
positive cocci, is the major reason for this low rate. Cirrhotics have a risk of
developing gram-negative IE with a risk three times that of individuals with healthy
livers (55). Of all the gram-negatives, Pseudomonas aeruginosa adheres efficiently to
the endocardium and accounts for approximately 4% of IVDA IE (33). The Haemo-
philus, A. actinomycetemcomitans, C. bacterium hominis, E. corrodens, and Kingella
(HACEK) group are gram-negative bacilli/coccobacilli that reside in the oropharynx.
They are the most common cause of gram-negative IE, usually subacute (56) in nature.
Complications of this type of IE include massive arterial emboli and congestive heart
failure. Combined medical and surgical treatment is usually required for cure.

Polymicrobial IE is most often seen in IVDA and in patients who have under-
gone cardiac surgery (57). The most frequently isolated organisms are P. aeruginosa,
S. faecalis, S. aureus, and S. epidermidis. The most common combination is that
of S. faecalis and P. aeruginosa. Twenty-eight percent of enterococcal bacteremias
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have been documented to be polymicrobial. The mortality rate of patients with
multiorganism IE is twice that of those infected with a single agent.

Fungal IE has increased by 270% in the last 25 years. Most of this rise in cases
is accounted for by infections of patients cared for in CrCU and in those who have
undergone cardiac surgery (58). Overall, fungi account for approximately 1% of IE;
5% of IVDA IE, and 13% and 5% early and late PVE, respectively. The risk factors
include broad-spectrum antibiotic usage and administration of cytotoxic agents (59).

Candida species are the most common fungi isolated from cases of IE. Two-
thirds of these are C. albicans (60). C. albicans is also the most frequent organism
recovered from fungal IE that is associated with infections of all types of intravas-
cular catheters, especially those used for hyperalimentation. The remainder of cases
of fungal IE usually involve aspergillus isolates most commonly A. fumigatus (61).
In cases of IVDA fungal IE, C. albicans, C. parapsilosis, or C. tropicalis invade the
bloodstream from the skin or from drug paraphernalia (62). In non-IVDA IE,
the gastrointestinal tract or the vascular catheter is the most common portal of entry
(see Section on clinicopathologic correlations). Contaminated operating room air is
usually the source of the aspergillus that infects prosthetic valves.

Less than 5% of patients with IE have persistently negative blood cultures. The
causes for this are (63) (i) fastidious organisms that are difficult to grow in culture,
such as NVS, members of the HACEK group, and Legionella; (ii) recent antimicro-
bial therapy; (iii) right-sided endocarditis; and (iv) PVE and cultures obtained three
months into the valvular infection. Antigen–antibody complexes that develop well
into the course of subacute IE inhibit the recovery of organisms from the blood
cultures. Recent antibiotic exposure is the most common cause of this (67% of such
patients). In the author’s experience, the injudicious use of broad-spectrum anti-
biotics in CrCU can suppress bacterial growth within the valvular thrombus but
do not sterilize it. This delay in both diagnosis and initiation of appropriate treat-
ment contributes to the high rate of mortality and morbidity of HCIE.

Table 3 summarizes the properties of the organisms most commonly encoun-
tered in cases of IE managed in CrCU.

MICROBIAL PATHOGENICITY

There is clinical significance in classifying IE as subacute or acute. The former is an
indolent process lasting as long as 12 months if untreated. It presents with signs and
symptoms that are often extracardiac. The latter is a rapidly progressive disease that
can kill the victim within a few days with signs of cardiac involvement from begin-
ning of its course (48). This section will examine the specific pathogenic properties of
S. viridans and S. aureus, which enable these organisms to produce respectively
the subacute and acute forms of the disease. We will focus on the essential event
to the development of IE, the adherence of the pathogen to the endocardium (64).
There is a direct correlation between an organism’s in vitro adherence capability and
its association with human cases of IE (65).

S. viridans has little intrinsic pathogenic potential with the exception of the
S. intermedius group. They cannot attach directly to normal endothelium but must
rely on the presence of a preformed platelet fibrin thrombus, nonbacterial throm-
botic endocarditis (NBTE) for adherence to cardiac tissue. This sterile vegetation is
the result of abnormal hemodynamic flow or prior damage to the endothelialium (see
Section on clinicopathological correlations). Circulating S. viridans attach by means
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Table 3 Causative Organisms of Infective Endocarditis

Organism Comments

Staphylococcus aureus The most common causes of acute IE include PVE, IVDA,
and IE related to intravascular infections. Approximately
35% of cases of S. aureus bacteremia complicated by IE

Streptococcus viridans
(S. mitior, S. sanguis,
S. mutans, S. salivarius)

70% of cases of subacute IE. Signs and symptoms are
immunologically mediated with a very low rate of
suppurative complications. Penicillin resistance is a
growing problem, especially in patients receiving
chemotherapy or bone marrow transplants

Streptococcus milleri group
(S. anginosus, S. intermedius,
S. constellatus)

Up to 20% of streptococcal IE. Unlike other streptococci
they can invade tissue and produce suppurative
complications

Nutritionally Variant
Streptoccoci

5% of subacute IE. Examples require nutritionally
variant streptococci active forms of vitamin B6
for growth. Characteristically they produce
large valvular vegetations with a high rate of embolization
and relapse

Group D streptococci Third most common cause of IE. They may produce alpha,
beta, or gamma hemolysis. Source is GI or GU tracts;
associated with a high rate of relapse. Growing problem
of antimicrobial resistance. Most cases are subacute

Nonenterococcal group D
streptococci (S. bovis)

50% of group D IE; associated with lesions of large bowel

Group B streptococci Increasing cause of acute IE in alcoholics, cancer patients,
and diabetics as well as in pregnancy. 40% mortality rate.
Complications include CHF, thrombi, and metastatic
infection. Surgery often required for cure

Groups A, C, and G
streptococci

More frequently seen in the elderly (nursing homes) and
diabetics. 30–70% death rate. Commonly cause
myocardial abscesses

Streptococcus pneumoniae Currently cause <5% of cases; follows acute course.
Usually a complication of pneumoniae (1% of cases
complicated by IE)

Coagulase negative
Staphylococcus aureus

30% of PVE; <5% of IE of native valves; subacute course
that is more indolent than that of Streptococcus viridans

Pseudomonas aeruginosa Most commonly acutely seen in IVDA IE (right-sided
disease is subacute) and in PVE

Serratia marcescens NIE (acute IE), often requires surgery for cure
Fungal IE An increasing problem in the ICU (NIE) and among IVDA.

Candida albicans as most common example (especially
in PVE) as compared to IVDA IE, in which
C. parapsilosis or C. tropicalis predominate. Aspergillus
species recovered in 33% of fungal IE.
Most cases of fungal IE follow a subacute course

Polymicrobial IE Most common organisms are Pseudomonas and
enterococci. It occurs frequently in IVDA and cardiac
surgery. It may present acutely or subacutely. Mortality
is greater than that of single-agent IE

Abbreviations: IE, infective endocarditis; IVDA, intravenous drug abusers; PVE, prosthetic valve endocar-

ditis; GI, gastrointestinal; GU, genitourinary; CHF, congestive heart failure; NIE, nasocomul infective

endocardin.
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of molecules on their surfaces that recognize and interact with the extracellular
matrix molecules of the NBTE in a ‘‘Velcro-like’’ fashion. These bacterial attachment
sites are called microbial surface components recognizing adhesive matrix molecules
(MSCRAMMs). The principal MSCRAMM of S. viridans is its extracellular
production of dextran, which promotes its attachment to the fibrin platelet clot
(66). Other MSCRAMMs include those that interact with fibronectin and platelets.
After the attachment phase, S. viridans promotes the growth of the vegetation by
its ability to stimulate local production of tissue factor by monocytes and platelet
aggregation. However, the aggregation of platelets does have a negative effect
on the bacteria by releasing various antimicrobial peptides and mediators of
inflammation (67).

S. aureus possesses a large repertoire of pathogenic mechanisms that have
contributed to it becoming the premier bacterial pathogen of this era. The teichoic
acid component of its cell wall facilitates its attachment to the nasal mucosa from
which it sets up a ‘‘beachhead’’ on the patient’s skin (68). Any break in the dermis,
accidental or planned (i.e., insertion of intravascular catheter or injection of a
recreational drug) promotes entry of the staphylococcus into the microcirculation.
Prostatitis and pneumonia are other portals of entry. The organisms then travel to
the venules by the lymphatic route. They then infect the venous endothelium
(endotheliosis) without the need of a preformed thrombus. They attach to the
endothelial cells by means of their MSCRAMM’s most notably fibronectin binding
proteins and various clumping factors (69). Triggered by the staphylococcal fibro-
nectin binding proteins, the venular endandothelium ingests the invaders. S. aureus
induces the production of tissue factor by both monocytes and endothelial cells.
This promotes further thrombosis by means of the extrinsic clotting system. The
staphylococci may remain dormant within the endothelial cells for a time but
are eventually released back into the circulation. Fibronectin also promotes
binding of S. aureus to the fibrin sheath that forms in and around the lumen of
a vascular catheter (70). Less frequently, the sheath is infected by organisms
originating from a distant site (71).

S. aureus has several defenses that shield it from the host’s phagocytic system.
Among these are proteins A; catalase; alpha, beta, and gamma toxins; and leukoci-
dins and its capsule (72). After phagocytosis, 5% of coagulase positive S. aureus
remain viable for at least several minutes within the leukocyte. The organisms then
make use of these cells to travel throughout the patient. Upon the death of the white
cell, the still viable staphylococci are deposited into the surrounding tissue or slip
back into the intravascular space. The high degree of antibiotic resistance of S. aureus
must be considered another one of its pathogenic properties.

The chief pathogenic mechanism of CONS is their ability to adhere to
implanted foreign bodies. The development of prosthetic materials has transformed
an organism that has very limited ability to infect native tissue to one that can pro-
duce significant degrees of morbidity and mortality (73). Only 5% of NVE is caused
by CONS as compared to 30% of PVE. Binding of CONS to prosthetic material is
dependent both on nonspecific factors and production of a glycocalyx by the organ-
isms (74). Glycocalyx is an extracellular, slime-like compound that acts to protect the
pathogen from phagocytosis but does not block its access to nutritional substances.
It also inhibits local immunoglobulin synthesis (75).

S. faecalis also induces the production of fibronectin by endothelial cells (76).
This results in a more rapidly proliferating vegetation that then acts as a shield to
protect the organisms from administered antibiotics.
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Those bacteria that have a prolonged generation time are relatively resistant
to those antibiotics which are most effective during the organism’s replicative stage.
For example, antimicrobial therapy may fail to cure 41% of cases of NVS IE (77).

P. aeruginosa, the most common gram-negative involved in IVDA IE, elabo-
rates many virulence factors including extracellular proteases, elastase, and alkaline
proteases (78). These substances produce necrosis in a wide range of tissues, espe-
cially the elastic layer of the lamina propria of all calibers of blood vessels. Ecthyma
gangrenosum is the classical dermatological manifestation of this process. These tox-
ins also interfere with the function of polymorphonuclear leukocytes, K and T cells,
as well as the structure of complement and immunoglobulins. Exotoxin A disrupts
protein synthesis and is the factor that is best correlated with systemic toxicity and
mortality (79). Many isolates of P. aeruginosa are resistant to the bactericidal activity
of human serum. Its polysaccharide capsule interferes with phagocytosis and the
action of the aminoglycosides.

CLINICAL PRESENTATION AND CLINICOPATHOLOGICAL
CORRELATIONS

Clinicopathological Correlations

There are three essential steps in the development of IE: bacteremia with an organ-
ism with the ability to infect the endocardium; adherence of that organism to the
valvular surface and subsequent invasion of the underlying tissue (64). In all cases
of subacute disease, NBTE is the point of attachment for the circulating bacteria.
As discussed earlier (see Section ‘‘Microbial Pathogenicity’’), its presence is not
essential for those organisms that are capable of producing acute IE.

In the CrCU, NBTE develops from one of three major processes:

1. Blood loses its laminar characteristics as it flows over valves distorted by
atherosclerosis or by rheumatic carditis. These changes in the rheology
of blood affect the function and the alignment of the endocardium (80).
Leukocytes adhere more readily to this altered surface, and platelets
become more reactive in contact with it and become coated with fibrin.
Small vegetations develop and in turn increase the degree of turbulence
and so accelerate the formation of NBTE.

2. Garrison and Freedman developed a model of IE in which the endocar-
dium of the right side of a rabbit’s heart was scarred by a catheter inserted
from the femoral vein. This produced a sterile fibrin platelet thrombus,
which was subsequently infected by S. aureus injected through the catheter
(81). This model produces lesions that closely resemble those of early
human IE (82). As the infection progresses, the adherent bacteria are cov-
ered by successive layers of deposited fibrin. The more superficial organ-
isms are more metabolically active while those deeper into the NBTE
were quite indolent. Sequestered within this vegetation, the organisms grew
to an impressive concentration (109 colony-forming units per gram of
tissue) (83). Their ability to reenter the bloodstream produces the continu-
ous bacteremia of IE.

The use of Swan-Ganz catheters in CrCU re-creates this experimental
system. The incidence of IE associated with these catheters ranges from
2.4% to 10% (84). The valvular infection is the consequence of the catheter-
induced endothelial damage, which may be seeded by bacteria originating
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from the catheter itself or from another site. Most of these type 1 HCIE
cases were not suspected during the patient’s lifetime. Central venous
catheters pose a much lower risk (85).

3. In addition to those processes that directly injure endothelium, the jet and
Venturi effects play an important role in both the development of NBTE
and its location. Rodbard aerosolized bacteria into an agar tube that was
constricted in the middle (86). The organisms were deposited on the side of
the low pressure sink that lay just beyond the narrowing (the Venturi
effect). The particular distribution of thrombi is explained by this model.
In mitral insufficiency, NBTE is found on the atrial surface of the valve
(the low pressure side); in aortic insufficiency on the ventricular side.
In the case of ventricular septal defect, the low pressure side is the right
ventricle and the thrombus is located around the orifice of the defect on
that side. The endocardium of the right ventricle opposite the septal defect
is roughened by the jet of blood (MacCallum’s patch), another site that
promotes the formation of NBTE (64).

The bacteremias associated with IE occur either spontaneously or are second-
ary to a variety of invasive procedures (87). For example, transient bacteremia
occurs in 10% of patients with severe gingival disease (88). Two percent of patients
with burns >60% of their body surface area develop right-sided IE secondary to the
bacteremias complicating septic thrombophlebitis. S. aureus is the usual organism
retrieved (89). Of course, the bacteremias of pneumonia and pyelonephritis play an
important role (43).

Table 4 presents the degree of risk of developing bacteremias secondary to
certain planned invasive procedures. However the premier source of bacteremias
in the CrCU is the noncuffed central venous catheter (Table 5) (90). They account
for at least 120,000 cases of bacteremia per year in the United States. These catheters
are the major causes of HCBSI due to CONS, S. aureus, and Candida species.
Seventy-eight percent of S. aureus bacteremia (200,000 cases premier) are associated
with intravascular catheters (39).

Infection of intravascular catheters arises from four possible sources (91): the
site of insertion, the catheter’s hub, bacteremic seeding of the catheter, and contam-
ination of the infusate solution. For short-term catheters (mean duration, 7.2–9 days),
contamination of the intracutaneous tract by skin flora is the most common type of
infection (92). For longer-term devices, infection of the catheter’s hub is the major
source of catheter-related bloodstream infections. These pathogens reside on the
hands of health-care workers who contaminate the hub as they manipulate it for var-
ious reasons, such as connecting infusate solutions or various types of measuring
devices (93). The microbes then migrate down the luminal wall of the catheter into
the bloodstream.

Bacterial adherence to an intravascular catheter is dependent on the host’s
response to the presence of a foreign body, the pathogenic properties of the organ-
isms, and the location of the catheter (90). A few days after insertion, a sleeve of
fibrin/fibronectin is deposited on the device. S. aureus and Candida species stick
to the fibrin components and not to the fibronectin; the opposite is true for CONS.
S. aureus and Candida isolates adhere better to polyvinyl chloride catheters than to
those made of Teflon (94). In the case of longer-term catheters (mean duration of
109 days) the amount of colonization and biofilm formation found on the luminal side
is twice that of the external surface (95).
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Table 4 Risk of Bacteremia Associated with Various Procedures

Low
(0–20%)

Moderate
(20–40%)

High
(40–100%) Organism

Tonsillectomy
Bronchoscopy

(rigid)
Bronchoscopy

(flexible)
Streptococcal sp. or

S. epidermidis
Endoscopy S. epidermidis, streptococci,

and diphtheroids
Colonoscopy Escherichia coli and

Bacteroides sp.
S. epidermidis

Barium enema Enterococci; and aerobic
gram-negative rods

Transurethral
resection of
the prostate

Coliforms, enterococci,
Staphylococcus aureus

Cystoscopy Coliforms and
gram-negative rods

Traumatic
dental
procedures

Streptococcus viridans

Liver biopsy
(in setting of
cholangitis)

Coliforms and enterococci

Sclerotherapy of
esophageal varices

S. viridans, gram-negative
rods, S. aureus

Esophageal dilatation S. aureus, S. viridans
Suction abortion S. viridans and anaerobes

Transesophageal
echocardiography

Streptococcal sp.

Table 5 Estimated Risk of Catheter Associated Bloodstream Infection
for Different Types of Vascular Access

Catheter type
Bloodstream infections

1000 device days

Short plastic peripheral <2
Arterial 10
Central venous

Multilumen 30
Swan-Ganz 10

Hemodialysis 50
Long term

Peripherally inserted central catheters 2
Cuffed central catheters (Hickman,

Broviac)
2

Subcutaneous central venous ports
(Infusaport, Port-A-Cath)

<1
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The infusate itself may be the source of the bacteremia. Contamination of infused
solutions is most commonly caused by gram-negative aerobes (i.e., Enterobacter,
Pseudomonas, and Serratia species). All of these are able to grow rapidly at room
temperature in a variety of solutions. The hypertonic solutions of total parenteral
nutrition are bactericidal to most potential pathogens. A notable exception is
Candida species (96), which thrive in this medium but are suppressed in normal saline.

All types of products that can be administered intravenously may be tainted
during manufacture (intrinsic contamination). Among these are blood products
(platelets, albumin, and plasma proteins), intravenous drugs, Vacutainer tubes, and
even povidone-iodine (92). Infused solutions may be contaminated after their manu-
facture (extrinsic contamination) principally by health-care workers’ hand carriage of
bacteria (97). All of the following have been documented to be so contaminated:
hemodialysis-related material, crystalloid solutions, lipid motions, hyperalimentation
solutions, multidose vials, and all types of blood-derived products. The sterility of
1% to 2% of all parenterally administered solutions is compromised during adminis-
tration. Usually the organisms are part of the normal flora of the skin and have little
ability to grow in the infusate (98). When the right gram-negative is present, it can
multiply to a concentration of 103. The risk of fluid contamination is related to the
duration of time the infusion apparatus is in place. A more important factor is the
degree of manipulation of the system, such as by blood drawing. Contaminated
organisms persist in the system until the entire set is changed.

Of particular note is the frequency of HCBSI that are due to infected arterial
catheters. Approximately 1% of all these catheters are complicated by bacteremia.
Half of these are related to contamination of the infusate (99).

Native Valve Infective Endocarditis

Table 6 presents the clinical presentations of NVE. It is not the intention of this
chapter to present a comprehensive review of all the clinical manifestations of IE
but to specifically focus on those cases that are found within the CrCU. There are
excellent reviews available for the reader (48). Because of the low-grade virulence of
the organisms that are involved, the clinical signs and symptoms of subacute
IE reflect its immunological origins, such as renal failure due to interstitial nephritis

Table 6 The Early Nonspecific Signs and Symptoms of
Subacute Infective Endocarditisa

Low-grade fever (absent in 3–15% of patients)
Anorexia
Weight loss
Influenza-like syndromes
Polymyalgia-like syndromes with arthralgias, dull sensorium,

and headaches resembling typhoid fever
Pleuritic pain
Right upper quadrant pain and right lower quadrant pain
85% of patients present with a detectable murmur;

all will eventually develop one

aThe manifestations of subacute bacterial endocarditis (SDE) are caused by emboli

and/or progressive valvular destruction and/or immunologic phenomena.
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or proliferative glomerulonephritis. Arthralgias and arthritis are due to the deposi-
tion of immune complexes in the synovia. Lumbosacral spine pain is a classic finding
of subacute disease. Its dermal, mucocutaneous, musculoskeletal, central nervous
system, and renal presentations are produced by embolization occurring later in
the disease. Progressive valvular destruction eventually will result in heart failure.
Truly subacute IE can be a mimic of many infectious and noninfectious diseases
(see Section on differential diagnostic considerations).

The acute form of the disease heralds itself abruptly and overwhelmingly with
suppurative complications both extra and intracardiac. It is the type of NVE that
will likely be cared for in the CrCU. The leaflets of the infected valve are rapidly
destroyed as bacteria multiply within the ever-growing friable vegetations. The
dyspnea and fatigue of severe congestive heart failure, brought about by valvular
destruction, appear within a week. These symptoms are often concurrent with a wide
range of neuropsychiatric complications.

Arterial embolization causes most of the extracardiac complications of acute IE.
Septic emboli are the second most common complication of IE (115¼ 159�C)
(50–35% of cases). They occur more frequently in younger patients, in left-sided dis-
ease, and in PVE. IE that is caused by Candida species, S. aureus, H. parainfluenzae,
Aspergillus species, group B streptococci, and NVS is characterized by large friable
vegetations that produce macroemboli. The emboli of acute IE produce metastatic
infection. A classic example of this process is the right-sided septic emboli of S. aureus
IVDA that produce small pulmonary abscesses and infarctions. Emboli may occur
even 12 months after the microbiological cure of IE. Left-sided emboli most com-
monly travel to the spleen, brain, kidneys, coronary arteries, and meninges. Cerebral
emboli occur in 30% of cases of acute IE. They most frequently involve the middle
cerebral artery. Coronary artery emboli produce myocardial infarction in 40% to
60% of cases. They usually do so without producing any significant changes to the
patient’s electrocardiogram.

Splenic abscesses that are the result of septic emboli may present as persistent
bacteremia in the face of successful treatment of the valvular infection itself (100).

In acute IE, life-threatening mycotic aneurysms occur in 2.5% of all
patients (101). They result from invasion of arterial walls by septic microemboli.
The most common locations are the brain, sinus of Valsalva, abdominal aorta and
its branches, spleen, heart, and lungs. There is rarely any warning prior their rupture.

The most frequent major complication of acute IE is congestive heart failure
(15–65% of all patients) that is usually due to valvular destruction (102). An infected
valve may suffer from any of the following: tearing and fenestration of the leaflets,
detachment from the annulus, and rupture of chordae tendinae and/or papillary
muscles (103). The jet stream of the incompetent aortic valve may impact the mitral
valve and produce erosion or perforation of the leaflets of its chordae tendineae. This
is additive to the strain already placed on the left ventricle by the insufficiency
itself (104). Congestive heart failure may result unusually from valvular stenosis caused
by a large vegetations of fungal or S. aureus IE (105). Myocarditis may also lead to
congestive heart failure with typical pathological findings of Bracht-Wacther bodies.

Other intracardiac complications of acute IE include aortocardiac fistulas,
aneurysms of the sinus of Valsalva, and intraventricular abscesses that may perforate
or involve the conduction system of the heart. S. aureus may produce multiple
myocardial abscesses (20% fatal cases) that may erode into the pericardial sac and
produce rapid death by cardiac tamponade (106). These abscesses can rapidly
destroy the intraventricular septum and lead to a left to right shunt.
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The pericarditis of acute IE is usually due to erosion of a myocardial or ring
abscess in the pericardial space or by direct deposition of organisms during the course
of the bacteremia. Uncommonly, it may be due to septic coronary artery emboli or
rupture of a mycotic aneurysm.

The distinction between the two polar types of IE has become blurred by the
use of antibiotics that are given to treat infections that are really undiagnosed endo-
carditis. This suppresses the growth of bacteria within the thrombus and produces
what it is described as ‘‘Muted Endocarditis.’’

Table 7 summarizes involvement of the major organ systems by NVE.

Prosthetic Valve Endocarditis

Early PVE is defined as infection occurring within 60 days of valve implantation. In
the case of CONS PVE, this time frame should be extended to 12 months (107). The
source of the pathogens of early PVE is chiefly the surgical environment (i.e., oper-
ating room and its equipment) that lead to infection with diphtheroids, S. aureus,
and fungi. These same organisms are involved in the immediate postoperative period
due to contamination of infusate, pacing wires, or endotracheal intubation. The profile
of pathogens that produce late PVE resembles those found in NVE. The clinical fea-
tures of PVE are similar to those of NVE. The congestive heart failure of PVE is more
severe and develops earlier than that of NVE probably due to the fact that ventricular
function is usually already compromised (108). In 10% of patients with mechanical
PVE, a large enough thrombus develops to interfere with left ventricular emptying.

The risk of PVE is five times greater when the valve is implanted because of
underlying NVE.

PMIE

Clinical presentations of PM infections and PMIE depend on the site of infection
(e.g., generator pocket vs. intravascular or epicardial leads, the organism, and the
point of origin of the infection (infection of the pocket or bacteremia) (109). Early
infections (within a few months of implantation) are usually either acute or sub-
acute infections of the pulse-generator pocket. There may be associated bacteremia.
Fever occurs in 33% of patients.

Late infections of the pocket are due to erosion of the overlying skin and
always indicate infection of the generator and possibly of the leads themselves.
The most significant late infections are those of the transvenous or epicardial leads.
With epicardial lead infection, there may be signs and symptoms of pericarditis of
mediastinitis as well as bacteremia. Infection of the transvenous electrode produces
right-sided IE similar in presentation to that of IVDA IE (pneumonia, septic emboli
in 50% of patients). Fever is a universal finding in PMIE.

Intravenous Drug Abusers IE

Fifty-three percent of cases of IVDA IE present with pulmonary manifestations
(pneumonia and/or empyema) due to right-sided S. aureus septic emboli (110).
Occasionally, other sites are infected by septic emboli, such as the meninges, brain,
joints, or bones, which may be the heralding event.
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Table 7 Organ Involvement in Native Valve Infective Endocarditis

Peripheral stigmata
(20% of patients)

Musculoskeletal
(40–50% of patients) Intracardiac

Janeway lesions Low back pain (presenting
symptom)

Valvular vegetations in 15% of
patients

Osler nodes Diffuse myalgias, especially
of legs

CHF

Roth spots Disc space infection Myocardial abscess
Hypertrophic osteoarthropathy Septal abscess (leading to heart block)
Splenomegaly Vascular necrosis
Arthritis (ankle, knee, wrist) Aortocardiac fistula

Suppurative pericarditis
Rupture of papillary muscles,

chordae tendinae
Annular abscess
Mycotic aneurysm of sinus of Valsalva
Destruction of valvular leaflets
Staphylococcus aureus responsible

for 55–70% of congestive heart
failure

Neurological system Renal Mycotic aneurysms Metastatic infections

Neurological
complications are
the presenting
symptoms in
50–70% of patients

Congestive heart
failure and
antibiotic toxicity
are currently the
most common
causes of renal
failure

Life threatening in
2.5% of patients

Metastatic infections
are produced by
septic emboli
(usually in acute IE)
to liver, spleen,
gallbladder,
coronary arteries
(myocardial
infarction occurs in
50% of patients),
myocardium, lung,
and retina

Hemorrhage Renal abscesses due
to highly invasive
organisms (i.e.,
S. aureus)

Usually produced by
organisms of low
invasive capacity
(i.e., Streptococcus
viridans)

Toxic manifestations
(headache,
irritability)

Renal infarction
(cortical necrosis)
occurs in two-thirds
of infected patients

Silent until they leak;
seen most
commonly in brain

Psychiatric effects
(neurosis)

Focal
glomerulonephritis
occurs in 50% of
untreated cases and
is associated with
renal failure and
nephrotic syndrome

Sinus of Valsalva,
abdominal aorta
and its branches,
mesenteric, splenic,
coronary, and
pulmonary arteries

(Continued )
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Health-Care Associated IE

The signs and symptoms of community-acquired and HCIE are significantly differ-
ent. IE, contracted in a health-care setting, presents much more frequently as sepsis
(hypotension, metabolic acidosis, and multiple organ failure). The clinical features
that are dependent on the host’s inflammatory response, such as fever and leuko-
cytosis, occur less frequently in HCIE (55% vs. 25% and 82% vs. 61%, respectively)
(1,12,111). Hepatosplenomegaly, Osler nodes, and Janeway lesions occur less often
in HCIE. These differences may be explained, at least in part, by the preponderance
of elderly who have HCIE as well as the fact that there is a greater rate of under-
lying valvular disease in this type of IE. Forty-five percent of HCIE occurs
in patients with prosthetic valves in place (26). This figure does include cases of
early PVE.

It is important to emphasize that prosthetic valves are very susceptible to
HCBSI’s. Sixteen percent of bacteremic individuals with prosthetic valves in place
develop PVE (107). Two-thirds of these had early PVE. The most common sources
were intravascular catheters (33%) and wound infections (28%). Thirty-four per-
cent were caused by fungi or gram-negative bacteria. Many of these patients had
been given appropriate antibiotic therapy for more than two weeks at the onset of
the bacteremia.

DIFFERENTIAL DIAGNOSIS CONSIDERATIONS

History

The usual course of subacute IE is quite indolent. Its most common symptoms are
low-grade fever, fatigue, anorexia, back pain (15%), and weight loss. Less com-
monly, it may present with a cerebrovascular event or congestive heart failure. Both
of these usually occur later in the disease process (Table 6). When therapy is delayed
for several months, symptoms due to embolic and/or immunological processes come
to the fore.

Table 7 Organ Involvement in Native Valve Infective Endocarditis (Continued )

Neurological system Renal Mycotic aneurysms Metastatic infections

Psychoses,
disorientation,
delirium
(hallucinations)
Stroke

‘‘Flea bitten’’ kidney,
multiple emboli and
hemorrhages

Meningoencephalitis
Dyskinesia
Spinal cord and small

nerves (girdle pain,
paraplegia,
weakness, myalgias,
and peripheral
neuropathy)

Abbreviations: IE, infective endocarditis; CHF, congestive heart failure.
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Less than 50% of patients have previously recognized valvular disease.
Although the majority of cases of subacute IE are associated with dental disease, most
arise not because of oral surgical procedures but from the transient bacteremias of
gingival disease. The next most common source of infecting organisms is the urinary
tract infection (112). The usual interval between initiating bacteremia and symptoms
of subacute IE is two weeks, rarely as long as four weeks.

The clinical course of acute IE is much more aggressive, with the acute onset of
high-grade fever. Rapidly progressive valvular destruction and burrowing ring
abscesses produce congestive heart failure and cardiac block within a week. The
patient should be questioned about intravenous drug abuse or any recent staphylo-
coccal infections, however mild.

Selected Physical Findings

Fifteen percent of cases of subacute IE have normal or subnormal temperatures
especially among the elderly (113). Acute IE is almost always marked by a hectic
febrile course.

Because of its pathogenesis (see above), murmurs are always present, with rare
exceptions, in subacute cases. The characteristics of preexisting murmurs usually do
not change until late in the course of subacute disease. Murmurs are absent in about
one-third of patients with left-sided acute IE and in two-thirds of those with right-
sided disease and mural endocarditis (114).

Currently, the dermal stigmata of IE, including Osler nodes, Janeway lesions,
and splinter hemorrhages, are present in only about 20% of patients. Approximately
40% of patients develop various musculoskeletal disorders including arthritis and
synovitis (115). The skin and joint manifestations are usually seen in subacute
disease. Occasionally, typical septic arthritis may develop from the bacteremia of
staphylococcal valvular infection. Splenomegaly is found in less than 30% of cases,
usually acute. For other physical findings of IE refer to Table 7.

Laboratory/Radiology Tests

Continuous bacteremia is the hallmark of IE. It may be defined with two blood cul-
tures, positive for the same organism, drawn 12 or more hours apart or at least three
out of four cultures positive for the same organism, the first and last separated by at
least one hour (6). The author prefers the latter definition with the time span shor-
tened to half an hour. This version is applicable to both subacute and acute cases by
recognizing the need to rapidly start antibiotic therapy in acute valvular infection. In
those patients with culture positive IE, three sets of blood cultures will detect the
pathogen in >99% of cases of IE (116). For confirmation of CONS, five sets should
be drawn to rule out the possibility of contamination. At least 64% of patients who
have received antibiotics have negative blood cultures (117). The longer the duration
of antimicrobial therapy, the longer is the length of time that the cultures remain
negative. In these situations, blood cultures should be drawn at least 48 hours after
the antimicrobial agent has been discontinued in cases of suspected subacute IE.
A delay of one or two weeks in starting treatment of subacute disease is acceptable.
If these fail to retrieve a pathogen, then a second set of blood cultures should be
obtained between 7 and 10 days later. Blood cultures provide not only the most
specific means of diagnosing IE but also the extremely important antimicrobial
sensitivity data. In patients with possible acute IE, antibiotic therapy needs to be
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instituted within a few hours of presentation. Therefore additional treatment must be
empiric based on several factors (refer to medical management below).

Up to 50% of positive blood cultures represent contamination (118). Drawing
one blood culture is worse than drawing none at all from patients. There is no way to
rule out contamination in this case. It is difficult to withhold therapy in such patients
who are acutely ill. Because the bacteremia of intravascular infection is continuous,
blood cultures can be obtained at any time. The blood samples always should be col-
lected under sterile conditions. The recommended skin preparation is 70% isopropyl
alcohol followed by application of an iodophor or tincture of iodine. These solutions
need to be allowed to dry completely for greatest effectiveness (119). Each venipunc-
ture should be performed at a different site.

Blood cultures should not be obtained through intravascular lines, except in
the process of documenting infection of that line (see below), because of the risk
of contamination (120). The diagnosis of catheter-related sepsis or line infection
may be established by culturing the catheter by the roll-plate technique (either
qualitative, semiquantitative, or quantitative methods), even though it has a disad-
vantage that the catheter must first be removed and only its external surfaces
cultured. A less common but more accurate method is paired quantitative blood
cultures obtained from the line and a peripheral vein. Intravascular catheters should
not be cultured routinely unless a localized or bloodstream infection is suspected
(121). A ratio of colony units of the catheter culture to that from the vein of 10:1
is considered diagnostic of catheter infection.

Replacement of the needle before inoculating the specimen into the blood
culture bottle is not necessary. Because the concentration of bacteria is low, 10 mL
of blood should be added to each bottle. This produces a 1:10 ratio of blood to broth
that can inhibit the suppressive effect of many antibiotics and the patient’s own
antibodies (122).

Two to five percent of cases of IE have falsely negative blood cultures. This is
usually due to prior antibiotic therapy (123). In the author’s experience, the second
most common cause is the situation in which the pathogen is very deep within the
vegetation and is not in direct communication with the bloodstream (124). Less likely
is the presence of fastidious organisms (such as members of the HACEK group,
Brucella, and fungi).

There is no single ideal growth medium for retrieving the pathogens of IE. Gener-
ally trypticase soy broth is used to isolate the aerobic pathogens and thioglycolate for the
anaerobic and facultatively anaerobic ones, such as NVS. NVS often requires supple-
mentation of the medium with pyridoxine for growth to take place. With development
of various automated blood culture systems and improved media, most pathogens, even
the fastidious, can be isolated within five days. It is seldom necessary for cultures to be
incubated for two to three weeks as formerly recommended. Various approaches for
cultivating the other fastidious organisms are well described elsewhere (125).

Only about 50% of blood cultures in those with Candidal IE are positive. His-
toplasma and Aspergillus species are rarely recoverable from the blood. One must
consider a fungal pathogen when a case of culture negative IE fails to respond to
an appropriate choice of antibiotics. Bone marrow cultures may be useful in isolating
fungi as well as mycobacteria and Brucella (126).

Broth supplemented with various types of resins (BACTEC resin) is used
in those patients who have received antibiotics prior to obtaining blood cultures.
This approach is useful especially in cases of S. aureus bacteremia and fungemia.
However, its success rate is relatively low (127).
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A useful set of criteria for assessing the validity of a positive blood culture has been
developed (118). There are three characteristics that denote a true positive culture:

1. The type of organism recovered. For example, CONS recovered in blood
cultures of a patient without an intravascular catheter or other prosthetic
material usually represents a contaminant.

2. Multiple specimens being positive for the same pathogen.
3. The degree of severity of illness of the patient.

One false positive blood culture can result in an extra four days of hospitali-
zation (128).

To diagnose IE, caused by organisms that are difficult to culture in the hospi-
tal’s microbiology laboratory (e.g., Coxiella brunetti, Brucella sp., and Chlamydia
and Legionella), the clinician often resorts to standard serological studies and
various types of DNA amplification techniques (129). Measurement of teichoic acid
antibodies is useful in deciding the significance of a limited number blood cultures
positive for S. aureus that do not meet the criteria for a continuous bacteremia.

Cardiac conduction abnormalities develop in 9% of patients. They are due to
myocarditis or the development of septal abscesses (130). During the first two weeks
of treatment of acute IE, electrocardiography should be performed every 48 to
72 hours because of the high rate of development of septal abscesses. Rheumatoid
factor is present in 50% of patients with subacute IE and disappears with successful
treatment (43). It represents a ‘‘poor man’s’’ circulating immune complex.

The nonspecific findings of elevated sedimentation rate, anemia of chronic
disease, proteinuria, and hematuria are not helpful in diagnosing IE.

Because of the interference of the growth of pathogens in blood culture by the
widespread use of broad-spectrum antibiotics in the critically ill patient, several types
of imaging techniques have been used to indirectly diagnose valvular infection.
Radionuclide scans, such as gallium-67 and Indium-111 tagged white cells and plate-
lets, have been used in diagnosing myocardial abscesses. These are plagued by poor
resolution and false negatives (131). 2-D echocardiography has become the imaging
test of choice for both diagnosis and management of IE (132). There is a great deal of
confusion regarding the proper use of echocardiography as well as the respective
appropriateness of transthoracic echocardiography (TTE) versus transesophageal
echocardiography (TEE). Neither type of echocardiography should be performed
in patients with a low pretest clinical probability of IE. Up to 50% of vegetations
are sterile (133). There are no echocardiographic criteria that differentiate noninfec-
tive findings from infective. Fifteen percent of echocardiographic-defined thrombi
are really just valve thickening (134). Additionally, there is a large degree of interob-
server variability in reading either type of echocardiography (135). Fifteen percent of
cases of IE have no detectable vegetations at any given time.

TTEs can define features down to 5 mm in diameter, TEEs down to 1 mm in
diameter (161¼ 335 IDC and a 11). Sensitivity of TEE for diagnosing NVE ranges
from 48% to 100%; TTE ranges from 18% to 63%. TTE is ineffective in 15% of
patients because of their ‘‘barrel chests’’ of chronic pulmonary disease. Because
of the attenuation of its beam by the implanted material, TTE has only a 35% sensi-
tivity for detecting PVE as compared to >75% for TEE. TEE is also superior for
detecting right-sided vegetations. The sensitivity of TEE is such that it has 100%
negative predictive value for IE.

A TTE should be ordered initially in establishing the diagnosis of IE unless
there is the possibility of PVE, abnormal body habitus, known valvular abnormality,
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or S. aureus bacteremia (see below medical management). If the TTE is completely
normal, the likelihood of valvular infection is very low, and a TEE should not be
performed unless there are consistently positive blood cultures without a definable
source or the study is technically unsatisfactory.

Table 8 presents the indications for performing echocardiography in NVE
and PVE (137,138).

The characteristics of a vegetation can be useful in predicting the risk of
embolization and abscess formation. Vegetations >10 mL, which exhibit significant
mobility, are three times more likely to embolize than those thrombi without these
features (139). Vegetations on the mitral valve, especially the anterior leaflet, were
more likely to embolize than those located at other locations (140). Myocardial
abscess formation was positively correlated with two factors: aortic valve infection
and intravenous drug abuse (141).

All individuals with proven IE should undergo an echocardiographic study in
order to provide a baseline so as to monitor response to therapy and to detect the
onset of complications, such as aortic regurgitation.

Computed tomography and magnetic resonance imaging currently have almost
no role at all in managing cases of IE. The relative ‘‘slowness’’ of the current
technology is a major limiting factor (142).

Table 8 American College of Cardiology/American Heart Association Guidelines for
Echocardiography in Native Valve and Prosthetic Valve Endocarditis

Indication Classa (native/prosthetic valve)

Detection and characterization of valvular lesions
and their hemodynamic severity or degree
of ventricular decompensationb

I/I

Detection of associated abnormalities
(e.g., abscesses, shunts etc.)b

I/I

Reevaluationb studies in complicated endocarditis
(e.g., virulent organisms, severe hemodynamic
lesion, aortic valve involvement, persistent fever
or bacteremia clinical change, or deterioration)

I/I

Evaluation of patients with high clinical suspicion
of culture-negative endocarditisb

I/I

Evaluation of persistent bacteremia or fungemia
without a known sourceb

Ia/I

Risk stratification in established endocarditisb IIa/-
Routine reevaluation in uncomplicated

endocarditis during antibiotic therapy
IIb/IIb

Evaluation of fever and nonpathological murmur
without evidence of bacteremiac

III/IIa

aClass I: evidence and/or general agreement that an echocardiography is useful; IIa: conflicting evidence

or divergence of opinion about usefulness, but weight of evidence/opinion favor it; IIb: usefulness is less

well established; III: evidence or general opinion that echocardiography is not useful.
bTransesophageal echocardiography (TEE) may provide incremental value in addition to information

obtained by transthoracic echocardiography. The role of TEE in first-line examination awaits further

study.
cProsthetic valves-IIa: for persistent bacteremia; III: for transient bacteremia.

Source: From Ref. 136.
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DIAGNOSIS

Presumptive Clinical Diagnosis

Whenever there is a bacteremia with a pathogen capable of infecting a native or
prosthetic valve, the possibility of IE must be actively ruled out. It is a ‘‘cannot miss’’
diagnosis. The presence of a continuous bacteremia, by itself, is adequate for the diag-
nosis of IE because no other infection is capable of producing such. The real challenge
comes when the patient clinical signs and symptoms are consistent with endocarditis,
but the cultures remain negative (see above).

A definitive pathological diagnosis of IE is achieved by culturing the pathogen
from an endocardial vegetation, embolized thrombus, or myocardial abscess. Alter-
natively, histological examination can confirm active IE. Standard tissue stains have
been supplemented by DNA amplification techniques (143).

In 1994, Durack et al. developed criteria that combined the clinical, microbiolo-
gical, and echocardiographic findings to facilitate diagnosis of IE in a given patient (6).

Major criteria include

� The presence of a continuous bacteremia (see above) with organisms typi-
cally involved in IE.

� Specific echocardiographic findings of IE.
a. Oscillating intracardiac mass on valve or supporting structures or in

the path of regurgitant jets or on an iatrogenic device.
b. Myocardial abscess.
c. New dehiscence of a prosthetic valve.
d. New valvular regurgitation.

Minor criteria include

� Predisposing cardiac conditions or intravenous drug use.
� Fever �38�C (�100.4�F).
� Vascular phenomena (arterial emboli, septic pulmonary infarcts, mycotic

aneurysms, intracranial hemorrhages, and Janeway lesions).
� Immunological phenomena (glomerulonephritis, Osler nodes, Roth spots,

and rheumatoid factor).
� Echocardiographic findings not meeting above major echocardiographic

criteria.
� Positive blood cultures not meeting above major criteria or serological

evidence of the presence of an organism typically involved in IE.

The definitive clinical diagnosis is met by the existence of two major criteria or
one major and three minor criteria or five minor criteria.

The diagnosis of IE is rejected when

1. There is a definitive alternative diagnosis.
2. The clinical manifestations of IE resolve after four or less days of anti-

microbial therapy.
3. There is no pathological evidence of IE after four or fewer days of anti-

microbial therapy.

The modified Duke criteria of 2000 (144) include a category of possible IE.
This represents findings that are consistent with IE but neither fulfill the definite
criteria nor fit the rejected category.
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The Duke criteria have provided a very useful guideline for the diagnosis of IE.
However, they are more suited to diagnose subacute disease than acute because of
the preponderance of immunological phenomena in the former. The term possible
IE contributes little to the diagnostic process.

Table 9 presents the differential diagnosis of IE.

MIMICS OF ENDOCARDITIS

Many diseases, both infectious and noninfectious, mimic the nonspecific symptoms
of IE especially the subacute variety (145). In the era of echocardiography, the
absence of valvular vegetations readily excludes many of these entities. For the pur-
pose of this discussion, the mimics of IE are those diseases that damage cardiac
valves, induce valvular vegetations, and produce many of the signs and symptoms
of IE (i.e., immunological phenomena, embolic events, and musculoskeletal
complaints). Of course, in this situation the blood cultures are negative unless the
thrombus becomes secondarily infected. Most of these are autoimmune diseases that
produce friable vegetations with a high rate of embolization (146). By a variety of
mechanisms, these diseases produce endothelial damage that leads to the development
of sterile fibrin platelet thrombi. The onset of endocarditis in these diseases may
suddenly worsen the degree of the patient’s valvular dysfunction. IE, complicating
rheumatoid arthritis, are and SLE, is much more common in renal failure and in
patients who are receiving prednisone or cyclophosphamide (147). Indeed, penicillin
and sulfonamides may promote flare-ups of SLE. Many autoimmune disorders such
as scleroderma and systemic vasculitis produce valvular distortion. However, they
usually are not associated with thromboembolic disease and should not pose much
of a diagnostic challenge.

The major exception to the predominance of autoimmune diseases and prob-
ably the most effective mimic of all is atrial myxoma (148). Up to 50% of left atrial
myxomas embolize most frequently to the central nervous system. Fifty percent of

Table 9 Differential Diagnoses

Noninfectious entities
Antiphospholipid syndrome
Atrial myxoma
Cardiac neoplasms
Polymyalgia rheumatica
Reactive arthritis and Reiter’s syndrome
Systemic lupus erythematosus
Thrombotic nonbacterial endocarditis
Temporal arteritis and other forms vasculitis
Cholesterol emboli syndrome

Infectious entities
Lyme disease
Viral hepatitis
Disseminated gonococcal infection/gonococcal arthritis

Note: The presence of a continuous bacteremia differentiates infective

endocarditis from its infectious and noninfectious mimics.
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cases are marked by significant elevations in temperature. Often the only way to dis-
tinguish atrial myxoma from IE is by pathological examination of myxoma tissue
retrieved from a peripheral artery or from cardiac surgery. Table 10 presents the
most diagnostically challenging mimics of endocarditis.

THERAPY

Nonantibiotic Therapy

Surgery is required eventually in 25% of cases of IE; a great deal of which is per-
formed after bacteriological cure has been achieved. Twenty-five percent of the
surgeries are performed during the early phases of the disease, the rest during later
stages of IE. Surgery has improved the outcomes of IE. However, due to the increase
in IE produced by more virulent pathogens (e.g., S. aureus, gram-negatives, and
fungi) in impaired hosts, these outcomes have not improved over the last 30 years.

In both NVE and PVE, the most common indication for surgical intervention
is congestive heart failure that is refractory to standard medical therapy (149). The
other major indications are (i) fungal IE (excluding that produced by Histoplasma
capsulatum); (ii) bacteremia that persists after at least seven days of appropriate
antibiotic treatment, which is not caused by an extracardiac source (149); (iii) recur-
rent septic emboli occurring after two weeks of appropriate antibiotic treatment;
(iv) rupture of an aneurysm of the sinus of Valsalva; (v) conduction disturbances
secondary to a septal abscess; and (vi)‘‘kissing’’ infection of the anterior mitral valve
leaflet in cases of aortic valve IE.

Indications for surgery in PVE are the same with the addition of the presence
of prosthetic valve dehiscence and in cases of early PVE. Because of the difficulty in
eradicating organisms from prosthetic devices, surgery plays a more immediate role
in PVE than in NVE. Not all cases of PVE require surgery. Factors associated with a
good outcome with medical therapy alone include (i) infection due to susceptible
organisms; (ii) late PVE; (iii) mitral valve infection; and (iv) prompt initiation of
antibiotic treatment of bioprosthetic valve PVE (150).

Certain echocardiographic features have been recognized as being positively
associated with the need for surgery in IE (151). However, they have not received

Table 10 Mimics of Infective Endocarditis

Disease Type of valvular involvement Comments

Antiphospholipid
syndrome

Stenosis or regurgitation Patients have thrombotic events and/or
recurrent spontaneous abortions.
Antibody titers have no direct
correlation with disease activity

Systemic lupus
erythematosus

Stenosis or regurgitation
occurs in 46% of patients
(usually of the mitral valve)

4% of cases of Libman-Sacks
endocarditis become secondarily
infected usually early in the course
of the disease

Rheumatoid
arthritis

Regurgitation occurs in 2%
of patients

Valvular infection usually occurs later
in the course of the disease

Atrial myxoma Primarily obstruction of the
mitral valve due to its
‘‘ball valve’’ effect

It is the most effective mimic due to its
valvular involvement, embolic events
and constitutional signs and symptoms

244 Brusch



complete clinical validation. Among these are (i) detectable vegetations following a
large embolus; (ii) anterior mitral valve vegetations and >1 cm in diameter; (iii) con-
tinued growth of vegetations after four weeks of antibiotic therapy; (iv) development
of acute mitral insufficiency; (v) rupture or perforation of a valve; and (vi) periannular
extension of infection.

There is no set time for the patient who requires surgery to be on preoperative
antibiotics (152). The primary goal of perioperative antibiotics is to prevent bacter-
emias during the cardiac procedure. It is extremely important to rule out a splenic
abscess before cardiac surgery is performed for ‘‘refractory IE.’’ These are often
clinically occult and can cause a continuous bacteremia that can be misdiagnosed
as persistent valvular infection (153). Surgery is frequently required to eradicate a
variety of metastatic infections including aneurysms and cerebral abscesses.

Debridement and antibiotic administration often may cure an uncomplicated
PM pocket infection. In cases of PMIE, the entire system should be removed for cure.
If it has been in place for more than 18 months, extraction of the electrodes can be
difficult. Excimer laser sheaths, which have the ability to dissolve the fibrotic attach-
ment bands of the electrodes, can produce complete extraction >90% of cases (154).

An increasingly common problem in CrCU is the management of S. aureus
bacteremia in the presence of an intravascular catheter. Approximately 25% of these
cases represent IE. Separating S. aureus IE from cases of uncomplicated staphylo-
coccal bacteremia is essential for determining the length of therapy after removal
of short-term lines and determining whether long-term lines need to be removed at
all. Hematuria, associated with S. aureus bacteriuria, is a useful indicator of sustained
S. aureus bacteremia. Hematuria is the result of embolic renal infarction or immu-
nologically mediated glomerulonephritis (155). The presence of intracellular bacteria
on smears of blood drawn through intravascular catheters is specific for infected
devices (156). TEE provides the most specific means of distinguishing uncomplicated
S. aureus bacteremia from valvular infection. Twenty-three percent of catheter asso-
ciated staphylococcal bacteremia have evidence of IE on TEE even in the absence of
clinical or positive TTE findings. Table 11 presents an approach to management
of short-term intravascular catheter associated S. aureus bacteremia (157).

Persistent bacteremia after three days of appropriate antibiotic therapy is an
independent risk factor for endocarditis as well as death (158).

Surgically implanted long-term catheters (Broviac or Hickman) do not need to
be automatically removed except in the presence of IE, infection of the vascular
tunnel, suppurative thrombophlebitis or pathogens such as Corynebacterium JK,
Pseudomonas species, fungi, S. aureus, or mycobacteria (159). Intraluminal infusions
of appropriate antibiotics have at least 30% to 50% greater success against sensitive
organisms. The use of thrombolytic agents to dissolve the fibrin sheath of the cathe-
ter appears to improve the efficacy of the infused antibiotic (137).

Antibiotic Therapy

There are many more challenges to sterilizing an infected thrombus with antibiotic
therapy than to sterilizing a large infected vegetation. Among these factors are (i)
the density of organisms (10–100 billion bacteria/g of tissue) and (ii) the decreased
metabolic and replicative activity of the intrathrombus organisms that make the
bacteria less sensitive to the action of most antibiotics (160). In addition, the mobility
and phagocytic function of white cells is impaired in the fibrin-rich vegetation.

Infective Endocarditis and Its Mimics in the Critical Care Unit 245



The basic principles of antibiotic therapy of IE include:

1. The necessity to employ bactericidal antibiotics because of the ‘‘hostile’’
environment of the thrombus.

2. The minimal inhibitory concentration (MIC) and the minimal bacterio-
static concentration (MBC) of the pathogen need to be determined to
insure adequate overkill. It is estimated that in the case of Escherichia
coli IE, 220 times the MBC of ceftriaxone is required to sterilize the vegeta-
tion (161). Determining the bactericidal titer should be limited to those
patients who are not responding well to therapy or who are infected by
an unusual organism.

3. In general, intermittent dosing of an antibiotic provides superior penetra-
tion of tissue as compared to continuous infusion. Its penetration into
tissue is directly related to its peak level in serum (162).

4. All patients should be initially treated in a health-care facility for one to
two weeks to monitor for hemodynamic stability.

5. In the case of acute IE, antibiotic therapy should be started after three
to five sets of blood cultures are drawn within 60 to 90 minutes so as to
minimize valvular damage. The selection of the antibiotic regimen is based
on the clinical history and physical examination.

6. For cases of subacute IE, treatment may be delayed until the final culture
and sensitivity results are available because a delay of one to two weeks
does not adversely affect the final outcome.

7. Usually duration of therapy ranges from four to six weeks. A four-week
course is quite appropriate for uncomplicated NVE (for sensitive S. viridans
this sometimes can be decreased to two weeks—see below). Six weeks are
required for the treatment of PVE and in those infections with large vegeta-
tions such as caused by the HACEK family (117).

A daily temperature maximum of >37�C for 10 days into treatment merits
concern. This situation may represent a relatively resistant pathogen, extracardiac
infection, pulmonary or systemic emboli, drug fever, Clostridium difficile colitis or

Table 11 Management of Staphylococcus aureus Bacteremia in the
Presence of an Intravascular Catheter

Prompt removal of the catheter
Institution of appropriate antibiotic therapy
Follow-up blood cultures within 24–48 hrs

If follow-up blood cultures are negative and
The TEE shows no signs of IE
There is no evidence of metastatic infection

Then 2 wks of antibiotic therapy would be appropriate
If follow-up blood cultures are positive and

The TEE shows signs of IE
Then 4 wks of intravenous therapy is appropriate

If follow-up blood cultures are positive and
The TEE shows no signs of IE

Further imaging studies should be performed to rule out other sources of
bacteremia (osteomyelitis, mediastinitis, splenic abscess)

Abbreviations: TEE, transesophageal echocardiography; IE, infective endocarditis.
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an infected intravenous site (163). If the pathogen is not sensitive to the administered
antibiotic, a thorough search for the cause should be conducted. Mycotic aneu-
rysms are the most difficult to detect. A TTE should be performed. If that is not
helpful, then a TEE should be performed (164). Complications, produced by embolic
immunological events, are not necessarily related to the failure of treatment for valv-
ular infection itself (165).

Relapse of IE usually occurs within two months of cessation of treatment (166).
The risk of relapse is greatly dependent on the infecting organisms. Appropriately trea-
ted NVE, caused by S. viridans, rarely relapses. Four percent of S. aureus IE and 30%
of enterococcal IE relapse. Gram-negative organisms, especially P. aeruginosa, have
higher rates of relapse (167). IE of >3 months duration prior to antibiotic treatment
also has a high rate of relapse.

The greatest risk factor for recurrence of IE is a prior case of IE (168). The
second most common factor is a past history of IVDA IE. Forty percent of cases
of IVDA IE are recurrent.

Isolates of S. viridans classically have been quite sensitive to the beta-lactam
antibiotics, the aminoglycosides (gentamicin and streptomycin), and vancomycin.
Valvular infection caused by these organisms may be cured by a two-week course of
a beta-lactam antibiotic combined with gentamicin (169). To undertake a short course
approach, the following conditions must exist: a sensitive S. viridans (MIC< 0.1
mcg/ml), NVE of < 3 months duration, vegetation size< 10 mm in diameter, no
cardiac or extracardiac complications, a low risk for developing aminoglycoside
nephrotoxicity, and good clinical response within the first week of therapy.

There is a growing amount of S. viridans isolates that are resistant to penicillin
(MIC> 0.1 mg/mL). Highly resistant isolates have a MIC that is >1 mg/mL.
Thirteen percent of S. viridans isolates in this country are highly resistant to
penicillin, with 70% being resistant to ceftriaxone (170).

All NVS are resistant to penicillin, many being highly resistant. Many penicillin-
sensitive strains are tolerant to the beta-lactam drugs. Tolerance is a phenomenon in
which the MBC of antibiotic exceeds its MIC by a factor of 10 (171). Against these
isolates, the penicillins behave practically as bacteriostatic compounds.

Although penicillin by itself can cure most cases of S. viridans, the third genera-
tion cephalosporin, ceftriaxone because of its pharmacokinetics, is the antibiotic of
choice because of its twice a day dosing regimen. The combined use of penicillin or
glycopeptide with gentamicin is needed to eradicate resistant streptococci. Tolerant
streptococci are best managed by a combination of penicillin and gentamicin. Table 12
summarizes the recommendations for treatment of nonenterococcal streptococci.

Since the advent of antibiotics, enterococci have posed major resistance
problems due to their ability to develop multiple resistance mechanisms. They are
resistant to all the cephalosporins and to the penicillinase-resistant penicillins such
as nafcillin and oxacillin. Penicillin and ampicillin are ineffective when used singly
against serious enterococcal infection. Aminoglycosides because of their failure to
penetrate the bacterial cell wall are ineffective when used alone (172). The success
of the serendipitously recognized combination of penicillin and streptomycin opened
up the whole field of synergy. The cell wall active antibiotic allows penetration of the
aminoglycosides into the bacterial anterior and reach its target, the ribosome.
A serum concentration of 3 mg/mL of gentamicin is necessary for synergism. If
the isolate is resistant to ampicillin or penicillin synergism is not possible.

Currently, 5% of E. faecalis and 40% of E. faecium possess high-grade resis-
tance to gentamicin (>2000 mg/mL) (173). Resistance to streptomycin has been
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prevalent for a long time. Some gentamicin-resistant isolates remain sensitive to
streptomycin and vice versa.

Ampicillin resistance, due to beta-lactamase production, has been recognized
since the 1980s. This may not be detectable by routine sensitivity testing.

In the absence of ampicillin/penicillin, vancomycin, and aminoglycoside resis-
tance, the combination of a cell wall active antibiotic and an aminoglycoside remains
the preferred therapeutic approach. In the setting of normal renal function, the daily
dose of ampicillin is 4 g given IV every eight hours. Gentamicin (1.5 mg/kg) is to be
given every 12 hours (174).

Vancomycin (1 g IV every 12 hours) is substituted for ampicillin in those aller-
gic to penicillin or for isolates resistant to ampicillin.

When resistance to both gentamicin and streptomycin is present, continuously
infused ampicillin, to achieve a serum level of 60 mg/mL, appears to be the best
option (175). Quinupristin/dalfoprastin and linezolid should be considered as alter-
natives. They have the disadvantage of being bacteriostatic antibiotics against the
enterococcus (176). In addition, Quinupristin/dalfoprastin is active only against
E. faecium and not against E. faecalis, the most common enterococcal species.

Daptomycin appears to be bactericidal against these organisms, but experience
is quite limited in treating IE with this drug (177) (see table for dosages of these
antibiotics).

Table 12 Guidelines for Antimicrobial Therapy of Nonenterococcal Streptococcal
Infective Endocarditisa

Antibiotic Dosage regimen

Penicillin-sensitive Streptococcus viridans
Penicillin Gb Penicillin G 20,000,000 U IV in four divided

doses for 4 wks
Penicillin Gb and gentamicinc Penicillin 20,000,000 U IV in four divided

doses for 2 wks gentamicin 3 mg/kg given
q24hrs as a single dose or in divided doses
q8hrs for 2 wks (ceftriaxone 2 g IV/1 M for
4 wks may be used in patients with mild
reactions to penicillin)

Or ceftriaxone Ceftriaxone 2 g IV/1 M for 4 wks (may be used
in patients with mild reactions to penicillin)

Penicillin-resistant or -tolerant S. viridans
Penicillin Gb Penicillin G 20,000,000 U IV in four divided

doses for 4 wks
Gentamicin Gentamicin 3 mg/kg given q24hrs as a single

dose or in divided doses q8hrs for 2 wks
NVS and group B streptococci
Penicillin Gb Penicillin G 20,000,000 U IV in four divided

doses for 6 wks
Gentamicin Gentamicin 3 mg/kg given q24hrs as a single

dose or in divided doses q8hrs for 2 wks

Note: Drug dosages:
aFor patients with normal renal function.
bVancomycin 30 mg/kg IV q12hrs in patients highly allergic to penicillin.
cShort course therapy (see text).

Abbreviation: NVS, nutritionally variant streptococci.
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It is extremely important to emphasize the need to obtain MICs and MBCs for
ampicillin, the aminoglycosides and vancomycin in all cases of enterococcal IE to
arrive at the best therapeutic approach.

Staphylococcus aureus

The penicillinase-resistant penicillins are the drugs of choice in treating MSSA IE;
vancomycin is significantly less effective than these compounds against MSSA.
It should be used only in valvular infections caused by MRSA or for patients who

Table 13 Antibiotic Therapy of Staphylococcus aureus Infective Endocarditisa

Valve type
(IE type) Antibiotic Dosage

Native (MSSA) Oxacillinþ/� gentamicin Oxacillin 2 g IV q4hrs for 4–6 wks
þ/� gentamicin 2 mg/kg q24hrs
as a single dose or in divided
doses q8hrs for 5 days

or
Vancomycinb,cþ/� gentamicin Vancomycin 15 mg/kg IV q12hrs for

4–6 wks � gentamicin 3 mg/kg
q24hrs as a single dose or in
divided doses q8hrs for 5 days

or
Cefazolinþ/� gentamicin Cefazolin 1.5 g IV q8hrs for 4–6 wks

(in patients with mild allergies to
penicillin)� gentamicin 3 mg/kg
q24 hrs as a single dose or in divided
doses q8hrs for 5 days

Prosthetic (MSSA) Oxacillin or vancomycin or
cefazolin and

Oxacillin 2 g IV q4hrs for 4–6 wks or
vancomycin 15 mg/kg IV q12hrs
for 4–6 wks or cefazolin 1.5g IV
q8hrs for 4–6 wks in patients with
mild allergies to penicillin

Rifampin and Rifampin 300 mg PO q8hrs for 6 wks
Gentamicin Gentamicin 3 mg/kg q24hrs as a

single dose or in divided doses
q8hrs for 2 wks

Native (MRSA) Vancomycinc Vancomycin 15 mg/kg IV q12hrs for
4–6 wks

Prosthetic (MRSA) Vancomycinc and Vancomycin 15 mg/kg IV q12hrs for
4–6 wks

Rifampin and Rifampin 300 mg PO q8hrs for 6 wks
Gentamicin Gentamicin 3 mg/kg q24hrs as a

single dose or in divided doses q8h
for 2 wks

aFor patients with normal renal function.
bFor patients with severe penicillin allergy.
cSubstitute linezolid in critically ill patients or those with significant renal failure (refer to discussion

in text).

Abbreviations: IE, infective endocarditis; MSSA, methicillin-sensitive S. aureus; MRSA, methicillin-

resistant S. aureus.
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are significantly allergic to penicillin. Vancomycin has a failure rate of 35% in MSSA
IE (178). Although cefazolin is used in treating MSSA IE, especially in patients with
mild allergic reactions to penicillins, it should be administered with realization that
there have been failures with this drug. This is probably due to production of type A
beta-lactamase by the pathogen (179). For the first three to five days of treatment of
MSSA or MRSA IE, the addition of gentamicin to the penicillin or vancomycin
should be strongly considered in patients who are not at increased risk of amino-
glycoside nephrotoxicity. This combination has not been proven to decrease overall
mortality. In decreasing the duration of bacteremia and fever, it may minimize the
intra- and extra-cardiac complications of S. aureus IE (180).

Right-sided IVDA IE, caused by MSSA, has been successfully treated in two
weeks of intravenous therapy with a combination of nafcillin/oxacillin and gentami-
cin (181). This may be due to the fact that in right-sided endocarditis, antibiotic
penetration of the vegetation is greater, and there is a lower concentration of bac-
teria than in left-sided disease due to the lower oxygen tension in the right ventricle.
Those cases of IVDA IE in which the patient is HIV positive or there is evidence of
left-sided disease or of lung abscess or of other metastatic sites of infection are not
suitable for a short course of antibiotic therapy.

To achieve best outcomes for staphylococcal PVE due to MSSA, MRSA, or
CONS, a triple drug approach is advised. Rifampin is the key component. Rifampin
has the distinctive ability to kill staphylococci adherent to prosthetic material as well as
being able to penetrate phagocytes (182). The other two agents are chosen because of
their activity against the target isolate with the aim of preventing the development

Table 14 Therapy for Coagulase-Negative Staphylococcal
Prosthetic Valve Endocarditisa

Antibiotic Dosage regimen

Vancomycin 15 mg/kg q12hrs for 6 wks
Rifampin 300 mg PO q8hrs for 6 wks
Gentamicin 3 mg/kg q24hrs IV as a single dose or

in divided doses q12hrs for 2 wks

a80% of isolates recovered within the first year after valve replacement are

resistant to the beta-lactam antibiotics. After this period, 30% are resis-

tant. Sensitivity to the penicillins must be confirmed because standard

sensitivity testing may not detect resistance. If the isolate is sensitive,

oxacillin or cefazolin may be substituted.

Table 15 Antibiotic Treatment Options for Treatment of Endocarditis
Due to Highly Resistant Gram-Positive Organismsa

Antibiotic dosage
Linezolid 600 mg q24hrs (either PO or IV)b

Quinpristin/dalfopristin 7.5 mg/kg q8hrs
Daptomycin 6 mg/kg q24hrsc

aSee text for indications.
bEffectiveness of the PO route may approximate that of the IV route (see text).
cThis higher dose (usual dose¼ 4 mg/kg q24h) is probably required to treat

infective endocarditis due to Staphylococcus aureus and enterococci.

Source: From Ref. 188.
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Table 16 Therapy of Various Types of Infective Endocarditisa

Organism Antibiotic regimen Alternative regimen

Culture negative Ampicillin 2 g IV q4hrs for 4 wksb Culture negative
Gentamicin 5 mg/kg q24hrs IV

given in a single dose or in divided
doses q8hrs for the first 2 wks

Oxacillin 2 g IV q4hrs for 4 wks
Or if
MRSA is suspected or prosthetic

material is present, vancomycin
30 mg/kg q 12hrs for 4 wks

Pseudomonas
aeruginosa

Ticarcillin 3 g IV q4hrs for 6 wksb Ceftazidimec 2 g IV q8hrs for 6 wks
Tobramycin 5 mg/kg q24hrs IV

given in a single dose or in
divided doses q8hrs

Aztreonamd 2 g IV q6hrs for 6 wks
Tobramycin 5 mg/kg IV q24hrs

given in a single dose or in divided
doses q8hrs

HACEK group Ampicillin 2 g IV q4hrs for 4–6 wksb Cefotaximec 2 g IV q8hrs for 4–6 wks
Gentamicin 5 mg/kg q24hrs as a

single dose or in divided
doses q8hrs

Gentamicin 5 mg/kg q24hrs given in
a single dose or in divided doses

aFor patients with normal renal function.
bPreferred regimen (see text).
cIn patients with mild penicillin allergy.
dIn patients with severe penicillin allergy.

Abbreviations: MRSA, methicillin-resistant S. aureus; HACEK, Haemophilus, A. actinomycetemcomitans,

C. hominis, and Kingella.

Figure 1 Approach to the patient at risk for candidal endocarditis. Source: From Ref. 192.
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Table 17 Recommendations for the Prevention of Intravascular Catheter-Related Infections

General

Not recommended
Preventive strategies incorporating therapeutic antimicrobial agents

During catheter insertion
Strongly recommended

Full-barrier precautions during central venous catheter insertion
Subcutaneous tunneling short-term catheters inserted in the internal jugular or femoral

veins when catheters are not used for blood drawing
Contamination shield for pulmonary artery catheters.
Insertion-site preparation with chlorhexidine-containing antiseptics
Prophylaxis with vancomycin and other therapeutic agents

Recommended
Subclavian vein, rather than jugular or femoral vein, catheter insertion

Consider
Insertion-site preparation with tincture of iodine
Full-barrier precautions during insertion of midline, peripheral artery, and pulmonary

artery catheters
Not recommended

Femoral vein catheter insertion

Catheter maintenance
Strongly recommended

Provide-iodine ointment applied to hemodialysis catheter-insertion sites
Specialized nursing teams caring for short-term peripheral venous catheters at institutions

with a high incidence of infection
Chlorhexidine-silver sulfadiazine-impregnated short-term central venous catheters
Minocycline-rifampin-impregnated short-term central venous catheters
Antiseptic chamber-filled hub or hub-protective antiseptic sponge for central venous

catheters with an expected duration of approximately 2 wk
Povidone-iodine-saturated sponge enclosed in plastic casing fitted around the central

venous catheter hubs
Assess need for intravascular catheters on a daily basis; remove catheters as soon as

possible after intended use
Adequate nurse-to-patient ratio in ICUs
Change needleless system, the device and endcap if present on a regular basis in accordance

with manufacturers’ guidelines and reduce contact with nonsterile water
Continuing quality-improvement programs to improve compliance with catheter

care guidelines
Disinfect catheter hubs and sampling ports before accessing
Low-dose heparin for patients with short-term central venous catheters
Low-dose warfarin for patients with long-term central venous catheters
Pulmonary artery catheters heparin-bonded with benzalkonium chloride.
Povidone-iodine ointment applied to nontunneled, long-term central venous

or midline catheter-insertion sites of immunocompromised patients with heavy
Staphylococcus aureus carriage (i.e., patients with AIDS and cirrhosis)

Specialized nursing teams caring for catheters used for Total parenteral nutrition (TPN)
Recommended

Gauze dressings preferred if excessive oozing of blood from insertion site
Consider

Antiseptic chamber-filled hub or hub-protective antiseptic sponge for central venous
catheters in ICUs

(Continued)
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of rifampin-resistant organisms. For staphylococci resistant to gentamicin, a fluoro-
quinolone may be effective (183).

Linezolid appears to have superior outcomes to vancomycin for many types of
MRSA infections (184). Several studies indicate that this is the case for MRSA IE
(185,186). In seriously ill patients, strong consideration should be given to substitut-
ing linezolid for vancomycin. Some studies indicate that there is an advantage to
combining linezolid with gentamicin or imipenem. However in average doses linezo-
lid is a bacteriostatic drug with case reports of failure to cure MRSA IE (187).
Because of its bactericidal properties, daptomycin is quite promising for the treat-
ment of MRSA IE (188). More experience must be gained with this antibiotic and
special attention paid to the myositis associated with its use. Tables 13 and 14 sum-
marize the antibiotic treatment of MSSA, MRSA, and CONS infections of both
native and prosthetic valves. Table 15 presents therapeutic options for treating
highly resistant gram-positive organisms.

Table 16 summarizes the antibiotic approach to other types of IE that may be
encountered in the CrCU.

Fungal Endocarditis

Combined medical and surgical therapy is necessary for cure of most cases of fungal
IE. Amphotericin B has been the mainstay of medical therapy (189). However the
newer antifungals, caspofungin and voriconazole, hold promise as less toxic and
more effective alternatives to the older compound (190,191). Figure 1 presents the
approach to the patient at risk for candidal endocarditis.

Prophylaxis of IE in the CrCU

Prophylaxis of CrCU IE should be focused on limiting the rate of line related bacter-
emia in addition to the more traditional methods (193). Table 17 summarizes the
CDC’s recommendations to prevent this type of infection (194).

REFERENCES

1. Bouza E, Menasalvas A, Munoz P, et al. Infective endocarditis–A prospective study at
the end of the twentieth century. Medicine 2001; 80:298–307.

2. Mansur A, Grinberg M, Da Luz P, et al. The complications of infective endocarditis:
a reappraisal in the 1980s. Arch Intern Med 1992; 152:2428–2432.

3. Starkebaum M, Durack D, Beeson P. The ‘‘incubation period’’ of subacute bacterial
endocarditis. Yale J Biol Med 1977; 50:49–60.

Table 17 Recommendations for the Prevention of Intravascular Catheter-Related
Infections (Continued )

Not recommended
Routine replacement of central venous catheters
Mupirocin ointment applied to the insertion site
Triple antibiotic ointments applied to the insertion sites
Silver-impregnated, subcutaneous collagen cuffed central venous catheters
Inline filters for prevention of catheter infection

Abbreviation: TPN, total parenteral nutrition.

Source: From Ref. 194.

Infective Endocarditis and Its Mimics in the Critical Care Unit 253



4. Cunha BA, Gill V, lazar IM. Acute infective endocarditis. Diagnostic and therapeutic
approach. Infect Dis Emerg 1996; 10:811–834.

5. Von Reyn CF, Levy BS, Arbeit RD, et al. Infective endocarditis: an analysis based on
strict case definitions. Ann Intern Med 1981; 94(Part 1):505–518.

6. Durack DT, Lukes BS, Bright DK. Duke Endocarditis Service. New criteria for diagno-
sis of infective endocarditis: utilization of specific echocardiographic findings. Am J Med
1994; 96:200–209.

7. Berlin JA, Abrutyn E, Strom BL, et al. Incidence of infective endocarditis in the
Delaware Valley, 1988–1990. Am J Cardiol 1995; 76(9):33–36.

8. King H, Harkness JL. Infective endocarditis in the 1980s. Part 1. Aetiology and diagno-
sis. Med J Aust 1984; 144:536–540.

9. Friedland G, Von Reyn CF, Levy BS, et al. Nosocomial endocarditis. Infect Control
1984; 5:284–288.

10. Terpenning MS, Buggy BP, Kauffman CA. Infective endocarditis: Clinical features in
young and elderly patients. Am J Med 1987; 83:626–634.

11. Gladstone JL, Rocco R. Host factor and infectious diseases in the elderly. Med Clinic
North Am 1976; 60:1225–1246.

12. Gaynes R. Health care-associated bloodstream infections: a change in thinking. Editorial.
Ann Intern Med 2003; 137:850–851.

13. Cabell CH, Jollis JG, Peterson GE, et al. Changing patient characteristics and the effect
on mortality in endocarditis. Arch Intern Med 2002; 162:90–95.

14. Kaye D. Changing patterns of infective endocarditis. Am J Med 1985; 78(suppl 6b):
157–162.

15. Delahaye JP, Loire R, Milton H, et al. Infective endocarditis on stenotic aortic valves.
Eur Heart J 1988; 9(suppl E):S43–S49.

16. Chagnac A, Rudinki C, Loebel H, et al. Infectious endocarditis in idiopathic hyper-
trophic subaortic stenosis: report of three cases and review of the literature. Chest 1982;
81:346–361.

17. Hickey AJ, McMahon SW, Wilcken D. Arch without prolapse and bacterial endocardi-
tis: when is antibiotic prophylaxis necessary? Am Heart J 1985; 109:431–435.

18. McKinsey DS, Ratts TE, Bisno Al. Underlying cardiac lesions in adults with infective
endocarditis. The changing spectrum. Am J Med 1987; 82:681–688.

19. Starke J. Infections of the heart: infective endocarditis in children. In: Feigin R, Cherry J,
eds. Pediatric Infectious Disease. 3rd ed. Philadelphia: WB Saunders, 1992:326–346.

20. Zuppiroli A, Rinaldi M, Kramer-Fox R, et al. Natural history of mitral valve prolapse.
Am J Med 1995; 75:1028–1032.

21. Sandre RM, Shafran SD. Infective endocarditis: review of 135 cases over 9 years. Clin
Infect Dis 1996; 22:276–286.

22. Selzer A. Changing aspects of the natural history of valvular aortic stenosis. N Engl J
Med 1987; 217:91–98.

23. Bansal RC. Infective endocarditis. Medicine 1995; 79:1205–1246.
24. Nager F. Changing clinical spectrum of infective endocarditis. In: Horstkotte D, Bodnar E,

eds. Infective Endocarditis. London: ICR Publishers, 1991:25–29.
25. Rutledge RR, Leim BJ, Applebaumb RE. Actuarial analysis of the risk of prosthetic

valve endocarditis in 1598 patients with mechanical and bioprosthetic valves. Arch Surg
1985; 120:469–472.

26. Calderwood SB, Swinski LA, Waternaux CM, et al. Risk factors for the development of
prosthetic valve endocarditis. Circulation 1985; 72:31–37.

27. Eggimann P, Waldvogel FA. Pacemaker and defibrillator infections. In: Waldvogel FA,
Bisno AL, eds. Infections Associated with Indwelling Medical Devices. Washington,
D.C.: American Society for Microbiology Press, 2000:247–264.

28. Duval X, Selton-Suty C, Alla F, et al. Endocarditis in patients with a permanent pace-
makers: a 1-year epidemiological survey of infective endocarditis due to valvular and/or
pacemaker infection. Clin Infect Dis 2004; 39:68.

254 Brusch



29. Steckelberg JM, Melton LJ III, Ilstrup DM, et al. Influence of referral bias on the appar-
ent clinical spectrum of infective endocarditis. Am J Med 1990; 88:582–588.

30. Spijerkerman IJ, van Ameidjen EJ, Mientjes GH, et al. Human immunodeficiency virus
infection and other risk factors for skin apices and endocarditis among injection drug
users. J Clin Epidemiol 1996; 49:1149–1154.

31. Torres-Torotsa M, Rivera A, deAlarcon A, et al. Decrease in the annual frequency of
infectious endocarditis among intravenous drug users in southern Spain. Enferm Infecc
Microbiol 2000; 18:293–294.

32. Simberkoff MS. Narcotic-associated infective endocarditis. In: Kaplan EL, Taranta AV,
eds. Infectious Endocarditis. Dallas: American Heart Association, 1977:46–58.

33. Levine DP. Infectious endocarditis in intravenous drug abusers. In: Levine DP, Sobel JD,
eds. Infections in Intravenous Drug Abusers. New York: Oxford University Press,
1991:251–285.

34. Baddour LM. Twelve year review of recurrent native infective endocarditis: disease of the
modern antibiotic era. Rev Infect Dis 1988; 10:1163–1170.

35. Hubbell G, Cheitlin MD, Rappaport E. Presentation, management and follow-up
evaluation of infective endocarditis in drug addicts. Am Heart J 1981; 102:85–94.

36. Gouello JP, Asfar P, Brenet O, et al. Nosocomial endocarditis in the intensive care unit:
an analysis of 22 cases. Crit Care Med 2000; 28:377–382.

37. Fernandez-Guerrero ML, Verdejo C, Azofra J, et al. Hospital-acquired infectious endo-
carditis not associated with cardiac surgery: an emerging problem. Clin Infect Dis 1995;
20:16–23.

38. Fowler VG Jr., Sanders LL, Kong LK. Infective endocarditis due to Staphylococcus
aureus: 59 prospectively identify cases with follow-up. Clin Infect Dis 1999; 28:106–114.

39. Safar N, Kluger D, Maki D. A review of risk factors for catheter related bloodstream
infection caused by percutaneously inserted noncuffed central venous catheters. Medicine
2002; 81:466–474.

40. Terpenning MS. Infective endocarditis. Geriatr Med 1992; 8:903–912.
41. Wilcox PA, Rayner BL, Whitelaw DA. Community-acquired Staphylococcus aureus

bacteremia in patients who do not abuse intravenous drugs. Q J Med 1990; 91:41–47.
42. Garvey GJ, Neu HC. Infective endocarditis-an evolving disease. Medicine (Baltimore)

1978; 57:105–127.
43. Weinstein L, Schlesinger JJ. Pathanatomic, pathophysiologic and clinical correlations in

endocarditis. N Engl J Med 1974; 29:832–837, 1122–1126.
44. Weinstein L, Brusch JL. Prophylaxis. In: Weinstein L, Brusch JL, eds. Infective Endocar-

ditis. New York: Oxford University Press, 1995:322–337.
45. Watanakunakorn C, Burkert T. Infective endocarditis in a large community teaching

hospital, 1980–1990. A review of 210 episodes. Medicine 1993; 72:90–102.
46. Weinstein L, Brusch JL. Microbiology of infective endocarditis and clinical correlates:

gram-positive organisms. In: Weinstein L, Brusch JL, eds. Infective Endocarditis.
New York: Oxford University Press, 1995:35–72.

47. Baddour LM, Bisno AL. Infective endocarditis complicating mitral valve prolapse:
epidemiologic, clinical and microbiologic aspects. Rev Infect Dis 1986; 8:117–137.

48. Weinstein L, Brusch JL. Clinical manifestations of native valve endocarditis. In:
Weinstein L, Brusch JL, eds. Infective Endocarditis. New York: Oxford University Press,
1996:165–193.

49. Gallagher P, Natanakunakora C. Group B streptococcal endocarditis: report of seven
cases and review of the literature 1962–1985. Rev Infect Dis 1986; 8:175.

50. Petti CA, Fowler VG. Staphylococcus aureus bacteremia and endocarditis. In: Durack DT,
ed. Infective Endocarditis. Philadelphia: WB Saunders, 2002:413–435.

51. Chambers HF. The changing epidemiology of Staphylococcus aureus. Emerg Infect Dis
2001; 7:178–182.

52. Rupp ME, Archer GL. Coagulase-negative Staphylococcus: pathogens associated with
medical progress. Clin Infect Dis 1994; 19:231–245.

Infective Endocarditis and Its Mimics in the Critical Care Unit 255



53. Baddour LM, Phillips TN, Bisno AL. Coagulase-negative staphylococcal endocarditis:
occurrence in patients with mitral valve prolapse. Arch Intern Med 1986; 146:119–121.

54. Cohen PS, Maguire JH, Weinstein L. Infective endocarditis caused by gram-negative
bacteria: a review of the literature, 1945–1977. Prog Cardiovasc Dis 1980; 22:205–242.

55. Snyder N, Atterbury CE, Correia JP, et al. Increased concurrence of cirrhosis and
bacterial endocarditis. Gastroenterology 1977; 33:1107–1112.

56. Ellner JJ, Rosenthal MS, Lerner PI, et al. Infective endocarditis and slow-growing
fastidious gram negative bacteria. Medicine 1979; 58:145–158.

57. Baddour G, Mayer J, Henry B. Polymicrobial endocarditis in the 1980s. Rev Infect Dis
1991; 13:963–970.

58. Martin GS, Maninno DM, Eaton S, et al. The epidemiology of sepsis in the United
States from 1979 through 2000. N Engl J Med 2003; 348:1546–1554.

59. Leaf H, Simberkoff MS. Fungal endocarditis. In: Horstkotte D, Bodnar E, eds. Infective
Endocarditis. London: ICR Publishers, 1991:118–134.

60. McLeod R, Remington JS. Fungal endocarditis. In: Rahimtoola SH, ed. Infective
Endocarditis. New York: Grune and Stratton, 1978:211–290.

61. Drexler L, Rytel M, Keelan M, et al. Aspergillus terreus infective endocarditis on a
porcine heterograft valve. Thorac Cardiovasc Surg 1980; 79:269–274.

62. Mayer AR, Brown A, Weintraub RA, et al. Successful medical therapy for endocarditis
due to Candida parapsilosis: a clinical and epidemiologic study. Chest 1978:546–549.

63. Pesanti EL, Smith IM. Infective endocarditis with negative blood cultures: an analysis of
52 cases. Am J Med 1979; 66:43–46.

64. Weinstein L, Brusch JL. Pathoanatomical, pathophysiological and clinical correlations.
In: Weinstein L, Brusch JL, eds. Infective Endocarditis. New York: Oxford University
Press, 1996:138–164.

65. Moreillon P, Overholser CD, Malinverni R, et al. Predictors of endocarditis in isolates
from cultures of blood following dental extractions in rats with periodontal disease.
J Infect Dis 1980; 157:990–995.

66. Scheld WM, Valone JA, Sande MA. Bacterial adherence in the pathogenesis of endocar-
ditis. J Clin Invest 1978; 61:1394–1404.

67. Yeaman MR. The role of platelets in antimicrobial host defense. Clin Infect Dis 1997;
25:951–958.

68. Aly R, Shinefield H. Role of teichoic acid in the binding of Staphylococcus aureus to
normal epithelial cells. J Infect Dis 1980; 157:141–144.

69. Tompkins DC, Blackwell LJ, Hatcher VB, et al. Staphylococcus aureus proteins that bind
to human endothelial cells. Infect Immun 1992; 60:965–969.

70. Hammill RJ. Role of fibronectin in infective endocarditis. Rev Infect Dis 1987; 9(suppl 4):
S360–S371.

71. Drake T. Staphylococcus aureus induced tissue factor expression in cultured valve
endothelium. J Infect Dis 1980; a57:749–753.

72. Sheagren J. Staphylococcus aureus, the persistent pathogen. N Engl J Med 1984; 310:
1368–1574.

73. Christensen GD, Bisno AL, Parisi B, et al. Nosocomial septicemia due to multiply
antibiotic-resistant Staphylococcus epidermidis. Ann Intern Med 1982; 96:1–10.

74. Cristina AB. Biomaterial-centered infection: microbial adhesions versus tissue integra-
tion. Science 1987; 37:1588–1595.

75. Gotz F, Georg P. Colonization of medical devices by coagulase-negative staphylococci.
In: Waldvogel FA, Bisno AL, eds. Infections Associated with Indwelling Medical
Devices. Washington, D.C.: ASM Press, 2000:55–88.

76. Drake TA, Rodgers GM, Sande MH. Tissue factor is a major stimulus of vegetation
formation in enterococcal endocarditis in rabbits. J Clin Invest 1984; 70:1750–1753.

77. Stein DS, Nelson KE. Endocarditis due to nutritionally deficient streptococci: therapeutic
dilemma 1987; 9:908–916.

256 Brusch



78. Doring J, Maier M, Mueller E. Virulence factors of Pseudomonas aeruginosa. Antimicrob
Agents Chemother 1987; 39:136–148.

79. Young F. Human immunity in Pseudomonas aeruginosa: in-vitro interaction of bacteria,
polymorphonuclear leukocytes and serum factors. J Infect Dis 1972; 26:257–263.

80. Burrig KL, Schute Terhau, Sen J, et al. Special role of the endocardium in the pathogen-
esis of endocarditis. In: Horskotte D, Bodnar E, eds. Infective Endocarditis. London:
ICR Publishers, 1991:3–9.

81. Garrison PK, Freedman LR. Experimental endocarditis. I. Staphylococcal endocarditis
in rabbits resulting from placement of a polyethylene catheter in right side of the heart.
J Biol Med 1978; 22:394–410.

82. Freedman LR, Valone J Jr. Experimental infective endocarditis. Prog Cardiovasc Dis
1979; 22:169–180.

83. Durack DT, Beeson PM, Petersdorf RG. Experimental bacterial endocarditis. III.
Production and progress of the disease in rabbits. Br J Exp Pathol 1972; 50:50–53.

84. Rowley KM, Cluff KS, Smith GJW. Right-sided infective endocarditis as a conse-
quence of a flow directed pulmonary artery catheterization. N Engl J Med 1984; 311:
1152–1156.

85. Greene JF, Fitzwater JE, Clemmer TP. Septic endocarditis and indwelling pulmonary
artery catheters. JAMA 1975; 33:891–897.

86. Rodbard S. Blood velocity and endocarditis. Circulation 1963; 27:18–28.
87. Everett ED, Hirschmann JV. Transient bacteremia and endocarditis prophylaxis.

A review. Medicine (Baltimore) 1977; 56:61–77.
88. Loesche WJ. Indigenous human flora and bacteremia. In: Kaplan EL, Taranta AV, eds.

Infective Endocarditis. Dallas: American Heart Association, 1977:40–45.
89. Baskin RW, Rosenthal A, Bruitt BA. Acute bacterial endocarditis, a silent source of

sepsis in the burn patient. Ann Surg 1976; 184:618–625.
90. Raad H, Bodey GP. Infectious complications of indwelling vascular catheters. Clin Infect

Dis 1992; 15:197–210.
91. Durack DT. Prevention of infective endocarditis. N Engl J Med 1995; 332:38–44.
92. Sheretz RJ. Pathogenesis of vascular catheter infection. In: Infections Associated with

Indwelling Medical Devices. Washington, D.C.: ASM Press, 2000:111–125.
93. Sitges-Serra A, Linares J, Garau J. Catheter sepsis: the clue is the hub. Surgery 1985;

97:355–357.
94. Sheth NK, Franson TR, Rose HD. Colonization of bacteria on polyvinylchloride Teflon

intravascular catheter in hospitalized patients. J Clin Microbiol 1983; 18:1061–1063.
95. Raad I, Costerton JW, Sabharwar U, et al. Central venous catheters (CVC) studied

by quantitative cultures and scanning electron microscopy (SEM): the importance of
luminal colonization. Program and Abstracts of the 31st Interscience Conference on
Antimicrobial Agents and Chemotherapy. Abstract 450 1991. Washington, D.C.: American
Society of Microbiology, 1991.

96. Jarvis WR. Nosocomial outbreaks: The Center for Disease Control’s hospital infections
program experience. 1980–1991. Am J Med 1991; 91(suppl B):101S–106S.

97. Finland M, Barnes MW. Changing etiology of bacterial endocarditis in the antibacterial
era: experiences in The Boston City Hospital 1933–1955. Ann Intern Med 1970; 72:
341–348.

98. Snydman DR, Reidy MD, Perry LK, et al. Safety of changing intravenous (IV) admini-
stration sets containing burettes at longer than 48 hour intervals. Infect Control 1987;
8:113–116.

99. Maki DG, Rhame FS, Mackel DC, et al. Nationwide epidemic of septicemia caused by
contaminated intravenous products. Am J Med 1976; 60:471–485.

100. Johnson JD, Raff MJ, Barnwell PA. Splenic abscess complicating infectious endocarditis.
Arch Int Med 1983; 143:906–912.

101. Wilson WR, Lie JT, Houser OW, et al. The management of patients with mycotic aneur-
ysm. Curr Clin Topics Infect Dis 1981; 2:151–181.

Infective Endocarditis and Its Mimics in the Critical Care Unit 257



102. Lerner PI, Weinstein L. Infective endocarditis in the antibiotic era. N Engl J Med 1966;
274:199–206, 259–266, 323–331, 388–393.

103. Weinstein L. Life-threatening complications of infective endocarditis and their manage-
ment. Arch Int Med 1988; 146:953–957.

104. Roberts WC, Buchbinder NA. Healed left-sided infective endocarditis: a clinicopatholo-
gical study of 59 patients. Am J Cardiol 1976; 40:876–883.

105. Ghosh PK, Miller HJ, Vidne BA. Mitral obstruction in bacterial endocarditis. Br Heart J
1985; 53:340–344.

106. Crawford HH, Badke FR, Amon KW. Effectively undisturbed pericardium on left
ventricular size and performance during acute volume loading. Am Heart J 1983; 105:
267–270.

107. Fang G, Keys T, Gentry L. Prosthetic valve endocarditis resulting from nosocomial
bacteremia. Ann Intern Med 1993; 119:560–567.

108. Horskotte D. Prosthetic valve endocarditis. In: Horskotte D, Bodnar E, eds. Infective
Endocarditis. London: ICR Publishers, 1991:233–261.

109. Arber, Pras E, Coopperman Y, et al. Pacemaker endocarditis. Report of 44 cases and
review of the literature. Medicine (Baltimore) 1994; 73:299–315.

110. Cherubin CE, Sapira JD. The medical complications of drug addiction and medical
assessment of intravenous drug users: 25 years later. Ann Intern Med 1993; 119:
1017–1028.

111. Werner BS, Schulz R, Fuchs JB, et al. Infective endocarditis in the elderly in the era of
transesophageal echocardiography: clinical features and prognosis compared with
younger patients. Am J Med 1976; 100:90–97.

112. Weinstein L, Rubin R. Infective endocarditis-1973. Prog Cardiovasc Dis 1973; 16:239–274.
113. Libman E, Friedberg CK. Subacute Bacterial Endocarditis. Oxford: Oxford University

Press, 1948.
114. Weinstein L. Infective endocarditis: past, present and future. J R Coll Phys Lond 1972;

6:161–163.
115. Churchill M, Geraci J, Hunder G. Musculoskeletal manifestations of bacterial endocar-

ditis. Ann Intern Med 1977; 87:755–762.
116. Weinstein MP, Towns ML, Quartey SM, et al. The clinical significance of positive blood

cultures in the 1990s: a prospective comprehensive evaluation of the microbiology,
epidemiology, and outcome of bacteremia and fungemia in adults. Clin Infect Dis
1997; 24:584–602.

117. Weinstein L. Infective endocarditis. In: Braunwald E, ed. Heart Disease: A Textbook of
Cardiovascular Medicine. 3rd ed. Philadelphia: WB Saunders, 1988:113.

118. Bates D, Lee TH. Rapid classification of positive blood cultures; prospective validation
of a multivariate algorithm. JAMA 1992; 267:1962–1966.

119. Weinstein MP. Current blood culture methods in systems: clinical concepts, technology
and interpretation of results. Clin Infect Disease 1996; 23:40–46.

120. Miller M, Casey J. Infective endocarditis: new diagnostic techniques. Am Heart J 1978;
96:123–130.

121. Safar N, Fine JP, Maki D. Meta-analysis: evidence for diagnosing intravascular device-
related bloodstream infection. Ann Intern Med 2005; 142:451–466.

122. Murray PR, Traynor P, Hopson D. Critical assessment of blood culture techniques: ana-
lysis of recovery of complicated facultative anaerobes, strict anaerobic bacteria and fungi
in aerobic and anaerobic blood culture bottles. J Clin Microbiol 1992; 30:1462–1468.

123. Von Scoy RE. Culture-negative endocarditis. Mayo Clin Proc 1982; 57:149–154.
124. Keefer CS. Subacute bacterial endocarditis: active cases without bacteremia. Ann Intern

Med 1937; 11:714–734.
125. Barbari EF, Cockerill FR, Steckelburg JM. Infective endocarditis due to unusual or

fastidious microorganisms. Mayo Clin Proc 1997; 72(6):532–542.
126. Vansdoy RE. Culture negative endocarditis. Mayo Clin Proc 1982; 57:149–156.

258 Brusch



127. Lichtlen P. General principles of conservative treatment of infective endocarditis. In:
Horstkotte D, Bodnar E, eds. Infective Endocarditis. London: ICR Publishers, 1991:
85–92.

128. Bates D, Goldmann L, Lee TH. Contaminant blood cultures and resource utilization.
JAMA 1991; 265:365–369.

129. Hoen B, Selton-Suty C, Lacassin F, et al. Infective endocarditis in patients with negative
blood culture: analysis of 8 cases in a one year nationwide survey in France. Clin Infect
Dis 1995; 20:501–506.

130. Arnette N, Roberts SI. Valve ring abscesses in active infective endocarditis. Circulation
1976; 54:140–145.

131. Oates E, Sarno RC. Detection of bacterial endocarditis with indium-III labeled leuko-
cytes. Clin Nucl Med 1988; 13:691–693.

132. Lindner JR, Case RA, Dent JM, et al. Diagnostic value of echocardiography in suspected
endocarditis. An evaluation based upon the pretest probability of disease. Circulation
1996; 93:730–740.

133. Lowry RW, Zogbhi WA, Baker WB, et al. Clinical impact of transesophageal echocar-
diography in the diagnosis and management of infective endocarditis. Am J Cardiol
1994; 73:1089–1091.

134. Chirillo F, Bruni A, Giujusa T, et al. Echocardiography in infective endocarditis: reas-
sessment of the diagnostic criteria of vegetation as evaluated from the precordial and
transesophageal approach. Am J Card Imaging 1995; 9:174–179.

135. Roe MT, Abramson MA, Li J, et al. Clinical information determines the impact of trans-
esophageal echocardiography on the diagnosis of infective endocarditis by the Duke
criteria. Am Heart J 2000; 139:945–953.

136. Cheitlin MD, Armstrong WF, Aurigemma GP, et al. ACC/AHA/ASE 2003 guideline
update for the clinical application of echocardiography: summary article. A report of
the American College of Cardiology/American Heart Association task force on practice
guidelines. Circulation 2003; 108:1146–1153.

137. Ascher DP, Shoupe BA, Maybee D, et al. Persistent catheter-related bacteremia: clear-
ance with antibiotics and urokinase. J Pediatr Surg 1993; 28:628–635.

138. Durack DT, Beeson PB. Experimental bacterial endocarditis. Part II. Survival of bacteria
in the endocarditis vegetation. Br J Exp Pathol 1972; 53:50–53.

139. Sanfillipo AJ, Picard MH, Newell JB, et al. Echocardiographic assessment of patients
with infectious endocarditis: prediction of risk for complications. J Am Coll Cardiol
1991; 18:1191–1199.

140. Rohmann S, Erbel R, Gorge T, et al. Clinical relevance of vegetation localization by trans-
esophageal echocardiography in infective endocarditis. Eur Heart J 1992; 12:446–452.

141. Omari B, Shapiro S, Gintzon L, et al. Predictive risk factors for perivalvular extension of
native valve endocarditis. Clinical and echocardiographic analyses. Chest 1989; 96(6):
1273–1279.

142. Jeang M, Fuenfes F, Gately A, et al. Aortic root abscess: initial experience using
magnetic resonance imaging. Chest 1986; 89(4):613–615.

143. Goldenberger D, Kunzli A, Vogt P, et al. Molecular diagnosis of bacterial endocarditis by
broad-range PCR amplification and direct sequencing. J Clin Microbiol 1997; 35:2733–2739.

144. Li JS, Sexton DJ, Mick N, et al. Proposed modifications to the Duke criteria for diagno-
sis of infective endocarditis. Clinic Infect Dis 2000; 30:633–644.

145. Rosenblum G, Carsons S. Mimics of endocarditis. In: Cunha B, ed. Infectious Diseases
in Critical Care Medicine. New York: Marcel Dekker, 1998:435–434.

146. Maksimowicz-McKinnon K, Mandell BF. Understanding valvular heart disease in
patients with systemic autoimmune diseases. Cleveland Clinic J Med 2004; 11:881–885.

147. Brusch JL. Cardiac infections in the immunosuppressed patient. In: Cunha B, ed. Infec-
tions in the Compromised Host Infectious Disease Clinics of North America. Philadelphia:
WB Saunders Co, 2001:613–638.

148. Fisher J. Cardiac myxoma. Cardiovasc Rev Rep 1983; 9:1195–2001.

Infective Endocarditis and Its Mimics in the Critical Care Unit 259



149. Bauernschmitt R, Jakob HG, Vahl C-F, et al. Operation for infective endocarditis:
results after implementation of mechanical valves. Ann Thorac Surg 1998; 65:359–364.

150. Truninger K, Attenhofer Jost CH, Seifert B, et al. Long-term follow-up of prosthetic
valve endocarditis: What characteristics identify patients who were treated successfully
with antibiotics alone? Heart 1999; 82:714–720.

151. Bayer AS, Bolger AF, Taubert KA, et al. Diagnosis and management of infective
endocarditis and its complications. Circulation 1998; 25:2936–2948.

152. Olaison L, Hogevik H, Myken P, et al. Early surgery in infective endocarditis. Q J Med
1996; 89:267–278.

153. Magilligan D. Cardiac surgery in infective endocarditis. In: Horstkotte D, Bodnar E, eds.
Infective Endocarditis. London: ICR Publishers, 1991:210.

154. Wilkoff BL, Byrd CL, Love CJ, et al. Pacemaker lead extraction with the laser sheath:
results of the patient lead extraction with the excimer sheath (Plexes) trial. J Am Coll
Cardiol 1999; 33:1671–1685.

155. Lee BK, Crossley K, Gerding DN. The association between Staphylococcus aureus
bacteremia and bacteruria. Am J Med 1978; 65:303–310.

156. Torlakovic E, Hibbs JR, Miller JS, et al. Intracellular bacteria in blood smears in patients
with central venous catheters. Arch Int Med 1995; 155:1547–1553.

157. Fowler V, Li J, Core GR, et al. Role of echocardiography in evaluation of patients with
Staphylococcus aureus bacteremia in 107 patients. J Am Coll 1997; 30:107–218.

158. Chang FY. A prospective multicenter study of Staphylococcus aureus bacteremia:
incidence of endocarditis, risk factors for mortality and clinical impact of methicillin-
resistant. Medicine (Baltimore) 2003; 82:322–332.

159. Press OW, Ramsey PV, Larson EB, et al. Hickman catheter infections in patients with
malignancies medicine 1984; 63:189–200.

160. Joly V, Pangon B, Vallois JM, et al. Value of antibiotic levels in serum and cardiac
vegetations for predicting antibacterial effect of ceftriaxone in experimental E. coli
endocarditis. Antimicrob Agents Chemother 1987; 31:1632–1635.

161. Gengo F, Schentag J. Rate of methicillin penetration into normal heart valves and
experimental endocarditis lesions. Antimicrob Agents Chemother 1982; 21:456–459.

162. Fraimow HJ, Abrutyn E. Pathogens resistant to antimicrobial agents: epidemiology, mole-
cular mechanisms and clinical management. Infect Dis Clin North Am 1995:497–530.

163. Douglas A, Moore-Gillon J, Eykyn J. Fever during treatment of infective endocarditis.
Lancet 1986; 1:1341–1343.

164. Blumberg E, Robbins SN, Adimora A, et al. Persistent fever in association with infective
endocarditis. Clin Infect Dis 1992; 15:980–996.

165. Sexton DJ, Spelman D. Current best practices and guidelines: assessment and manage-
ment of complications in infective endocarditis. In: Durack DT, ed. Infectious Disease
Clinics of North America. Philadelphia: WB Saunders Company, 2002:16507–16521.

166. Wilson W, Giuliani E, Danielson G, et al. Management of complications of infective
endocarditis. Mayo Clin Proc 1982; 57:162–169.

167. Weinstein L, Brusch JL. In: Weinstein L, Brusch JL, eds. Medical Management.
New York: Oxford University Press, 1996:256–304.

168. Welton DE, Young JB, Gentry WO, et al. Recurrent infective endocarditis: analysis of
predisposing factors and clinical features. Am J Med 1979; 66:932–939.

169. Francioli P, Ruch W, Stamboulian D. Treatment of streptococcal endocarditis with a
single daily dose of ceftriaxone and netilmicin for 14 days: a prospective multicenter
study. Clin Infect Dis 1995; 21:1406–1410.

170. Doern GV, Ferraro MJ, Bruggermann AB, et al. Emergence of high rates of antimicro-
bial resistance among viridans streptococci in the United States. Antimicrob Agents
Chemother 1995; 39:2243–2247.

171. Pulliam L, Inokuchi S, Hadley WK, et al. Penicillin tolerance in experimental streptococ-
cal endocarditis. Lancet 1979; 2:957–961.

260 Brusch



172. Eliopoulos GM. Antibiotic resistance in enterococcus species: an update. In: Remington J,
Schwarz M, eds. Current Clinical Topics in Infectious Diseases. Cambridge, MA: Blackwell
Scientific, 1996:21–51.

173. Eliopoulos GM. Aminoglycoside resistant enterococcal endocarditis. Med Clin North
Am 1993; 17:117–172.

174. Fantin B, Carbon C. Importance of the aminoglycoside dosing regimen in the penicillin-
netilmicin combination for treatment of Enterococcus faecalis-induced experimental
endocarditis. Antimicrob Agents Chemother 1990; 34:2387–2391.

175. Wilson WR, Karchmer AW, Dsajani AS, et al. Antibiotic treatment of adults with
infective endocarditis due to streptococci, enterococci, staphylococci and HACEK
microorganisms. JAMA 1995; 274:1705–1714.

176. Thompson RL, Lavin B, Talbot GH. Endocarditis due to vancomycin-resistant Entero-
coccus faecium in an immunocompromised patients: cure by administering combination
therapy with Quinpristin/dalfopristin and high dose ampicillin. South Med J 2003;
96:818–820.

177. Eliopoulos GM, Thavin-Eliopoulos C, Moellering RC Jr. Contribution of animal models
in the search for effective therapy for endocarditis due to enterococci with high-level
resistance to gentamicin. Clin Infect Dis 1992; 15:58–62.

178. Karchmer AW. Staphylococcus aureus and vancomycin: the sequel. Ann Intern Med
1991; 115:739–741.

179. Nannini EC, et al. Relapse of type A beta-lactamase-producing Staphylococcus aureus
native valve endocarditis cefazolin therapy: revisiting the issue. Clin Infect Dis 2003;
37:1194–1198.

180. Korzeniowski O, Sande MH. The national collaborative endocarditis study group
combination antimicrobial therapy for Staphylococcus aureus endocarditis in patients
addicted to parenteral drugs and in non-addicts: a prospective study. Ann Intern Med
1982; 92:619–624.

181. Chambers HF. Short-course combination and oral therapies of Staphylococcus aureus
endocarditis. Med Clin North Am 1993; 7:69–80.

182. Karchmer AW. Infections of prosthetic heart valves. In: Waldvogel F, Bisno Al, eds.
Infections Associated with Indwelling Medical Devices. Washington, D.C.: American
Society for Microbiology, 2000:145–172.

183. Chuard C, Herrmann M, Roehner P, et al. Treatment of experimental foreign body
infections caused by methicillin-resistant Staphylococcus aureus. Antimicrob Agents
Chemother 1990; 34:2312–2317.

184. Stevens DL, Herr D, Lampiris H, et al. Linezolid versus vancomycin for the treatment of
methicillin-resistant Staphylococcus aureus infections. Clin Infect Dis 2002; 34:1481–1490.

185. Howden BP, Ward PB, Charles PG, et al. Treatment outcomes for serious infections
caused by methicillin-resistant Staphylococcus aureus with reduced vancomycin suscep-
tibility. Clin Infect Dis 2004; 38:521–528.

186. Jacquiline C, Batard E, Perez L, et al. In vivo efficacy of continuous infusion versus
intermittent dosing of linezolid compared to vancomycin in a methicillin-resistant
Staphylococcus aureus rabbit endocarditis model. Antimicrob Agents Chemother 2002;
46:3706–3711.

187. Sperber SJ, Levine JF, Gross PA. Persistent MRSA bacteremia in a patient with low
Linezolid levels. Clin Infect Dis 2003; 36:675–676.

188. Sakoulas G, Eliopoulos GM, Alder J, et al. Efficacy of daptomycin in experimental endo-
carditis due to methicillin-resistant Staphylococcus aureus. Antimicrob Agents Chemother
2003; 47:1714–1718.

189. Ellis ME, Al Abdely H, Sandridge A, et al. Fungal endocarditis: evidence in the world
literature 1965–1995. Clin Infect Dis 2001; 32:50–62.

190. Walsh T, Pappas P, Winston DJ, et al. Voriconazole versus liposomal amphotericin B for
empirical antifungal therapy. N Engl J Med 2002; 366:1745–1747.

Infective Endocarditis and Its Mimics in the Critical Care Unit 261



191. Mora-Duarte J, Betts R, Rotstein C, et al. Comparison of caspofungin amphotericin B
for invasive candidiasis. N Engl J Med 2002; 347:2020–2029.

192. Anaisse EJ, Bishara AB, Solomkin JS. Fungal infection. In: Souba WW, Fink MP,
Jurkovich GJ, et al eds. New York: Web Professional Publishing 2005:1486–1487.

193. Dajani AS, Taubert KA, Wilson W, et al. Prevention of bacterial endocarditis: recom-
mendations by the American Heart Association. Circulation 1997; 96:358–366.

194. Centers for Disease Control and Prevention. Guidelines for the prevention of intra-
vascular catheter-related infections. Morb Mortal Wkly Report 2002; 51:1–29.

262 Brusch



12
Acute Myocarditis and Acute Pericarditis
in the Critical Care Unit

Jason M. Lazar
Department of Cardiology, State University of New York Downstate Medical Center,
Brooklyn, New York, U.S.A.

Diane H. Johnson and Burke A. Cunha
Infectious Disease Division, Winthrop-University Hospital, Mineola, and State
University of New York School of Medicine, Stony Brook, New York, U.S.A.

ACUTE MYOCARDITIS

Introduction

Acute myocarditis is a common sequelae of systemic infection by many organisms. It is
estimated to occur in 5% to 15% of common infections. Acute myocarditis develops
from direct infection or after infection with the heart as a target of immune injury (1).
Most cases are subclinical, but acute myocarditis can progress to congestive heart
failure and death. It may also preset with ventricular arrhythmias or resemble acute
myocardial infarction (MI). Myocarditis can become a chronic progressive disease
and is estimated to account for 10% to 20% of cases of dilated cardiomyopathy (2). This
chapter provides an overview of the clinical course of acute infectious myocarditis.

Infectious Causes

The clinical syndrome of myocarditis was first described in the mid-1800s in patients
with mumps and epidemic pleurodynia. Myocarditis was encountered during the
influenza A pandemic during the first part of the century. Although the causative
agent of myocarditis is not always identified, most cases of infectious myocarditis
in the United States and Europe are viral in origin (3–5).

The group B coxsackieviruses are responsible for most cases of documented
human disease. Other enteroviruses, including the coxsackie A and echoviruses, are
important causes of myocarditis as well (4). Historically, poliovirus was a cause of
myocarditis; however, its incidence has markedly declined due to widespread vaccina-
tion efforts. These enteroviruses are RNA viruses that attach to receptors on the
cardiac myocyte and cause cell destruction and the subsequent initiation of a host
immune response. Other commonly encountered viruses that may result in myocarditis
clinically include: varicella, cytomegalovirus (CMV), Epstein-Barr virus (EBV),
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rubeola, rubella, hepatitis B, and adenovirus (6). Arboviruses, such as dengue and
the rabies virus, are also causes of myocarditis (5,7). Currently, HIV infection is
often associated with cardiomyopathy.

Bacterial pathogens are responsible for some cases of myocarditis and reach
the myocardium by direct hematogenous spread of microorganisms or from contig-
uous spread from an infected heart valve. Gonococci, Meningococci, Brucella,
Salmonella, Staphylococci, and Streptococci have all been reported to cause
bacterial myocarditis (5). Bacteria such as Corynebacterium diphtheriae and Clostri-
dium perfringens elaborate toxins that can damage the myocardial tissue (8,9). Some
organisms causing atypical pneumonias, such as Mycoplasma pneumoniae, Legio-
nella pneumophila, Chlamydia pneumoniae, and Chlamydia psittaci, are unusual but
are known causes of myocarditis.

Lyme disease, which is caused by the spirochete Borrelia burgdorferi, is known
to cause myocarditis, which usually manifests as conduction disturbances. Infections
with rickettsia commonly cause myocarditis as well, e.g., Rocky Mountain spotted
fever and scrub typhus (10). In South America, myocarditis secondary to Chagas
disease caused by Trypanosoma cruzzi is fairly common. The other trypanosome
species, T. gambiense and T. rhodesiense, that cause African sleeping sickness can
infect the heart as well. Trichinella spiralis, Toxoplasma gondii, and Echinococcus
are causes of myocarditis in developing nations (11).

Disseminated fungal infections such as aspergillosis, cryptococcosis, and candi-
diasis have all been reported to result in myocarditis, with the majority occurring in
immunocompromised individuals (12). The infectious causes of myocarditis and the
associated clinical and laboratory features are listed in Table 1.

Clinical Presentation

The majority of cases of acute infectious myocarditis are presumed to be asympto-
matic, leaving its incidence and course ill defined. Alternatively, acute myocarditis
may result in congestive heart failure, chest pain mimicking acute MI, and/or
arrhythmias. Because these conditions are more commonly associated with primary
myocardial disease, the diagnosis of acute myocarditis poses a challenge.

Congestive Heart Failure

The overall incidence of myocarditis in acute heart failure is unknown. It has been
reported to accompany between 4% and 80% of cases of acute and chronic cardio-
myopathy collectively (13), but occurs more frequently in patients with symptoms
of shorter duration. In patients presenting with signs and symptoms of congestive
heart failure, active myocarditis should be considered when there is a young patient
age, absence of cardiac history, and the onset of symptoms during or immediately
following a systemic or viral illness. The illness may present with flu-like symptoms
of respiratory or gastrointestinal nature including fever, chills, cough, coryza, myal-
gia, pharyngitis, anorexia, and diarrhea. Of note, cardiac involvement is more likely
to occur in patients reporting myalgias during the prodromal illness (14).

The signs and symptoms of heart failure due to myocarditis are similar to other
causes. Dyspnea, orthopnea, paroxysmal nocturnal dyspnea, and fatigue are mani-
festations of left ventricular (LV) dysfunction. Abdominal discomfort related to
hepatomegaly and peripheral edema result from right ventricular failure. The dura-
tion of symptoms is brief (less than three months) in over two-thirds of patients with
biopsy-proven myocarditis (13). In addition, substernal or precordial chest pain

(Text continued on page 274)
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests

Causes Associated clinical features Diagnostic tests

Myocarditis
Viral Group B Fever Isolation of virus from throat or

stool
Coxsackieviruses Upper respiratory tract

symptoms
" Titer IgM coxsackie B antibody

or �4� rise in IgG antibody
titer (CF) between acute and
convalescent sera

Chest pain (pleurodynia)
Skin rash

Isolation of virus or viral proteins
from myocardial biopsy

Echoviruses Fever " Titer IgG echovirus antibody or
four fold rise in IgGUpper respiratory tract

symptoms antibody titer (CF) between acute
and convalescent seraLoose stool or diarrhea

Isolation of influenza virus from
nasopharynx, throat or sputum

Skin rash

Influenza A Fever Isolation of influenza virus
from nasopharynx, throat, or
sputum

Influenza B Headache Four-fold rise in IgG antibody
titer between acute and
convalescent sera (EIA, IFA,
CF, HIA)

Myalgias
Eye pain

Isolation of virus or viral proteins
from myocardium

Nonproductive cough
Sore throat

Adenovirus Rhinorrhea Culture of adenovirus from
pharynx sputum, conjunctiva,
urine

Pharyngitis
Tracheitis

Four-fold rise in IgG adenovirus
antibody titer between acute and
convalescent sera (EIA, IFA)

Pneumonia
Conjunctivitis
Cervical adenitis

Measles (rubella) Fever In early phase, multinucleated
giant cells seen in stained nasal
secretions, sputum

Cough
Coryza

LeukopeniaConjunctivitis
Measles-specific IgM antibody

(HIA, EIA, IFA, CF) or
Koplik spots

Four-fold rise in IgG titer between
acute and convalescent sera

Descending blotchy maculo-
papular rash that becomes
confluent

Rubella Fever Isolation of virus from
nasopharynxMild conjunctivitis

Rubella specific IgM antibody
(EIA or HAI or four fold rise in
titer between rubella-specific
IgG antibodies (EIA, HAI)

Posterior cervical/occipital
adenopathy

Arthralgia
Pink, macular/papular rash

beginning on face
spreading downward

Palatal petechias (Forscheimer
spots)

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Varicella Prodromal flu-like symptoms Tzanck prep of lesions-
multinucleated giant cellsRash initially macular, becomes,

vesicular, then pustular Basophilia
Rash erupts in crops Demonstration of virus by IFA

from material from a lesion
Varicella specific IgG antibodies

between acute and
Convalescent sera (EIA, CF)

Mumps Parotitis mostly bilateral, but
can be unilateral (25%)

"Amylase
Isolation of virus from blood,

nasopharynx, secretions fromFever
Epididymo-orchitis in men

(-30%)
Stensen’s duct, cerebrospinal
fluid (CSF), urine
"Mumps specific IgM, or four-

fold rise in IgG, IFA mumps
antibody between acute and
convalescent sera

Polio Fever Mild CSF pleocytosis
(predominantly lymphs), slightly
elevated protein

Aseptic meningitis
Muscle pain, cramps, twitching

Isolation of virus from throat, stoolAsymmetric paralysis
Four-fold rise in CF antibody,

EIA, or IFA titer or polio
antibody

Sensation remains intact

Epstein-Barr virus Fever Mildly "LFTs
Fatigue Lymphocytosis with atypical

lymphocytesPeriorbital edema
Positive heterophile antibody

monospot test
Pharyngitis (may be exudative)

Positive IgM viral capsid antigen
high titers present serum
1–6 wks after onset of illness

Posterior cervical or generalized
lymphadenopathy

Myocarditis Viral

Splenomegaly

" ESR

Cytomegalovirus Fever Mildly " LFTs
Malaise, fatigue Lymphocytosis with atypical

lymphocytesMyalgia, headache
Latex agglutination test for

CMV antibody
Splenomegaly

Four fold rise in CMV IgG
antibody titer

Pharyngitis and cervical
adenopathy are uncommon

PCR evaluation of blood
Prodromal symptoms: anorexia,

nausea vomiting, fatigue
Markedly elevated LFSsarthralgia, myalgia, pharyngitis,

cough, possible rash Initial lymphopenia followed by
lymphocytosis with atypical
lymphocytes

Distortion of taste
Icterus
Tender hepatomegaly

Dengue Saddle-back fever curve Leukopenia

Mild conjunctivitis Virus may be isolated from blood
Severe headache

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Myalgias, especially back,
lower extremities

Presence of dengue specific IgM
antibody (EIA, CF, IFA)

Pain with eye movement Four-fold rise in titer between
acute and convalescent IgG
antibody (EIA, CF, IFA)

Pinpoint vesicles on posterior
soft palate

Skin rash initially erythema,
becoming morbiliform on
thorax, inner arms, followed
by appearance of pruritic
maculopapular desquamating
rash

Lymphocytic
choriomeningitis

Initial nonspecific illness-
occasional

lymphadenopathy or
maculopapular rash resolves
in 2–4 days

Leukopenia, thrombocytopenia
CSF: lymphocyte predominance,

usually elevated CSF pressure
Illness recurs with severe

headache, meningitis
Isolates of virus in blood (early),

and CSF (late)
"LCM IgM titer or four-fold rise

LCM IgG titer
titers (CF, IFA) between acute
and convalescent sera

Rabies Prodromal-flu–like illness No test available for diagnosis
prior to onset of
clinical disease

Hyperactivity, hallucinations,
bizarre

Hypertension Microscopic examination of brain
tissue for Negri bodies from
rabid animals

Salivation
Paralysis

Positive CF or ELISA antibody
from CSF (not detected until
after onset of clinical illness)

Yellow fever Early Serum is positive by mouse
intracerebral inoculation in
less than 5 days

Fever, relative bradycardia,
myalgia

Postmortem pathological
examination of liver

Severe headache
Lumbosacral pain
Conjunctival ejection
Coated tongue with red edges
Later

Bacterial
Neisseria

Jaundice, delirium,
acidosis, shock

gonorrhoeae Urethritis-usually purulent
discharge, dysuria

Mucopurulent cervicitis
in females

Intracellular gram-negative
diplococci on Gram stain of
urethral, cervical secretions,
synovial fluid

Arthritis
Pustular skin rash on distal

extremities Blood cultures in disseminated
disease

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Neisseria
meningitidis

Fever
Macular or petechial skin rash-

most commonly found on
axillae, flanks, wrists, ankles

Elevated PMNs in CSF
Cultures of blood, CSF,

nasopharynx
Aspirate from skin lesion

Meningitis
Brucella Fever Blood cultures

Arthralgia, myalgia Acute and convalescent serological
titersAnorexia, weight loss

Splenomegaly on 20%
Salmonella Fever with relative bradycardia Blood cultures

Constipation or diarrhea Isolation of organism from stool
Abdominal tenderness Acute and convalescent serological

titersMild hepatosplenomegaly
Gastroenteritis

Myocarditis
Bacterial

Staphylococcus
aureus

Fever Blood cultures
Organism cultures from infected

site
Elevated teichoic acid antibody

Streptococcus
pyogenes

Fever Blood cultures

Sandpaper-like rash Throat culture
Erythema marginatum Elevated ASO, anti-DNAase B,

antihyaluronidase
Arthritis Elevated ESR
Pharyngitis
Subcutaneous modules

Corynebacterium
diphtheriae

Sore throat ‘‘Chinese letter’’ arrangement on
Gram stain of membrane

Tonsillar membrane-dirty gray,
may be green or necrotic-may
extend over soft palate

Culture of membrane (if
diphtheria is suspected, alert lab
to use selective media)

Hoarseness, dyspnea, stridor
Neuropathy with severe disease

Legionella
pneumophila

Pneumonia Fluorescent antibody staining
of sputum

Relative bradycardia Isolation of organism of sputum
Abdominal pain, diarrhea Four-fold rise in titer between

acute and convalescent sera
Mental confusion Elevated serum Legionella

antibody titer
Legionella urinary antigen

Mycoplasma
pneumoniae

Cough, usually nonproductive,
may be accompanied by
wheezing

Elevated cold agglutinin titer
Mycoplasma IgM, IgG serology

Headache
Pharyngitis
Minority have myringitis
Erythema multiforme
Other skin rashes

Detection of M. pneumoniae
antigen in sputum

Sputum cultures require special
media

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Chlamydia
pneumoniae

Fever Culture of pharyngeal swab
Pharyngitis with hoarseness C. pneumoniae IgM, IgG serology
Sinusitis

Chlamydia psittaci History of bird exposure Four-fold rise in serological titer
Fever
Pharyngitis with hoarseness
Splenomegaly
Hepatomegaly
Relative bradycardia
Epistaxis

Borellia burgdorferi History of tick exposure Serological testing including
Western blotBull’s-eye rash

Headache
Meningismus
Arthralgias

Rickettsia rickettsii Often history of tick exposure Isolation of organism from blood
Fever Demonstration of organism from

biopsy of skin lesionHeadache
Serological testingMyalgia

Nausea, vomiting, abdominal
pain

Rash-initially maculopapular
around wrists, ankles,
becomes petechial

Rickettsia
tisutsugamushi

Papule, which ulcerates
to form an eschar at site of
chigger bite

Weil-Felix–antibodies to OX-K
in 50%

High temperature Four-fold rise in �50% serological
Severe headache titer
Myalgias
Tender lymphadenopathy in

region of bite
Conjunctival injection
Ocular pain

Mycarditis
Parasitic

Trypanosoma
orazii

Chagoma—indurated,
crythematous area on skin if
parasite enters there

Romana sign—periorbital/
palpebral edema

Detection of parasites in buffy
coat/blood
Detection of parasites in lymph
nodes, bone marrow aspirate,
pericardial fluid

Fever
Malaise

Serological testing for T. cructi
IgG, IgM

Hepatosplenomegaly
Generalized lymphadenopathy

Trichinella spirulis Most infections asymptomatic Eosinophilia
Diarrhea, nausea, vomiting,

abdominal pain
Low ESR (approx. 0)

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Periorbital edema,
subconjunctival hemorrhage

Four-fold rise between acute and
convalescent serology

Fever Trichinella cysts seen on muscle
biopsy

Myositis
Toxoplasma gondii Asymptomatic cervical

lymphadenopathy
T. gondii IgM/IgG serology

Occasionally mononucleosis-like
illness

Toxoplasma cysts in tissue from
biopsy specimen

Fungal
(Note: most

common in
immunocompro-
mized biosis as a
result of
disseminated
infection)
Cryptococcus

neoformans
Headache, dizziness,

somnolence, impaired
memory, judgement with CNS
disease

Culture of organism from CSF,
sputum, urine, blood

Dull chest pain, cough, dyspnea
with pulmonary disease

India ink preparation of CSF may
assist in presemptive diagnosis

Skin lesions—popular, pastular,
or nodular

Visualization of organism in
histological specimen

Detection of cryptococcal
polysaccharide antigen from
serum and/or CSF

Aspergillus species High fever
Consolidation on chest X-ray

Isolation of organism from blood,
CSF, bone marrow (rarely
positive)

Rarely cerebral infarct due to
CNS invasion

Isolation from sputum in
appropriate clinical sening

Necrotizing skin lesions Visualization of organism in
histological specimen

Candida species Fever Isolation of organism from blood
Fluffy infiltrates on retina

eye examination
Visualization of organism in

histological specimen
Nodular skin lesions

Pericarditis
Viral Group B
Coxsackieviruses Fever

Upper respiratory tract
symptoms

Chest pain (pleurodynia)
Skin rash

Isolation of virus from throat,
stool " Coxsackie B IgM titer or
four-fold rise in antibody titer
between acute and convalescent
sera

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Echoviruses Fever
Upper respiratory tract

symptoms

Isolation of virus or viral proteins
from pericardium
" Echovirus IgM titer or four-
fold rise in IgG antibody titer
(CF) between acute and
convalescent sera

Diarrhea
Skin rash

Isolation of virus or viral proteins
from pericardium

Influenza A Fever Isolation of influenza virus
from nasopharynx, throat, or
sputum

Influenza B Headache
Myalgia
Eye pain
Nonproductive cough
Sore throat

Four-fold rise in IgG antibody
titer between acute and
convalescent sera (EIA, IFA,
CF, HIA)
Isolation of virus or viral
proteins from pericardium

Adenovirus Rhinorrhea
Pharyngitis
Tracheitis
Pneumonia
Conjunctivitis
Cervical adenitis

Culture of adenovirus from
pharynx sputum, conjunctive,
urine
Four-fold rise in adenovirus IgG
antibody titer between acute
and convalescent sera

Mumps Parotitis, mostly bilateral,
but can be
unilateral (25%)

" amylase
Isolation of virus from blood,
nasopharynx, secretions from

Fever
Epididymo-orchitis in men
(30%)

Stensen’s duct, CSF, urine
" mumps-specific IgM or four-
fold rise in IgG, IFA, mumps
antibody between acute and
convalescent sera

Pericarditis
Viral
Epstein-Barr virus Fever

Periorbital edema
Pharyngitis (may be exudative)
Posterior cervical or generalized
Lymphadenopathy
Splenomegaly

Mildly " LFTs
Lymphocytosis with atypical

lymphocytes
Positive monospot antibody test
Positive IgM viral capsid antigen

high titers present in serum
1–6 wks after onset of illness,
" ESR

Cytomegalovirus Fever
Melaise, fatigue
Myalgia, headache
Splenomegaly
Pharyngitis and cervical

Mildly " LFTs
Lymphocytosis with atypical
lymphocytes
Latex agglutination test for
CMV antibody

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

adenopathy are uncommon Four-fold rise in IgG antibody
titer, PCR of blood

Hepatitis B Prodromal symptoms: anorexia
nausea, vomiting, fatigue,
arthralgia, myalgia,

pharyngitis, cough, possible rash

Markedly elevated LFTs
Initial lymphopenia followed by
lymphocytosis with atypical
lymphocytes

Distortion of taste Detection of HBsAg in serum
Iaterus
Tender hepatomegaly

Varicella zoster
virus

Prodromal flu-like symptoms Tzanck prep of lesions shows
multinucleated giant cellsRash initially macular, becomes

Basophiliavesicular, then pustular
Rash erupts in crops Demonstration of virus by DFA

from material from a lesion
Varicella specific IgM antibody
(EIA)

Four-fold rise in varicella-specific
IgG antibodies between acute
and convalescent sera
(EIA, CF)

Bacterial
Mycoplosma
pneumoniae

Cough, usually nonproductive,
may be accompanied by
wheezing

Elevated cold agglutinin titers
(> 1:64)

Mycoplasma IgM titers
Headache
Pharyngitis

Sputum culture viral require
special media

Minority have myringitis
Erythema multiforme

Other skin rashes
Legionella

pneumophila
Pneumonia DFA staining of sputum
Relative bradycardia Isolation of organism from

sputumAbdominal pain, diarrhea
> 4� rise in titer between acute

and convalescent sera
Mental confusion

Initial serum Legionella antibody
titer (> 1:256)
Legionella urinary antigen

Chlamydia
pneumoniae

Fever Culture of pharyngeal swab
Pharyngitis with hoarseness C. pneumoniae IgM titer
Sinusitis

Borella burgdorferi History of tick exposure Serologic testing (western blot)
Bulls eye rash
Headache
Meningismus
Arthralgias

Actinomyces spp. Pericarditis, usually a result of
thoracic disease

Presence of sulfur granules in
specimen taken from sterile site

(Continued )
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Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Chest pain
Fever

Organism cultured from tissue or
pus

Weight loss Isolation of organism from
pericardial fluidMass lesion or multiple small

Cavities on chest X-ray
Spontaneous drainage of
empyema through

chest wall
Nocardio spp. Anorexia, weight loss Isolation of organism from blood,

pus or sputumCough
Isolation of organism from

pericardium
Dyspnea
Hemoptysis
Chest X-ray findings

heterogeneous
Myocabacterium

tuberculosis
Often contiguous infection

from lung
Pericardial fluid usually shows

lymphocytic predominance with
elevated protein and moderately
decreased glucose; pH usually
7.0–7.3

Chest pain
Weight loss
Night sweats

AFB smear of pericardial fluid
rarely positiveCough

AFB culture of pericardial fluid

Dyspnea

Echocardiography may show
multiple loculations of
pericardial fluid

Pericarditis
Fungal
Histoplasm
capsulatum

Fever
Weight loss
Nonproductive cough
Hilar adenopathy
Patchy infiltrates on chest X-ray
Pericarditis may result as an

inflammatory response to
inflamed mediastinal lymph
nodes

Blood pericardial fluid in acute
primary pulmonary
histoplasmosis
Isolation of organism from
sputum, blood cultures from
pericardial fluid rarely positive

Coccidioides immitis Fever
Cough
Night sweats
Erythema nodosum
Cardiac involvement rare

Isolation of organism from
sputum (hazardous)

Coccidioides immities IgM
antibody from serum (high
serum titers in disseminated
disease)

Cryptococcus
neoformans

Headache, dizziness, somnolence,
impaired memory, judgment
with CNS disease
Dull chest pain, cough, dyspnea
with pulmonary disease

Culture of organism from CSF,
sputum, urine, blood
India ink preparation of CSP may
assist in presumptive diagnosis

Skin lesions-papular, pustular,
or nodular

Visualization of organism in
histological specimen

Detection of cryptococcal antigen
from serum and/or CSF

(Continued )
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occurs in approximately one-third of patients and is likely related to contiguous
involvement of the pericardium (myopericarditis). Other physical findings include
tachycardia disproportionate to the degree of fever, tachypnea, and narrowed pulse
pressure from low cardiac output. LV failure results in leftward displacement of
the apical impulse, the presence of a third and/or fourth heart sound, a systolic
murmur of mitral regurgitation, and rales on pulmonary auscultation. Elevation
of jugular venous pressure and peripheral edema arise from right-sided failure. The
presence of a pericardial rub indicates contiguous pericarditis. This finding along
with chest pain is important as pericardial involvement is predictive of future recur-
rences of myocarditis (15).

Nonspecific markers of inflammation, including erythrocyte sedimentation rate
and white blood cell count, are neither sensitive nor specific for myocarditis. In the
Myocarditis Treatment Trial for acute and subacute forms of myocarditis, leukocyto-
sis was present in one of five patients, and about half had elevated erythrocyte
sedimentation rates (16). Increased white blood cell count and other markers of stron-
ger immune response were associated with more profound cardiac dysfunction
presentation. CPK-MB isoenzyme, a more specific marker of myocyte injury, is quite
insensitive in active myocarditis, as only 6% of patients have elevated serum levels (17).

Table 1 Causes of Myocarditis and Pericarditis, Clinical Features, and Diagnostic Tests
(Continued )

Causes Associated clinical features Diagnostic tests

Aspergillus spp. High fever Isolation of organism from blood,
CSF, bone marrow (rarely
positive)

Consolidation on chest X-ray
Rarely cerebral infarction due to

CNS invasion Isolation from sputum in
appropriate clinical settingNecrotizing skin lesions

Visualization of organism in
histological specimen

Candida spp. Fever Isolation of organism from blood
Fluffy infiltrates in retina Visualization of organism in

histological specimenNodular skin lesions
Parasites

Entamoeba
histolytica

Pericarditis occurs as a
complication of liver abscess

Isolation of organism from stool
Isolation of organism from liver

abscesses
Isolation of organism from

pericordial fluid
Elevated serum antiamebic (HI)

antibody test

Fever
Weight loss
Abdominal pain
Hepatic tenderness
Diarrhea
Chest pain

Toxoplasma gondii Asymtomatic cervical
lymphadenopathy

mononucleosis-like illness

T. gondii IgM titer

Occasionally Toxoplasma cysts in tissue from
biopsy specimen.

Abbreviations: CMV, cytomegalovirus; CNS, central nervous system, ELISA, enzyme-linked immunosor-

bent assay; IgG, immunoglobulinG; PCR, polymerase chain reaction; ESR, erythrocyte sedimentation

rate; CSF, cerebrospinal fluid; PMN, polymorphonuclear leukocytes; AFB, acid-fast bacilli; CF, comple-

ment filtration; EIA, enzyme immunoassay; IFA, immunofluorescence assay; HIA, hemagglutination inhi-

bition assay; LFT, liver function test; CSF, cerebrospinal fluid; LCM, lymphocytic choriomeningitis;

ASO, antistreptolysin O.
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However, the frequency of CPK-MB elevation is higher (approximately 75%) in
patients with ST segment elevation on electrocardiogram (EKG). By comparison,
one-third of patients had elevated serum levels of Troponin I, another biochemical
marker of myocardial injury (17). Troponin I did not correlate with the histological
severity of myocarditis, but elevated serum levels were associated with symptoms of
less than one-month duration. Serum brain natriuretic peptide levels, which provide
diagnostic and prognostic value in patients with congestive heart failure, are likely
nonspecific in myocarditis, but have not been well studied.

The EKG is almost always abnormal in active myocarditis (14,18). ST-segment
and T-wave changes are most common and may be diffuse or focal. The ST seg-
ments may be depressed or elevated. ST elevations are associated with elevation of
CPK levels thereby prompting suspicion of recent MI. The presence of ST elevation
without reciprocal ST depression has been proposed to be useful in differentiating
myocarditis (19). The presence of pathological Q waves may further mimic MI.
Other EKG findings include conduction abnormalities such as atrioventricular block
and bundle branch block. Overall, EKG findings are rather nonspecific in suspected
myocarditis. The chest X-ray may reveal cardiomegaly and pulmonary edema,
although myocardial dysfunction may not be apparent on portable films that are
taken in the critical care setting.

Cardiac imaging modalities such as echocardiography and cardiac blood pool
imaging may show both diffuse and regional wall motion abnormalities during active
myocarditis. In one study, LV dysfunction was found in 69% of patients with biopsy-
proven myocarditis and in 88% of patients presenting with congestive heart failure (20).
In most cases of LV dysfunction, the LV was normal in size and not dilated as expected
in other types of cardiomyopathy. Failure of the LV to dilate might be related to
decreased ventricular compliance associated with LV hypertrophy, a common echocar-
diographic and pathological finding in myocarditis, Nevertheless, reduced LV systolic
function with normal LV chamber size in the setting of congestive heart failure provides
another clue as to the possibility of myocarditis (21). LV dysfunction occurs in one-
fourth of patients with the right ventricular also normal in size in most cases. Magnetic
resonance imaging using T2-weighted images detecting tissue water content as an indi-
cator of inflammation may be useful. The addition of early and late gadolinium
enhancement may help distinguish myocarditis from MI (22). Segmental early suben-
docardial defects with corresponding segmental subendocardial or transmural delayed
high enhancement is characteristic of patients with MI, whereas patients with myocar-
ditis exhibit normal first pass perfusion imaging, nonsegmental nonsubendocardial
delayed enhancement (focal or diffuse) predominantly in the inferolateral location,
and visualization of hyper-enhancing nodules.

Although the diagnosis of myocarditis may be made with reasonable certainty
on clinical grounds, endomyocardial biopsy remains the gold standard. The presence
of myocyte injury and lymphocytic infiltrate are required for histological criteria.
Recently, the role of endomyocardial biopsy has been questioned. In a randomized,
placebo-controlled trial of 111 patients with LVEF, less than 45% had histological
evidence of myocarditis immunology.

Suppressive therapy consisting of prednisone with either cyclosporine or
azathioprine did not affect survival or improve LVEF (16). The low incidence of
myocarditis found on biopsy as well as the lack of demonstrable clinical benefit
of immunosuppression has resulted in the utility of endomyocardial biopsy being
challenged. Therefore, the utility of endomyocardial biopsy remains uncertain and
the procedure is not routinely performed.
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Noninvasive detection of myocardial inflammation has been attempted with
gallium-67 imaging and indium-111 antimyosim antibodies, which bind to areas of
myocardial necrosis. However, these techniques have not gained widespread accep-
tance for use in suspected myocarditis.

Therefore acute myocarditis has a wide spectrum. LV dysfunction is central to
the diagnosis but may have other causes such as sepsis-induced cardiac dysfunction.
Recently, Tako-tsubo–like LV dysfunction has been described and is being recog-
nized with increasing frequency. It is characterized by transient LV apical ballooning
in the absence of coronary disease, associated with chest pain, dyspnea, and syncope.
It is more common in females and occurs frequently after emotional or physical
stress. The pathophysiology is poorly understood, but myocarditis had been
hypothesized.

The course of congestive heart failure related to myocarditis is quite variable.
Myocarditis may resolve spontaneously with complete resolution of symptoms. Spon-
taneous improvement in LVEF is common. LV function returns to normal in about
half of the patients, making it difficult to draw meaningful conclusions about the
clinical effects of immunosuppression in uncontrolled trials. In the Myocarditis
Treatment Trial, the mean LVEF improved from 26% to 34%, but as aforemen-
tioned, was unaffected by immunosuppressive agents (16). Higher LVEF and less
intensive conventional therapy at baseline were independent predictors of survival.
Patients with fulminant lymphocytic myocarditis have a better prognosis than those
with acute nonfulminant myocarditis (23). CMV is the most common specific finding
in immunocompetent patients with fatal myocarditis (24).

The medical management of myocarditis heart failure includes diuretics and
angiotensin-converting inhibitors. Digitalis may be used with caution as patients
with myocarditis are particularly sensitive to its effects (2). Intravenous gamma
globulin has been advocated to attenuate inflammatory cytokines during the acute
treatment of myocarditis. Although a recent review identified three case series hav-
ing shown gamma globulin to improve LV function, one randomized controlled
trial of 62 patients found no benefit with respect to cardiac function, outcome,
or event-free survival (25). Additional attempts at suppressing inflammation with
aspirin and anti-inflammatory agents have been disappointing. In five animal stu-
dies of coxsacchie B3– and B4–induced myocarditis, aspirin, indomethacin, and
ibuprofen resulted in a two to threefold increase in inflammation, myocyte necro-
sis, and mortality when compared to placebo (26). The deleterious effect was more
prominent during the acute and subacute phases of myocarditis. The possible con-
tribution of microvascular spasm to the progression of myocarditis toward dilated
cardiomyopathy provides a rationale for the use of calcium channel blockers in
acute myocarditis (2). However, their use in myocarditis has not been studied
and should not be considered as multiple studies have demonstrated clinical dete-
rioration associated with calcium channel blockers in congestive heart failure. Simi-
larly, enhanced nuclear factor-kappaB expression suggests a protective effect of
PPAR-gamma activators, which has not yet been studied. Bed rest is generally
recommended to patients with active myocarditis as animal studies have shown
myocardial necrosis to be enhanced by exercise (15). Critically ill patients often
require mechanical circulatory support such as percutaneous. In one study, 71% of
patients with fulminant myocarditis supported with percutaneous extracorporeal
membrane oxygenation survived with spontaneous improvement of LV function
(27). LV assist devices have been implanted in patients with myocarditis as a bridge
to cardiac transplantation but has also recently been found to provide a bridge to
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LV recovery in 11% of patients. Patients with myocarditis and postpartum cardio-
myopathy are most likely to spontaneously recover (28).

Myocardial Infarction

Acute myocarditis should also be considered in suspected acute MI with normal coro-
nary arteries and no other identifiable causes (21). Chest pain, fever, EKG changes,
CPK-MB elevation, and regional wall motion abnormalities on cardiac imaging
studies are common on both entities. As above, a young patient age, preceding viral
syndrome, and ST-segment elevation on EKG in the absence of reciprocal ST
depressions suggest acute myocarditis. Nonetheless, most cases of acute coronary
syndrome result from atherosclerotic plaque rupture and thrombosis. Myocarditis
is usually first suspected when normal coronary arteries are found on cardiac cathe-
terization after patients are treated in a conventional manner with antianginal
agents, anticoagulation, and thrombolytic therapy. Active myocarditis was found
on biopsy in 33% of such patients up to six years after biopsy (29). Despite the the-
oretical concerns of myocardial hemorrhage and cardiac tamponade, one study
found thrombolytic therapy to be uncomplicated in patients with viral myopericar-
ditis misdiagnoses for acute MI (30). Although small in size, this study also showed a
favorable long-term outcome for acute myocarditis mimicking acute MI without
recurrent cardiac events.

Arrhythmias

Acute infectious myocarditis may also present with arrhythmias and conduction
disturbances. Premature ventricular and supraventricular complexes occur most
frequently and have been observed during the first three days of hospitalization in
one-third of patients admitted for myocarditis (31). The overall incidence of arrhyth-
mias likely decreases with time after presentation. In one study, complex ventricular
ectopy decreased from 28% at one week to 8% at three months (31). Ventricular tachy-
cardia is presumably less common, but may be responsible for 5% to 15% of cases of
sudden death in young athletes related to myocarditis. The overall risk of malignant
arrhythmias is unknown as its prevalence remains undetermined. One study found
myocarditis to be present in four to six young asymptomatic athletes with minor
rhythm disturbances and/or echocardiographic abnormalities (32). Ventricular
arrhythmias and sudden cardiac death may be the initial manifestation of myocardi-
tis and occur in the absence of LV dysfunction. Surviving patients should be referred
for electrophysiological testing.

ACUTE PERICARDITIS

Acute pericarditis is characterized clinically by chest pain, a pericardial friction rub,
and serial electrocardiographic findings. The most commonly identified causes are
infection, uremia, bacteria, acute MI, and trauma.

Infectious Causes

Many of the same agents that are responsible for the development of acute infectious
myocarditis can cause pericarditis as well. In fact, illness most often manifests as
a myopericarditis. The enteroviruses, especially Coxsackie group B (which is the agent
of epidemic pleurodynia), are again the most commonly implicated pathogens (33).
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Other viruses, such as CMV, EBV, mumps, herpes, varicella, and hepatitis B, have all
been reported to cause pericarditis, but incidence is low (34).

At one time, bacteria were the major cause of pericarditis, but since the
development of antimicrobials, purulent pericarditis is unusual. It is occasionally
encountered as a complication of pneumococcal and staphylococcal pneumonia or
bacteremia. Hemophilus influenza type B was also responsible for the development
of pericarditis in children, but the incidence of this is decreasing as well due to the
use of the H. influenzae type B conjugate vaccine. Streptococcal and meningococcal
infections may result in the development of pericardial disease, as can infection with
L. pneumophila and M. pneumoniae. The aerobic gram-negative rods have been reported
to cause disease, especially in debilitated or immunocompromised hosts (35,36).

Mycobacterium tuberculosis is a well-known cause of primary pericarditis and
results from hematogenous spread or direct extension of the infection to the pericar-
dium. Cases that develop acutely may result in cardiac tamponade. The incidence of
tuberculosis pericarditis has been rising, due to the increasing incidence of tubercu-
losis in the area of HIV infection (35,37).

Pericarditis occurs with some disseminated fungal infections, especially
histoplasmosis, aspergillosis, and candidiasis; however, it is unusual with coccidioi-
domycosis. Pericardial involvement is more commonly seen in immunocompromised
individuals. Parasitic disease of the pericardium is rare, but cases of pericarditis
secondary to T. gondii, E. histolytica, and schistosomes have been reported (35).
The infectious causes of pericarditis and their associated clinical and laboratory
features are listed in Table 1.

Clinical Presentation

The chest pain of pericarditis is classically described as a sharp or stabbing sensation
located in the substernal or pericardial areas, with radiation to the left trapezius
region (38). It is usually persistent, variable in intensity, and worsened by lying
supine and relieved upon sitting up. Pleural-like pain may also be present. A pericar-
dial cause should always be considered in the evaluation of pain in the trapezius
ridge. Dyspnea is also a common symptom of acute pericarditis and is likely related
to shallow respiration to avoid pleuropericardial discomfort.

On physical examination, the most characteristic sign is a pericardial friction
rub. Although the friction rub is pathognomonic for pericarditis, it is appreciated
in only two-thirds of patients. Therefore, the absence of a rub does not exclude
the diagnosis of pericarditis (38). The rub is a scratchy, superficial sound heard best
at the lower left sternal border with the patient leaning forward using the diaphragm
of the stethoscope. It often becomes obvious during inspiration. The rub typically
has three components representing pericardial–epicardial contact during rapid ven-
tricular filling, atrial systole, and ventricular systole. Although rubs may be confused
with murmurs, the left parasternal location and the failure of a sound to radiate to
areas expected of murmurs may help to identify a pericardial rub (39). The second
diastolic component of atrial contraction is the most specific finding to pericarditis.
Other physical findings include fever and tachycardia.

Chest X ray may reveal enlargement of the cardiac silhouette due to pericardial
effusion. Pleural effusions are evident in one-fourth of patients with acute pericardi-
tis and are usually left-sided in contradistinction to the right-sided effusion seen in
congestive heart failure (40). The presence of a pulmonary infiltrate of pleural effu-
sion favors pleuroperocarditis or pulmonary infarction.

278 Lazar et al.



The EKG is abnormal in over 90% of patients (41). The classic evolutionary
changes occur in half of the patients. During the first few hours of acute pericardi-
tis, patients develop diffuse ST-segment elevations without reciprocal changes. ST
depressions can occur in leads, AVR and V1. Of note, the T waves remain upright.
Over weeks, the ST segments return to baseline and depression of the PR segment
develops in 80% of patients (42). After the ST segments return to baseline, the T
waves become inverted and ultimately normalized. Although both acute pericarditis
and MI are associated with ST-segment elevation, several important EKG features
may help to differentiate these two entities (41). ST elevations are diffuse in pericar-
ditis and usually localized in acute MI. Pericarditis is more commonly associated with
PR-segment depression and less commonly with Q waves than acute MI. In addition,
T-wave inversion is present during ST-segment elevation in MI. However, in acute
pericarditis, the T waves invert after the ST segments return to baseline. In other
words, ‘‘the T waves flip after the STs dip.’’ Diffuse ST elevations may be seen in
young healthy subjects with ‘‘early repolarization.’’ As compared to early repolariza-
tion, acute pericarditis is more likely when inspection of level V6 shows the height of
the ST segment to exceed one-fourth the amplitude of the T wave (43). Low voltage
may also be present in the presence of pericardial effusion. Of note, typical EKG
findings occur less commonly in uremic pericarditis.

Nonspecific markers of inflammation, including erythrocyte sedimentation rate
and white blood cell count, are neither sensitive nor specific for pericarditis. Serum
CPK levels are usually within normal limits but may be mild to moderately elevated
with underlying myocarditis. Elevated CPK levels are associated with more promi-
nent EKG changes. Patients clinically suspected of acute pericarditis should undergo
echocardiography.

Echocardiography is the most sensitive technique for detecting pericardial effu-
sion. As pericardial fluid appears as an echo-free space, its size, distribution, and
hemodynamic significance can be assessed (44). However, the absence of a pericar-
dial effusion does not rule out the diagnosis of pericarditis, although its presence
is further suggestive of the diagnosis.

After exclusion of other ominous underlying conditions such as MI, the clinical
course of acute pericarditis is usually self-limited. However, 10% to 20% of patients
may develop chronic relapsing pericarditis (42). The management of acute pericardi-
tis includes the symptomatic relief of chest pain with nonsteroidal anti-inflammatory
agents and analgesics. Most patients should be admitted to the hospital for observa-
tion of complications including cardiac tamponade and arrhythmias. Aspirin and
indomethacin are the initial agents used. The use of glucocorticoids is controversial
as recurrences are common when therapy is discontinued.

The complications of acute infectious pericarditis include cardiac tamponade
and cardiac arrhythmias. Cardiac tamponade is the most frequent and often life-
threatening complication of acute pericarditis. Pericardial inflammation results in
an effusion within the pericardial space that is detectable in half of the patients with
pericarditis. Cardiac tamponade develops in 15% of patients with pericarditis and
effusion. The hemodynamic significance of a pericardial effusion is more closely
related to its rapidity of accumulation than to its volume. Rapid accumulation of
an effusion does not allow for stretching of the pericardium. Consequently, tampo-
nade may develop even in the presence of a small effusion, and large chronic effusions
may not cause tamponade. Cardiac tamponade is not an all-or-none phenomenon,
but is a spectrum of compressive physiology (45). Pericardial fluid restricts diastolic
filling of the right ventricle and then the left ventricle, resulting in low cardiac output.
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On physical examination, there is tachycardia, hypotension, and narrowed plus pres-
sure reflecting decreased stroke volume. Pulsus paradoxus, an inspiratory decrease of
>10 mmHg in systolic blood pressure during quiet respiration, is a late finding. In
the absence of dehydration, there should be elevation of jugular venous pressure as
systemic venous pressure is increased. On auscultation, the lungs are clear. Pulses
alternans in which the amplitude of QRS complexes alternate from beat to beat is
present. Echocardiographic findings include right atrial and right ventricular cham-
ber collapse, inferior vena cava distension, and variation of mitral and tricuspid flow
velocity with respiration on Doppler examination. Pericardiocentesis or open surgi-
cal drainage of the effusion is indicated for signs of cardiac tamponade. Although
needle pericardiocentesis can usually be performed earlier, surgical drainage is
considered safer. In the absence of tamponade, pericardiocentesis for laboratory
evaluation of pericardial fluid carries a low diagnostic yield of 14% and is gener-
ally not recommended (46). Therapeutic pericardiocentesis provides a diagnostic
etiology in about a third of cases.

Summary

In summary, acute infectious myocarditis has a variable clinical course and a wide clin-
ical spectrum ranging from asymptomatic EKG changes to progressive heart failure
and death. It may also present with arrhythmia and/or sudden cardiac death or can
mimic MI. The clinical factors that should raise suspicion of active myocarditis include
young patient age, absence of cardiac history, recent or present viral syndrome, a brief
duration of symptoms, coexisting pericarditis, and the absence of reciprocal ST depres-
sions in suspected MI. Laboratory markers of active inflammation are generally not
helpful. Cardiac imaging studies often reveal regional and diffuse wall motion abnorm-
alities without chamber enlargement. Endomyocardial biopsy is required for definitive
diagnosis; however, a strong presumptive diagnosis can be made clinically.

In the appropriate clinical setting, a fourfold rise in acute and convalescent
antibody titers, IgM-specific antibodies, isolation of virus from another site such as
the throat or stool, or positive blood culture would strongly suggest the etiological
agent of infection. Treatment of acute myocarditis is generally supportive.

Acute pericarditis is characterized clinically by chest pain, a pericardial friction
rub, and serial electrocardiographic changes. Although the presence of a pericardial
friction rub is path gnomonic of pericarditis, its absence does not exclude the diag-
nosis. Differentiating electrocardiographic features from acute MI includes ST
segment of diffuse nature, resolution of ST elevation prior to T-wave inversion, and
PR-segment depression. Laboratory markers of active inflammation are generally
not helpful. All patients suspected of pericarditis should be referred for echocardiogra-
phy. Further management includes the treatment of chest pain with anti-inflammatory
agents and analgesics as well as observation for complications, including cardiac tam-
ponade and arrhythmias.
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INTRODUCTION

Intravenous (IV) central venous catheters (CVC) are used in critical care units (CCU)
for medication, fluid, or nutritional access. IV CVCs may be inserted peripherally,
i.e., peripherally inserted central catheters in central veins. Complications of CVCs
may be mechanical/infectious. The three most common infectious complications of
CVC include bacteremia, septic thrombophlebitis, and acute bacterial endocarditis
(ABE). The most common organisms associated with CVC infection are methicillin-
sensitive Staphylococcus aureus (MSSA)/methicillin-resistant S. aureus (MRSA),
S. epidermitis, also known as coagulase-negative staphylococci (CoNS), and less com-
monly aerobic gram-negative bacilli. Fungal IV CVC infections may occur in any
patient with CVCs in place for an extended period of time or receiving total parental
nutrition. Enterococci are uncommon causes of CVC, excluding femoral lines.
Because most patients in CCUs have one or more CVCs, clinicians caring for patients
in the CCU should be familiar with the infectious complications of CVC. Physicians
consulting in the CCU should be familiar with the differential diagnosis therapy of
CVC infections (1–10).

OVERVIEW OF CVC INFECTIONS

There are several factors that predisposed to CVC infections. After aseptic insertion
technique, the most important factors predisposing to infection are duration and
location of insertion of CVCs. IV CVC line infections are a function of time.
CVC-related line infection is rare before seven days; or after seven days, there is a
gradual increase over time in the incidence of IV CVC line infections. The number
of lumens may increase the potential for IV CVC infection. In a patient with other-
wise unexplained fever in the CCU, the longer a CVC is in place the more likely
the CVC is the likely cause of fever. Other important determinants of IV CVC line
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infections are the anatomical location of CVC. The best anatomical location with the
lowest potential for infection is the subclavian vein. The next best location is
the internal jugular vein, and the least desirable location from an infectious perspec-
tive is the femoral location. It should be appreciated that peripheral IV lines rarely
result in IV line infections. Even if phlebitis and bacteremia develops from a periph-
eral IV line, the discontinuous/low-grade bacteremia does not result in endocarditis.
The reticuloendothelial system rapidly eliminates microorganisms introduced in
the blood stream via peripheral IV lines. If peripheral IV lines are associated with
a intermittent/low-grade S. aureus bacteremia, S. aureus ABE is not a complication,
(Tables 1 and 2) (1–5,11–18).

IV LINE INFECTIONS

The main diagnostic difficulty with CVC infections is that only 50% of CVCs that are
infected have any indicators of infection present locally. CVC IV line infection is
straightforward when the insertion site is red and painful. But half of the time there
are no superficial signs of IV line infection. It is usually straightforward to differenti-
ate chemical phlebitis or IV line infiltration from cellulitis at the CVC insertion site.

Table 1 Pathogens Associated with Intravenous-Line Infections

Most common pathogens
Staphylococcus aureus (MSSA/MRSA)
Staphylococcus epidermidis/CoNS
Enterobacter agglomerans
Enterobacter cloacae

Less common microorganisms
Enterococci (VSE/VRE; vancomysin-sensitive enterococci/

vancomycin-resistant enterococci)
Burkholderia (Pseudomonas) cepacia
Stenotrophomonas (Xanthomonas) maltophilia
Citrobacter freundii

Abbreviations: MSSA, methicillin-sensitive S. aureus; MRSA, methicillin-

resistant S. aureus; CoNS, coagulase-negative staphylococci.

Source: From Ref. 1.

Table 2 Risk Factors Associated with Central Intravenous-Line Infections

Important risk factors for central IV line infections
Aseptic insertion technique
Duration of catheterization (catheter days)
Location of catheter placement
Multiple lines

Less important factors in central IV line infections
Contaminated infusate
Number of catheter lumens (single vs. triple lumen)
Secondary bacteremias
Host defense status

Abbreviation: IV, intravenous.

Source: From Refs. 1, 3, 4.
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The skin at the IV insertion site in IV phlebitis or with IV infiltration is swollen and
painful but is not erythematous and the patient does not have otherwise unexplained
fever. IV line infections secondary to CVC must be suspected in CCU patients
with fever where the other causes of fever in the CCU have been ruled out. Then
the diagnosis of CVC-related infection should be entertained. The likelihood of
CVC-related infection is more likely the longer the CVC has been in place and, as
mentioned, is also related to the anatomical location of the insertion, i.e., femoral
lines are much more likely to become infected than subclavian lines (1–8).

IV line infection in the absence of local manifestations may be diagnosed
by blood cultures and semiquantitative catheter tip cultures. If IV line infection is
suspected from a CVC, the catheter should be removed and the tip sent for a semi-
quantitative culture. Simultaneously, the patient should have blood cultures drawn,
but not drawn through the removed or other CVCs unless there is no venous access.
IV line infection is diagnosed if the blood culture isolate, excluding skin contami-
nants acquired during venipuncture, is the same organism recovered from the
removed CVC tip culture. For the CVC tip culture to be considered positive,�15
colonies should be present. Positive tip cultures without bacteremia indicate the
catheter colonization of noninfection. Bacteremia without a positive CVC tip culture
indicates bacteremia unrelated to the line. IV line infection is only diagnosed if there
are�15 or greater colonies, from culturing the removed catheter tip, and they are the
same species as the blood culture isolates (1,3,15–19).

The therapy of uncomplicated IV line infections is for two weeks with anti-
MSSA/MSRA antibiotics. Near the end of the therapy, MSSA/MRSA ABE should
be ruled out by transthoracic echocardiography (TTE)/transesophageal echocardio-
graphy (TEE). Elevated teichoic acid antibody titers/otherwise unexplained elevated
erythrocytes sedimentation rate (ESR) is a clue to the possibility of ABE following
MSSA/MRSA bacteremia. Cardiac echocardiography should be done in a patient
with a high-grade/persistent S. aureus bacteremia following an IV CVC infection,
particularly with an otherwise unexplained elevated ESR or teichoic acid antibody
level. In patients without prosthetic valves. TTE is sufficient; TEE is a low-yield
procedure. For prosthetic valves, TEE is preferred. Antimicrobial coated CVCs have
not been shown to decrease IV line infection greater than seven days after placement
(20–35).

SEPTIC THROMBOPHLEBITIS

Simple uncomplicated phlebitis may be associated with low-grade fevers �102�F
and is not associated with bacteremia. If bacteremia complicates phlebitis, it is due
to skin organisms, usually S. aureus or CoNS, and the bacteremia is intermittent
and is of low intensity. Typically, if blood cultures are positive, they are present in a
1/2, 2/0, 2/2, 0/4, etc., indicative of blood culture contaminants. Septic thromboph-
lebitis is an IV septic process within the vein. The clinical findings resemble phlebitis
except that the patient usually has fevers of �102�F and is often accompanied by
rigors. Blood culture positivity may be continuous or discontinuous and is usually
of a high-grade 3/4 or 4/4 positive blood cultures. The diagnosis of septic thromboph-
lebitis may be suspected clinically and confirmed by removal of the central IV line, and
pus emanating from the catheter wound and palpable cord is usually present. Therapy
for septic thrombophlebitis is venotomy, with appropriate anti MSSA/MRSA
therapy for four weeks.
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S. AUREUS ACUTE BACTERIAL ENDOCARDITIS

S. aureus is the commonest cause of ABE at the present time. S. aureus, either
MSSA/MRSA, is capable of attacking normal and abnormal heart valves. This is
in contrast to SBE due to avirulent pathogens, e.g., Staphylococcus veridans group
that requires pre-existing valvular damage and capsular production to cause SBE.
The factors that predispose to MSSA/MRSA ABE include high-grade/continuous
MSSA/MRSA bacteremia from a CVC, invasive cardiac procedure, e.g., radio-
frequency ablation or a distant protected focus, e.g., abscess. ABEis not a complication
of peripheral IV line infection.

The clinical diagnosis of S. aureus ABE demonstrates two diagnostic features.
First, the patient must have a high-grade/continuous S. aureus bacteremia, i.e., 3/4
or 4/4 positive blood cultures. The second criterion is the demonstration of
vegetation by TTE/TEE. S. aureus bacteremia that is not high grade/prolonged
indicates a transient staphylococcal bacteremia and is not indicative of endocarditis
per se. In S. aureus endocarditis, the bacteremia characteristically is of high grade
and prolonged. High-grade prolonged S. aureus bacteremia without a vegetation
demonstrated by TTE/TEE should suggest an extracardiac focus or abscess. Patients
with ABE may or may not have a new/rapidly changing cardiac murmur. If the endo-
carditis is recent, there may have been sufficient valvular damage to result in a cardiac
murmur. There is no indication to get a TTE/TEE to rule out endocarditis in patients
without bacteremia. If a cardiac vegetation is demonstrated and no concomitant
bacteremia is present from an organism that is a known endocarditis pathogen, then
the vegetation is an incidental finding and not indicative of ABE. Sterile vegetations,
also known as marantic endocarditis, may occur in association with malignancy as
well as nonmalignant disorders, e.g., Liebman–Saks endocarditis. Therefore the
diagnosis of S. aureus ABE rests on demonstrating a high-grade continuous bacteremia
that is persistent in a patient with demonstrable vegetation by cardiac EKG, murmur
may or may not be present. In non-IVDAs, the fever in ABE is usually �102�F
(Table 3).

The treatment of MSSA/MRSA ABE is for four to six weeks of anti-staphy-
lococcal therapy. For MSSA ABE, treatment is usually with oxacillin, nafcillin, and
first-generation cephalosporins, e.g., cephazolin. In penicillin-allergic patients with
MSSA/MRSA ABE, vancomycin quinupristin/dalfopristin, minocycline, linezolid,
and daptomycin have been used. All of the drugs used to treat MRSA are also effec-
tive against MSSA, but the reverse is not true. Because the therapy of MRSA/MSSA
is prolonged, i.e., four to six weeks, oral therapy for all or part of the therapy is
desirable. The only two antibiotics available to treat MRSA ABE orally are minocy-
cline and linezolid. If fever/bacteremia persists after a week of appropriate therapy
then the clinician should re-evaluate drug treatment to be sure that the drug is being
dosed optimally, as well as the nonantibiotic causes of apparent antibiotic failure, i.e.,
myocardial abscess and noncardiac septic foci. If the problem is drug-related, daptomy-
cin offers the best option for terminating the bacteremia/curing the endocarditis.
Daptomycin is concentration-dependent on the killing kinetics and is the most potent
anti-staphylococcal antibiotic available against MSSA/MRSA. Although the usual
dose of daptomycin for bacteremia/ABE is 6 mg/kg (IV) q24 hours (with normal renal
function), the dose of daptomycin may be increased if the patient is not responding to
daptomycin or other anti-staphylococcal antibiotics. Daptomycin given at a dose of
12 mg/kg (IV) q24 hours (with normal renal function) has been used safely without side
effects for over four weeks (36–44). If the problem is not drug-related and is related to a
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protected focus, e.g., abscess myocardial, S. aureus, acute bacteremia meningitis, or
extra cardiac septic complications, then surgical drainage may be needed to eradicate
the infection.
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INTRODUCTION

Postsurgical patients in the intensive care unit (ICU) often confront a myriad of
medical and new surgical complications. Among these, intra-abdominal infections
remain the most formidable adversary, affecting an estimated 6% of all critically
ill surgical patients. Organ dysfunction continues to be a major manifestation of
these infections, resulting in a high mortality of 23% (1).

Intra-abdominal infection in the surgical ICU (SICU) patient may occur as a
complication of a previous condition or arise de novo. In either event, it is evident
that the critically ill patient is predisposed to a different set of disease states and
pathogens than the clinician might routinely encounter. Moreover, given the com-
plex background of concomitant illnesses in these individuals, physicians must be
prepared to interpret a variety of atypical presentations. The burden of the diagnos-
tician in the care of the ICU patient, however, remains not only of sensitivity but
also of specificity; accordingly, the physician must be alert to a variety of clinical
pictures that may masquerade as abdominal infection in the SICU patient. In this
chapter, we will review the unique characteristics of intra-abdominal infections in
critically ill patients, as well as the challenges faced in their diagnosis and treatment.

TERTIARY PERITONITIS

With a startling mortality of 20% to 50%, the diagnosis and treatment of tertiary
peritonitis has remained a source of intense research for some time (2). Tertiary peri-
tonitis, or intra-abdominal infection persisting beyond a failed surgical attempt to
eradicate secondary peritonitis, represents a blurring of the clinical continuum, often
characterized by the lack of typically presenting signs and symptoms. Nevertheless,
prompt diagnosis is essential for cure, and given the grim propensity of this compli-
cation to strike already critically ill patients—rapidly devolving into multi-organ

291



system failure—the intensivist should be equipped with the necessary knowledge to
suspect, confirm, and treat this serious illness.

Early Recognition

The gradual postoperative transitional period between a diagnosis of secondary and
tertiary peritonitis causes the clinical presentation of tertiary peritonitis to be quite
subtle. Moreover, because patients are frequently sedated, intubated, or otherwise
incapacitated, history and physical exam in the early stages of disease are often an
insensitive means to a diagnosis. Therefore, the physician must pay particular atten-
tion to those secondary peritonitis patients whose conditions place them at risk,
including malnutrition and the several variables detailed under the acute physiological
and chronic health evaluation score (APACHE) II scoring system such as age, chronic
health conditions, and certain physiologic abnormalities while in the ICU (3). In these
individuals, fever, elevated C reactive protein (CRP), and leukocytosis—although
admittedly nonspecific in the postsurgical patient—should be addressed quickly and
assertively, even when lacking other evidence of infection, such as abdominal tender-
ness and absent bowel sounds (3). As one might reasonably predict, clinical evidence of
tertiary peritonitis becomes increasingly more obvious the farther the disease has pro-
gressed, eventually leading to multi-organ system failure. To this end, further scoring
systems have been developed to determine the probability that tertiary peritonitis is in
fact present postsurgically. Two such systems, the Sepsis-related Organ Failure Assess-
ment and the Goris scores, attempt to objectively sum the failure of the respiratory,
cardiovascular, nervous, renal, hepatic and coagulation systems. Even though first
postoperative day scores are elevated in patients both with and without tertiary peri-
tonitis, subsequent second and third day scores are seen to fall in those without the
disease, whereas remaining steady in patients later diagnosed by re-operation with
tertiary peritonitis (4). Although these findings may be interesting and statistically sig-
nificant, their clinical application—in overall terms of mortality avoided—remains to
be proven. By pausing for evidence of changing widespread system failure over time,
the clinician risks losing the opportunity to avoid medical catastrophe.

Radiologic tools, then, become a mainstay of the physician’s investigation.
Two such studies, gallium-67 scintigraphy and computed tomography (CT) scan,
are commonly used for the detection of intra-abdominal infection. On the whole,
CT is generally the preferred choice. At 97.1% accuracy, it is the more accurate of
the two, with an enviable specificity of 100%. Isotope scans suffer in terms of accu-
racy for the postoperative patient because of false-positive uptake in areas of surgical
injury. Moreover, CT has the potential to contribute both diagnostically and thera-
peutically in the care of patients, as will be discussed later. Finally, CT may be done
on demand, whereas Ga-67 requires one to two days for concentration of the isotope
at the site of infection. Scintigraphy, however, is not entirely without its own merits.
With a sensitivity of 100% relative to 93.7% for CT, it is superior for uncovering
early infection prior to the development of discreet fluid collections. Also, it is worth
considering that in centers where indium-111 and technitium-99m exametazine-
labeled leukocyte scans are available, a higher level of scintigraphy accuracy may
be attained, albeit at greater expense. Furthermore, as an incidental advantage, nucleo-
tide scanning has been known to reveal extra-abdominal infections such as pneumonia
and cellulitis that might imitate tertiary peritonitis (5). Therefore, one might consider
this as a second option for the relatively stable patient, in which CT has failed to provide
a definitive answer but signs and symptoms persist. Other studies, such as plain film and
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ultrasound, are impaired by the nonspecific finding of intra-peritoneal free air and
other features that might normally be expected in the postoperative patient (6).

Microbiology and Pathogenesis

The flora of tertiary peritonitis is different from that of secondary peritonitis. Whereas
a culture of secondary peritonitis might produce a predominance of Escherichia
coli, Streptococci, and Bacteroides—all normal gut flora—tertiary peritonitis is more
apt to culture Pseudomonas, coagulase-negative Staphylococcus, Enterococci, and
Candida (7,8). The obvious explanation for these differences is the mode of infection:
secondary peritonitis is typically community acquired, but tertiary peritonitis occurs
in an ICU setting. Time spent in the ICU necessarily implies that the patients affected
are critically ill and likely already treated with antimicrobials. Some theorize that
disease begins when the gut is weakened by surgical manipulation, hypoperfusion,
antibiotic elimination of normal gut flora, and a lack of enteral feeding, thereby creat-
ing an opportunity for selected resistant native bacteria to translocate across the
mucosal border (9). In fact, independent risk factors for postsurgical enterococcal
infection include APACHE II scores greater than 12 and inadequate antibiotic cover-
age (8). Therefore, empiric antibiotic therapy should be broadly launched to cover the
wide range of likely organisms, and later targeted to the specific determined pathogen
and sensitivity. Appropriate first agents include, among others, carbapenems or the
anti-pseudomonal penicillins, or a regimen of aminoglycosides with either clindamy-
cin or metronidazole for the penicillin-allergic patient (6).

Treatment

When possible in selected patients, the treatment of tertiary peritonitis may be
accomplished by image-guided percutaneous drainage of intra-abdominal abscesses,
generally using CT. Percutaneous drainage is not without its inconveniences: compli-
cations such as fistulas, cellulitis, and obstructed, displaced, or prematurely removed
drains occur in 20% to 40% of patients (10,11). Nevertheless, the efficacy of this tech-
nique is real: Cinat et al. found this method to be 90% successful in postoperative
abscess. Abscesses involving the appendix, liver or biliary tract, and colon or rectum
were also found to be particularly responsive at rates of 95%, 85% and 78%, respec-
tively, although pancreatic abscesses and those involving yeast were correlated with
poor outcomes by this treatment method (10). Khurrum Baig et al. echoed the success
of percutaneous drainage in treating abscesses secondary to colorectal surgery, but
questioned the applicability of these findings to patients with other than well-defined
intra-abdominal abscesses (11).

Other considerations include planned relaparotomy and open management.
Data is far from optimal, as these critically ill patients cannot ethically be random-
ized to different treatment groups. However, it would appear at this time that these
strategies still result in an unacceptably high mortality of around 42% (12,13). A
study by Schein found a particularly high mortality of 55% in the specific subgroup
of diffuse postoperative peritonitis treated by planned relaparotomy, with or without
open management. Furthermore, Schein went on to state that open management was
associated with over twice the mortality of closed: 58% versus 24% (14). Although
necessary flaws in study design make it difficult to say whether these approaches
offer an advantage over the more traditional ones, it is nevertheless clear that they
are far from ideal.
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The hurdles in addressing the challenge of tertiary peritonitis have led to exp-
loration of potential future therapies. Some are in keeping with traditional surgical/
mechanical means: case studies have surfaced detailing the success of laparoscopy,
even in the face of diffuse peritonitis and multiple abscesses (15). Other concepts
favor a medicine-based approach, rooted in emerging ideas on the disease’s basic
pathology. As it is believed that bacteria migrate out of the intestines secondary
to mucosal weakening, strategies that strengthen the mucosa, such as early post-
operative enteral feeding or selective elimination of endogenous pathogenic bacteria,
have each been tried with mixed results. Likewise, it has been argued that the pro-
gression from secondary to tertiary peritonitis represents a crippling of the body’s
immune system; in support of this belief, granulocyte colony stimulating factor
and interferon-c have each produced limited success in small patient groups, and
successfully treated individuals all demonstrated some recovery of immune cell func-
tioning. Another idea has been postulated that a relative lack of corticosteroid exists
to fulfill the demands of extreme stress, and it has been seen that supplying patients
with stress doses of hydrocortisone can dramatically improve the vascular effects of
septic shock. Finally, some researchers have investigated the possibility that allevi-
ating the hyper-catabolic state of patients with tertiary peritonitis might decrease
mortality. Growth hormone and insulin-like growth factor-1 have both been tried
with intermittent positive and negative outcomes (9).

NEW ONSET PERITONITIS

Antibiotic-associated Clostridium difficile Diarrhea
in the ICU Patient

Epidemiology, Pathogenesis, and Risk Factors

The anaerobe Clostridium difficile causes twice as many cases of diarrhea as all other
bacterial and protozoal causes combined. In hospitalized patients, C. difficile is
responsible for 30% of diarrhea cases, and in hospitalized patients receiving anti-
biotic therapy—as is the case for many postsurgical patients—this number rises to an
impressive 50% to 70%. C. difficile–associated diarrhea (CDAD), is theorized to
arise in patients colonized by the pathogen when protective normal gut flora is simul-
taneously suppressed by broad-coverage antibiotic exposure. Although clindamycin,
ampicillin, and the third-generation cephalosporins such as ceftazidime, ceftriaxone
and cefotaxime are the most commonly associated antimicrobials, the newer, broader-
spectrum quinolones such as gatifloxacin and moxifloxacin can also increase risk,
and in fact any antibiotic, including, surprisingly, metronidazole and vancomycin,
may rarely predispose patients to the disease. Other risk factors for CDAD include
age, >60 years, the winter season, antineoplastic agents (especially methotrexate),
recent gastrointestinal surgery, enemas, stool softeners, postpyloric enteric tube
feedings (e.g., J-tubes), and even use of proton-pump inhibitors in hospitalized
patients (16,17).

Diagnosis

A CDAD diagnosis is reached based on a number of clinical and laboratory findings
such as low-grade fever, median leukocytosis of around 16,000 WBCs/mm3, occa-
sional hypoalbuminemia secondary to a protein-losing enteropathy, and, in 5% of
patients, even the dramatic presentation of acute abdomen. Sigmoidoscopy, when

294 Kaiser and Wilson



performed in equivocal cases, will show whitish or yellowish pseudomembranes over-
lying the mucosa in 41% of cases, and radiologic studies, although nonspecific, will
often show signs of inflammation such as cecal dilatation, air–fluid levels, and mucosal
thumbprinting. Even though diagnosis is often confirmed using the enzyme-
linked immunoassay, it is worth bearing in mind that these tests are only about 85%
sensitive. Even polymerase chain reaction (PCR), culture, and the cytotoxicity
assay—considered to be the gold-standard in terms of specificity—are likewise imper-
fect; therefore, a negative test result should not undermine the weight of sound clinical
judgment when other likely causes of nosocomial diarrhea have been ruled out (16,17).

Treatment and Prevention

Therapy for mild cases may consist only of discontinuing the offending antibiotics,
or switching to antibiotics less likely to perpetuate CDAD, such as aminoglycosides,
macrolides, sulfonamides, or tetracyclines: up to a quarter of cases will resolve fol-
lowing this step alone. For moderate-to-severe cases, metronidazole, either orally
or intravenously, is the first line of therapy. In the 20% to 30% of patients who will
relapse, a second course of metronidazole is recommended, followed by vancomycin
enema for persistent symptomatic infection. Other treatments, such as intravenous
immunoglobulin, cholestyramine which binds the bacterial toxin, and probiotics
such as Lactobacillus, the yeast Saccharomyces boulardii, and even donor feces or
‘‘stool transplantations’’ to seed the re-growth of normal gut flora, have all been
tried with success but as yet are not commonly done. Of course, prevention remains
the most effective means of addressing the C. difficile dilemma, and precautions such
as contact isolations for known carriers, conscientious hand-washing, gloves, and
bleach disinfection of hospital surfaces, endoscopes and other equipment should
never be overlooked (16,17).

Acalculous Cholecystitis

Acalculous cholecystitis, with its difficulty in diagnosis and attendant high mortality,
should be a consideration in jaundiced postoperative patients. Although this disease
occurs in only about 0.19% of SICU patients, it nevertheless accounts for around
14% of all acute cholecystitis patients, and the mortality ranges from 15% to 41%
(18,19). With this in mind, physicians caring for high-risk populations should care-
fully evaluate the signs and symptoms of this disease, and even a low level of clinical
suspicion should prompt more thorough investigation.

Risk Factors and Pathophysiology

Although the pathogenesis of acalculous cholecystitis has not been entirely elucidated,
it is apparent that the critically ill patient is particularly prone. Risk factors include
recent trauma, burn injury, or nonbiliary tract operations, atherosclerosis, diabetes,
hypertension, chronic renal failure, hemodynamic instability such as congestive heart
failure or shock, and use of total parenteral nutrition (TPN) (18–21). One patient has
been reported in the literature with acalculous cholecystitis secondary to a diaphrag-
matic hernia mechanically obstructing the cystic duct (19). Only about 13% have a
history indicative of gallbladder disease (21). Given these associations, it is likely that
there are multiple triggering factors contributing to a common disease state. An
experimental form of the disease is produced by a combination of decreased blood
flow to the gallbladder, cystic duct obstruction, and bile concentration (21). It can
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be conjectured that a partially ischemic state, together with the effects of stasis, cre-
ates a favorable environment for the growth of enteric bacteria, ultimately leading to
inflammation, often with accompanying gangrene, empyema, perforation, and abscess
at rates much higher than those seen with calculous cholecystitis (18,20,21). E. coli is
the organism most commonly isolated (19).

Presentation and Diagnosis

In addition to having one or more of the above risk factors, acalculous cholecystitis
patients frequently present with the classical signs and symptoms of the calculous
form, such as right upper quadrant pain, Murphy’s sign, nausea and vomiting,
abdominal distention, decreased bowel sounds, fever, jaundice, and abdominal mass
(19,21); although patients with mental status changes often lack pain and other symp-
toms, absence of any one clue should not exclude such a serious possibility (18,22).
Laboratory values suggesting the diagnosis include leukocytosis, hyperamylasemia,
and elevated aminotransferases (22). Nevertheless, these findings are nonspecific, and
given the likelihood of atypical presentation, the equivocal patient generally warrants
radiologic and/or nucleotide (isotope) tests including ultrasound, CT scan, and choles-
cintigraphy such as hepatobiliary iminodiacetic acid (HIDA) scan. Of these, cholescin-
tigraphy demonstrating an abnormal gallbladder ejection fraction of <40% in
45 minutes has been found most accurate, with a sensitivity of 90% to 100%, and a spe-
cificity of 88% (18,23); however, patients receiving TPN for a prolonged period may
exhibit delayed gallbladder emptying, producing a false-positive result. CT detects
roughly two-thirds of cases (18). Ultrasound, by contrast, when searching for the typi-
cal signs of thickened gallbladder wall, sludge, pericholecystic fluid, emphysematous
change, and hydrops has recently been shown just 30% sensitive in critically ill trauma
patients (23). Finally, diagnostic laparoscopy, although invasive, is nevertheless accep-
tably safe and allows direct visualization of the organ. In many cases, a combination of
studies will be necessary to secure a diagnosis (24).

Treatment

Cholecystectomy, together with antibiotics, is the definitive treatment for acalculous
cholecystitis. Laparoscopic surgery may be possible, and this being minimally inva-
sive might be considered an attractive option in the critically ill patient. Surgeons,
however, must be prepared to encounter many possible complications, including
the increased likelihood of gangrene and empyema, both of which are difficult to
manage laparoscopically, as well as the tendency to encounter adhesions in any
postoperative patient. For poor surgical candidates, another treatment option is
laparoscopic cholecystotomy. This procedure is safe and effective in relieving sepsis,
but is contraindicated in the cases of gangrene and perforation, and of course, sub-
ject to all the limitations of laparoscopy (25). Appropriate antibiotic treatment would
center on coverage of gut flora, such as a beta-lactamase inhibitor penicillin along with
an anti-anaerobic agent.

Colorectal Anastomotic Leakage

Risk Factors, Prevalence, and Long-term Sequelae

Approximately 3% to 6% of large bowel surgical anastomoses constructed by experi-
enced surgeons may leak. Anastomotic breakdown is the most common cause of
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stricture formation and also predisposes to increased local recurrence of cancer, a
lower cancer specific survival, and poor colorectal function. Risk factors for anasto-
motic leakage include male gender, obesity, malnutrition, cardiovascular disease and
other underlying chronic disease states, steroid use, alcohol abuse, smoking, inflam-
matory bowel disease, and preoperative pelvic irradiation. Specific operations that
predispose to the development of a leak include emergency indications for surgery,
low anterior resection, colorectal anastomoses, particularly difficult or long surgeries
lasting over two hours, intraoperative septic conditions, and perioperative blood
transfusions (26).

Diagnosis

The diagnosis of an anastomotic leak in the postoperative patient is relatively
straightforward. A typical triad indicative of infection includes fever, leukocytosis,
and pelvic pain. Given these signs and symptoms, together with the appropriate
surgical history, anastomotic leakage should be high on the differential diagnosis.
Other clues that might prompt clinical suspicion include absence of bowel sounds
on postoperative day 4 or diarrhea before day 7, greater than 400 mL of fluid from
an abdominal drain by day 3, and renal failure by day 3. Further evidence can be
gleaned from CT scan with rectal contrast, which will reveal leakage of contrast with
a sensitivity of 98%, as well as any abscesses that may be present as a result. CT is
reported to be a superior modality to plain film with contrast enema, which in one
review was positive in only 54% of patients who were later determined to have anas-
tomotic breakdown (26).

Treatment

Following intravenous fluid resuscitation and antibiotic therapy to cover gut flora,
laparotomy to lavage the abdominal cavity and either place a protecting stoma or
an end colostomy is generally indicated for the more severe anastomotic leak. In less
severe cases, where rectal contrast is seen to be contained by CT imaging, further
surgery is not always necessary. In either event, any abscess formed must be drained,
preferably percutaneously with CT guidance when possible (26).

Perforated Gastroduodenal Ulcer

Although markedly decreased in incidence by improved critical care management,
gastroduodenal ulceration leading to perforation and peritonitis may complicate the
course of ICU stays.

Risk Factors

Perforated ulcer represents yet another potential source of abdominal infection in
the postoperative patient. Nonsurgical patients in the ICU are also predisposed to the
development of ulcers. Curling’s ulcers, or stress ulcers, affect in particular burn
patients with septic complications; Cushing’s ulcers develop in patients with central
nervous system pathology involving midbrain damage, such as occurs after head
trauma. In addition, many patients will be treated with nonsteroidal antiinflamma-
tory drugs and exogenous steroids during their ICU stay, which may contribute to muco-
sal barrier breakdown and delay recognition of ensuing infection. Risk factors predicting
ulcer perforation include smoking, exposure to nonsteroidal anti-inflammatory drugs,
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cocaine abuse, and Helicobacter pylori infection (27,28). Effective as they are, acid-
suppressing drugs do not eliminate the risk entirely (29), and thus the possibility of
ulcer perforation should be considered as an explanation of intra-abdominal infection
in the ICU patient.

Presentation and Diagnosis

Perforation most typically presents as an acute abdomen with sudden onset of pain,
occasionally accompanied by nausea and vomiting, diffuse abdominal tenderness,
rigidity of the abdominal wall, and ileus. As with other illnesses, perforation in
the ICU patient may manifest in less obvious ways. Plain abdominal and upright
chest films exhibiting signs of free air may detect 85% of free perforations (30)
and is often the radiologic modality of first choice. CT scan, although frequently
rendered unnecessary in the face of a positive plain film, may nevertheless disclose
a remaining few diagnoses: Chen et al. found pneumoperitoneum on CT to be 100%
sensitive (31). Moreover, other signs such as fluid collections and soft tissue inflam-
mation also demonstrated by CT may be of further help.

Treatment

Although there has been debate in recent years with regard to a 12-hour period of
observation and supportive treatment before proceeding to surgical intervention
for perforation, the poor prognosis associated with delay in definitive treatment and
the relatively straightforward surgical procedure has persuaded many surgeons against
this approach (28). Currently, direct suture repair, often with omental patch reinfor-
cement, is the usual treatment of choice. Subsequent eradication of H. pylori—for
example, using ampicillin, metronidazole, and a proton pump inhibitor, otherwise
known as ‘‘triple therapy’’—has been shown to decrease the recurrence of ulcers at
one year from 38% to 5% (27).

Spontaneous Bacterial Peritonitis

Spontaneous bacterial peritonitis (SBP), is a bacterial infection of intraperitoneal
ascitic fluid and resulting peritoneal inflammation that occurs in the absence of other
inciting factors, e.g., a perforated viscus. With a 10% to 30% incidence of SBP among
random hospital admissions of cirrhotic patients with ascites, and a mortality of
20% to 40% equivalent to that of an esophageal variceal bleed, SBP is a formidable
threat to the cirrhotic ICU patient (32,33).

Risk Factors and Pathogenesis

SBP occurs when enteric bacteria, most commonly E. coli, Klebsiella pneumoniae, and
pneumococcus, translocate across the gut mucosa to mesenteric lymph nodes. From
there, impaired opsonization and phagocytosis in these patients allows bacteria to
colonize the ascitic fluid and generate an inflammatory reaction. Hematogenous
spread is the possible explanation for gram-positive monoisolates. Complications
develop secondary to this inflammation, as intravascular blood volume drops and
hepatorenal failure predictably ensues. Renal failure is, in fact, the most sensitive
predictor of in-hospital mortality (33).

Although cirrhotic individuals comprise the vast majority of SBP patients,
ascites from other etiologies may also become infected, including ascites secondary
to fulminant hepatic failure, cardiac etiologies, nephrotic syndrome, and even
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Budd-Chiari syndrome (33–36). Among patients with ascites, major additional inde-
pendent risk factors include ongoing gastrointestinal hemorrhage, a previous episode
of SBP, high serum bilirubin, and probably ascites protein <10 g/L (32).

Presentation, Diagnosis, and Differential Diagnosis

SBP generally presents with symptoms typical of peritonitis—e.g., fever, abdominal
pain, ileus, diarrhea, vomiting, leukocytosis, and rarely, shock (32). Atypical pre-
sentations may consist of acute prerenal renal failure or sudden onset new hepatic
encephalopathy with rapidly declining hepatic function. Given this wide range of
potential signs and symptoms, SBP is no longer considered to be a purely clinical
diagnosis, but is based principally on laboratory findings. The primary sensitive indi-
cator of SBP is a polymorphonuclear (PMN) count of >250/mm3 (in traumatic
bloody taps, the total PMN count is corrected by subtracting one PMN per 250
red blood cells) (32). The high incidence of SBP warrants diagnostic paracentesis in
cirrhotic patients with ascites and fever or abdominal findings immediately upon
hospital admission, and additional paracenteses in any of these patients subsequently
developing the signs and symptoms of peritonitis or gastrointestinal bleeding (32).
Although a PMN count >250/mm3 may be further supported by positive single
organism ascites fluid cultures, this test is only about 60% sensitive even under opti-
mal conditions—bedside aerobic and anaerobic cultures of 10 mL each into blood
culture bottles—and moreover requires unacceptable delay as a practical indication
of treatment (32). Although recent studies have shown promising results of 100%
sensitivity in the diagnosis of SBP using certain urine reagent strips, these findings
are not yet supported by sufficient experience to advocate their routine clinical use (37).

Secondary peritonitis is bacterial peritonitis secondary to a viscus perforation,
surgery, abdominal wall infection, or any other acute inflammation of intra-abdominal
organs. In the postsurgical ICU patient, differentiating SBP from secondary peritonitis
is particularly challenging, yet nonetheless pivotal in determining appropriate manage-
ment. Secondary peritonitis often occurs in the wake of obvious causes, but in settings
where underlying issues are subtle, a diagnosis of SBP may be mistakenly seized and
acted upon. Thus, a diagnosis of secondary peritonitis should generally be considered
when patients fail antibiotic therapy for SBP. Characteristics of ascites fluid strongly
favoring secondary peritonitis over SBP include isolation of multiple organisms, isola-
tion of anaerobic or fungal organisms, or an ascites glucose level <50 mg/dL with a
protein concentration of >10 g/L and lactic dehydrogenase concentration greater
than that of normal serum. These indicators are all very sensitive but nonspecific for
a diagnosis of secondary peritonitis, and their presence must be weighed against the
remaining clinical picture before any firm diagnoses are reached (32).

Treatment and Prognosis

Initial empiric treatment for SBP must cover gram-negative aerobic bacteria from
the family of Enterobacteriacae as well as nonenterococcal Streptococcal species,
and must adequately penetrate into the peritoneal fluid. Low dose, short course
cefotaxime—2 g twice a day for five days—is generally considered the first line therapy,
but other cephalosporins such as cefonicid, ceftriaxone, ceftizoxime, and ceftazidime
are equally effective, and even oral, lower cost antibiotics such as amoxicillin with
clavulanic acid will achieve similar results. For patients with penicillin allergy, oral
fluoroquinolones such as ofloxacin are yet another suitable option, except in those
with a history of failed quinolone prophylaxis implying probable resistance.
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Follow-up paracentesis is recommended after 48 hours of antibiotic therapy to assess
response: a fall >25% in the number of ascites PMN cells is considered a success (32).

However, antimicrobials are not the only means of management: because renal
impairment secondary to decreased intravascular volume is a major cause of mortal-
ity in SBP, further management may be aimed at preventing this fluid shift. The
addition of albumin to an antibiotic regimen has been shown to decrease in-hospital
mortality almost two-thirds from 28% to 10%. It is considered especially beneficial
for patients with already impaired renal function and a creatinine >91 mmol/L, or
advanced liver disease as evidenced by serum bilirubin >68 mmol/L (33). Neverthe-
less, the future outlook for patients with SBP is bleak: of those that survive the initial
episode 30% to 50% will survive one year further, and only 25% to 30% will live a sec-
ond year. Given these odds, patients with a history of SBP should be considered for
liver transplantation, as well as long-term antibiotic prophylaxis in the interim (33).

Prophylaxis

On weighing the cost of antimicrobials and the threat of inducing antibiotic resistance
against the gravity of SBP, prophylaxis is indicated only for patients with the highest
risk, namely, those with a previous episode of SBP, ongoing gastrointestinal bleeding,
or an ascitic fluid protein <10 g/L. Fluoroquinolones, such as norfloxacin and cipro-
floxacin, are the antimicrobials recommended for prophylactic purposes (33). In
cirrhotic patients with ascites lacking these risk factors, the one- and three-year
incidences of SBP are 0% and 3% respectively, and do not justify regular long-term
prophylaxis (32).

INFECTIOUS COMPLICATIONS OF PANCREATITIS

Pancreatitis is a serious but generally self-limited disorder, which spontaneously resolves
in 48 to 72 hours for the great majority of patients; however, 20% will develop severe
acute pancreatitis as defined by the presence of three or more Ranson criteria (38).
Among this subset, infected pancreatic necrosis is the leading cause of death (39).

Presentation and Diagnosis

In addition to the typical signs and symptoms of pancreatitis such as moderate
epigastric pain radiating to the back, vomiting, tachycardia, fever, leukocytosis,
and elevated amylase and lipase, patients with severe acute pancreatitis present with
relatively greater abdominal tenderness, distension, and even symptoms of accompa-
nying multiorgan failure (38). In these patients, the intensivist must maintain a high
level of clinical suspicion for necrosis and possibly infection as well. CT scan with
intravenous contrast is 80% to 90% sensitive for the detection of necrotic areas as
a focal lack of enhancement (40). Infection is estimated to develop in 30% to 70%
of patients with necrotic pancreatitis (40). However, necrosis both with and without
infection often manifest with similar clinical presentations because necrosis alone
causes a systemic inflammatory response, and additional diagnostic data is generally
needed to differentiate these (41). Although CT only rarely shows gas bubbles as evi-
dence of necrotic infection, CT-guided percutaneous aspiration of necrotic areas is
90% sensitive in yielding a diagnosis of this complication, and by sampling multiple
necrotic areas in a diffusely necrotic pancreas, detection may be higher still (40).
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Enterococcus species are the organisms most frequently isolated, although many
different pathogens including Candida species and Pseudomonas aeruginosa are
frequently seen (38,42).

Treatment and Prophylaxis

The distinction between sterile and infected necrotic pancreatitis is crucial, as the for-
mer may be handled medically when necrosis affects less than 30% of the organ,
whereas the latter often demands surgical debridement (38). Patients with infected
necrotic pancreatitis will return to the operating room for an average of two to three
operations as determined necessary by recurrence of clinical signs and symptoms
combined with evidence from follow-up postoperative CT scans (41). Recently,
several studies have explored the potential of laparoscopy for infectious pancreatic
necrosis, but this approach is rarely feasible in instances of extensive necrosis, and
data is not yet sufficient to compare the safety and efficacy of laparoscopic surgery
versus laparotomy for this indication (43). Percutaneous drainage has a low success
rate of just 32% and is generally insufficient management except in the case of a well-
defined abscess, or one remote from the pancreas (41). Runzi et al., recently pub-
lished a small study in which antimicrobial therapy alone resulted in similar
outcomes to antimicrobials combined with surgery (42); however, nonsurgical man-
agement is not currently common practice for infectious necrotic pancreatitis.

An appropriate antibiotic regimen is the second arm of a successful treatment
plan: given the wide range of possible offending organisms, a gram stain is recom-
mended to tailor specific initial therapies prior to culture results. For gram-negative
organisms, a single agent quinolone or carbapenen is effective; for gram-positives
b-lactamase–resistant drugs, vancomycin, and even linezolid must considered. When
yeast are identified, high dose fluconazole or caspofungin should be sufficient. In any
case, if infection develops despite antibiotic prophylaxis, a different class of drugs
must be administered for treatment than was given for prophylaxis (43).

A meta-analysis by Bassi et al. found that antimicrobial prophylaxis for patients
with necrotic pancreatitis successfully decreases the incidence of infection by half and
triples overall survival (44). Although current literature does not specifically favor any
specific antibiotic as prophylaxis, it is nonetheless clear that microbial coverage must
be broadly targeted. One to two week courses of cefuroxime, imipenem with cilastin,
and ofloxacin with metronidazole have each been tried with success (42).

MIMICS OF ABDOMINAL INFECTION

Multiple conditions may mimic a postsurgical abdominal infection and must be
considered when searching for diagnosis. An exhaustive list of these is beyond on
the scope of this chapter; however, the reader should be aware of the general possi-
bilities. Fever, for instance, in the postoperative patient, is not always secondary to
infection. Particularly relevant to the postsurgical patient are events such as atelec-
tasis, myocardial infarction, stroke, hematoma formation and even pulmonary
embolism that may occasionally present with a fever component. Other causes that
warrant deliberation include drug or transfusion reaction, malignancy, collagen
vascular disease, endocrine causes such as hyperthyroidism, and less common etiol-
ogies such as disordered heat homeostasis secondary to an ischemic hypothalamic
injury or even familial malignant hyperthermia. Pain is yet another symptom that
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may be misleading: Abadir et al. published a study in which patients with segmental
infarction of the omentum or epiploic appendages presented with localized peritoni-
tis, mimicking appendicitis, diverticulitis, and cholecystitis (45). Furthermore, it is
important to interpret radiological findings with an open mind. A fluid collection
on CT does not necessarily represent an abscess. Again, high on the differential that
must be considered is hematoma, and one may explore other diagnoses given the
individual patient history. For example, Yu et al. found that the fundus of
the excluded stomach following gastric bypass surgery may fill with air, fluid, and
contrast material, thus closely resembling a loculated fluid collection (46). Finally,
entertain where appropriate the idea of extra-abdominal infections. A myocardial infarc-
tion involving the inferior wall of the heart and lower lobe pneumonias, for instance, may
present with abdominal pain and fever despite extra-abdominal origins.

DE NOVO COINCIDENTAL INTRA-ABDOMINAL INFECTION

When presenting an overview on the topic of postoperative abdominal infection, it
is worth mentioning for completeness’ sake the possibility of coincidental infection.
A patient status post-aneurysm repair has the same likelihood of developing appen-
dicitis, for example, as any member of the general population in the same age group.
Therefore, the conscientious physician considers all possibilities appropriate for the
patient’s complete history—not surgical history only—when constructing a thorough
differential.
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OVERVIEW

History

Pseudomembranous colitis (PMC) was first recognized by J.M. Finney and William
Osler in 1893. Rare in the pre-antibiotic era, PMC was primarily associated with
colonic, pelvic, or gastric surgery (1). In the 1950s, PMC was linked to antibiotic
use; Staphylococcus aureus was frequently isolated from stool cultures in patients
with PMC and was its presumed etiology. In the early 1970s, the disease became
known as ‘‘clindamycin colitis’’ because of strong linkage to that particular antibi-
otic. Later in that decade Clostridium difficile proved to be the cause. Since that time,
C. difficile infection has been nearly exclusively associated with use of various types
of antibiotics and has become a major and growing problem in hospitals worldwide.

Definitions

Antibiotic-associated diarrhea (AAD) is defined as otherwise unexplained diar-
rhea associated with antibiotic use. Only 10% to 30% of AAD is attributable to
C. difficile (2–5), and is known as C. difficile–associated diarrhea (CDAD).
However, C. difficile causes the majority (60–75%) of the more severe form, antibi-
otic-associated colitis, and 96 to 100% of PMC (3).

Epidemiology

The overall attack rate of AAD in hospitals is 3.2% to 29% (5). Over 300,000 cases
of CDAD occur annually in the United States alone, with an incidence among hos-
pitalized and long-term care patients of 25 to 60 cases per 100,000 bed-days (6).
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In acute care hospital patients, incidence ranges from 1 to 10 cases per 1000 discharges,
but can vary significantly even within a single hospital (5). The risk of acquiring
C. difficile while hospitalized directly relates to length of hospital stay, with 13%
colonization after two weeks and 50% at greater than four weeks of hospitalization
(1,7). Overall, approximately 20% of hospitalized patients become colonized,
whereas 8% develop diarrhea (8). Incidence is higher during winter, which may
reflect increased patient census, severity of illness, and antibiotic use due to high
rates of respiratory infections (7). Outpatient cases are much less common, account-
ing for around 20,000 cases per year in the United States (7.7 cases per 100,000
person-years) (6). A retrospective cohort study of 265,000 health maintenance orga-
nization members found the overall risk of CDAD at less than one case per 10,000
antibiotic prescriptions (5).

Even though C. difficile is not nationally notifiable in the United States, data
from the National Nosocomial Infections Surveillance System indicates that the inci-
dence of C. difficile disease increased significantly during 1987–2001 (7). Several
studies have reported recent increases in both incidence and severity of CDAD in
the United States, Canada, and the United Kingdom (9). In Oregon, a 1994 to
2000 cohort of patients with CDAD had a 15.3% mortality rate, compared with
3.5% mortality during the previous 10 years (10). In Quebec, annual incidence
increased from 35.6 cases per 100,000 population in 1991 to 156.3 cases per 100,000
in 2003. Among patients �65 years, incidence increased from 867 to 1681 cases per
100,000. Disturbingly, the case-fatality rate also increased from 4.7% in 1991 to
13.8% in 2003 (11). Seventy-nine deaths have been reported during 2003 and early
2004 (12). The reasons behind this increase in incidence and severity of disease may
include increasing illness severity, changes in antimicrobial and other medication
[such as proton pump inhibitor (PPI)] use, and diminished resources for housekeeping
and infection control; it has also been suggested that there has been introduction of
new strains of C. difficile with increased virulence and transmissibility (13).

C. difficile infection has significant economic ramifications. CDAD can add up
to two weeks of hospitalization, at a cost of $6000 to $10,000 per case (4). On average,
each case of CDAD adds $2000 to $5000 to the cost of health care (5,14). The mean
lifetime cost for recurrent CDAD has been estimated at nearly $11,000 per case (5).
Overall, C. difficile incurs an estimated $1 billion in health care costs in the United
States annually (15).

Transmission

C. difficile is ubiquitous, persisting as a highly resistant spore that may survive for
months in the environment. The gastrointestinal tracts of young mammals, including
humans, appear to be a reservoir. It has been cultured from soil, swimming pools,
and salt, fresh, and tap water (5). In the hospital setting, it has been cultured from
telephones, call buttons, shoes of health care workers, fingernails, and numerous
other objects (1). C. difficile is transmitted via the fecal-oral route, either directly (hand
carriage by health care workers and patient-to-patient contact) or indirectly (from
contaminated environments) (7). C. difficile has been found in infected patients’
rooms up to 40 days after discharge (1). Fecal carriage among health care workers
is rare. Most cases of disease appear to be caused by acquisition of the organism
from an exogenous source, rather than from endogenous colonization; in fact, colo-
nization with either toxigenic or nontoxigenic strains appears to protect from clinical
disease (5).
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Risk Factors

Antibiotic use is clearly the major risk factor for CDAD. Normal intestinal flora
consists of 1011 to 1012 bacteria per gram of feces, with over 100 distinct, primarily
anaerobic, species. Together these bacteria exert a protective effect, known as ‘‘colo-
nization resistance’’ (16), against C. difficile by depleting carbon sources required for
C. difficile growth (5), prevention of access to adherence sites, and production of
inhibitory substances (16). Antibiotics alter this normal gut flora, allowing over-
growth of C. difficile. Although longer duration of antibiotic use confers greater risk
of CDAD, cases following a single dose, such as for perioperative prophylaxis, have
been reported (4). Parenteral and oral antibiotics bestow similar levels of risk (4).
Some hospitalized patients develop CDAD without any antibiotic exposure. One
study found that 18 (11%) of 157 hospitalized patients with CDAD had no prior
antibiotic exposure; 12 such patients were immunocompromised (10).

Although initially attributed to clindamycin use, CDAD can be caused by any
antibiotic, including metronidazole, antifungal, and antiviral medications. However,
certain antibiotics have clearly stronger association with CDAD (Table 1). Antibio-
tics with significant antianaerobic activity, and to which C. difficile has either innate
or acquired resistance, pose the highest risk. Clindamycin, penicillins, and cephalos-
porins are most commonly associated with CDAD. Clindamycin-resistant strains
have been responsible for large outbreaks in multiple hospitals (14,17). In this setting,
clindamycin use is significantly associated with disease caused by the epidemic strain,
whereas the use of other antibiotics is not (17). Cephalosporins have higher attribut-
able risk for CDAD given their higher usage rates compared to clindamycin (18).
Among cephalosporins, ceftriaxone in particular has been implicated due to extensive
biliary excretion resulting in high fecal concentrations (19). Recent studies have also
linked CDAD to fluoroquinolones (18,20), particularly the newer quinolones, such
as gatifloxacin, with expanded anti-anaerobic spectrum (21). Odds ratios (OR)

Table 1 Levels of Risk of Clostridium difficile–associated Diarrhea
Among Various Antimicrobial Agents

High risk
Clindamycin
Second and third generation cephalosporins, particularly ceftriaxone
Ampicillin, amoxicillin, and extended-spectrum penicillins

Medium risk
Quinolones, particularly newer generation
First-generation cephalosporins
Narrow-spectrum penicillins (aside from amoxicillin and ampicillin)
Carbapenems
Ureidopenicillins (piperacillin, ticarcillin)
Tetracycline
Macrolides
Trimethoprim
Sulfonamides

Low risk
Aminoglycosides
Vancomycin
Metronidazole
Bacitracin
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for acquiring CDAD range from 15.6 to 42 for clindamycin, 1.4 to 28.6 for
cephalosporins, 3.4 to 4.9 for penicillins, and 3.1 for vancomycin. Use of multiple
antibiotics is associated with an OR of 1.6 to 22.6 (22). Anticancer drugs, such as
cisplatin and the antimetabolite methotrexate, inhibit mitosis of intestinal epithelial
cells and may create an environment suitable for C. difficile proliferation (23). These
drugs as well as paclitaxel have been associated with CDAD (24).

Host factors play an essential role in determining outcome after exposure to anti-
biotics and to C. difficile. Intrinsic predisposing host factors include advanced age,
severity of underlying disease, bedridden status, documented underlying infection
(8,14), renal failure (22), hematologic malignancy, transplantation (particularly lung)
(9), burns, and gastrointestinal disease, including functional or structural bowel
obstruction (25). The risk for CDAD was found to be eight times greater for patients
with severe underlying disease compared to those with mild/moderate disease (8). HIV
per se is not a risk factor for CDAD, and data is conflicting whether HIV-positive
patients develop more severe disease (5). Iatrogenic predisposing factors include use
of any agent, such as laxatives or narcotics, that alters gastrointestinal motility (5),
gastrointestinal surgery, tube feeding, PPI use, and use of medical devices (7). Regard-
ing tube feeding, C. difficile is often not actively investigated because nearly 60% of
tube-fed patients develop diarrhea, which is frequently attributed to tube feeding
formulas. However, one case–control study of 76 tube-fed patients found a ninefold
risk of developing CDAD (11-fold among those with postpyloric tips) (26). This
may be due to direct inoculation during feeding tube manipulation, lack of protective
dietary fiber in the formulations, or bypassing of the acidic stomach pH. Even though
spores are not affected, stomach acid kills vegetative cells, decreasing the inoculum by
99% (16,26). Similarly, potent acid suppression may facilitate survival of C. difficile, as
well as alter the gastrointestinal flora (27). A multivariate analysis found that among
81 patients who developed CDAD, use of PPI, but not H2 blockers, was significantly
associated with CDAD (OR 2.1, 95% CI 1.2–3.5) (27). Among 21 patients with relap-
sing disease, 19 (90%) were receiving PPIs, compared to 35 (65%) of those without
relapses (OR 5.2, 95% CI 1.1–24.6) (27).

Host immune response plays a particularly vital role in determining whether
patients become colonized or develop clinical disease. The majority (>60%) of older
children and adults have detectable antibodies against C. difficile toxins (6), and
serum levels of antitoxin A IgG rise rapidly after colonization, indicating a systemic
amnestic response to the toxin (8). Serum IgG and IgA and mucosal IgA all appear to
be involved in protection (6). Serum antitoxin A IgG and fecal antitoxin A IgA levels
are higher in patients who develop mild CDAD than in those with prolonged, severe
diarrhea (8). For patients with severe underlying disease, 88% of those with IgG
levels �3.0 enzyme linked immunosorbent assay (ELISA) units developed CDAD,
compared to 20% with higher levels; among patients with mild to moderate underlying
disease, 43% with low IgG levels developed CDAD, versus none with higher levels.
Using multiple logistic regression analysis, the odds of developing CDAD for patients
with serum IgG levels�3.0 ELISA units were 48 times greater than for those with IgG
levels > 3.0 units, after adjustment for age, sex, and severity of disease (8).

Another study found fewer macrophages and IgA-producing cells in patients with
CDAD, particularly in those with PMC, compared to controls with non–C. difficile
diarrhea (28). Immune response also appears important in relapsing disease; children
with recurrent CDAD had lower serum IgG against toxin A than controls (6). There
is no evidence that serum antibodies are protective against colonization (8).

308 Drees and Gorbach



MICROBIOLOGY

C. difficile is a gram-positive, large (2–17 lm), spore-forming anaerobic bacillus.
It is closely related to C. sordellii but not to other toxigenic Clostridia, such as
C. perfringens, C. botulinum, and C. tetani. Difficult to isolate in the laboratory
(hence its name), C. difficile can be grown on highly selective cefoxitin, cycloserine,
and fructose agar media (5). C. difficile colonizes the luminal surface of the colon but
is generally noninvasive. Outside of the gastrointestinal tract, C. difficile demon-
strates low pathogenicity, although it may enhance that of other bacteria in mixed
infections (29).

C. difficile produces two heat-labile protein exotoxins (toxins A and B), the
largest known bacterial toxins (30). These toxins are optimally expressed at body
temperature (5). Purified toxins are capable of causing the full spectrum of disease (15).
Although most strains produce both toxins, some produce toxin B only but can be
equally pathogenic. Nontoxigenic C. difficile strains are not believed to cause human
disease, although rare cases of CDAD caused by strains producing neither toxin A
nor B have been reported (6). Toxigenic strains are not equally virulent; some strains
that clearly possess toxin genes demonstrate low levels of gene transcription, result-
ing in minimal toxin production (31).

Toxin A is a 308-kDa enterotoxin that produces acute inflammation, induces
fluid secretion, and causes necrosis of the epithelium in the rabbit ileal loop model (30).
Toxin B is a 270-kDa cytotoxin that is more potent than toxin A in tissue cul-
ture (6). The toxins appear to act synergistically (15). Both toxins are internalized
and inactivate proteins in the Rho subfamily, which regulate the F-actin cytoskel-
eton. This results in disaggregation of actin, opening the tight junctions between
cells, and resulting in characteristic cell rounding and cell death (6,15). Both toxins
are also pro-inflammatory, inducing release of cytokines, phospholipase A2, platelet-
activating factor (30), tumor necrosis factor–a, and substance P (9). This results
in activation of the enteric nervous system, leading to neutrophil chemotaxis and fluid
secretion. C. difficile also produces tissue degradation enzymes, such as collagenase
and hyaluronidase (1). Some strains also produce an actin-specific binary toxin,
which is encoded by the cdtA and cdtB genes and is cytotoxic to Vero cells in culture.
Binary toxin has been associated with more severe C. difficile disease, but whether
strains possessing binary toxin are truly more pathogenic requires further study
(32). One study found that 10.3% (22/214) of toxigenic strains harbored this binary
toxin (33), but 65.3% (32/49) of strains in a recent hospital outbreak demonstrated
cdtA and cdtB genes (8).

AAD can be caused by other enteric pathogens. Although generally recognized
as a cause of food poisoning, several studies have found evidence of enterotoxigenic
strains of C. perfringens type A in patients with AAD but not in controls. Elderly hos-
pitalized patients seem to be at particular risk (34). As mentioned above, S. aureus
was routinely found in cases of PMC prior to the discovery of C. difficile; although
it is felt that this largely represents misdiagnosis, as S. aureus may have the potential
to cause a similar syndrome. Candida albicans has been found in large quantities
(>100,000 organisms/g stool) in patients with AAD who subsequently improved
after receiving antifungal therapy, but it remains unclear whether this represents true
infection. Salmonella species have also been shown to cause PMC and have been
implicated in rare cases of AAD. However, testing for these organisms is not
routinely done.
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CLINICAL PRESENTATION

Most patients exposed to C. difficile, even after antibiotic exposure, become asymp-
tomatically colonized. Colonization rates of 25% to 80% are seen in healthy infants
and neonates (1), but clinical illness is rare. For unclear reasons, colonization
appears to wane with advancing age, and only 3% of healthy adults are colonized.
Colonization increases to 20% to 30% of hospitalized adults (4), but clinical
symptoms develop in only one-third of those who become colonized (6). Once colo-
nization is established, the risk of symptomatic CDAD decreases (1).

Symptoms can begin within the first day of antibiotic use, or up to six weeks
after completion of the antibiotic course (6). Most commonly, symptoms develop
within four to nine days (1). Diarrhea is frequently watery or mucoid and may con-
tain blood or be greenish in color. Mild disease is defined as diarrhea without any
systemic symptoms such as fever or hemodynamic changes. Moderate disease may
result in profuse diarrhea, abdominal distention or pain, fever, tachycardia, and
oliguria, but responds readily to volume resuscitation. Pseudomembranes are seen
in more advanced disease and are characterized by raised yellow plaques 2 to
10 mm in diameter, frequently with normal intervening mucosa (Fig. 1) (1,28). Histo-
logically, the membranes are composed of inflammatory cells, fibrin, mucin, and
cellular debris (28). PMC primarily affects the large bowel, although the small
intestine may rarely be involved. Occasionally patients may present without diar-
rhea but with marked leukocytosis and abdominal pain, due to primary right-sided
involvement (6). In the setting of ileus, CDAD should still be considered in absence
of diarrhea.

Severe or fulminant disease may result in hemodynamic instability requiring
pressor support and/or mechanical ventilation (9), occult bleeding, and severe oli-
guria. Fulminant colitis develops in 1% to 3% of cases and can lead to ileus, toxic

Figure 1 Typical endoscopic findings in Clostridium difficile–associated pseudomembranous
colitis with widely disseminated, punctate yellow plaques with normal intervening mucosa.

310 Drees and Gorbach



megacolon, intestinal perforation, and death. The first warning sign may be dimin-
ishing diarrhea, due to decreased colonic muscle tone. Dallal et al. report that of 44
patients undergoing colectomy for fulminant colitis, five (11%) presented with frank
peritonitis, hypotension, or both (9).

With appropriate treatment, the overall mortality for PMC is < 1% in most
series (35), but mortality as high as 24% has been reported among critically ill patients
(36). Among patients requiring surgery, mortality rates after colectomy have ranged
from 38% to 80% in small series (9). In one study of patients with fulminant colitis
requiring colectomy, the need for preoperative vasopressor support significantly pre-
dicted postoperative mortality (9).

Other complications of CDAD include hyperpyrexia, transverse volvulus (5),
and protein-losing enteropathy, resulting in hypoalbuminemia and anasarca. Reac-
tive arthritis, similar to Reiter’s syndrome caused by other enteric pathogens, may
occur one to four weeks after infection (6,37). Extracolonic C. difficile is rare, but case
series have described isolation of the organism from pleural fluid, peritoneal fluid,
blood, bone, prosthetic joints, wounds (including necrotizing fascitiis), and splenic,
vaginal, and perianal abscesses. Generally these infections are polymicrobial, making
it difficult to ascertain the contributing pathogenicity of the C. difficile itself. How-
ever, pure extracolonic cultures of C. difficile have been described (29,37).

Unfortunately, relapsing CDAD is common even with appropriate treatment,
occurring in 20% to 25% of infections. Relapse generally occurs 3 to 21 days after com-
pletion of anticlostridial therapy and is due to recurrence rather than reinfection (36).
However, one study did find that 50% of relapses were due to reinfection with a
different strain, rather than recrudescence of the original infecting strain (15). Most
will respond to a second course of therapy, but those who have had two or more
recurrences have a 65% risk of further relapse (15,36), and 3% to 5% will have
more than six relapses. Up to 26 relapses have been described in a single patient (36).
Patients with chronic renal insufficiency, high leukocyte counts (�15,000 cells/mL),
multiple previous episodes of CDAD, community-acquired disease, and who require
continued antibiotic therapy have higher risk of relapse (6). Patients who develop
PMC may also be at greater risk; in 63 patients with CDAD who underwent flex-
ible sigmoidoscopy, 17 (30.4%) of 56 patients with PMC relapsed, compared to zero
of seven patients without PMC (38).

DIFFERENTIAL DIAGNOSTIC CONSIDERATIONS

The majority of AAD cases cannot be attributed to any specific microorganism. A
number of theories have been advanced to explain the role of antimicrobial drugs
in producing diarrhea not associated with C. difficile. By disturbing the normal
bowel flora, antibiotics destroy organisms responsible for producing short chain
fatty acids, resulting in longer nonabsorbable molecules reaching the colon and an
osmotic diarrhea (2). Carbohydrate metabolism is also affected, with similar results.
The breakdown of primary bile acids, which are potent colonic secretory agents, may
also be affected (4). In addition, certain antibiotics have direct effects on the gastro-
intestinal system. For example, erythromycin increases the gastric emptying rate,
clavulanate stimulates bowel motility, and neomycin causes malabsorption (1).
Penicillin has rarely been noted to cause segmental colitis (4). Hospitalized patients are
frequently subjected to polypharmacy, and medication lists should be carefully examined
for other contributing agents, such as laxatives, antacids, electrolyte supplements
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(particularly magnesium), nonsteroidal antiinflammatory drugs (NSAIDS), con-
trast, products containing lactose or sorbitol, and antiarrhythmic and cholinergic
medications. Ulcerative colitis may present similarly to CDAD, and typhlitis
should be considered in neutropenic patients (39). Only 2% to 3% of AAD has been
proven to be caused by alternate pathogens, such as C. perfringens, S. aureus, and
C. albicans (1); routine testing for these organisms is not recommended. Although
PMC is much more specific for C. difficile, other potential etiologies include early
ischemia, verotoxin-producing organisms such as Escherichia coli 0157:H7, and
medications (gold, chlorpropanide, or NSAIDS). Hospitalized patients without his-
tory of antibiotic use and without significant amounts of diarrhea or abdominal pain
are unlikely to have C. difficile; 94% to 97% of patients meeting these criteria will have
negative cytotoxin assays (5). Testing for C. difficile is not recommended in infants
under one year, for nondiarrheal stool specimens (except in setting of ileus) or for test
of cure (5).

Given the wide spectrum of disease caused by C. difficile, there are no pathog-
nomonic findings on history or physical exam. Diarrhea is seen in nearly all cases,
but can range from insignificant ‘‘nuisance’’ diarrhea to profuse, cholera-like diar-
rhea. In more severe disease, abdominal pain, bloating, and tenderness are generally
present, and rarely the disease can present as an acute abdomen. One study found
that 35% of patients with fulminant colitis caused by C. difficile were diagnosed at
autopsy (9), suggesting that a significant number of deaths due to ‘‘sepsis’’ in criti-
cally ill patients may be related to C. difficile.

Although nonspecific, leukocytosis is common in CDAD and can precede the
diarrhea and abdominal pain. Band forms are frequently present. One prospective
study of 400 inpatients with white blood cell (WBC) counts �15,000 cells/mL found
C. difficile infection in 11% of those with WBC of 15 to 19,900 cells/mL, 15% of
those with WBC 20 to 29,000 cells/mL, and 34% of those with WBC �30,000
cells/mL. A retrospective analysis found proven C. difficile in 25% of patients with
WBC �30,000 (excluding those with leukemia). Conversely, among 133 outpatients
with WBC �15,000, only one (1%) was proven to have C. difficile (40). Other sup-
porting laboratory findings include hypoalbuminemia and fecal leukocytes. Fecal
leukocytes have 28% to 40% sensitivity and 92% specificity (5). Fecal lactoferrin
assays have been found to have sensitivity of 75% to 90%, but are nonspecific
(46%) (5).

Radiologic studies are also nonspecific but can support the diagnosis. Plain
abdominal films may reveal mucosal edema or paralytic ileus and are useful in ruling
out free intraabdominal air and toxic megacolon. Computed tomography (CT) may
show diffusely thickened colon with edematous mucosa (6). One study of 39 patients
with CDAD who underwent CT found that all were diagnostic when combined with
the clinical scenario, showing ascites and colonic wall thickening or massive dila-
tation. Eleven patients had right-sided colitis, whereas nine had left-sided colitis
and 19 had pancolitis (9). Barium enemas are not recommended due to the risk of
perforation (39).

If endoscopy is performed and pseudomembranes are visualized, the likelihood
of C. difficile is high. However, mucosa can be normal or can demonstrate minimal
erythema (39). One study of 179 patients with undiagnosed diarrhea who underwent
flexible sigmoidoscopy found 63 (35.2%) patients with CDAD, of whom 56 (88.9%)
had PMC. Twenty-nine (52%) of these patients had negative cytotoxin assays from
stool sampled during sigmoidoscopy; nine of these patients had stool samples avail-
able for culture, all of which demonstrated toxigenic C. difficile (38). Another study
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of 20 patients who underwent flexible sigmoidoscopy for CDAD found a false nega-
tive rate of 10%. Of the two patients not diagnosed, one had strictly right-sided
disease and the other had poor bowel preparation (9). Endoscopy should be avoided
in patients with severe disease with colonic dilatation.

DIAGNOSIS

The gold standard for diagnosis of C. difficile infection is the tissue culture cyto-
toxin assay for toxin B, which can detect as little as 10 pg of toxin (4). The assay
reveals characteristic cytopathic effects on cell culture monolayers; preincubation
with neutralizing antibodies demonstrates the specificity of the cytotoxicity
(Fig. 2). Sensitivity and specificity are high (94–100% and 99%, respectively) (6).
However, this test requires tissue culture capability. It has been supplanted largely
by cytotoxin enzyme immunoassay (EIA), which requires 100 to 1000 pg of either
toxin A or B, and can provide results within hours. The EIA has high specificity
(92–98%); sensitivity can be as low as 71%, but can be increased to 90% with testing of
three stool samples. More than one assay for diagnosis is required in 5% to 20%
of patients (6). False negative assays may be due to toxin instability, degradation of
toxin by proteases derived from other bacteria, or the presence of other bacteria-
derived toxin-binding components (38). Assays that test for both toxins are
preferred, as 1% to 2% of strains produce only toxin B (4). Fatal PMC was reported
in a patient with a C. difficile strain that produced nonfunctional toxin A; the

Figure 2 Tissue culture assay for Clostridium difficile. (A) Normal primary human amnion
cells. (B) Typical changes (cell rounding) after application C. difficile toxin. (C) Tissue culture
after neutralization with Clostridium sordelli antitoxin.
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repeated negative cytotoxin A assays resulted in delay of diagnosis and contributed to
the patient’s death (41).

Stool culture is highly sensitive for C. difficile but has several disadvantages.
Because nontoxigenic strains are frequently present, culture must be accompanied
by toxin-culture assay and broth culture of isolates to identify toxigenic strains. As
a result, diagnosis may be delayed by three to four days, and most laboratories no
longer perform C. difficile cultures (4). Latex agglutination assays lack sensitivity
and specificity, as they detect the enzyme glutamate dehydrogenase rather than
toxin (1). Polymerase chain reaction (PCR) is very sensitive, but requires signifi-
cant technical expertise. However, a rapid detection method developed in Spain
using nested PCR of the toxin B genes has been found to be 96% sensitive and
100% specific and can be performed in several hours (1). This assay is not yet
widely available.

TREATMENT

Whenever possible, the inciting antibiotic should be discontinued or changed. For
mild disease, no further treatment may be necessary. Diarrhea may resolve in 25%
of patients just with discontinuation of antibiotics (6). Supportive care, such as
intravenous fluids and electrolyte replenishment, should be offered if necessary. Anti-
peristaltic agents, such as narcotics and loperamide, should be avoided as they may
promote a dire complication, toxic megacolon (4). Treatment of asymptomatic
carriers is ineffective (42), may prolong the carrier state, and is not advised. Asymptom-
atic carriage usually is transient and resolves spontaneously (39).

Indications for treatment include severe diarrhea, persistent diarrhea despite
stopping antibiotics, evidence of systemic toxicity, and the need to continue anti-
biotics (Table 2) (4). Duration of treatment is usually 10 days, although many
experts recommend continuing anticlostridial therapy for one week following discon-
tinuation of the inciting antibiotic. Empiric treatment while awaiting cytotoxin

Table 2 Treatment of Clostridium difficile–associated Diarrhea

General supportive measures
Discontinue inciting antibiotic(s) if possible, or change to antibiotic rarely associated

with CDAD
Correct fluid and electrolyte imbalances
Avoid use of antiperistaltic agents

Anti-clostridial antibiotics
Metronidazole 500 mg orally three times daily for 10 days
Vancomycin 125 mg orally four times daily for 10 days (first-line therapy in severely ill,

pregnant, or lactating patients)
Metronidazole 500 mg intravenously three times daily (in patients with ileus or inability to
take oral medications)

Relapsing disease
Repeat 10-day course of metronidazole or vancomycin
Lactobacillus GG: one capsule twice daily for 14 days
Saccharomyces boulardii: 500 mg capsules twice daily for four weeks
IVIG: 400 mg/kg every three weeks
Consider administration of fecal organisms via nasogastric tube or retention enema

Abbreviations: CDAD, C. difficile–associated diarrhea; IVIG, intravenous immunoglobulin; GG.
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results, or if the first assay is negative, is advisable in severely ill patients with sus-
pected C. difficile disease. One study found that patients who died from fulminant
colitis were twice as likely as those who survived to have had an initial false-negative
toxin (9). Typical response is fairly rapid, with decreased fever within one day and
improvement of diarrhea in four to five days. In patients who fail to respond, one
should consider lack of compliance, an alternate diagnosis, or the inability of drug
to reach the colon, such as with ileus or megacolon (4).

Oral metronidazole and oral vancomycin are the two agents most commonly
used for CDAD. Currently published guidelines from the Society for Healthcare Epi-
demiology of America, the American College of Gastroenterology, and the Hospital
Infection Control Practices Advisory Committee all recommend metronidazole as
the first-line agent (42). Both have similar response rates (90–97%), but metronida-
zole has much lower cost and vancomycin has the potential to promote colonization
with vancomycin-resistant enterococcus. A 10-day course of high-dose oral vanco-
mycin (500 mg four times daily) costs US $7358 compared to $765 for a 10-day
course of oral metronidazole (dosed at 500 mg three times daily) (42).

Metronidazole is typically dosed orally at 500 mg three times daily or 250 mg
four times daily. Metronidazole is well absorbed and difficult to detect in healthy
volunteers without diarrhea (43), reaching relatively low fecal concentrations
(0.4–24.4 mg/g feces after 400 mg orally or 500 mg intravenously) (35). Parenteral
therapy may be required in the setting of severe ileus or toxic megacolon. Intrave-
nous metronidazole is primarily excreted in the upper gastrointestinal tract, and
approximately 14% of the dose is excreted in feces (3). However, fecal concentrations
of the drug have been shown to exceed the minimum inhibitory concentration (MIC)
with parenteral therapy (6). Metronidazole treatment failures occur, although docu-
mented drug resistance of C. difficile is rare. However, C. difficile isolates rarely
undergo sensitivity testing. One study found no metronidazole resistance even
among 10 primary treatment failures (43). Another study found only one isolate with
high-level resistance to metronidazole (MIC > 64 mg/mL by agar dilution testing) of
100 tested (35). The mechanism of resistance is not well understood. No antibiotic
resistance plasmids have ever been reported in C. difficile (17). The rate of treatment
failure may be increasing; in Quebec in 2003, 87 of 110 patients with high leukocyte
counts, creatinine levels, or both, were treated initially with metronidazole. Compli-
cated CDAD developed in 34 (39.1%), and 20 (23.0%) died (11).

Indications for oral vancomycin therapy include pregnancy, lactation, intoler-
ance of metronidazole, or failure to respond to metronidazole within three to five
days of treatment (4). Because of the recent experience with metronidazole-treatment
failures, and the low fecal levels achieved with this drug, some experts have moved to
treatment of more severely ill patients with vancomycin (39). Parenteral vancomycin
is not effective. The typical oral dose is 125 mg four times daily. In the setting of ileus
or severe disease, one can increase the dose to 250 to 500 mg four times daily (4).
Adjunctive intracolonic vancomycin, administered via retention enema, has been
shown to be effective in small, uncontrolled case series of patients with severe or ful-
minant colitis not responding to standard therapy (3). Vancomycin resistance has
not been reported. In the 2003 outbreak in Quebec, initial treatment with vancomy-
cin was associated with a 79% lower risk of complicated CDAD compared with
metronidazole, after adjustment for confounding factors (adjusted OR 0.2, 95%
CI 0.06–0.8) (11).

Alternate agents for the treatment of CDAD include teicoplanin, fusidic acid, and
bacitracin (6). Teicoplanin is available in Europe but not in the United States, and has
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been touted to be superior to vancomycin in terms of both bacteriologic and sympto-
matic cure (42). Both fusidic acid and bacitracin have been shown to be less effective
than vancomycin (42). Anion exchange resins, such as cholestyramine, bind toxin
in the colon but have been associated with treatment failures when used alone.
Rifaximin, newly available in the United States for treatment of travelers’ diarrhea,
has wide antibacterial activity and poor absorption, leading to high intraluminal
concentrations. It was compared in vitro with metronidazole and vancomycin
against 93 C. difficile isolates, and demonstrated superior intrinsic activity (44).
In small clinical trials it was as effective as vancomycin (42). It is not Food and
Drug Administration–approved for the treatment of CDAD, however.

A minority of patients (0.39–3.6%) with C. difficile colitis require surgery (45).
Surgery is indicated for patients with peritoneal signs, systemic toxicity, toxic
megacolon, perforation, multiorgan failure, or progression of symptoms despite
appropriate antimicrobial therapy (39,45). Total colectomy with end ileostomy is
the procedure of choice. Select patients with disease clearly limited to the ascending
colon have been treated successfully with right hemicolectomy, but intraopera-
tive colonoscopy should be performed to rule out left-sided disease (9).

Treatment of relapsing disease can become problematic. Most authorities
recommend repeating a second 10-day course of metronidazole, with 92% response
rates (46). For patients with multiple relapses, a variety of options have been tried: long
courses of metronidazole, vancomycin, or both; vancomycin plus rifampin; tapered or
pulsed dosing of vancomycin; or vancomycin plus cholestyramine (36). Of note, cho-
lestyramine binds vancomycin as well as C. difficile toxin, so doses should be separated
by several hours (46).

Recovery of normal fecal flora may take days to weeks after the discontinua-
tion of antibiotics (16). Aside from cost, repeated courses of anticlostridial therapy
have the disadvantage of perpetuating this disruption in intestinal flora. To break
this cycle, alternate treatments have been attempted, including feces or fecal flora
via enema or nasogastric tube, nontoxigenic C. difficile (46), and probiotics. Stool
transplantation was shown effective in one small case series. Filtered stool from
patients’ family members or healthy volunteers was administered via nasogastric
tube to 18 patients with at least two relapses of CDAD. Two patients died from
apparently unrelated causes and one patient had one additional relapse, but the
remaining patients were cured (overall 94% cure rate). The author notes that the pro-
cedure was well tolerated and most patients felt symptomatically better within 24 to
48 hours (36). This study was retrospective and uncontrolled, however.

Probiotics are nonpathogenic microorganisms that, when ingested, may benefit
the health or physiology of the host (47). Probiotics have been beneficial in the set-
ting of travelers’ diarrhea, rotavirus infection, and AAD (48), but most have only
been studied thus far in small, open label, or uncontrolled trials. Organisms include
brewers yeast (Saccharomyces cerevisiae), S. boulardii, Lactobacillus GG (LGG), and
L. plantarum LP299v (47). S. boulardii was studied in conjunction with metronida-
zole or vancomycin in patients with multiple recurrences of CDAD, and decreased
relapses compared to placebo (35% vs. 65%, p¼ 0.04) (46). Lactobacilli are a diverse
group of lactose-fermenting organisms that have several immune-enhancing effects,
including augmentation of phagocyte function and enhancement of humoral and
cell-mediated immune responses (48).

LGG is a human isolate resembling L. casei subspecies rhamnosus that has
inhibitory activity against a wide range of bacteria, including C. difficile. Unlike
some other lactobacilli, it can survive digestion and persist in the colon for at least
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one week (2). Data regarding its efficacy is conflicting, however. One study of
188 children receiving antibiotics and LGG found a significant decrease in antibiotic-
associated diarrhoea (AAD) (24% in placebo group vs. 7% in LGG group), as well as
decreased duration of diarrhea and improved stool consistency (48). Similar findings
were reported in a study from Finland (49). However, another prospective, rando-
mized, placebo-controlled trial of 267 adults found no difference in the incidence
of diarrhea during a 21-day follow-up period (2).

Because the host immune response to C. difficile challenge plays a major role,
passive immunotherapy with intravenous IgG (IVIG) has been studied in patients
with recurrent or refractory CDAD (8). A dose of 400 mg/kg every three weeks
was found to produce a marked increase in serum antitoxin A/B levels, and resolu-
tion of diarrhea (46). Five children with relapsing disease and low antitoxin A IgG
levels responded favorably to IVIG, and several studies in adults have also shown
favorable results (15).

PREVENTION

Prevention of C. difficile colonization and subsequent infection requires aggressive
infection control within hospitals and other institutions (Table 3). Hand washing
and use of barrier precautions (gown and gloves) during patient contact requires
continual emphasis. Of note, the widely used alcohol-based hand sanitizing solutions
do not destroy C. difficile spores; this may be contributing to the recent increases in
CDAD described above. When CDAD is suspected, patients should be placed
in enteric precautions while laboratory testing is ongoing, until the diagnosis can

Table 3 Hospital Infection Control Policies for Clostridium difficile–associated Diarrhea

Patient interventions
Use enteric precautions (gown and gloves upon entering room) for patients with confirmed

or suspected CDAD
Place patients with confirmed or suspected CDAD in private rooms and bathrooms
Consider diagnosis and order cytotoxin assays promptly
Avoid unnecessary use of acid suppression (i.e., proton pump inhibitors) and

gastrointestinal motility agents
Consider prophylactic use of probiotics in patients at particularly high risk of CDAD

Hospital staff interventions
Improve hand hygiene compliance
Encourage use of soap and water rather than alcohol-based hand sanitizers after contact

with C. difficile–infected patients
Environmental interventions

Clean patient rooms with hypochlorite solutions (1 part bleach to 10 parts water, prepared
daily and allowed to air dry)

Individually assign thermometers, blood pressure cuffs, and stethoscopes
Avoid use of rectal thermometers
Adequately disinfect all equipment used by multiple patients

Hospital policy interventions
Pursue multidisciplinary interventions to improve appropriate antibiotic use
May need to restrict high-risk antimicrobials
Cohort nursing staff
Cohort patients if necessary in outbreak setting

Abbreviation: CDAD, Clostridium difficile–associated diarrhea.
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be excluded. Patients should be isolated in private rooms (with private bathrooms)
or cohorted with other C. difficile–infected patients. Enteric precautions can be
removed when diarrhea ceases without test of cure. Patient rooms should be disin-
fected with freshly prepared hypochlorite solutions (1 part bleach to 10 parts water)
and allowed to air dry.

Appropriate antibiotic use is vital; one study found 30% of all antimicrobial-
days of therapy in a teaching hospital unnecessary (16). Even a few doses of certain
antibiotics can cause prolonged disruption of fecal flora, therefore one should strive
to avoid improper initiation of antibiotics. During epidemics, hospital-wide restric-
tion of implicated antibiotics has been effective (4). One epidemic linked to a clonal
clindamycin-resistant C. difficile isolate responded to restriction of clindamycin; a
decrease in the mean number of cases per month from 11.7 to 5.7 was observed
within the first six months, with further decline to 3.5 cases per month during the
second year of restriction (14). The number of isolates resistant to clindamycin
decreased from 91% to 35% (14). The total costs of antibiotics with antianaerobic
activity increased, as agents such as imipenem and pipercillin–tazobactam were sub-
stituted for clindamycin, but the hospital experienced overall net savings due to
decreased number of CDAD cases (14). Even in the absence of an epidemic, restric-
tion of third-generation cephalosporin usage has been associated with decreased
rates of C. difficile (19).

Vaccination to prevent CDAD has also been studied. Hamster studies have
shown protection from lethal ileocecitis with parenteral formalin-inactivated toxins
A and B, and full protection from death and diarrhea with a combination of intrana-
sal and intraperitoneal inactivated culture filtrate vaccine plus cholera toxin and Ribi
adjuvants. Passive immunization with antitoxin A–neutralizing antibodies protected
against lethal disease, whereas full protection against diarrhea required antibodies to
both toxins. IgG monoclonal antibodies against the cell-binding domain of toxin A
provided complete protection in gnotobiotic mice (15). In humans, an investigational
parenteral toxoid vaccine using inactivated toxins A and B was recently tested in
healthy volunteers for safety and immunogenicity. The vaccine was well tolerated
and all subjected seroconverted (15). Whether the antibody titers elicited are suffi-
cient to protect against disease is unknown. An initial pilot test of three patients with
chronic, relapsing CDAD found no recurrent disease during two-month follow-up.
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INTRODUCTION

Skin and soft tissue infections are common and vary widely in severity from minor
pyodermas to severe necrotizing infections. Most of these infections are superficial
and treated with regimens of local care and antimicrobial therapy. However, others
like necrotizing infections are life threatening and require a combined medical and
surgical intervention. Prompt recognition and treatment is paramount in limiting
the morbidity and mortality associated with these infections, and thus a thorough
understanding of the various etiologies and presentation is essential in the critical
care setting. It is also important to discriminate between infectious and noninfectious
causes of skin and soft tissue inflammation. A detailed history and examination are
necessary to narrow the possible etiologies of infection. In many instances surface
cultures are unreliable and misleading because surface colonizing organisms can
be mistaken for pathogens. In instances in which the diagnosis is in doubt, aspira-
tion, biopsy, or surgical exploration of the skin can be considered. Here we review
causes of severe skin and soft tissue infection, highlighting the clinical presentation,
diagnosis, and approach to management in the critical care setting.

MICROBIAL FLORA

Physiological factors that control the bacterial skin flora include humidity, water
content, skin lipids, temperature, and rate of desquamation. The pH of the skin is
usually around 5.6. Besides containing secretory Immunoglobulin (IgA), sweat also
possesses sufficient salt to create a high osmotic pressure, which may be responsible
for inhibiting many microbial species. In spite of these barriers to colonization, the
skin provides an excellent venue of various microenvironments. Differences in cuta-
neous microflora may relate to variability in skin surface temperature and moisture
content as well as the presence of different concentrations of skin surface lipids that
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may be inhibitory to various microorganisms. Colonization with organisms sensitive
to desiccation, such as gram-negative bacilli, is not favored. The predominant
bacterial flora of the skin is the various species of coagulase-negative staphylococci
(S. epidermidis, S. capitis, S. warneri, S. hominis, S. haemolyticus, S. lugdunensis,
and S. auricularis), Corynebacterium species (diphtheroids), and Propionibacterium
species. Humans are a natural reservoir for Staphylococcus aureus (S. aureus), and
asymptomatic colonization is far more common than infection. Colonization of
the nasopharynx, perineum, or skin, particularly if the cutaneous barrier has been
disrupted or damaged, may occur shortly after birth and may recur anytime there-
after (1–4). The anterior nares are reservoirs for S. aureus. Approximately 20% of
individuals always carry one type of strain and are called persistent carriers. A large
proportion of the population, approximately 60%, harbors S. aureus intermittently,
and the strains change with varying frequency. Such persons are called intermittent
carriers. Finally, approximately 20% almost never carry S. aureus and are called non-
carriers (5–7). Carriage rates are higher than in the general population for injection
drug users, persons with insulin-dependent diabetes, patients with dermatologic
conditions, patients with long-term indwelling intravascular catheters, and those
with human immunodeficiency virus infection. High nasal carriage rates are found
in patients with S. aureus skin infections as demonstrated from nasal cultures taken
at the time the S. aureus infection was present (5). Micrococcus spp., Peptostreptococ-
cus, Streptococcus viridans, and Enterococcus spp. can also be isolated. Acinetobacter
spp. are found on the skin of about 25% of the population in the axillae, toe webs,
groin, and antecubital fossa. Proteus, Pseudomonas, Enterobacter, and Klebsiella are
rarely found. Antibiotics disturb the balance within commensal flora and leave the
surface vulnerable to colonization by exogenous gram-negative bacilli and fungi.
The principal fungal flora is lipophilic yeasts of the genus Malassezia, and nonlipo-
philic yeasts such as Candida spp. are also inhabitants of the skin (1,2,4).

Primary skin infections occur in otherwise normal skin and are usually caused
by group A streptococci or S. aureus. Secondary infections complicate chronic skin
conditions (e.g., eczema or atopic dermatitis). A deficiency in the expression of
antimicrobial peptides may account for the susceptibility of patients with atopic der-
matitis to skin infection with S. aureus (8). These underlying disorders act as a portal
of entry for virulent bacteria. Other factors predisposing to skin infections include
vascular insufficiency, disrupted venous or lymphatic drainage, sensory neuropathies,
diabetes mellitus, previous cellulitis, foreign bodies, accidental or surgical trauma,
burns, poor hygiene, obesity, and immunodeficiencies.

CLASSIFICATION OF SKIN AND SOFT TISSUE INFECTIONS

Infections of the skin and soft tissue can be divided based on the depth of penetra-
tion and the ability of the organism to produce necrosis. Infection of the outermost
layer of skin, the epidermis, is termed impetigo. Extension into the superficial der-
mis with involvement of lymphatics is typical of erysipelas, whereas cellulitis is an
extension into the subcutaneous tissue. In necrotizing fasciitis (NF) there is involve-
ment of fascia, whereas in myonecrosis there is involvement of muscle. A clinically
useful distinction with important management implications subdivides soft tissue
infections into non-necrotizing and necrotizing processes (9). In some systemic infec-
tions, cutaneous manifestations are non-infectious complications of the illness as in
purpura fulminans.
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Impetigo

Impetigo is the most common, contagious, superficial skin infection produced by
S. aureus or streptococcus. There are two clinical presentations: bullous impetigo
and nonbullous impetigo, and both begin as a vesicle (10). Bullous impetigo, like sta-
phylococcal scalded skin syndrome (SSSS) and the staphylococcal scarlatiniform
syndrome, represents a form of cutaneous response to the two extracellular exfolia-
tive toxins produced by S. aureus of phage group II (usually type 71). The group A
streptococci responsible for impetigo belong to different M serotypes (2,49,52,55,57,
59–61) from those of strains that produce pharyngitis (1,2,4,6,25) (11,12). Crusted
impetigo is usually associated with a mixed flora of both S. aureus and streptococci.
S. aureus is known to be the primary pathogen in both bullous and nonbullous
impetigo. They are common in exposed areas, such as hands, feet, and legs, and
are often associated with traumatic events, such as minor skin injury or insect bite.
Predisposing factors include warm ambient temperature, humidity, poor hygiene,
and crowded conditions. Systemic complications are very uncommon.

Staphylococcal Scalded Skin Syndrome

SSSS, first described in 1956, is a generic term applied to a group of exfoliative der-
mopathies caused by an exfoliative (or epidermolytic) exotoxin, produced by various
strains of S. aureus, mainly of phage group II (usually type 71) (13–15). It primarily
affects neonates and young children, although adults with underlying diseases are
also susceptible. Two variants of the toxin, the exfoliative toxin A and B, have been
described. These exotoxins induce pathological changes in the epidermis that closely
resemble a scald caused by boiling water, hence the name SSSS (16–18). Histologi-
cally, these toxins cause intraepidermal cleavage through the granular layer without
damage or alteration of the keratinocytes, bullae formation, and slippage of the
upper epidermal layer with the application of gentle pressure (a positive Nikolsky’s
sign). S. aureus enterotoxin (A through D) and toxic shock syndrome toxin 1 (TSST-1)
are frequently associated with staphylococcal scarlet fever. The clinical response to
these exotoxins is varied. Thus, the manifestations of SSSS include several primarily
age-dependent presentations: (i) a generalized exfoliative syndrome seen in newborns
(Ritter’s disease or Pemphigus neonatorum) and children, but can rarely develop in
adults; (ii) bullous impetigo, a localized pustulosis in children; and (iii) staphylococ-
cal scarlet fever, a form of SSSS that does not progress beyond the initial stage of a
generalized erythematous eruption.

SSSS occurs abruptly or few days after a recognized staphylococcal infection
with fever, skin tenderness, and scarlatiniform rash. The lesions begin as a vesicle
that gradually enlarges into flaccid bullae that rupture, leaving a tender, moist
surface that eventually heals. Localized infection occurs, usually in the nasopharynx,
umbilicus, or urinary tract. Large flaccid clear bullae form over two to three days,
and result in separation of sheets of skin. Exfoliation exposes large areas of bright
red skin surface (19,20). Fluid and electrolyte loss can lead to hypovolemia and sep-
sis syndrome. In adults the mortality rate approaches 60% (21). With appropriate
therapy the lesions heal within two weeks. Toxic epidermal necrolysis (TEN) typi-
cally occurs as a drug reaction. The lesions are similar to SSSS; however, there is
more extensive destruction of the epidermis and the stratum corneum layer, recovery
is prolonged, and scarring is more frequent. TEN is often fatal and should be treated
like a widespread burn. Most cases of SSSS are diagnosed on clinical grounds and
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are easily treated with antibiotics, which rapidly eliminate the staphylococci produ-
cing the toxin. Laboratory investigations are required only if the clinical findings are
equivocal or when outbreaks occur. Because the condition is the result of exotoxins,
which may be produced by staphylococci at a distant site, the blister fluid in generali-
zed SSSS tends to be sterile, whereas the fluid in localized bullous impetigo will
contain S. aureus. Staphylococci producing enterotoxions ET can usually be cultured
from the nares, conjunctiva, or nasopharynx. Biopsy of the blister is one of the most
definitive diagnostic tests in SSSS. One study revealed a positive blister biopsy result
with intraepidermal cleavage in all 30 adults with SSSS (20). Blood cultures are
usually negative because the organisms are frequently noninvasive, particularly in
children. In one study only 3% of children had a positive blood culture, in contrast
to 20 (62.5%) of 32 adults (17,20,22–24).

Treatment: Severe forms require more aggressive treatment with intravenous
antistaphylococcal antibiotics and extra care of denuded skin to prevent secondary
infection and fluid losses, and to maintain body temperature, especially in neonates.
In methicillin sensitive strains, a penicillinase-resistant penicillin nafcillin or oxacillin
(2 g IV every four to six hours) is the drug of choice. Cefazolin (1–2 g IV every eight
hours) is an alternative treatment that can also be used in patients with histories of
delayed type penicillin allergy. In methicillin-resistant strains (MRSA) vancomycin
(1 g or 15 mg/kg IV every 12 hours), sulfamethaxole/trimethoprim (1600/320 IV
every 12 hours), linezolid (600 mg IV or orally every 12 hours), and other agents such
as daptomycin (4 mg/kg/day IV) for skin and soft tissue infections (6 mg/kg/day IV
for severe infections) and quinupristin-dalfopristin (7.5 mg/kg IV every eight hours) are
treatment options (25,26). Linezolid, daptomycin, and quinupristin-dalfopristin can be
used for vancomycin intermediate S. aureus and vancomycin-resistant S. aureus (VRSA)
strains (25). Oritavancin, dalbavancin, tigecyline, and telavancin are newer agents under
development for treatment of resistant strains (27).

Toxic Shock Syndrome

Toxic-shock syndrome (TSS) is a rapid-onset illness causing fever, hypotension,
rash, multiple organ system dysfunction, and desquamation. Infection with S. aureus
produces classical TSS, whereas Streptococcus pyogenes causes a modified form of
TSS known as either streptococcal TSS (STSS), or toxic-shock–like syndrome
(TSLS). TSLS displays many of the typical TSS symptoms with the addition of
severe soft tissue necrosis (28). Diagnosis of TSLS caused by streptococci is based
on a constellation of clinical and laboratory signs as proposed by the Centers for
Disease Control and Prevention (Table 1) (29,30).

There are two clinical forms of TSS: menstrual TSS and nonmenstrual TSS.
Menstrual TSS starts within three days of the beginning or end of menses and is pri-
marily associated with the use of high absorbency tampons. Clinical signs include
high fever, capillary leak syndrome with hypotension and hypoalbunemia, generali-
zed nonpitting edema, and a morbilliform rash, followed by desquamation after a
few days. TSST-1 and staphylococcal enterotoxins are the paradigm of a large
family of pyrogenic exotoxins called superantigens (SAg). For nonmenstrual TSS,
the offending pathogen can virtually colonize any site in the body (31–34). Recurrent
menstrual TSS is a well-described phenomenon (35,36). Two conditions are required
for recurrence of TSS: persistent colonization with a toxigenic strain of S. aureus and
persistent absence of neutralizing antibody. Recurrent TSS develops exclusively
among patients who fail to develop a humoral immune response to the implicated
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staphylococcal toxin (37). Diagnosis of TSS is based on a constellation of clinical
and laboratory signs as proposed by the Centers for Disease Control and Prevention
(Table 2) (28).

In the late 1980s, a disease similar in appearance to TSS, yet caused by invasive
streptococci, was recognized and referred to as ‘‘toxic strep,’’ ‘‘streptococcal TSLS,’’
or STSS. This condition was found to share many clinical features with TSS. M types
1, 3, 12, and 28 have been the most common isolates from patients with shock and multi-
organ failure (38,39). In the majority of cases toxin-producing group A streptococci
have been isolated, with Streptococcal pyrogenic exotoxin-A (Spe-A) production being
most closely linked with invasive disease. However, group A streptococci producing
Streptococcal pyrogenic exotoxin-B (Spe-B), Streptococcal pyrogenic exotoxin-C
(Spe-C), streptococcal SAg, and mitogenic factor, as well as nongroup A streptococci,
have been found to be causative in individual cases of STSS as well. Similar to classic
TSS, the clinical signs of STSS are postulated to be mediated by massive cytokine release
(primarily TNF-alpha, IL-1b, and IL-6) as a result of toxin/SAg activity, in addition,
streptolysin O, produced by 100% of streptococcal strains associated with STSS, has
also been shown to cause TNF-a and IL-1 b production, and has been demonstrated
to act synergistically with Spe-A (40–45). Very young, elderly, diabetic, or immunocom-
promised persons are more susceptible to the acquisition of invasive streptococcal

Table 1 Streptococcal Toxic-Shock Syndrome: Clinical Case Definition

An illness with the following clinical manifestations occurring within the first 48 hrs of
hospitalization or, for a nosocomial case, within the first 48 hrs of illness:
Hypotension defined by a systolic blood pressure less than or equal to 90 mmHg for adults

or less than the fifth percentile by age for children aged less than 16 yrs. Multiorgan
involvement characterized by two or more of the following:
Renal impairment: creatinine greater than or equal to 2 mg/dL (greater than or equal to

177mmol/L) for adults or greater than or equal to twice the upper limit normal for
age. In patients with preexisting renal disease, a greater than twofold elevation over the
baseline level

Coagulopathy: platelets less than or equal to 100,000/mm3 (less than or equal to
100� 106/L) or disseminated intravascular coagulation, defined by prolonged clotting
times, low fibrinogen level, and the presence of fibrin degradation products

Liver involvement: alanine aminotransferase, aspartate aminotransferase, or total
bilirubin levels greater than or equal to twice the upper limit of normal for the patient’s
age. In patients with preexisting liver disease, a greater than twofold increase over the
baseline level

Acute respiratory distress syndrome defined by acute onset of diffuse pulmonary
infiltrates and hypoxemia in the absence of cardiac failure or by evidence of diffuse
capillary leak manifested by acute onset of generalized edema, or pleural or peritoneal
effusions with hypoalbuminemia

A generalized erythematous macular rash that may desquamate. Soft tissue necrosis,
including necrotizing fasciitis or myositis, or gangrene

Laboratory criteria for diagnosis
Isolation of group A Streptococcus.

Case classification
Probable: a case that meets the clinical case definition in the absence of another identified

etiology for the illness and with isolation of group A Streptococcus from a nonsterile site
Confirmed: a case that meets the clinical case definition and with isolation of group A

Streptococcus from a normally sterile site (e.g., blood or cerebrospinal fluid, or less
commonly, joint, pleural, or pericardial fluid)
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infection such as STSS. However, the majority of cases of STSS have occurred in young,
otherwise healthy persons between 20 and 50 years of age. An absence of protective
immunity is postulated as a potential risk factor in this population. STSS has also been
well described as a complication of wounds, varicella, and influenza A. A controversial
association of invasive group A streptococcal infections such as STSS with prior non-
steroidal anti-inflammatory drug (NSAID) use has been suggested (46). The link has
been proposed to be depression of the cellular immune response by NSAIDs.

Clinically, STSS shares many features with TSS. Fever, hypotension, myalgias,
liver abnormalities, diarrhea, emesis, renal dysfunction, and hematologic abnormali-
ties may be present in TSS caused by either staphylococci or streptococci. Diffuse
macular erythroderma likewise is frequently present in disease caused by both bac-
teria and is often accompanied by mucous membrane findings, such as conjunctival
injection and delayed desquamation of palms and soles.

Nonetheless, certain important differences exist between STSS and TSS.
The skin is often the portal of entry in STSS, with soft tissue infections developing
in 80% of patients (38). The initial presentation of STSS is often localized pain in
an extremity, which rapidly progresses over 48 to 72 hours to manifest both local

Table 2 Toxic Shock Syndrome: Clinical Case Definition

An illness with the following clinical manifestations:
Fever: temperature greater than or equal to 102.0�F (greater than or equal to 38.9�C)
Rash: diffuse macular erythroderma
Desquamation: 1–2 wks after onset of illness, particularly on the palms and soles
Hypotension: systolic blood pressure less than or equal to 90 mmHg for adults or less than

fifth percentile by age for children aged less than 16 yrs; orthostatic drop in diastolic
blood pressure greater than or equal to 15 mmHg from lying to sitting, orthostatic
syncope, or orthostatic dizziness

Multisystem involvement (three or more of the following):
Gastrointestinal: vomiting or diarrhea at onset of illness
Muscular: severe myalgia or creatine phosphokinase level at least twice the upper

limit of normal
Mucous membrane: vaginal, oropharyngeal, or conjunctival hyperemia
Renal: blood urea nitrogen or creatinine at least twice the upper limit of normal for

laboratory or urinary sediment with pyuria (greater than or equal to five leukocytes per
high-power field) in the absence of urinary tract infection

Hepatic: total bilirubin, alanine aminotransferase enzyme, or aspartate aminotransferase
enzyme levels at least twice the upper limit of normal for laboratory

Hematologic: platelets less than 100,000/mm3

Central nervous system: disorientation or alterations in consciousness without focal
neurologic signs when fever and hypotension are absent

Laboratory criteria
Negative results on the following tests, if obtained:

Blood, throat, or cerebrospinal fluid cultures (blood culture may be positive for
Staphylococcus aureus)

Rise in titer to Rocky Mountain spotted fever, leptospirosis, or measles
Case classification

Probable: a case which meets the laboratory criteria and in which four of the five clinical
findings described above are present

Confirmed: a case which meets the laboratory criteria and in which all five of the clinical
findings described above are present, including desquamation, unless the patient dies
before desquamation occurs
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and systemic signs of STSS. Cutaneous signs may include localized edema and
erythema, a bullous and hemorrhagic cellulitis, NF or myositis, and gangrene. Soft
tissue involvement of this nature is distinctly uncommon in staphylococcal TSS.

Blood cultures are positive in 60% of patients with STSS (38), as compared
with less than 3% in TSS. Mortality in STSS is between 30% and 80%, whereas in
staphylococcal TSS ranges from 3% to 5% (47,48).

Treatment: Group A streptococcus is susceptible to penicillin and other
b-lactam antibiotics in vitro; however clinical treatment failure occurs when penicillin
is used alone in severe group A streptococcus infections (49). This may be attributed
to the large inoculum size, the so-called Eagle effect (50,51). These large inoculum
reach the stationary growth phase very quickly. Penicillin and other b-lactam anti-
biotics are ineffective in the stationary growth phase because of reduced expression
of penicillin-binding proteins in this phase. Moreover, toxin production is not inhibi-
ted by b-lactam antibiotics during the stationary growth phase. The greater efficacy
of clindamycin is multifactorial: it inhibits protein synthesis, and its efficacy is unaf-
fected by inoculum size or the stage of bacterial growth. Clindamycin also suppresses
synthesis of penicillin-binding proteins, and has a longer post antibiotic effect than
b-lactam antibiotics. Lastly clindamycin causes suppression of lipopolysaccharides
(LPS)-induced monocyte synthesis of TNF (51–54). Prompt antimicrobial therapy
with high dose penicillin and clindamycin should be instituted. Aggressive fluid resus-
citation is needed because of intractable hypotension and diffuse capillary leak.
Human polyspecific intravenous immunoglobulin (IVIG) has been suggested as a
potential adjunctive therapy for invasive group A streptococcus diseases mainly
because of its ability to neutralize a wide variety of SAg and to facilitate opsoniza-
tion of streptococci. An observational cohort study of IVIG in patients with STSS
reported decreased mortality rates in patients treated with IVIG compared to con-
trols (67% vs. 34%) (55). A double blind placebo trial was prematurely terminated
because of slow recruitment. Analyses of primary end point revealed a reduced mor-
tality in IVIG treated group as compared with placebo (10% vs. 36%), although sta-
tistical significance was not reached. A significant increase in plasma neutralizing
activity against SAgs expressed by autologous isolates was noted in the IVIG group
after treatment (56). If IVIG is to be used, it should be given early and more than one
dose should be used, because batches of IVIG have variable neutralizing activity
(57). In addition, prompt surgical exploration and debridement of deep seated
streptococcal infection should be performed (see discussion of NF).

For management of TSS anti-staphylococcal agents are selected with considera-
tion of susceptibility testing. Supportive care includes aggressive intravenous fluid
resuscitation and vasopressors as needed. The suspected focus of infection requires
specific attention. Specifically, management includes the removal of any vaginal device
in menstrual cases and the removal of packed dressings in conjunction with drainage
and debridement in cases associated with postsurgical wounds.

Furuncles and Carbuncles

Furuncle is a deep inflammatory nodule that develops from predisposing folliculitis.
A carbuncle is a more extensive process that extends into the subcutaneous fat in
areas covered by thick, inelastic skin. Multiple abscesses separated by connective tis-
sue septa develop and drain to the surface along the hair follicle. S. aureus is the most
common etiological agent. Infections occur in areas that contain hair follicles such as
neck, face, axillae, and buttocks, and sites predisposed to friction and perspiration.
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Predisposing factors include obesity, defects in neutrophil dysfunction, and diabetes
mellitus. Bacteremia can occur and result in osteomyelitis, endocarditis, or other
metastatic foci.

Erysipelas

Erysipelas is a distinctive superficial cellulitis of the skin with prominent lymphatic
involvement. In typical erysipelas, the area of inflammation is raised above the sur-
rounding skin; there is a distinct demarcation between involved and normal skin,
and the affected area has a classic orange peal (peau d’orange) appearance. The
induration and sharp margin distinguish it from the deeper tissue infection of cellu-
litis, in which the margins are not raised and merge smoothly with uninvolved areas
of the skin (Fig. 1). Systemic signs of chills and fever are common. Flaccid bullae
filled with clear fluid may develop on the second or third day. Occasionally the infec-
tion spreads more deeply and causes cellulitis, abscess, and NF. Desquamation may
occur in 5 to 10 days, and scarring is very uncommon. Erysipelas is almost always
caused by group A streptococcus, though streptococci of groups G, C, and B, and
rarely S. aureus can also be responsible. Formerly the face was commonly involved
but now up to 85% of cases occur on the legs and feet largely due to lymphatic
venous disruptions (11,58). Erysipelas can spread rapidly if not treated promptly.
Blood cultures are positive in only about 5% of cases (58).

Figure 1 Facial erysipelas involving the right cheek. Sharp demarcation between the erythema
and right cheek is evident.
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Treatment: There has never been a documented report of group A streptococci
resistant to penicillin, and thus penicillin remains the drug of choice, penicillin G
200,000 U every six hours. Other alternative agents include first generation cephalo-
sporins or clindamycin. Agents such as erythromycin and the other macrolides are
limited by their rates of resistance, and the fluoroquinolones are generally less active
than the b-lactam antibiotics against b-hemolytic streptococci.

Cellulitis

Cellulitis is an acute, spreading pyogenic inflammation of the dermis and subcuta-
neous tissue (59,60). S. aureus and group A b-hemolytic streptococcus species are
the common organisms (Fig. 2). Cellulitis commonly begins as erythema, edema,
and pain and lacks demarcation. It often occurs in the setting of local skin trauma
from skin bite, abrasions, surgical wounds, contusions, or other cutaneous lacera-
tions. Edema also predisposes patients to cellulitis. Specific pathogens are suggested
when infections follow exposure to seawater (Vibrio vulnificus) (61,62), fresh water
(Aeromonas hydrophila) (63), or aquacultured fish (Streptococcus iniae) (64). Lymphe-
dema may persist after recovery from cellulitis or erysipelas and predisposes patients
to recurrences. In addition, spread to adjacent structures may result in osteomyelitis.
Cellulitis infrequently occurs as a result of bacteremia. Uncommonly, pneumococ-
cal cellulitis occurs on the face or limbs in patients with diabetes mellitus, alcohol
abuse, systemic lupus erythematosus, nephritic syndrome, or a hematological
cancer (65). Meningococcal cellulitis occurs rarely, although it may affect both chil-
dren and adults (66). Bacteremic cellulitis due to V. vulnificus with hemorrhagic bullae
may follow the ingestion of raw oysters by patients with cirrhosis, hemochromatosis,
or thalassemia. Cellulitis caused by gram-negative organisms usually occurs through a
cutaneous source in an immunocompromised patient but can also develop through
bacteremia. Cryptococcus neoformans, Fusarium, Proteus, and Pseudomonas spp have
been associated with bloodstream infections. Immunosuppressed patients are particu-
larly susceptible to the progression of cellulitis from regional to systemic infections.

Figure 2 Cellulitis of the left thigh in an alcoholic patient blood; cultures grew group B
streptococcus.
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The distinctive features including the anatomical location and the patient’s medical
and exposure history should guide appropriate antibiotic therapy. Periorbital celluli-
tis involves the eyelid and periocular tissue and should be distinguished from orbital
cellulitis because of complications of the latter: decreased ocular motility, decreased
visual acuity, and cavernous-sinus thrombosis.

Diagnostic studies: Diagnosis is generally based on clinical and morphologic
features of the lesion. Culture of a needle aspirate is not generally indicated because
of a low yield. Among 284 patients, a likely pathogen was identified in 29%. Of 86
isolates, only three represented mixed culture. Gram-positive organisms (mainly
S. aureus, group A or B streptococci, and Enterococcus faecalis) accounted for 79%
of cases; the remainder were caused by gram-negative bacilli (Enterobacteriaceae,
H. influenzae, P. multocida, Pseudomonas aeruginosa, and Acinetobacter spp.) (59).
Bacteremia is uncommon in cellulitis with only 2% to 4% yielding a pathogen
(59). Blood cultures appear to be positive more frequently with cellulitis super-
imposed on lymphedema. Radiography and computed tomography are of value when
clinical setting suggests a subjective osteomyelitis or there is clinical evidence to sug-
gest adjacent infections such as pyomyositis or deep abscesses. When it is difficult to
differentiate cellulitis from NF, a magnetic resonance imaging (MRI) may be helpful,
although surgical exploration for a definite diagnosis should not be delayed when the
latter condition is suspected.

Treatment: Because most cases are caused by streptococci and S. aureus,
b-lactam antibiotics with activity against penicillinase-producing S. aureus are
the usual drugs of choice. Specific treatment for bacterial causes is warranted after
an unusual exposure (human or animal bite or exposure to fresh or salt water), in
patients with certain underlying conditions (neutropenia, splenectomy, or immuno-
compromise), or in the presence of bullae and is described in Table 3.

Erysipeloid

The localized cutaneous infection caused by Erysipelothrix rhusiopathiae presents as
a subacute cellulitis (termed ‘‘erysipeloid’’). It is usually due to contact with fish,
shellfish, or infected animals. Contact with this pathogen may occur in recreational
settings, domestic exposures, or after lacerations among abattoirs or chefs (67).
Lesions are slightly raised and violaceous. Other organisms that cause skin and
skin structure infections following exposure to water and aquatic animals include
Aeromonas, Plesiomonas, Pseudallescheria boydii, and V. vulnificus. Mycobacterium
marinum can also cause skin infection, but this infection is characterized by a
more indolent course. For erysipelothrix bacteremia or endocarditis, penicillin G
(12 million–20 million units IV daily) is the drug of choice; alternative antimicrobials
include ciprofloxacin, cefotaxime, or imipenem-cilastatin.

Bites

Each year, several million Americans are bitten by animals, resulting in approxi-
mately 10,000 hospitalizations. Ninety percent of the bites are from dogs and cats,
and 3% to 18% of dog bites and 28% to 80% of cat bites become infected, with occa-
sional sequelae of meningitis, endocarditis, septic arthritis, and septic shock. Animal
or human bites can cause cellulitis due to skin flora of the recipient of the bite or the
oral flora of the biter. Severe infections develop after bites as a result of hematog-
enous spread or undetected penetration of deeper structures. In a prospective,
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multicenter study of infected dog and cat bites Pasteurella spp. was the most com-
mon isolate from both dog bites (50%) and cat bites (75%). Pasteurella canis was
the most common isolate of dog bites and P. multocida subspecies the most common
isolate of cat bites. Other common aerobes include Streptococci, Staphylococci,
Moraxella, and Neisseria. Common anaerobes include Fusobacterium, Bacteroides,
Porphyromonas, and Prevotella. Capnocytophaga canimorsus is an invasive organism
usually occurring in immunosuppressed patients after a dog bite (68,69). Human
bites are usually associated with mixed aerobic and anaerobic organisms including
S. viridans and other streptococci, S. aureus, Eikenella corrodens, Fusobacterium,
and Prevotella. Clenched fist injuries may lead to infection, tendon tear, joint disrup-
tion, or fracture (70). For treatment refer to Table 3.

Table 3 Antimicrobiol Therapy and Pathogens Associated with Specific Risk Factors

Risk factor Pathogen
Recommended

therapy Alternative therapy

Dog and cat bites Pastcurella multocida
and other
Pastcurella spp.
Staphylococcus
aureus,
Capnocytophaga,
streptococcus
Neisseria canis,
H. felix,
Capnocytophaga
canimorsus,
anaerobes

Ampicillin/sulbactam
1.5–3 g IV q.i.d

Ciprofloxacin 500 mg
PO or 400 mg IV
b.i.dþ clindamycin
600–900 mg IV t.i.d

Human bites Eikenella corrodens,
anaerobes,
S. aureus,
Streptococcus
viridans

Ampicillin/sulbactam
1.5–3 g IV q.i.d

Ciprofloxacin 500 mg
PO or 400 mg IV
b.i.dþ clindamycin
600–900 mg IV t.i.d

Salt water Vibrio vulnificus Doxycycline 200 mg
IV followed by
100–200 mg IV b.i.d

Cefotaxime 1–2 g IV
b.i.d or
ciprofloxacin
500 mg PO or
400 mg IV b.i.d

Fresh water or
use of leeches

Aeromonas species Ciprofloxacin 400 mg
IV b.i.d

Imipenam/cilastatin
500 mg IV q.i.d

Butcher, fish handler
or veterinarian

Erysipelothrix
rhusiopathiae

Penicillin G 12–20
million units IV
every 4 hrs daily

Ciprofloxacin or
cefotaxime or
imipenam/cilastatin
500 mg IV q.i.d

Intravenous drug
users

MRSA, Pseudomonas
aeruginosa

Vancomycin 1 g IV
b.i.dþ ceftazidime
1–2 g IV t.i.d or
cefepime 1–2 g IV
b.i.d

Linezolid 600 mg PO
or IV
b.i.dþ tobramycin
5.0/kg/daya or
ciprofloxacin

Note: Dose to be adjusted for azotemia except for ceftriaxone, doxycycline, clindamycin, and linezolid.
aBased on once a day dose of 5.0 mg/kg, however can be given as 1.7 mg/kg IV t.i.d.

Abbreviation: MRSA, methicillin-resistant Staphylococcus aureus.
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Ecthyma Gangrenosum

Ecthyma gangrenosum is the classic skin lesion associated with P. aeruginosa infec-
tion in granulocytopenic patients (71–73), and has been reported in 2% to 28% of
patients with pseudomonas bacteremia. Rarely this lesion may be caused by other
organisms, including S. aureus, Aeromonas, Serratia, Klebsiella, Escherichia coli,
Capnocytophaga, Aspergillus, and Candida. Neutropenic patients with overwhelming
septicemia develop a patchy dermal and subcutaneous necrosis. The characteristic
skin lesion starts with erythematous macular eruptions that become bullous with
central ulceration and necrosis. These are usually multiple, occurring in different
stages of development, which may concentrate on the extremities or the head and
neck. Diagnosis of the etiologic agent may occur with biopsy of the lesion being
cultured or isolated from blood cultures. Treatment is primarily by administration
of intravenous antimicrobial therapy and by debridement of multiple lesions, which
may lessen the bacterial burden.

Chancriform Lesions: Anthrax

A bioterrorism-associated anthrax outbreak occurred suddenly in the United States
in 2001. Out of the 22 cases 11 had the cutaneous form (74). After incubation of one
to eight days, a painless, sometime pruritic, papule develops on an exposed area. The
lesion enlarges and becomes surrounded by a wide zone of brawny, erythematous,
gelatinous, and nonpitting edema. As the lesion evolves it becomes hemorrhagic,
necrotic, and covered by an eschar. Frequently lymphadenopathy is present. If
untreated bacteremic dissemination can occur. Incision and debridement should be
avoided because it increases the likelihood of bacteremia (75). A skin biopsy after
the initiation of antibiotics can be done to confirm the diagnosis by culture, polymer-
ase chain reaction, or immunohistochemical testing. With the concern that strains
may have been modified to be resistant to penicillin, treatment with ciprofloxacin
or doxycycline has been recommended (76).

Purpura Fulminans

Purpura fulminans is an acute illness most commonly associated with meningococce-
mia but also seen with pneumococcal or staphylococcal disease (77,78). It is typically
characterized by disseminated intravascular coagulation (DIC) and purpuric skin
lesions. There are four primary features of this syndrome: large purpuric skin lesions,
fever, hypotension, and DIC. However, five cases associated with S. aureus strains
have been reported from the Minneapolis-St. Paul, Minnesota, metropolitan area.
These strains produced high levels of TSST-1, staphylococcal enterotoxin serotype B,
or staphylococcal enterotoxin serotype C. Only two of the five patients survived (79).
Staphylococcal purpura fulminans may be a newly emerging illness associated with
SAg production. There are no specific guidelines for the therapeutic management
of this serious manifestation other than assuring that anti-staphylococcal agents are
selected with consideration of susceptibility testing.

Necrotizing Cellulitis

Infectious gangrene is a cellulitis that rapidly progresses, with extensive necrosis of
subcutaneous tissues and the overlying skin. Pathologic changes are those of necrosis

332 Sharma and Saravolatz



and hemorrhage of the skin and subcutaneous tissue. In most instances, necrotizing
cellulitis has developed secondary to introduction of the infecting organism at the
site of infection. Streptococcal gangrene is a rare form caused by group A strepto-
cocci that occurs at the site of trauma but may occur in the absence of an obvious
portal of entry. Cases may follow infection at an abdominal operative wound,
around an ileostomy or colostomy, at the exit of a fistulous tract, or in proximity
to chronic ulceration. The organisms responsible include Clostridium, Bacteroides,
and Peptostreptococcus. The diagnosis is suggested when gas is present or when necro-
sis develops rapidly in an area of cellulitis. Gram stain and culture of skin drainage,
aspirate fluid, or surgical specimens should reveal the pathogenic organisms (80–82).

Treatment consists of immediate surgical exploration beyond the involved
gangrenous and undermined tissue. Areas of cutaneous necrosis are excised. Repeat
exploration is commonly performed within 24 hours. Antibiotic therapy should be
guided by Gram-stain results or empirically consist of high dose intravenous penicil-
lin G (3–4 million units every four hours) or ampicillin (2 g every four hours), with
the addition of clindamycin.

Necrotizing Fasciitis

NF is a rapidly spreading infection that involves the fascia and subcutaneous tissue
with relative sparing of underlying muscle. The mortality of this disease remains
alarmingly high ranging from 6% to 76% (83). Delayed diagnosis and delayed
debridement have been shown to increase mortality. Type 1 NF is polymicrobial
with at least one anaerobic species isolated in combination with one or more facul-
tative anaerobic species such as nontypable streptococci and enterobacteriaceae
(Fig. 3). Type 1 NF is common in postoperative infections and includes Fournier’s
gangrene. Type 2 NF is typically monomicrobial, most often caused by group A
streptococcus (84), Clostridium perfringens. Other organisms that have rarely been
implicated in monobacterial infections include Serratia marcescens, Flavobacterium
odoratum, Ochrobactrum anthropi, V. vulnificus, and group G streptococcus and S.
aureus (85). NF presents either as an acute and life-threatening condition usually
caused by group A streptococcus or clostridium spp., or as a subacute process,
usually caused by mixed aerobic and anaerobic organisms. The primary site is the
superficial fascia. Bacteria proliferate within the superficial fascia and elaborate
enzymes and toxins. The precise mechanism of spread has not been fully elucidated
but has been attributed to the expression of hyaluronidase, which degrades the fas-
cia. The key pathological process resulting from this uncontrolled proliferation of
bacteria is angiothrombotic microbial invasion and liquefactive necrosis of the
superficial fascia. As this process progresses, occlusion of perforating nutrient vessels
to the skin causes progressive skin ischemia. This event is responsible for the cuta-
neous manifestations. As the condition evolves, ischemic necrosis of the skin ensues
with gangrene of subcutaneous fat, dermis and epidermis, manifesting progressively
as bullae formation, ulceration, and skin necrosis. In early stages (stage 1 NF) the
disease is indistinguishable from severe soft tissue infection such as cellulitis and ery-
sipelas and presents with only pain tenderness and warm skin. Margins of the skin
are poorly defined with tenderness extending beyond the apparent area of involve-
ment. Blister or bulla formation is an important diagnostic clue. It signals the onset
of skin ischemia (stage 2 NF). The late stage (stage 3 NF) signals the onset of tissue
necrosis and is characterized by hemorrhagic bullae, skin anesthesia, and gangrene.
Systemic manifestation such as fever, hypotension, and multiorgan failure can occur
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(86–89). The effects are classically caused by SAg produced by group A streptococ-
cus. NSAIDs are postulated to potentiate tissue damage by decreasing granulocyte
adhesion and phagocytosis and increasing cytokine production.

NF is a clinical diagnosis with corroborative operative findings that include the
presence of grayish necrotic fascia, a lack of resistance of normally adherent superfi-
cial fascia, a lack of bleeding of the fascia during dissection, and the presence of foul
smelling ‘‘dishwater pus.’’ Features reported to be indicative of NF on the computed
tomography scan include deep fascial thickening, enhancement, and fluid and gas in
the soft tissue planes. Negative deep fascial involvement on MRI effectively excludes
NF. Fine needle aspiration, frozen section of tissue biopsy, fascial biopsy, and skin
biopsy for histopathology are all useful in diagnosis of NF. The lack of bleeding
may be seen or murky dishwater pus exudates may ooze from the incision site.

Pathognomonic for NF is a positive ‘‘finger’’ test. The finger test can be used to
delineate the extent of infection into the adjacent normal appearing skin. A 2-cm
incision down to the deep fascia is made under local anesthesia. Probing of the level
of the superficial fascia is then performed. The lack of bleeding, foul smelling dish-
water pus, and minimal tissue resistance to finger dissection constitute a positive
finger test, which is diagnostic of NF (90). If a diagnosis of NF is made, emergent
surgical debridement and/or fasciotomy should be considered. Debridement beyond
the visible margin of infection is necessary. Repeated debridements may be required
and should continue until the subcutaneous tissue can no longer be separated from
the deep fascia. Fasciotomy may be performed at the time of debridement. If infec-
tion progresses despite serial debridements and antibiotics, amputation may be life
saving. A combination of broad-spectrum antibiotics, such as a penicillin, and an
aminoglycoside or a third generation cephalosporin, and clindamycin or metroni-
dazole can be started depending on the clinical presentation. Once the Gram-stain,
culture and sensitivity results are obtained, the antibiotic regimen can be altered
based on these findings. The use of IVIG as an adjunctive treatment for patients with
STSS has been used on the basis of retrospective studies and one small prospective

Figure 3 Necrotizing fasciitis of left arm and shoulder in a patient with intravenous drug user
(IVDU) who injected in the left arm. Patient underwent disarticulation. One set of blood cultures
grew Gemella morbillorum and second set grew Streptococcus constellatus. Operative cultures
obtained from left arm grew Klabsiella oxytoca, Peptostreptococcus micros, and P. prevoti.
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randomized trial, but conclusive evidence supporting its use remains limited. IVIG
contains many antibodies, which neutralize the exotoxins/SAgs secreted by the strep-
tococcus and are involved in the pathogenesis of STSS. Because STSS and NF are
mediated by the streptococcal toxins and inflict their tissue destruction via some of
the same cytokines, it was postulated that IVIG would be as effective a treatment
in NF as it was in STSS. This has yet to be conclusively demonstrated in a clinical trial.
For treatment refer to Table 4.

Fournier’s Gangrene

It originates as a necrotic black area on the scrotum. It is a fulminant, rapidly
progressive subcutaneous infection of the scrotum and penis, which spreads along
fascial planes and may extend to the abdominal wall. More than 60% of the patients
have diabetes mellitus. Fournier’s gangrene occurs commonly without a predispos-
ing event or after uncomplicated hemorrhoidectomy. Less commonly this can occur
after urological manipulation or as a late complication of deep anorectal suppuration.
Fournier’s gangrene is characterized by necrosis of the skin and soft tissues of the
scrotum and or perineum that is associated with a fulminant, painful, and severely
toxic infection (91,93) (91,92). The infection is usually polymicrobial. Successful
treatment is again based on early recognition and vigorous surgical debridement.
Empiric antibiotic treatment is appropriate until culture results are available. Infec-
tion is often polymicrobial. The therapeutic benefit of hyperbaric oxygen treatment
remains controversial in this as well as other forms of NF.

Clostridium Myonecrosis (Gas Gangrene)

C. perfringens type A is the most common organism. Although initial growth of the
organism occurs within the devitalized anaerobic milieu, acute invasion and destruc-
tion of healthy, living tissue rapidly ensues. Historically, clostridial myonecrosis was
a disease associated with battle injuries, but 60% of cases now occur after trauma. It
is a destructive infectious process of muscle associated with infections of the skin and
soft tissue. It is often associated with local crepitus and systemic signs of toxemia,
which are formed by anaerobic, gas forming bacilli of the clostridium species. The
infection most often occurs after abdominal operations on the gastrointestinal tract;
however, penetrating trauma and frostbite can expose muscle, fascia, and subcuta-
neous tissue to these organisms. Common to all these conditions is an environment
containing tissue necrosis, low oxygen tension, and sufficient nutrients (amino acids
and calcium) to allow germination of clostridial spores. The systemic manifestations
of gas gangrene are related to the elaboration of potent extracellular protein toxins,
especially the a-toxin, a phospholipase C, and h-toxin, a thiol-activated cytolysin
(94–97). Clostridia are gram-positive, spore forming, obligate anaerobes that are
widely found in soil contaminated with animal excreta. They may be isolated from
the human gastrointestinal tract and from the skin in the perineal area. C. perfringens
is the most common isolate (present in 80% of cases) and is among the fastest-
growing clostridial species, with a generation time, under ideal conditions, of �eight
minutes. This organism produces collagenases and proteases that cause widespread
tissue destruction, as well as a-toxin, which have a role in the high mortality asso-
ciated with myonecrosis. The a-toxin causes extensive capillary destruction and
hemolysis, leading to necrosis of the muscle and overlying fascia, skin, and subcuta-
neous tissues. Patients complain of sudden onset of pain at the site of trauma or
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surgical wounds, which rapidly increases in severity. The skin becomes edematous
and tense. Hemorrhagic bullae are common, as is a thin watery, foul smelling dis-
charge. Examination of the wound discharge reveals abundant large, box-car shaped
gram-positive rods with a paucity of surrounding leukocytes. The usual incubation
period between injury and the onset of clostridial myonecrosis is two to three days
but may be as short as six hours. A definitive diagnosis is based on the appearance
of the muscle on direct visualization by surgical exposure. Initially, the muscle is pale,
edematous, and unresponsive to stimulation. As the disease process continues, the
muscle becomes frankly gangrenous, black, and extremely friable. This occurs with
septicemia and shock. Nearly 15% of patients have positive blood cultures. Serum
creatinine phosphokinase levels are always elevated with muscle involvement. The
mortality rate associated with gas gangrene approaches 60%. Among the signs that
predict a poor outcome are leukopenia, thrombocytopenia, hemolysis, and severe
renal failure. Myoglobinuria is common and can contribute significantly to worsening
of renal function. Frank hemorrhage may be present and is a harbinger of DIC. Suc-
cessful treatment of this life-threatening infection depends on early recognition and
debridement of all devitalized and infected tissues. When extremities are involved,
amputation is frequently indicated. The role of hyperbaric oxygen therapy has not
been established (100% oxygen at 3 atm), but it may have a role early in the treatment
of seriously ill patients (98,99). The mainstay of treatment is surgical debridement,

Table 4 Antimicrobiol Therapy and Microbiology Associated with Diabetic Foot Infection
and Necrotizing Fasciitis

Clinical
syndrome Pathogen Recommended therapy Alternative therapy

Diabetic foot
infection

Staphylococcus
aureus,
Streptococcus
Enterobacteriaceae,
Pseudomonas
aeruginosa
anaerobes
(Bacteroides,
Peptostreptococcus)

Ampicillin/sulbactam
1.5–3 g IV q.i.d or
piperacillin/
tazobactam 3.375 g IV
q.i.d or ceftriaxone
1–2 g IV q.d or
ciprofloxacinþ
metronidazole 500 mg
IV or PO t.i.da

Imipenam/cilastatin
500 mg IV q.i.d or
clindamycinþ
ciprofloxacin
500–750 mg PO or
400 mg IV b.i.d or
cefepime 2 g
IV b.i.d

Type 1 NF Anarobes
(Bacteroides,
Peotostreptococcus)
Escherichia coli,
Enterobacter,
Klebseilla, Proteus

Ampicillin 1–2 g IV
every 4–6 hr pþ
gentamicinþ
metronidazole 0.5 g
t.i.d or q.i.d or
clindamycin
900 mg t.i.d

Imipenam/cilastatin
500 mg q.i.d or
ampicillin/
sulbactamþ
gentamicin 5.0 mgb

or pipercillin/
tazobactam 3.375 g
IV q.i.d

Type 2 NF Group A
streptococcus

Penicillin 2–3 mu IV
every 3–4 hrþ
clindamycin 900 mg
IV t.i.d� IVIG

Cefazolin 1–2 g IV
t.i.d or vancomycin
þ clindamycin
900 mg IV t.i.d

Note: Dose adjusted for azotemia except for ceftriaxone, doxycycline, clindamycin and linezolid.
aWhen methicillin-resistant Staphylococcus aureus suspected use vancomycin, linezolid or other active agents.
bBased on once a day dose of 5.0 mg/kg/day, however can be given as 1.7 mg/kg IV t.i.d.

Abbreviations: NF, necrotizing fasciitis; IVIG, intravenous immunoglobulins.
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and this should not be delayed. A less life-threatening form of this disease is known as
clostridium cellulitis. In this process, the bacterial tissue invasion is primarily super-
ficial to the fascial layer, without muscle involvement. Prompt recognition and
treatment as described earlier can reduce the associated morbidity and mortality.
High dose penicillin G is the drug of choice. Protein synthesis inhibitors such as
combining clindamycin with penicillin have had considerably better efficacy than
penicillin alone. Clostridium septicum bacteremia is associated with underlying colon
cancer or neutropenic enterocolitis (100). Clostridium sordelli has been reported to
cause rapidly progressive myonecrosis with fulminant shock syndrome, particularly
in obstetric patients. Black tar heroin use has resulted in outbreak of Clostridium
botulinism, C. tetani, and C. sordelli in intravenous drug users.

Nonclostridial Myonecrosis

Nonclostridial myonecrosis encompasses at least five relatively distinct entities that
differ from gas gangrene in their pathogenesis, clinical features and bacteriology:
Streptococcal myositis �NF type 2 (see earlier discussion under NF), synergistic
nonclostridial anaerobic myonecrosis �NF type 1 (see earlier discussion under
NF), anaerobic streptococcal myonecrosis, A. hydrophila myonecrosis, and infected
vascular gangrene.

Anaerobic streptococcal myonecrosis clinically resembles subacute clostridial
gas gangrene. The involved muscles are discolored; in contrast to gas gangrene,
early cutaneous erythema is prominent. If not treated, the infection progresses to
gangrene and shock. The infection is usually mixed, anaerobic streptococci with
group A streptococcus or S. aureus. Treatment involves the use of high dose penicillin
and antistaphylococcal agent, if indicated, and surgical debridement.

Rapidly progressive myonecrosis resembling clostridial gangrene but caused by
A. hydrophila may occur after injuries sustained in freshwater, or in conjunction with
medicinal leech therapy. Cellulitis often develops within 12 to 24 hours, accompanied
by excruciating pain, marked edema, and bullae. Bacteremia is often documented.
Treatment requires prompt antimicrobial therapy and wide surgical debridement.

Infected vascular gangrene is a focal, usually indolent, and primarily ischemic
process in the small muscles of a distal lower extremity already gangrenous from
arterial insufficiency. Diabetic patients are prone to develop this complication, which
usually does not extend beyond the area of vascular gangrene to involve viable
muscle. Proteus spp., Bacteroides spp., and anaerobic streptococci are among the
bacteria found in such lesions (101,102).

DIABETIC FOOT INFECTION

This term defines any inframalleolar infection in a person with diabetes mellitus. These
include paronychia, cellulitis, myositis, abscesses, NF, septic arthritis, tendonitis, and
osteomyelitis. The most common lesion requiring hospitalization is the infected dia-
betic foot ulcer (Fig. 4). Neuropathy plays a central role, with disturbances of
sensory, motor, and autonomic functions leading to ulcerations due to trauma or
excessive pressure on a deformed foot. This wound may progress to become actively
infected, and by contiguous extension the infection can involve deeper tissues. This
sequence can be rapid, especially in an ischemic limb. Various immunologic distur-
bances, especially involving the polymorphonuclear leukocytes, may affect some
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diabetic patients. S. aureus and the b-hemolytic streptococci (groups A, C, G, and
especially group B) are the most commonly isolated pathogens. Chronic wounds
develop a more complex colonizing flora, including enterococci, enterobacteriaceae,
obligate anaerobes, P. aeruginosa, and other nonfermentative gram-negative rods.
Hospitalization, surgical procedures, and prolonged antibiotics predispose patients
to colonization and infection with MRSA or vancomycin-resistant enterococcus.
Community-acquired cases of MRSA are becoming more common. Finally, the two
reported cases of VRSA involved a diabetic patient with a foot infection (103–105).

Therapy: Initial therapy is empirical and should be based on severity of infec-
tion and available microbiological data, such as recent culture results or current
smear findings from adequately obtained specimens. The microbiology can be

Figure 4 (A) Limb threatening left diabetic foot ulcer. (B) Rapid progression to gas gan-
grene. Patient underwent below knee amputation. Operative cultures grew group G streptococ-
cus, methicillin-resistant Staphylococcus aureus, Streptococcus viridans, Enterococcus spp., and
Bacteroides fragilis.
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identified by culture only if specimens are collected and processed properly. Deep tis-
sue specimens, obtained aseptically at surgery, contain the true pathogens more
often than do samples obtained from superficial lesions. A curettage, or tissue scrap-
ing with a scalpel, from the base of a debrided ulcer provides more accurate results.
An antibiotic regimen should always include an agent active against staphylococci
and streptococci. Previously treated or severe cases may need extended coverage that
also includes commonly isolated gram-negative bacilli and Enterococcus spp. Necro-
tic, gangrenous, or foul smelling wounds usually require antianaerobic therapy. For
moderate to severe infection ampicillin/sulbactam or piperacillin/tazobactam can
be used. For life-threatening infections imipenam/cilastin may be a consideration.
A high prevalence of MRSA may require use of vancomycin, or other appropriate
agents against these organisms. The duration of treatment for life-threatening infec-
tion may be two weeks or longer. Many infections require surgical procedures that
range from drainage and excision of infected and necrotic tissues to revascularization
or amputation. For treatment refer to Table 4.

SKIN AND SOFT TISSUE INFECTIONS IN INJECTION DRUG USERS

The mechanism by which infection is established probably relates to tissue trauma,
direct effects of drugs, tissue ischemia, and inoculation of bacteria. As a result of
repeated injections into a single site, skin and surrounding tissue are damaged,
develop local ischemia and necrosis, and become susceptible to infection. Opiates sup-
press T-cell functions and also inhibit phagocytosis, chemotaxis, and killing by neu-
trophils and macrophages. Infection ranges from cellulitis to skin and soft tissue
abscesses, and occasionally fasciitis and pyomyositis. The most common sites of
involvement correspond to injection sites: the upper and lower extremities, the groin
and antecubital fossa, with the microbiology being monomicrobial or polymicrobial
involving S. aureus, S. viridans, S. pyogenes, Streptococcus anginosus group, E. corrodens,
anaerobic organisms like clostridium spp. and Prevotella, and gram-negative enteric
organisms including E. coli, Klebsiella, Proteus mirabilis, Pseudomonas, and Enterobac-
ter (106–108). Black tar heroin use has resulted in outbreaks of C. botulinism, C. tetani,
and C. sordelli in intravenous drug users. For treatment refer to Table 3.

PYOMYOSITIS

Pyomyositis is an infection of the skeletal muscle predominantly caused by S. aureus
and Streptococcus spp. (109,110). Other rare organisms include enterobacteri-
aceae and anaerobic bacteria. Case reports of Aspergillus fumigatus, C. neoformans,
Mycobacterium tuberculosis, and M. avium-intracellulare have been reported
(111,112). It was originally recognized in patients who acquired the disease in the
tropics. Predisposing conditions include diabetes mellitus, cirrhosis, immunosup-
pressive illness, and HIV, and has been reported in intravenous drug abusers. Pre-
sumed pathogenesis involves a prior bacteremia, commonly transient. Bacterial
infection of the muscle usually occurs after a penetrating wound, vascular insuffi-
ciency, or a contiguous spread. Common muscle involvement includes deltoid,
psoas, biceps, gastrocnemius, gluteal, and quadriceps, though any muscle group
can be involved. Patients will typically present with fever, pain, tenderness, and swel-
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ling of the involved muscle. Bacteremia is present in 5% to 35% of cases. The diag-
nosis is best established by computed tomography scan or MRI.

Treatment consists of drainage (percutaneous or open-incision). Initial antibio-
tics should consist of intravenous administration of a b-lactamase–resistant penicillin.
Initial vancomycin therapy should be considered if MRSA is suspected. Early mod-
ification of initial antimicrobial therapy is based on Gram-stain and culture results.

COMMUNITY-ACQUIRED METHICILLIN-RESISTANT S. AUREUS

Community-acquired MRSA has become increasingly endemic in many parts of the
world (113,114). The most common clinical syndrome has been skin and soft tissue
infections (Fig. 5). S. aureus has been a very uncommon cause of NF, but in a recent
study 14 patients were identified as community-acquired MRSA with clinical and
intraoperative findings of NF, necrotizing myositis, or both (115). Unfortunately,
there are no obvious epidemiologic clues to this etiologic agent, and one sees patients
with no prior antimicrobial therapy developing this infection. The organism appears
somewhat unique in its characteristics by possessing the staphylococcal cassette
chromosome Mec IV gene for methicillin resistance and the Panton Valentine Leu-
kocidin genes encoding for a toxin presumably responsible for necrosis in soft tissue
sites as well as the lungs. This organism has prompted many clinicians to add van-
comycin, sulfamethoxazole/trimethoprim, linezolid, daptomycin, or other agents
effective against MRSA in the empiric treatment of skin and soft tissue infections.

SUMMARY

A wide variety of skin and soft tissue infections can occur in the critical care settings.
The rise in immunocompromised patients such as those with AIDS, transplant

Figure 5 Right leg abscess, cultures grew methicillin-resistant Staphylococcus aureus
(community acquired).
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recipients, and those receiving chemotherapy or prolonged corticosteroid therapy
have led to diverse etiologies, clinical manifestations, and severity. S. aureus remains
the most common pathogen causing infections from minor skin lesions to severe life-
threatening illness such as purpura fulminans. However a variety of other pathogens
may be identified and need to be considered with certain epidemiologic clues.
Community-acquired MRSA has become increasingly prevalent in many parts of
the world. The most common clinical syndrome has been skin and soft tissue infec-
tion, but in a recent study 14 patients were identified as community-acquired MRSA
with clinical and intraoperative findings of NF, necrotizing myositis, or both.

Important considerations when evaluating patients include underlying medical
conditions; exposure history; and presenting signs, symptoms, and radiographic
patterns. The key to treating serious skin and soft tissue infections successfully is
prompt recognition, followed by appropriate antibiotic and surgical intervention
as needed to decrease the morbidity and mortality.
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INTRODUCTION

For over half a century, steroids (corticosteroids and glucocorticoids) have been used
to suppress inflammatory, autoimmune, and other immunologic processes (1–3).
Their benefits are unquestioned; however, their costs are high. When needed, their
multifactorial enhancing and suppressing molecular and cellular effects on metabolic
systems lead to hypertension, electrolyte abnormalities, and mineral disorders, espe-
cially osteoporosis (1–3). Their impacts on inflammatory systems impair tissue
integrity and repair and result in a variety of infectious complications (4), the focus
of this chapter.

While steroids still need to be used in nearly every specialty of medicine,
clinicians are constantly searching for ‘‘steroid sparing,’’ immunosuppressive/
anti-inflammatory treatments for the multitudes of inflammatory and autoimmune
disorders suffered by their patients. This chapter will provide an historical overview
of the relationship between steroids and infections, how the host’s defense system is
organized to defend against microbial invasion by specific organisms, how steroids
alter each aspect of the inflammatory system generally to increase the likelihood
of each such infection, and, paradoxically, how steroids can actually be used to treat
some specific infectious diseases. Several years ago, all these topics were reviewed in
great detail (5); and most of the data and concepts provided in that review are still
relevant today.

HISTORICAL ASPECTS OF STEROIDS AND INFECTIONS

The historical relationships between the function of the adrenal gland and infection
were masterfully summarized in a review article in 1953 by Kass and Finland (6). They
pointed out that Dr. Harvey Cushing in the early 1900s noted that adrenalectomy
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(hypoadrenalism) was associated with increased susceptibility to and mortality from
infection. Physiologic replacement doses of an adrenal extract, containing the adrenal
cortical hormones, corrected the problem of increased mortality from infection in
experimental animals.

The evolution through the late 1800s and early 1900s of the understanding
of the adrenal cortex as compared to the adrenal medulla lead to the observation that
the life of experimental animals could be prolonged by the administration of adrenal
cortical but not adrenal medullary (epinephrine hormone) administration. Not only
was the life of the adrenalectomized animal extended with adrenal cortical extracts,
but such extracts also corrected the increased susceptibility to infection as well as
the other metabolic and hemodynamic abnormalities which they had described.

In 1912, Dr. Harvey Cushing was the first to define the disease produced by
adrenal cortical steroid excess. It was not for another 20 years, however, that he
wrote the definitive paper on the syndrome, which subsequently came to be called
‘‘Cushing’s Syndrome.’’ While such patients were hypertensive and experienced
a variety of fluid and electrolyte abnormalities, Dr. Cushing noted that infection
was the primary cause of death in about half (6).

In the late 1940s, Hench et al. (7) at the Mayo Clinic described the first clinical
uses of supraphysiologic doses of cortisone on a variety of systemic inflammatory
diseases, especially rheumatoid arthritis. Not long afterward, case reports appeared
describing a wide variety of infectious complications occurring in patients on
such doses of steroids. Kass went on to perform a series of elegant laboratory studies
confirming that steroid therapy produced a dose-related increase in susceptibility to
a variety of infectious agents in experimental animals (8).

HOST DEFENSES/IMMUNITY AGAINST INFECTIONS

An excellent review of the actions of steroids on immunity has recently been pub-
lished (9). That review noted and summarized a variety of studies over the past half
century that at least have partially clarified the multiple actions of steroids on the
immune system. The complexity of such effects is enormous: In some situations,
steroids up regulate and enhance immunologic functions, while in others, they down
regulate and/or suppress immunity. Franchimont (9) outlines in some detail the
molecular, cellular, and pharmacologic properties of steroids and pointed out that
steroids exert both negative and positive effects on various limbs and components
of the immune response. While modulating genes involved in the priming of the
innate (nonspecific) immune response, they suppress cellular [T helper-1 (Th-1)]
immunity and promote humoral [T helper 2 (Th-2)] immunity in the adaptive (specific
or acquired) immune response. Franchimont goes on to suggest the ex vivo therapeu-
tic use of steroids might represent a way positively to modulate cellular responses in
autoimmune diseases while avoiding long-term systemic steroid side effects.

In my earlier review of this topic (5), I proposed a simple organization of the
immune system in order to permit a better understanding of how each component
functions to defend the host against microbial invaders, as well as in a more focused
fashion to help explain how steroids affect each limb of immunity. Table 1 outlines
an organizational structure of the immune system, useful in understanding the host
defense systems against infections. Briefly, the immune system is broken down into
the nonspecific (innate) and the specific (acquired or adaptive) immune systems.
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The Nonspecific (Innate) Immune System

The first lines of defense against microbial invaders are the skin and mucous mem-
branes, breaks in which, for example, create entry points for colonizing acute invasive
bacteria, mostly staphylococci and streptococci, to enter the body. Once in the sub-
cutaneous or submucosal tissues, these microbes replicate and initiate activation (via
a variety of their cell materials, toxins, and enzymes) of the complement system, at this
initial point through its ‘‘alternative’’ pathway (10). Complement components not only
enhance local vasoactive and mediator contributions to the local inflammatory
response, but generate chemotactic fragments which draw in surrounding leukocytes.

The white blood cells (WBCs) are the most important nonspecific participants in
this initial phase of host defense, for complement’s alternative pathway does not itself
directly participate in bacterial killing. Because all organisms, whether opsonized or
not, activate the alternative limb of the compliment pathway, it is the response of
WBCs, predominantly the neutrophils and macrophages, which are the most impor-
tant host defense elements in this initial, nonspecific phase of the host defenses. The
vast majority of microbial invaders are stopped in their tracks by the combination
of the barrier systems and the complement assembled WBCs.

The Specific (Acquired or Adaptive) Immune System

Macrophages (including dendritic cells) are crucial to antigen processing and initiate
both the cellular (Th-1) lymphocyte activation and response and the humoral (Th-2)
immune response. Further, macrophages are also effector cells in the fully developed
cellular immune response, responsible, when activated, for intracellular killing of
a variety of important pathogens. Th-1 lymphocytes reacting to specific antigen
stimulation release cytokines, which subsequently assemble and activate available
surrounding macrophages to become highly efficient killers of facultative intracellu-
lar microbes; such organisms can survive ingestion in unactivated macrophages and
go on to cause further tissue damage (11).

The humoral immune response has as its primary role the production of immu-
noglobulins, most importantly antibodies of the immunoglobulin M (IgM) and
immunoglobulin G (IgG) classes (12). These antibodies are either directly bactericidal
[along with complement (10), this time via the ‘‘classical’’ pathway] or important

Table 1 A Simplified Organization of the Host Defense System

Nonspecific (innate) immunity
Barrier systems: skin, mucous membranes, cilia, and mucus
Complement system (via the alternative pathway)
WBCs: neutrophils, macrophages, and eosinophils

Specific (acquired or adaptive) immunity
Macrophages, including dendritic (antigen processing) cells
Cellular immune response: mediated by Th-1 lymphocytes, which release cytokines to

activate surrounding macrophages which then become more efficient microbial killers
Humoral immune response: mediated by Th-2 lymphocytes, which subsequently activate

surrounding B lymphocytes to evolve into plasma cells which produce the various classes
of immunoglobulins/antibodies. Antibodies either opsonize bacteria to permit
phagocytosis or directly lyse and kill bacteria with the help of the complement system
(this time via the ‘‘classical’’ pathway)

Abbreviations: Th-1, T helper 1; Th-2, T helper 2; WBCs, white blood cells.
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opsonins leading to more efficient phagocytosis and cellular killing, especially of a
variety of encapsulated microbes (the prototypic organism being Streptococcus pneu-
moniae). Opsonins probably also help in the defense against a variety of gram-nega-
tive organisms, especially neisseria and certain other gram-negative rods.

MICROBIAL DEFENSE BY THE VARIOUS COMPONENTS OF THE
IMMUNE SYSTEMS

While the preceding paragraphs have discussed the components of the host defense/
immune systems and alluded to some of the microbes dealt with by each component
of immunity, the next few paragraphs will focus on the specific microbes expected
when there are deficiencies in those host defense systems (Table 2).

Infections Expected in Deficiencies of the Nonspecific/Innate
Immune System

The barrier systems are most important in protecting against invasion by the acute
pyogenic bacteria such as the beta-hemolytic streptococci and Staphylococcus aureus.
The classic example of such defects is the patient with exfoliative types of dermatitis
(such as an exfoliating drug eruption or Stevens/Johnson Syndrome) or the exten-
sively burned patient (13). The sequence of events in such patients is usually the
following: first occurs colonization and then infection with gram-positive cocci
(streptococci and staphylococci), which are generally antibiotic susceptible and there-
fore treatable. Next come the colonization and then infection with gram-negative
bacilli such as the coliform bacteria, Klebsiella, and Pseudomonas aeruginosa. Intense
antibacterial antibiotic therapy may again stabilize such patients for a while, but
then overgrowth with a variety of yeasts, such as Candida albicans, or the other
candida species creates an extremely difficult clinical situation. Also, burn wound
colonization and infection with a variety of viruses sometimes occur (such as the
herpes viruses or other DNA viruses). Deficiencies in the complement system may

Table 2 Microbes Defended Against by the Various Components of the Host Defense/
Immune Systems

Immune system component Defends against

Nonspecific/innate immune system (barrier
systems, complement via the ‘‘alternative’’
pathway, and leukocytes, mainly the
neutrophil)

Acute pyogenic bacteria (streptococci,
staphylococci, some gram negatives such
as neisseria, etc.)

Specific (acquired or adaptive) immunity:
Cellular immunity (Th-1, lymphocytes,

and macrophages)
The group of microbes collectively known

‘‘facultative intracellular pathogens’’
(see text)

Humoral immunity (Th-2 lymphocytes,
plasma cells, and complement via the
‘‘classical’’ pathway)

IgM and IgG antibodies protect primarily
encapsulated, pyogenic bacteria (classically,
Streptococcus pneumoniae, Hemophilus
influenzae, and Neisseria; may also help
against some other gram negative rods

Abbreviations: Th-1, T helper 1; Th-2, T helper 2; IgM, immunoglobulin M; IgG, immunoglobulin G.
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lead also to infections with acute pyogenes and seem particularly to increase sus-
ceptibility to neisseria (14). Finally, defects in numbers or function of neutrophils
classically lead to infections with streptococci and staphylococci and, after repeated
courses of antibiotics, to a variety of gram-negative bacilli, and then yeasts.

Specific (Acquired or Adaptive) Immunity

Cellular Immunity

As noted earlier, the cellular immune system is composed of Th-1 lymphocytes, the
cytokines they produce, and the macrophages which on the afferent side process
antigen to initiate the cellular immune response and on the efferent side become
activated by the Th-1 lymphocytokines to become the ultimate killer cells of cellular
immunity. As shown in Table 2, the cellular immune system defends against the
group of organisms collectively known as the ‘‘facultative intracellular pathogens’’
(FIPs), microorganisms that generally survive inside nonimmune host macrophages
(15). These types of microbes may be effectively dealt with when they are ingested by
cytokine ‘‘activated’’ macrophages, i.e., those whose microbicidal systems have been
turned on by cytokines released by specifically sensitized Th-1 lymphocytes (11,16).
Thus, in nonimmune hosts, FIPs may live symbiotically within macrophages, deriv-
ing, in fact, some of their metabolic needs from the host cells themselves. However,
once the immune response has been generated by antigen processing cells, which pro-
gram subsets of Th-1 lymphocytes against antigens peculiar to each specific invading
FIP, such organisms are either killed, or at least held in check, for prolonged periods
of time. Those organisms, lying dormant but still alive within host tissues, mostly
within activated macrophages (which pathologically are recognized as epitheloid
cells or giant cells combining to form granulomas), may, when the cellular immune
responses have become suppressed, begin to grow and cause a ‘‘reactivated’’ infec-
tion, proceeding on to cause local and/or systemic host damage. The major causes
of the suppression of the cellular immune system are prolonged periods of exogenous
stress, usually accompanied by malnutrition, certain specific viral infections, espe-
cially the human immunodeficiency virus, and systemic immunosuppressive agents,
particularly steroids.

The types of microbes known as FIPs contained by cellular immunity and which
are most important in infecting humans (as noted in Table 2) are several types of
bacteria (listeria, salmonellae, mycobacteria, and nocardia) and fungi (cryptococcus,
histoplasmosis, coccidioidomycosis, and the yeasts, especially candida species).
Several parasites are also primarily controlled by the cellular immune system (toxo-
plasmosis, Pneumocystis carinii, leishmania, cryptosporidium, and strongyloids).

Humoral Immunity

The humoral immune system consists of Th-2 lymphocytes and the B cells, which are
activated and programmed to evolve into plasma cells producing the various classes of
immunoglobulins. These immunoglobulins/antibodies are important in defending
against a variety of pathogens. As noted earlier, the humoral/antibody mediated
immune system also is aided by the complement system, now via the ‘‘classical’’ path-
way, and is important in both opsonization and direct bactericidal activity (10,12).
Particularly important in host defense are the IgM and IgG antibody classes. Such
antibodies help protect the host primarily against the encapsulated, pyogenic bacteria,
the classical organisms being S. pneumoniae, Hemophilus influenzae, and Neisseria (12).
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Antibody mediated defenses may also help against some other gram-negative rods
such as the coliform bacteria and klebsiella (Table 2).

MAJOR EFFECTS OF STEROIDS ON IMMUNITY

It is important for the reader to be aware that different doses of steroids (glucocor-
ticoids) are used to achieve different therapeutic results in patients; further, different
steroid doses have quite different effects on host inflammation and immunity
(Table 3). I have arbitrarily classified these dose effects into the following ranges:
physiologic, pharmacologic, and suprapharmacologic doses of steroids.

Physiologic Doses of Steroids

Physiologic doses of steroids are those in the daily range from 20 to 30 mg of hydro-
cortisone, the amount that the unstressed adrenal cortex produces over 24 hours (15).
Thus, if a patient is on from 5 to 10 mg of prednisone for an underlying inflamma-
tory disease, such a dose range (equivalent to 20–40 mg of hydrocortisone) represents
essentially physiologic replacement of adrenal cortical function. Individuals on such
doses have a relatively intact immune system, although a variety of long-term meta-
bolic effects do occur (especially bone loss and osteoporosis). Such patients are not
at a substantially increased risk of infectious complications. One needs to be aware,
however, that should such a patient encounter the increased stress of trauma or
infection, they then need to be treated with increased stress doses of hydrocortisone,
in the range from 100 to 200 mg (20–40 mg of prednisone) daily. Again, patients trea-
ted properly during such periods of stress seem to be at no increased risk of infection,
unless the period of stress and the administration of the aforementioned doses of
glucocorticoids are prolonged beyond a few days (15).

Pharmacologic Doses of Steroids

These doses of prednisone (hydrocortisone is rarely used in such situations) are in the
range of 1 mg/kg (40–100 mg) per day, doses typically used to treat a variety of acute
inflammatory/autoimmune conditions. Such doses of prednisone are equivalent
to 200 to 500 mg of hydrocortisone daily and when continued for more than four to
six weeks, begin to produce the classical changes of Cushing’s Syndrome with fat
redistribution (moon facies, buffalo hump, and truncal obesity) and thinning of
the skin, including the presence of striae and increasing bruisability. Further, these
doses of steroids effectively block the access of acute inflammatory cells, especially
neutrophils and macrophages, to foci of inflammation and infection, resulting in
both reduced symptoms of the underlying inflammatory disease and reduced evidence
of an infection as it progresses (16,17). Infections expected under such conditions are
those caused by the acute pyogenic bacteria (again, streptococci and staphylococci).
Also, rapid colonization and usually only superficial invasion occur with yeasts
(C. albicans and other candida species), resulting in oral, pharyngeal, vaginal, and
intertriginous infections (16).

The cellular (Th-1) immune system becomes suppressed after two to four weeks
of such doses of steroids, resulting in impaired access of macrophages to inflamma-
tory and infectious sites and decreased cytokine activation of macrophages by
already programmed Th-1 lymphocytes (18). In such patients, positive delayed type
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hypersensitivity skin tests turn negative (19,20), and latent infections with FIP may
become reactivated (21) and disseminate (e.g., those caused by tuberculosis, histo-
plasmosis, leishmania, strongyloidiasis, etc.).

The humoral (Th-2) immune system is not substantially affected even by these
pharmacologic doses of steroids (22,23). It is important to realize, of course, that even
though S. pneumoniae may be effectively opsonized, the neutrophil is still required
in order to ingest and kill the organism. Thus, it is safe to say that all types of acute
pyogenic infections, both with the nonencapsulated and encapsulated bacteria, occur
more frequently in patients on pharmacologic doses of glucocorticoids.

Superpharmacologic (‘‘Mega-’’) Doses of Steroids

Here, I refer to doses of steroids in the range from 1 to 2 g of prednisone (30–60 mg/kg,
equivalent to doses of 5000–10,000 mg of hydrocortisone) given in some trials every
six to eight hours for several days. When dosed in that fashion, secondary infections
occur more frequently than in control subjects (24,25). At present, such doses
are usually administered as a single daily dose (so called ‘‘pulse dose’’ regimens) over
a three- to five- to seven-day period acutely to suppress all immunologically
mediated inflammatory processes and/or to provide a variety of dermatological or
anticancer effects (26,27). Sustained administration of 2 g of prednisone or its
equivalent over a 48-hour period has been shown to suppress all limbs of the immune
system and, if continued, will result in an increased rate of infections (24,25). The
‘‘pulse dose’’ approach of single daily doses of up to 2 g of methylprednisolone
per day for about a week to patients without underlying systemic diseases is rela-
tively free of infectious side effects (28–30). As the period of therapy extends beyond
five days, the frequency of infectious complications will undoubtedly increase. Also,
the rate of infection is increased even with pulse dose therapy in patients with an
underlying systematic disease such as systemic lupus erythematosus (30).

TYPES OF INFECTIONS EXPECTED IN PATIENTS ON STEROIDS

From the preceding discussion, it should become clear that low, physiologic doses of
steroids not only are necessary for patients with inadequate adrenal responses
effectively to cope with and survive infections, but that such doses have little if any
effect on any limb of the immune system. However, when one initiates physiologic
‘‘stress’’ doses of hydrocortisone (100–200 mg/day, usually given as 50 mg every
six to eight hours), one begins to approach the pharmacologic dose range; such doses
should be minimized to the period of extreme stress and then promptly and steadily
reduced as the patient stabilizes. In fact, it is this author’s practice not to use more
than 150 mg of hydrocortisone (37.5 mg of prednisone) daily even in patients in
highly stressful metabolic/traumatic/infectious situations in order to decrease the
likelihood of infections and other metabolic side effects.

When patients are started on pharmacologic doses of steroids (Table 3), immu-
nosuppression occurs fairly rapidly (3,31). In fact, within 12 to 24 hours, circulating
leukocytes are affected, and an elevation of the WBC count occurs (2). The elevation
of the WBC after steroid administration, especially neutrophils, is accompanied by a
rapid decrease of eosinophils (32). The elevation of the neutrophil count is due to
a number of factors, including enhanced proliferation and expansion of the neutrophil
pool, decreased attachment of neutrophils to endothelial cells (decreased margination,
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which increases the pool of circulating neutrophils), and inhibition of granulocyte
colony stimulating factor, which enhances the proliferation and expansion of the neu-
trophil pool. Monocytes too are ‘‘demarginated’’ and therefore also have deceased
access to peripheral sites of inflammation/infection. High doses of steroids negatively
affect both levels and function of the complement system itself (33,34). Pharmacolo-
gic doses of steroids must be continued for some weeks before impairment of barrier
systems (skin, mucous membrane, etc.) is observed.

Even a single superpharmacologic dose of steroids (1–2 g of prednisone or its
equivalent) alters neutrophil, macrophage, and lymphocyte traffic from bone mar-
row to blood stream to lymphoid tissues as well as to peripheral foci of inflammation
and infection. However, such effects are short lived; and as noted earlier, it seems
that up to five daily boluses of such superphysiologic amounts of glucocorticoid
are well tolerated, not producing a substantial increase in the propensity towards
infection.

Pharmacologic doses of steroids for more than four to eight weeks are probably
required to substantially impair cellular immunity. Suppression occurs by inhibiting
Th-1 lymphocyte-mediated macrophage activation, and disrupting epithelioid cell
and giant cell (granuloma) formation, all of which could result in the reactivation of
latent facultative infections (tuberculosis and histoplasmosis being the prototypes) (3).

STEROID TREATMENT OF INFECTION

While this chapter has focused primarily on the adverse effects of steroid administra-
tion on the host resistance to infections, steroids also have clearly defined indications
for use in specific infectious situations. The Infectious Diseases Society of America
(IDSA) published guidelines for the systemic use of steroids in the treatment of cer-
tain infectious conditions in a well-done article in 1992 (35). A working group of the
IDSA classified the strength of data to support recommendations for or against
the use of steroid therapy and commented on the quality of evidence available to
support a given recommendation. The following infections were felt to have ‘‘good
evidence’’ to support a ‘‘recommendation for use’’ of pharmacologic doses of steroids:
(i) typhoid fever resulting in critical illness (patient in shock) and (ii) tuberculous
pericarditis. Those diseases in which there was ‘‘moderate evidence to support a
recommendation for use’’ of pharmacologic doses of steroids included the following:
(i) tetanus; (ii) tuberculous meningitis; and (iii) Epstein–Barr virus infection with
impending airway obstruction. All the rest of the infectious situations for which ster-
oids have been used in the past either with some data available or which were being
used without any supportive evidence were felt to either have ‘‘poor evidence to
support a recommendation for or against,’’ ‘‘moderate evidence to support a recom-
mendation against’’, or ‘‘good evidence to support a recommendation against’’ steroid
use. At the time of publication in 1992, the following illnesses fell into one or the
other of those latter categories: septic shock syndrome, tuberculosis with severe
constitutional syndromes, Herpes zoster, Epstein–Barr viral infection (including
hepatitis, pericarditis, and encephalitis), hemorrhagic fever, trichinosis, and Kawa-
saki disease (35).

Recently, well-done studies have shown the value of dexamethasone administra-
tion in both children (36) and adults (37) with meningitis. It is now recommended
that such patients receive dexamethasone with or before the first dose of antibiotic
(38,39).

Infections in Patients on Steroids in the Critical Care Unit 355



Years ago, suprapharmacologic doses of steroids were regularly administered
to patients in septic shock; however, controlled trials showed that such treatment
did not work (24,25,40). More recently, data has become available in septic shock
patients from reasonably well-done studies, which have resulted in a change in
the recommendation for steroid use in patients suffering septic shock. A recent
meta-analysis (41) and an accompanying editorial (42) put forth the following
recommendations: low dose (physiologic/stress doses) steroids should be adminis-
tered to all patients in septic shock; however, such doses should be continued only
in patients with proven adrenal insufficiency. The dose of steroids referred to in
the series of meta-analyzed studies is hydrocortisone 50 mg intravenously four times
daily (total of 200 mg/day). At the time of steroid administration, a determination of
the state of actual or relative adrenal insufficiency should be made; and the aforesaid
dose of steroid should be continued beyond an initial two- to three-day period when
the results of such testing are available. Only patients with proven adrenal insuffi-
ciency should be continued on such doses of hydrocortisone.

Alternate-Day Steroid Therapy

Every patient who requires long-term, pharmacologic doses of a glucocorticoid in
order to control a serious inflammatory disorder should have regular attempts made
to switch the daily regimen to one where the steroid dose is administered every other
day in the morning (3,31). This ‘‘alternative-day’’ dosing schedule reduces the
Cushingoid side effects, including reducing the risk of infection (20). For example,
a patient requiring 60 mg of prednisone daily to control an autoimmune disease
should always be worked, first, toward being dosed once daily in the morning. When
stable, such patient should have the every-other day dose slowly (e.g., in 5 mg incre-
ments every one to two weeks) but surely reduced. If the patient begins to ‘‘flare’’
with recurrent symptoms of the underlying disease on the ‘‘off’’ day (the day the dose
is being reduced), one should pause in terms of further reductions and try adding a
nonsteroidal anti-inflammatory agent. In some patients, the symptoms are due to
relative adrenal insufficiency rather than the underlying disease, in which case, a
pause in further off-day dose reductions will lead to a gradual amelioration of the
symptoms (tiredness, muscle aches, low grade fever, etc.). One may even need to
increase the ‘‘on-day’’ dose for a brief period before attempting again to reduce
the off-day dosage.

Infectious complications in patients able to be transferred to an alternative-day
steroid dosing regimen are substantially reduced; for example, delayed hypersensiti-
vity type skin tests are preserved in such patients (20), and therefore underlying Th-1
(cellular immunity) is also probably intact. Such patients also seem quite able to with-
stand and respond well to the usual types of viral and bacterial infections (20,31).

CONCLUSIONS

Steroids have major inhibitory effects on the nonspecific/innate immune system sub-
stantially impairing acute inflammatory cell (mainly neutrophil) access to early sites
of infection; thus, not only are the rates of most infections increased in patients on
steroids but the accompanying local and systemic signs and symptoms of infections
are decreased, making early diagnosis of such episodes difficult. Most infections are
caused by the acute pyogenic bacteria, the streptococci and staphylococci. Also
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adversely affected is the cellular (Th-1) immune system responsible for reacting to
and controlling FIP (e.g., the tubercle bacillus); thus, progression and reactivation
of such infections, though uncommon, may occur in patients on steroids. Minimal
effects are produced by steroids on the humoral (Th-2) immune system. The aware-
ness of the selective actions of steroids on host immunity to infections should assist
clinicians in the earlier recognition and treatment of such potentially devastating
complications.
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Fever and Rash in the Critical Care Unit

Lee S. Engel, Charles V. Sanders, and Fred A. Lopez
Department of Medicine, Louisiana State University Health Science Center,
New Orleans, Louisiana, U.S.A.

INTRODUCTION

There are numerous potential etiologic agents that can cause the syndrome of fever
and rash. Skin manifestations may be an early sign of a life-threatening infection.
The ability to rapidly identify the cause of fever and rash in critically ill patients is
essential for the proper management of the patient and protection of the healthcare
worker(s) providing care for that patient.

A rapid method to narrow the potential life-threatening causes of fever and
rash has been described by Cunha (1). Patients from the community who are ill
enough to be admitted to the critical care unit with fever and rash from outside
the hospital will most likely have meningococcemia, Rocky Mountain spotted fever
(RMSF), community-acquired toxic shock syndrome (TSS), severe drug reactions,
severe bacteremia, Vibrio vulnificus septicemia, gas gangrene, arboviral hemorrhagic
fevers, dengue infection, or measles (Table 1). Patients who develop fever and rash
after admission to the hospital will most commonly have drug reactions, staphylo-
coccal bacteremia from central lines, exacerbations of systemic lupus erythematosis,
or postoperative TSS.

The traditional approach to the patient with fever and rash is based on the
characteristic appearance of the rash (2,3). The most common types of rash include
petechial, maculopapular, vesicular, erythematous, and nodular. Although there can
be overlaps in presentation, most causes of fever and rash can be grouped into one
specific form of cutaneous eruption (3).

A systematic approach requires a thorough history that includes patient age,
seasonality, travel, geography, immunizations, childhood illnesses, sick contacts, med-
ications, and the immune status of the host. A detailed history, physical exam, and
characterization of the rash will help the clinician reduce the number of possible etiol-
ogies. Appropriate laboratory testing will also assist in delineating the cause of fever
and rash in the critically ill patient.

PART III: SPECIAL PROBLEMS IN THE CRITICAL CARE UNIT
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History

A comprehensive history of the events leading up to the development of fever and
rash will significantly aid in the determination of the etiology of the illness. Several
initial questions should be answered before taking a complete history (4,5).

1. Can the patient or someone who is with the patient provide a history?
2. Does the patient require cardiopulmonary resuscitation?
3. Are special isolation precautions needed?

For example, patients with meningitis due to Neisseria meningitidis will
need droplet precautions, whereas patients with Varicella infections will need
airborne and contact precautions (Table 2). Health care workers should
exercise universal precautions with all patients. Gloves should be worn during
the examination of the skin whenever an infectious etiology is considered.

4. Are the skin lesions suggestive of a disease process that requires immediate
antibiotic therapy?
Patients with infections suggestive of N. meningitidis, RMSF, bacterial sep-
tic shock, TSS, or V. vulnificus will need urgent medical and possibly sur-
gical treatment to improve their chance of survival.

5. Does the patient have an exotic disease due to travel or bioterrorism?

Agents, such as smallpox and viral hemorrhagic fevers (i.e., Ebola and
Marburg) produce a generalized rash, whereas plague and anthrax may produce
localized lesions. Again, isolation precautions will need to be addressed (Table 2).

After the preliminary evaluation of the patient, the physician can obtain a
more thorough history including history of present illness and previous medical,
social, and family histories.

Specific questions about the history of the rash itself are often helpful in deter-
mining its etiology (Table 3). Such questions should include time of onset, site of onset,

Table 1 Etiology of Rash and Fever Based on Admission Status

Rash and fever on admission to the
critical care unit

Rash and fever after admission
to the critical care unit

Meningococcemia Drug reaction
RMSF Nosocomial acquired toxic shock

syndromes
Overwhelming pneumococcal or

staphylococcal sepsis
Nosocomial staphylococcal sepsis

TSS ‘‘Surgical’’ scarlet fever
Epidemic typhus
Typhoid fever Cholesterol emboli syndrome
Measles
Arboviral hemorrhagic fever
Gas gangrene (Clostridial myenocrosis)
Dengue
SLE
Vibrio vulnificus

Abbreviations: SLE, systemic lupus erythematosis; RMSF, Rocky Mountain spotted fever;

TSS, toxic shock syndrome.

Source: Adapted from Ref. 1.
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Table 2 Transmission-Based Precautions for Hospitalized Patients

Standard precautions
Use standard precautions for the care of all patients
Airborne precautions
In addition to standard precautions, use airborne precautions for patients known or

suspected to have serious illnesses transmitted by airborne droplet nuclei. Examples of such
illnesses include:
Measles
Varicella (including disseminated zoster)a

Tuberculosisb

Droplet precautions
In addition to standard precautions, use droplet precautions for patients known or suspected

to have serious illnesses transmitted by large particle droplets. Examples of such
illnesses include:
Invasive Haemophilus influenzae type b disease, including meningitis, pneumonia,

epiglottitis, and sepsis
Invasive Neisseria meningitidis disease, including meningitis, pneumonia, and sepsis
Other serious bacterial respiratory infections spread by droplet

transmission, including:
Diphtheria (pharyngeal)
Mycoplasma pneumonia
Pertussis
Pneumonic plague

Streptococcal pharyngitis, pneumonia, or scarlet fever in infants and young children
Serious viral infections spread by droplet transmission, including those caused by:

Adenovirus
Influenza
Mumps
Parvovirus B19
Rubella

Contact precautions
In addition to standard precautions, use contact precautions for patients known or suspected

to have serious illnesses easily transmitted by direct patient contact or by contact with items
in the patient’s environment. Examples of such illnesses include:
Gastrointestinal, respiratory, skin, or wound infections or colonization with

multidrug-resistant bacteria judged by the infection control program, based on current
state, regional, or national recommendations, to be of special clinical and epidemiologic
significance

Enteric infections with a low infectious dose or prolonged environmental survival,
including those caused by:

Clostridium difficile
For diapered or incontinent patients: enterohemorrhagic E. coli 0157:H7, Shigella,

hepatitis A, or rotavirus
Respiratory syncytial virus, parainfluenza virus, or enteroviral infections in infants, and

young children
Skin infections that are highly contagious or that may occur on dry skin, including:

Diphtheria (cutaneous)
Herpes simplex virus (neonatal or mucocutaneous)
Impetigo
Major (non-contained) abscesses, cellulitis, or decubiti
Pediculosis
Scabies

(Continued)
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change in lesions, symptoms associated with the rash (i.e., itching, burning, numb-
ness, and tingling), provoking factors, previous rashes, and prior treatments.

The physical exam should focus on the patient’s vital signs, general appear-
ance, and the assessment of lymphadenopathy, nuchal rigidity, neurological
dysfunction, hepatomegaly, splenomegaly, arthritis, and mucosal membrane lesions
(Table 4) (3,4). Skin examination to determine type of the rash (Table 5) includes
evaluation of distribution pattern, arrangement, and configuration of lesions.

The remainder of this chapter will provide a diagnostic approach to patients
with fever and rash based on the characteristics of the rash. Several clinically relevant
causes of each type of rash associated with fever are described in brief detail.

Table 2 Transmission-Based Precautions for Hospitalized Patients (Continued )

Staphylococcal furunculosis in infants and young children
Zoster (disseminated or in the immunocompromised host)

Viral/hemorrhagic conjunctivitis
Viral hemorrhagic infections (Ebola, Lassa, or Marburg)

Note: CDC infection control guidelines reprinted from Garner JS and the Hospital Infection Control Prac-

tices Advisory Committee.
aCertain infections require more than one type of precaution.
bSee Centers for Disease Control and Prevention.

Source: From Refs. 6 and 7.

Table 3 Fever and Rash: History

Age of patient
Season of the year
Type of prodrome associated with current illness
History of drug or antibiotic allergies
Medications taken with in the past 30 days (prescription or nonprescription)
Drug ingestion
Exposure to febrile or ill persons within the recent past
Prior illness
Occupational exposures
Sun exposures
Recent travel
Exposure to wild or rural habitats
Exposure to insects, arthropods, or wild animals
Exposure to pets
Immunizations
Exposure to sexually transmitted diseases
HIV risk factors (intravenous drug use, unprotected sex, sexual orientation)
Site of rash onset
Factors effecting immunological status (chemotherapy, steroid use,

hematological malignancy, solid organ or bone marrow transplant,
asplenia)

Valvular heart disease
Rate of rash development (slow vs. fast)
Direction of rash spread (centrifugal vs. centripetal)
Evolution of rash (Has the rash changed?)
Relationship between rash and fever
Presence or absence of pruritus
Previous treatment of the rash (topical or oral therapies)

Source: Adapted from Refs. 5 and 8.
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PETECHIAL AND PURPURIC RASHES

Petechiae are produced by extravasation of red blood cells and are less then 3 mm in
diameter. Petechiae appear as small red or brown spots on the skin. Purpura or
ecchymoses are lesions that are larger than 3 mm and often form when petechiae
coalesce. Neither petechial nor purpuric lesions blanch when pressure is applied.

Infections associated with diffuse petechiae are generally among the most
life threatening and require urgent evaluation and management. There are many
infectious causes of these lesions (Table 6); several of the most dangerous include
meningococcemia, rickettsial infection, and bacteremia (1,3,8).

Table 4 Fever and Rash: Physical Examination

Vital signs
Temperature
Pulse
Respiration
Blood pressure

General appearance
Alert
Acutely ill
Chronically ill

Signs of toxicity
Adenopathy/location of adenopathy
Presence of mucosal, conjunctival, or genital lesions
hepatosplenomegaly
Arthritis
Nuchal rigidity/Neurological dysfunction
Features of rash

Type of primary rash lesion (Table 5)
Presence of secondary lesions
Presence of desquamation
Presence of excoriations
Configuration of individual lesions
Arrangement of lesions
Distribution pattern: exposed areas; centripetal vs. centrifugal

Source: Adapted from Refs. 5 and 8.

Table 5 Type of Rash Lesions

Macule Circumscribed flat lesion that differs from surrounding skin by color. Patches
are very large macular lesions

Papule Circumscribed, solid, elevated skin lesion that is palpable and smaller then
0.5 cm in diameter

Plaque Large, solid, elevated skin lesion that is palpable and greater the 0.5 cm in
diameter, often formed by confluence of papules

Nodule Circumscribed, solid, palpable skin lesion with depth as well as elevation
Pustule Circumscribed raised lesion containing pus
Vesicle Circumscribed elevated, fluid filled lesion less then 0.5 cm in diameter
Bulla Circumscribed elevated, fluid filled lesion greater then 0.5 cm in diameter

Source: Adapted from Refs. 5 and 9.
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Acute Meningococcemia

N. meningitidis is the leading cause of bacterial meningitis in children and young
adults (10). Bacterial meningitis associated with a petechial or purpuric rash should
always suggest meningococcemia (1). The diagnosis of meningococcemia is more
difficult to make when meningitis is not present.

Meningococcemia can occur sporadically or in epidemics, and is more com-
monly diagnosed during the winter months. The risk of infection is highest in infants,

Table 6 Etiology of Rash and Fever Based on Type of Rash

Purpura or Petechiae
Meningococcemia
RMSF
Gonococcemia
Staphylococcal/pneumococcal sepsis
Pseudomonal sepsis
Bacterial endocarditis
Typhus
Allergic vasculitis
Echovirus 9
Measles
Centrally Distributed Maculopapular Rash
Viral exanthems (rubeola, rubella, erythema infectiousum, roseola)
Lyme disease
Drug reactions
Peripherally Distributed Maculopapular Rash
Erythema multiforme (Table 7)
Secondary syphilis
Diffuse erythema with desquamation
Scarlet fever
TSS
Scalded skin syndrome
Kawasaki disease
Erlichiosis
TEN
Streptococcus viridans bacteremia
Vesicular, Bullous, or Pustular Rash
Varicella
Herpes zoster
Herpes simplex
Staphylococcus aureus bacteremia
Vibrio vulnificus
Rickettsia akari
Nodular Rash
Erythema Nodosum (Table 8)
Disseminated fungal infections (Candida, Cryptococcus, Blastomycosis,

Histoplasma, Coccidiodes, and Sporothrix)
Nocardia
Mycobacteria

Abbreviations: TEN, toxic epidermal necrolysin; RMSF, Rocky Mountain spotted

fever; TSS, toxic shock syndrome.

Source: Adapted from Refs. 1, 3, 5, and 8.
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asplenic patients, alcoholics, patients with complement deficiency, and persons who
live in dormitories (coeds, military personnel, or prisoners). Initial symptoms include
cough, headache, sore throat, nausea, and vomiting. Acute meningococcemia prog-
resses rapidly and patients typically appear ill with high spiking fevers, tachypnea,
tachycardia, mild hypotension, and a characteristic petechial rash (11,12). Signs and
symptoms of meningeal irritation, such as headache, vomiting, and change in con-
scious state occur in up to 88% of patients with meningococcemia (11,13).

The rash associated with meningococcemia begins within 24 hours of clinical
illness. The petechia enlarges rapidly, becoming papular and then purpuric. Lesions
most commonly occur on the extremities and trunk but may also be found on the
head and mucous membranes (5). The development of lesions on the palms and soles
is usually a late finding (1). Purpuric skin lesions have been described in 60% to 100%
of meningococcemia cases and are most commonly seen at presentation (Fig. 1)
(14,15). Histological studies demonstrate diffuse vascular damage, fibrin thrombi,
vascular necrosis, and perivascular hemorrhage in the involved skin and organs.
The skin lesions associated with meningococcal septic shock are thought to result
from an acquired or transient deficiency of protein C and/or protein S (16). Menin-
gococci are present in endothelial cells and neutrophils, and smears of skin lesions
are positive for gram-negative diplococci in many cases (17,18).

The diagnosis of meningococcemia is also aided by culturing the petechial lesions.
Bloodculturesshouldbedrawn.Admissionlaboratorydatausuallydemonstratealeuko-
cytosis and thrombocytopenia. Patients with meningococcemia but without meningitis
will have a normal cerebrospinal fluid (CSF) profile. If meningococcal meningitis is
present, the CSF culture is usually positive although the gram-stain may be negative.
Typically, the CSF-associated glucose is low and the protein elevated.

Chronic Meningococcemia

Chronic meningococcemia is rare, and its lesions differ from those seen in acute menin-
gococcemia. Patients present with intermittent fever, rash, arthritis, and arthralgias
occurring over a period of several weeks to months (19,20). The lesions of chronic

Figure 1 Purpuric skin lesions on an infant with meningococcal septicemia. Source:
Courtesy of the CDC.
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meningococcemia are usually pale to pink colored macules and/or papules typically
located around a painful joint or pressure point. Nodules may develop in the lower
extremities. The lesions of chronic meningococcemia develop during periods of fever
and fade when the fevers dissipate. These lesions (in contrast to those of acute menin-
gococcemia) rarely demonstrate the bacteria on Gram stain or histology (5,8).

Rocky Mountain Spotted Fever

RMSF, the most lethal rickettsial disease in the United States, is caused by Rickettsia
rickettsii (21–24). Infection occurs after a bite by the tick vector, Dermacentor.
RMSF is more common in men, occurs most often between April and September,
and is most prevalent in Oklahoma and the southern Atlantic states.

The onset of RMSF can be abrupt with fever, headache, myalgias, shaking
chills, photophobia, and nausea. Patients may have periorbital edema, conjunctival
suffusion, and localized edema involving the dorsum of the hands and feet (1). A
notable clinical finding is a pulse-temperature deficit (i.e., relative bradycardia during
fever). Localized abdominal pain secondary to liver involvement, renal failure
manifested by acute tubular necrosis, pancreatitis, left ventricular failure, adult
respiratory distress syndrome (ARDS), and mental confusion or deafness may also
be noted (1).

The rash usually begins about four to five days after the start of the illness. The
lesions are initially maculopapular and evolve into petechiae within two to four days.
Characteristically, the rash starts on the wrists, forearms, ankles, palms, and soles
and then spreads centripetally to involve the arms, thighs, trunk, and face (Fig. 2).
Centripetal evolution of the rash occurs 6 to 18 hours after the rash develops.
Prompt treatment with tetracycline decreases mortality (25,26).

Routine admission tests may demonstrate a normal or decreased peripheral
white blood cell (WBC) count and thrombocytopenia. The total bilirubin and serum
transaminases may be elevated. If pancreatitis is present, the serum amylase will be

Figure 2 Childs right hand and wrist demonstrating the characteristic spotted rash of Rocky
Mountain spotted fever. Source: Courtesy of the CDC Public Health Image Library.
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elevated. Patients who develop renal failure may demonstrate a rise in blood urea
nitrogen (BUN) and creatinine suggestive of prerenal azotemia secondary to intra-
vascular volume deficit. When the central nervous system is involved, the CSF profile
will demonstrate a mild pleocytosis, normal glucose and protein concentrations, and
negative Gram stain and culture. Blood cultures will also be negative in RMSF.
Serological studies will demonstrate the presence of antibodies seven to 10 days after
symptoms start.

Septic Shock

The yearly incidence of sepsis has been increasing about 9% a year and accounts for
2% of all hospital admissions (27). The peak incidence of septic shock occurs in
patients who are in their seventh decade of life (28). Risk factors for sepsis include
cancer, immunodeficiency, chronic organ failure, and iatrogenic factors. Sepsis
develops from infections of the chest, abdomen, genitourinary system, and primary
bloodstream in more than 80% of cases (28,29).

Symmetric peripheral gangrene or purpura fulminans is a cutaneous syndrome
associated with septic shock secondary to N. meningitidis or Streptococcus pneumoniae.
This syndrome is usually preceded by petechiae, ecchymosis, purpura, and acrocya-
nosis. Acrocycanosis, another cutaneous manifestation of septic shock, is a grayish
color of the skin, which occurs on the lips, legs, nose, ear lobes, and genitalia, and does
not blanch on pressure. Bacteria are usually absent in smears obtained from these
skin lesions.

Sepsis is defined as systemic inflammatory response syndrome with documen-
ted infection. Patients with sepsis will therefore have a documented site of infection
and display two or more of the following: body temperature> 38.5�C or< 35�C;
heart rate>90 beats/min; respiratory rate >20 breaths/min; arterial CO2 tension
<32 mmHg; WBC>12,000/mm3 or WBC<4000/mm3; or immature forms>10%.
With severe sepsis, patients begin to demonstrate areas of mottled skin, capillary refill
time more than three seconds, decreased urine output, changes in mental status,
thrombocytopenia, disseminated intravascular coagulation (DIC), cardiac dys-
function, and ARDS. When patients can no longer maintain a systemic mean arterial
blood pressure of 60 mmHg or require a vasopresser agent, then they are said to be in
septic shock. Mortality varies from 35% to 70% depending on patients’ age, sex,
ethnic origin, co-morbidities, and presence of acute lung injury or ARDS, as well
as on whether the infection is nosocomial or polymicrobial, or whether the causative
agent is a fungus (28,29). Gram-negative infections are responsible for 25% to 30% of
cases of septic shock, whereas gram-positive infections now account for 30% to 50%
of the cases of septic shock. Multidrug-resistant bacteria and fungi are increasingly
reported as causes of sepsis (28,29).

The diagnosis of septic shock requires a causal link between infection and organ
failure (28). Some patients may have clinically obvious infection, such as purpura ful-
minans, cellulitis, TSS, pneumonia, or a purulent wound. Without an obvious source
of infection, diagnosis will require the recovery of pathogens from blood or tissue
cultures. Unfortunately, cultures are negative in 30% of these cases.

Bacterial Endocarditis

Infective endocarditis is classified as acute or subacute based on the tempo and
severity of the clinical presentation (30). The characteristic lesion is a vegetation
composed of platelets, fibrin, microorganisms, and inflammatory cells on the heart
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valve. Conditions associated with endocarditis include injection drug use, poor dental
hygiene, long-term hemodialysis, diabetes mellitus, HIV infection, long-term indwel-
ling venous catheters, mitral valve prolapse with regurgitation, rheumatic heart disease,
other underlying valvular diseases, and prosthetic valves (31–33). Organisms associ-
ated with endocarditis include Staphylococcusaureus, viridans streptococci, enterococci,
gram-negative bacilli (including the HACEK organisms), and fungi.

Nonspecific symptoms and signs of endocarditis include fever, arthralgias,
wasting, unexplained heart failure, new heart murmurs, pericarditis, septic pulmon-
ary emboli, strokes, and renal failure (34). Skin lesions occur less frequently today
than they once did but aid in the diagnosis if present (34). Cutaneous manifestations
of endocarditis include splinter hemorrhages (Fig. 3), petechiae, Osler’s nodes, and
Janeway lesions.

Petechiae are the most common skin lesions seen during endocarditis. The
petechiae are small, flat, and reddish brown and do not blanch with pressure. They
frequently occur in small crops and are usually transient. They are often found on
the heels, shoulders, legs, oral mucous membranes, and conjunctiva.

Osler’s nodes may be seen in patients with subacute bacterial endocarditis. These
nodules are tender, indurated, and erythematous. They occur most commonly on the
pads of the fingers and toes, are transient, and resolve without the development of
necrosis. The histology of these lesions demonstrates microabscesses and microemboli.

Janeway lesions are small, painless, erythematous macules that are found on the
palms and soles. These lesions can be seen with both acute and subacute endocarditis.
Histological analysis reveals microabscesses with neutrophil infiltration.

Disseminated Gonococcal Infection

Disseminated gonococcal infections (DGI) result from gonococcal bacteremia and
occur in 1% to 3% of patients with untreated Neisseria gonorrhea–associated

Figure 3 Subungual hemorrhages in an adult patient with Group B streptococcal endocar-
ditis. Source: Courtesy of Lee S. Engel.
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mucosal infection (35–37). DGI is most often seen in young women during menses or
pregnancy (38). Most patients will present with fever, rash, polyarthritis, and teno-
synovitis (36).

Skin lesions, which occur in 50% to 70% of patients with DGI, are the most
common manifestation (38). The rash usually begins on the first day of symptoms
and becomes more prominent with the onset of each new febrile episode (39). The
lesions begin as tiny red papules or petechiae (1–5 mm in diameter) that evolve to
a vesicular and then pustular form (Fig. 4). The pustular lesions develop a gray,
necrotic center with a hemorrhagic base (36,39). The rash of DGI tends to be sparse
and widely distributed, and the distal extremities are most commonly involved.
Gram stain of the skin lesions rarely demonstrates organisms.

Clinical clues of DGI include the symptoms of fever, rash, and arthritis/teno-
synovitis. Early in the infection, blood cultures may be positive; later, synovial joint
fluid from associated effusions may yield positive cultures. Smears of the cervix and
urethral exudates may also yield positive results.

Capnocytophaga Infection

Capnocytophaga canimorsus is a fastidious gram-negative bacteria that is part of the
normal gingival flora of dogs and cats (40,41). Human infections are associated with
dog or cat bites, cat scratches, and contact with wild animals (40,41). Predisposing

Figure 4 Cutaneous lesions on the left ankle and calf of a patient with disseminated Neisseria
gonorrhea infection. Source: Courtesy of the CDC/Dr. S.E. Thompson, Public Health Image
Library.
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factors include trauma, alcohol abuse, steroid therapy, chronic lung disease, and
asplenia (40,41). The clinical syndrome consists of fever, DIC, necrosis of the kid-
neys and adrenal glands, thrombocytopenia, hypotension, and renal failure. The
mortality rate approaches 25%.

Skin lesions occur in 50% of infected patients often progressing from petechiae
to purpura to cutaneous gangrene (42). Other dermatologic lesions include macules,
papules, painful erythema, or eschars.

Clinical clues include a compatible clinical syndrome and a history of a dog- or
cat-inflicted wound. Diagnosis depends on the culture of the bacteria from blood, tis-
sues, or other body fluids. More prompt diagnosis may be made by Gram staining the
buffy coat.

Dengue

Dengue is a flavivirus comprised of four serotypes, i.e., DEN-1, DEN-2, DEN-3, and
DEN-4. Dengue viruses are transmitted from person to person through infected
female Aedes mosquitoes. The mosquito acquires the virus by taking a blood meal
from an infected human or monkey. The virus incubates in the mosquito for 7 to
10 days before it can transmit the infection. More then 2.5 billion people are at risk
for dengue infections worldwide (43).

Dengue fever (also known as breakbone fever or dandy fever) is a short-duration,
nonfatal disease characterized by the sudden onset of headache, retro-orbital pain,
high fever, joint pain, and rash (43,44). The rash manifests as palpable pinpoint pete-
chiae that begin centrally and spread peripherally (1). Dengue fever lasts about seven
days. Recovery from infection provides lifelong immunity to that serotype but does not
preclude patients from being infected with the other serotypes of dengue virus, i.e.,
secondary infections.

Dengue hemorrhagic fever and dengue TSS are two deadly complications of
dengue viral infection that occur during secondary infection. Dengue hemorrhagic
fever is characterized by hemorrhage, thrombocytopenia, and plasma leakage. Den-
gue shock syndrome includes the additional complications of circulatory failure and
hypotension (43,44).

The incubation period for dengue virus infections is 3 to 14 days. If a patient
presents greater than two weeks after visiting an endemic area, dengue is much less
likely (45). Laboratory abnormalities include neutropenia followed by lymphocytosis,
hemoconcentration, thrombocytopenia, and an elevated aspartate aminotrans-
ferase in the serum (46). The diagnosis of dengue virus–associated infection can be
accomplished by polymerase chain reaction (PCR), detection of antidengue virus
immunoglobulin M (IgM), centrifugation amplification to enhance virus isolation,
or flow cytometry for early detection of cultured virus (47).

MACULOPAPULAR RASH

Lyme Disease

Lyme disease is the most common tick vector–associated disease in the United States
(48–50). Lyme disease is caused by the spirochete Borrelia burgdorferi, which is
transmitted by the tick Ixodes. Lyme disease is endemic in the northeastern, mid-
Atlantic, north central, and far western regions of the United States. The disease
has a bimodal age distribution, with peaks in patients younger than 15 and older
than 29 years of age (51). Most infections occur between May and September.
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Lyme disease has three stages: early localized, early disseminated, and late dis-
ease. Early localized disease is characterized by erythema migrans (EM), which
forms 7 to 10 days following the tick bite (52). EM occurs in 60% to 80% of the cases
and begins as a small red papule at the site of the bite. The lesion expands centrifu-
gally and can get as large as 70 cm in diameter. The lesion develops central clearing in
30% of cases (Fig. 5). If untreated, the lesions resolve over several weeks. Other
symptoms associated with early-localized disease include fatigue, myalgias, arthral-
gias, headache, fever, and chills.

Early disseminated disease occurs days to weeks after the tick bite. Patients
may not recall having had the typical EM rash. Patients at this stage can present with
lymphocytic meningitis, cranial nerve palsies, mild pericarditis, atrial-ventricular
block, arthritis, generalized or regional adenopathy, conjunctivitis, iritis, hepatitis,
and painful radiculoneuritis followed by decreased sensation, weakness, and absent
reflexes (48,49,53). Disseminated skin lesions, when present, are similar to EM but
smaller and usually multiple in number.

Late disease is characterized by chronic asymmetric oligoarticular arthritis that
involves the large joints (most often the knee). The central nervous system may also
be affected, manifesting as subacute encephalopathy, axonal polyneuropathy, or
leukoencephalopathy.

Diagnosis is based on the history and physical exam. Serology is confirmatory
but takes four to six weeks after the onset of symptoms to become positive. CSF
should be obtained if neurological signs are present. Synovial fluid can be evaluated
if arthritis is present.

Drug Reactions

Drugs cause adverse skin reactions in 2% to 3% of hospitalized patients (54). Classic
drug reactions include urticaria, angioedema, exanthems, vasculitis, exfoliative

Figure 5 Characteristic rash, erythema migrans, on the arm of a patient with Lyme disease.
Source: Courtesy of Allen C. Steere, www.forstryimages.org and National Institute of Health,
U.S. National Library of Medicine.
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dermatitis/erythroderma, erythema multiforme, Stevens–Johnson syndrome, and toxic
epidermal necrolysis (TEN) (54,55). There is no predilection for age, gender, or race (8).
Diagnosis of a drug reaction is based on a patient’s previous reaction to the drug, ruling
out alternate etiological causes of the rash, timing of events, drug levels, or evidence of
overdose, patient reaction to drug discontinuation, and patient reaction to re-challenge.

Drug Exanthems

Exanthems are the most common skin reaction to drugs. The rash usually appears
within the first two weeks after the offending drug is started and resolves within days
after the drug is stopped. The rash is often described as morbilliform, macular, and/
or papular eruption. Pruritus is the most common associated symptom of drug-
induced rash. Low-grade fever and peripheral blood eosinophilia may also occur
in association with drug exanthems.

Erythema Multiforme

Erythema multiforme is an acute, self-limited, peripheral eruptive maculopapular
rash that is characterized by a target lesion. Erythema multiforme most often affects
persons 20 and 30 years of age and has a predilection for men. The rash begins as a
dull-red macular eruption that evolves into papules and the characteristic target
lesion. Target lesions are often found on the palms, soles, knees, and elbows. Vesicles
and bullae occasionally develop in the center of the papules (8). There are many
causes of this disorder (Table 7).

Erythema multiforme is classified as minor or major (8). Bullae and systemic
symptoms are absent in erythema multiforme minor. The rash rarely affects the
mucous membranes and is usually limited to the extensor surfaces of the extremities.
The most common cause of erythema multiforme minor is herpes simplex virus
(HSV). Erythema multiforme major is usually caused by drug reactions. Mucous
membranes are involved, and the eruptions often become bullous. Fever, cheilosis,
stomatitis, balanitis, vulvitis, and conjunctivitis can also occur (54).

Stevens–Johnson Syndrome

Stevens–Johnson syndrome is a blistering disorder that is usually more severe than
erythema multiforme (57,58). The causes of Stevens–Johnson syndrome are similar
to the etiologies of erythema multiforme (Table 7). Patients with Stevens–Johnson syn-
drome often present with pharyngitis, malaise, and fever. The syndrome evolves over a
few days with the evolution of mucous membrane erosions. Small blisters develop on
purpuric or atypical target lesions. The blisters eventually result in skin detachment.
Stevens–Johnson syndrome affects less than 10% of the total body surface (54,58).

Toxic Epidermal Necrolysis

TEN is the most serious cutaneous drug reaction and is defined by blistering of over
30% of the total body surface area. More than one mucous membrane is involved.
TEN is usually caused by the same drugs that cause erythema multiforme (Table 7),
and its onset is acute. A fever greater than 39�C is often present. Intestinal and pul-
monary involvement predicts a poor outcome (54,55).

The diagnosis of Stevens–Johnson syndrome and TEN is made by skin biopsy.
Sections of frozen skin will demonstrate full-thickness epidermal necrosis. Because
extensive skin detachment results in massive transepidermal fluid losses, patients
with these maladies are managed similarly to patients who have had extensive burn
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Table 7 Causes of Erythema Multiforme

Viral Infections
Herpes simplex 1 and 2
Epstein–Barr virus
Hepatitis A, B, C
Varicella zoster
Parvovirus B19
Bacterial Infections
Hemolytic streptococci
Pneumococcus
Staphylococcus species
Proteus species
Salmonella species
Mycobacterium tuberculosis
Mycobacterium avium complex
Francisella tularensis
Vibrio parahaemolyticus
Yersinia species
Mycoplasma pneumonia
Fungal Infections
Histoplasma capsulatum
Coccidiomycosis
Parasitic Infections
Trichomonas species
Toxoplasma gondii
Antibiotics
Penicillin
Tetracyclines
Erythromycin
Sulfa drugs
Vancomycin
Anticonvulsants
Barbiturates
Carbamazepine
Phenytoin
Antituberculoids
Rafampin
Isoniazid
Pyrizinamide
Other Drugs
Allopurinol
Fluconazole
hydralazine
NSAIDs
Estrogen
Physical factors/contact
Sunlight
Cold
X-ray therapy
Tattooing
Poison ivy
Other factors

(Continued)
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injuries. Sepsis can occur secondary to microbial colonization of denuded skin.
Mortality rates are 5% for Stevens–Johnson syndrome and 50% for TEN (54).

Secondary Syphilis

Syphilis is a systemic disease caused by Treponema pallidum. Syphilis is classified into
primary, secondary, early latent, late latent, and tertiary stages. The lesion of primary
syphilis, the chancre, usually develops about 21 days after infection and resolves in
one to two months. Patients with secondary syphilis can present with rash, mucosal
lesions, lympadenopathy, and fever. The rash of secondary syphilis may be maculo-
papular, papulosquamous, or pustular, and is characteristically found on the palms
and the soles (Fig. 6).

The diagnosis of syphilis is based on nontreponemal tests (e.g., Venereal Disease
Research Laboratory and Rapid Plasma Reagin) and specific treponemal tests

Table 7 Causes of Erythema Multiforme (Continued )

Pregnancy
Multiple myeloma
Leukemia
Collagen diseases
Idiopathic (50%)

Abbreviations: NSAIDs, nonsteroidal antiinflammatory drugs.

Source: Adapted from Ref. 56.

Figure 6 Papulosquamous rash on wrist and hands of patient with secondary syphilis.
Source: Courtesy of the CDC/Susan Lindsley, Public Health Image Library.
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(e.g., fluorescent treponemal antibody absorbed and T. pallidum particle agglutina-
tion). The nontreponemal tests are used to screen for disease and follow treatment.
The specific treponemal tests are used to rule in the diagnosis of syphilis because
false-positive nontreponemal tests can occur. Darkfield examination of skin or
mucous membrane lesions can be done to diagnose syphilis definitively during the
early stages as well.

West Nile Virus

West Nile virus (WNV) is transmitted to humans from the bite of an infected
mosquito (59). The virus normally circulates between mosquitoes and birds. The first
reported outbreak was in New York in 1999, and since then WNV has spread
southward and westward (60–63). WNV has become seasonally endemic, with peak
activity for transmission from July to October in temperate zones and from April to
December in warmer climates (61,63).

Though most commonly spread by infected mosquitoes, WNV may also be
transmitted by organ transplantation, blood transfusion, and breast milk (64–66).
Transplacental infection from mother to fetus has also occurred (64).

WNV replicates at the site of inoculation and then spreads to the lymph nodes
and bloodstream (67). The majority of human infections, i.e., 80%, are asympto-
matic (68). Most patients with symptoms have self-limited West Nile fever. West Nile
fever is characterized by acute onset of fever, headache, fatigue, malaise, muscle
pain, difficulty concentrating, and neck pain.(69,70). Approximately 57% of patients
with West Nile fever will have a transient macular rash on the trunk of the body (69).

Neuroinvasive disease develops in less than 1% of infected patients (68). The
clinical severity of WNV encephalitis ranges from disorientation to coma to death
(71,72). Advanced age is the most significant risk factor for severe neurologic disease.
Risk increases 10 times for persons 50 to 59 years of age and 43 times for persons
greater than 80 years of age (61,65). Neuroinvasive disease can present as meningitis,
encephalitis, or paralysis (68,70,72,73). Patients with WNV encephalitis or focal neu-
rologic findings will often have persistent deficits for months to years (61,72).
Advanced age is the most important risk factor for death. The overall case fatality
rate for neuroinvasive WNV disease is 9% (61).

Diagnosis of WNV disease can be made by a high index of clinical suspicion
and detection of WNV-specific immunoglobulin M (IgM) in serum or CSF. The
serum IgM can persist for up to eight months; therefore, nucleic amplification tests
for WNV, such as reverse transcriptase PCR and real-time PCR may be required to
prove that the infection is acute (70,74). Neuroinvasive WNV can be diagnosed by
the presence of IgM-specific antibody in the CSF. Patients who have been recently
vaccinated for yellow fever or Japanese encephalitis or persons recently infected with
the St. Louis encephalitis virus or Dengue virus may have false-positive results on
IgM antibody tests for WNV (75).

DIFFUSE ERYTHEMATOUS RASHES WITH DESQUAMATION

Toxic Shock Syndrome

TSS is characterized by sudden onset of fever, chills, vomiting, diarrhea, muscle
aches, and rash. TSS can rapidly progress to severe hypotension and multiorgan dys-
function. The overall case fatality rate is 5%.
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The microbial etiology of TSS is usually S. aureus; however, coagulase-negative
staphylococci, group A streptococci, and group B streptococci can also produce this
syndrome (76–78).

TSS is most commonly seen in menstruating women, women using barrier
contraceptive devices, persons who have undergone nasal surgery, and patients
with postoperative staphylococcal wound infections (79). Initially, cases associated
with menstruation accounted for as many as 91% of the total cases (79). Currently,
only half of the reported TSS cases are menstrual (80).

Staphylococcal TSS

Staphylococcal TSS is caused by infection or colonization with toxin-producing bac-
teria. The most common toxins associated with TSS include toxin 1 and enterotoxin B
(81–84). Other toxins that may be involved include enterotoxins A, C, D, E, and H (85).

The clinical presentation of TSS was defined by the Centers for Disease Control
and Prevention (CDC) in 1981 (4). All patients with TSS have high fever (>39�C),
hypotension, and skin manifestations. Patients may also present with headache,
vomiting, diarrhea, myalgias, pharyngitis, conjunctivitis, vaginitis, arthralgias,
abdominal pain, or encephalopathy (86–89). The syndrome can progress to shock,
DIC, ARDS, and renal failure.

The rash of TSS may start as erythroderma that involves both the skin and
mucous membranes. The rash is diffuse, red, and macular and may resemble sun-
burn. The rash can involve the palms and soles. The erythema may be more intense
around a surgical wound site. Mucosal involvement can involve the conjunctiva,
oropharynx, or vagina (90). One to three weeks after the onset of TSS, the palms
and soles may desquamate (Fig. 7) (91).

TSS can be divided into menstrual versus nonmenstrual. The majority of men-
strual cases of TSS are associated with tampon use (92). Nonmenstrual cases are
caused by abscesses, cellulitis, bursitis, postpartum infections, vaginal infections,
sinusitis, burn wounds, insect bites, and surgical procedures (88,93).

The diagnosis of TSS is based on the CDC Diagnostic criteria (4). Although
S. aureus is isolated from mucosal or wound sites in 80% to 90% of patients with TSS,

Figure 7 Desquamation of left palm of a patient with toxic shock syndrome. Source: Cour-
tesy of the CDC, Public Health Image Library.
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this criterion is not required for diagnosis. S. aureus is only recovered from blood cultures
5% of the time (92). Other laboratory abnormalities may include hypocalcemia, elevated
liver enzymes, elevated creatinine, thrombocytopenia, pyuria, and proteinuria (90).

Streptococcal Toxic Shock Syndrome

The clinical picture of TSS caused by Group A and B streptococcus is similar to that
caused by S. aureus. Skin and soft-tissue infections are often the source of invasive
Group A and B streptococci (76,78). Minor trauma, injuries resulting in hematoma or
bruising, surgery, viral infections, and use of nonsteroidal anti-inflammatory drugs
are associated with the development of severe streptococcal infections (78). One
particular difference from staphylococcal-associated TSS is that streptococci can fre-
quently (60% of the time) be isolated from blood culture (94). The mortality rates for
streptococcal TSS are five times higher than those for the staphylococcal TSS (95).

Staphylococcal Scalded Skin Syndrome

Staphylococcal scalded skin syndrome (SSSS) describes a spectrum of superficial blis-
tering skin disorders caused by S. aureus strains that produce exfoliative toxins (96).
The clinical spectrum of SSSS includes a localized form, bullous impetigo, and a
generalized form, pemphigous neonatorum.

The exfoliative toxins are also known as epidermolytic toxins, epidermolysins,
and exfoliatins. Production of exfoliative toxin occurs in 5% of all S. aureus strains
(97,98). The two main exfoliative toxins are ETA and ETB (99–101). More recently,
two new toxins, ETC and ETD, have been identified (101).

Bullous impetigo (also known as bullous varicella or measles pemphigoid) pre-
sents with a few localized, fragile, superficial blisters that are filled with colorless,
purulent fluid (102). The lesions re-epithelialize in five to seven days. This form of
SSSS is usually only seen in children. Typically, there are no associated systemic
symptoms. The lesions are located in the area of the umbilicus and perineum in
infants and over the extremities in older children (103).

The generalized form of SSSS is termed pemphigus neonatorum or Ritter’s
disease. Risk factors for development in adults include renal dysfunction, lym-
phoma, and immunosuppression (96,103,104). Patients with pemphigus neonatorum
present with fever, erythema, malaise, and irritability. Patients then develop large
superficial blisters that rupture easily due to friction (96). A positive Nikolsky sign
refers to dislodgement of the superficial epidermis when gently rubbing the skin (105).
If untreated, the epidermis will slough off leaving extensive areas of denuded skin
that are painful and susceptible to infection. Mucous membranes are not affected
in SSSS.

The mortality rate in children remains below 5%. Potentially fatal complica-
tions in infants and young children occur because of the loss of protective epidermis.
Hypothermia, dehydration, and secondary infections are the leading causes of
morbidity and mortality for these age groups affected by generalized SSSS (106).
The mortality for adults with generalized SSSS is 60%, probably due to the asso-
ciated comorbidities, such as renal dysfunction, immunosuppression, or malignancy
found in this population (107).

Diagnosis of both generalized and localized SSSS is based on clinical character-
istics. A thorough examination looking for foci of infection (pneumonia, abscess,
arthritis, endocarditis, sinusitis, etc.) should be undertaken. Unfortunately, in most
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cases, no focus is ever found (96). Blood cultures are usually negative because toxins
are produced at a distant site (103,108).

A number of different tests, including PCR, enzyme-linked immunosorbent
assays, radioimmune assays, and reverse latex agglutination assays, can be used to
demonstrate toxin production by S. aureus (109). The diagnostic challenge is that
bacteria must first be isolated. When the diagnosis is uncertain, a skin biopsy may
be the optimal test. The biopsy typically reveals mid-epidermal splitting at the level
of the zona granulosa without cytolysis, necrosis, or inflammation (110). Staphylo-
cocci may be seen in bullous lesions of localized disease but rarely in the bullous
lesions of generalized disease (104).

Scarlet Fever

Scarlet fever is the result of infection with a Streptococcus pyogenes strain (i.e.,
Group A streptococcus) that produces a pyrogenic exotoxin (ethrogenic toxin).
There are three different toxins, types A, B, and C, which are produced by 90%
of these strains. Scarlet fever follows an acute infection of the pharynx/tonsils or
skin (8). It is most common in children between the ages of 1 and 10 years (95).

The rash of scarlet fever starts on the head and neck, followed by expansion to
the trunk and then extremities (8,111). The rash is erythematous and diffuse, and
blanches with pressure. There are numerous papular areas in the rash that produce
a sandpaper-type quality. On the antecubital fossa and axillary folds, the rash has a
linear petechial character referred to as Pastia’s lines (111). The rash varies in inten-
sity but usually fades in four to five days. Diffuse desquamation occurs after the rash
fades (111). Diagnosis of scarlet fever can usually be made on a clinical basis.
Confirmation of the diagnosis is supported by isolation of Group A streptococci
from the pharynx and serologies (95).

Kawasaki Disease

Kawasaki disease (KD) is an acute, self-limited, systemic vasculitis of childhood
(112–114). KD was first described by Tomisaku Kawasaki in Japan in 1961 (112)
and is the predominant cause of pediatric-acquired heart disease in developed coun-
tries (114). The signs and symptoms evolve over the first 10 days of illness and then
gradually resolve spontaneously in most children.

The diagnostic criteria for classical KD include the following (112):

1. Fever for five days or more that does not remit with antibiotics and is often
resistant to antipyretics.

2. Presence of at least four of the following conditions:

a. Bilateral (nonpurulent) conjunctivitis.
b. Polymorphous rash.
c. Changes in the lips and mouth: reddened, dry, or cracked lips; straw-

berry tongue; diffuse erythema of oral or pharyngeal mucosa.
d. Changes in the extremities: erythema of the palms or soles; indurative

edema of the hands or feet; desquamation of the skin of the hands,
feet, and perineum during convalescence.

e. Cervical lymphadenopathy: lymph nodes more than 15 mm in diameter.

3. Exclusion of disease with a similar presentation, such as scalded skin syn-
drome, TSS, viral exanthems, etc.
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Other clinical features include intense irritability ( possibly due to cerebral vascu-
litis), sterile pyuria, and upper respiratory symptoms (114). The major morbidity of KD
is the development of coronary artery aneurysm(s), which occur in 25% of the cases.

There are no specific or sensitive tests that can be used to diagnose KD. The
diagnosis is made by clinical assessment of the above criteria. The cause of KD is
unknown; however, an infectious etiology is still being sought. KD has seasonal
peaks in the winter and spring months, and focal epidemics occurred in the 1970s
and 1980s (115). Treatment with aspirin and intravenous immunoglobulin (IVIG)
has reduced the development and severity of coronary artery aneurysms.

Other Causes

Streptococcus viridans bacteremia can cause generalized erythema. Ehrlichiosis can
produce a toxic shock-like syndrome with diffuse erythema. Enteroviral infections,
graft versus host disease, and erythroderma may all present with diffuse erythema (8).

VESICULAR, BULLOUS, OR PUSTULAR RASHES

Vesicles and bullae refer to small and large blisters. Pustules refer to a vesicle filled
with cloudy fluid. The causes of vesiculobullous rashes associated with fever include
primary varicella infection, herpes zoster, HSV, smallpox, S. aureus bacteremia,
gonococcemia, Vibrio vulnificus, Rickettsia akari, enteroviral infections, parvovirus
B19, and HIV infection. Other causes that will not be discussed include folliculitis
due to staphylococci, Pseudomonas aeruginosa, and Candida, but these manifesta-
tions would not result in admission to a critical care unit.

Varicella Zoster

Primary infection with varicella (chickenpox) is usually more severe in adults and
immunocompromised patients. Although it can be seen year-round, the highest
incidence of infection occurs in the winter and spring. The disease presents with a pro-
drome of fever and malaise one to two days prior to the outbreak of the rash. The rash
begins as erythematous macules that quickly develop into vesicles. The characteristic
rash is described as ‘‘a dewdrop on a rose petal.’’ The vesicles evolve into pustules that
umbilicate and crust. A characteristic of primary varicella is that lesions in all stages
may be present at one time (8).

Herpes zoster (i.e., shingles) is caused by the reactivation of the varicella-zoster
virus (VZV), which lies dormant in the basal root ganglia (116). The incidence of
zoster is greatest in older age groups because of a decline in VZV-specific cell-
mediated immunity. Herpes zoster also occurs more often in immunosuppressed
patients, such as transplant recipients (117–119) and HIV-infected patients (120–122).

Patients often have a prodrome of fever, malaise, headaches, and dysesthesias
that precedes the vesicular eruption by several days (123). The characteristic rash
usually affects a single dermatome and begins as an erythematous maculopapular
eruption that quickly evolves into a vesicular rash (Fig. 8). The lesions then dry
and crust over in 7 to 10 days, with resolution in 14 to 21 days (116). Disseminated
herpes zoster is seen in patients with solid-organ transplants, hematological malig-
nancies, and HIV infection (120,121,124–128). Thirty-five percent of patients who
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have received bone-marrow transplants have reactivation of VZV, and 50% of these
patients develop disseminated herpes zoster (126,129,130).

Both immunocompetent and immunocompromised patients can have compli-
cations from herpes zoster; however, the risk is greater for immunocompromised
patients (131). Complications of herpes zoster include herpes zoster ophthalmalicus
(124,132), acute retinal necrosis (133,134), Ramsay Hunt syndrome (135), aseptic
meningitis (136), peripheral motor neuropathy (136), myelitis (136,137), encephalitis
(136), pneumonitis (131), hepatitis (129), and pancreatitis (126).

The diagnosis of primary varicella infection and herpes zoster is often made
clinically. Diagnosis of the neurological complications can be made with CSF PCR
assays (138,139). Patients with ocular involvement should be seen promptly by an
ophthalmologist.

Smallpox

Smallpox is caused by the variola virus. The last known case of naturally acquired small-
pox occurred in Somalia in 1977. The World Health Organization declared that
smallpox had been eradicated from the world in 1980 as a result of global vaccination
(140,141). The only known repositories for this virus are in Russia and the United
States. With the threat of bioterrorism, there is still a remote possibility that this entity
would be part of the differential diagnosis of a vesicular rash.

Smallpox usually spreads by respiratory droplets, but infected clothing or bed-
ding can also spread disease (142). The incidence of smallpox is highest during the
winter and early spring. The pox virus can survive longer at lower temperatures
and low levels of humidity (143,144).

After a 12-day incubation period, smallpox infection presents with a prodromal
phase of acute onset of fever (often greater than 40�C), headaches, and backaches

Figure 8 Lower abdomen of a patient with a herpes-zoster outbreak due to varicella-zoster
virus. Source: Courtesy of the CDC, Public Health Image Library.
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(142). A macular rash develops and progresses to vesicles and then pustules over one
to two weeks (145). The rash appears on the face, oral mucosa, and arms first but then
gradually involves the whole body. The pustules are 4 to 6 mm in diameter and remain
for five to eight days, after which time, they umbilicate and crust. The lesions of small-
pox are generally all in the same stage of development (Fig. 9). ‘‘Pock’’ marks are seen
in 65% to 80% of survivors. Historically, the case mortality rate was 20% to 50% (142).
In the United States, almost nobody under the age of 30 has been vaccinated; there-
fore this group is largely susceptible to infection.

The diagnosis of smallpox is clinically based on the presence of a characteristic
rash that is centrifugal in distribution. After fluid from a vesicle is obtained by some-
one who has received a smallpox vaccine, laboratory confirmation can quickly be
made by electron microscopic examination. Definitive identification in the labora-
tory is accomplished with viral cell culture, PCR, and restriction fragment–length
polymorphism analysis (146).

Herpes Simplex Virus

HSV type 1 (herpes labialis) commonly causes vesicular lesions of the oral mucosa
(147). The illness is characterized by the sudden appearance of multiple, often
painful, vesicular lesions on an erythematous base. The lesions last for 10 to 14 days.
Recurrent infections in the immunocompetent host are usually shorter than the
primary infection. In the immunocompromised host, infections can be much more
serious. Aside from vesicular eruptions on mucous membranes, the infection can
cause keratitis, acute retinal necrosis, hepatitis, esophagitis, pneumonitis, and neuro-
logical syndromes (147–156).

HSV-1 can cause sporadic cases of encephalitis characterized by rapid onset of
fever, headache, seizures, focal neurological signs, and impaired mental function.
HSV-1 encephalitis has a high rate of mortality in the absence of treatment (157).

Figure 9 Male Patient with smallpox. Source: Courtesy of the CDC/Barbara Rice, Public
Health Image Library.
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Diagnosis can infrequently be made by culture; PCR analysis of the CSF has become
the gold-standard technique for making the diagnosis (158).

S. aureus Bacteremia

S. aureus can cause metastatic skin infections that often manifest as pustules (3). The
pustular skin eruption due to this organism is often widespread. Risk factors for
bacteremia include older age, diabetes, recent surgery, HIV, hemodialysis, neoplasm,
neutropenia, and intravenous drug use (159–164). Bacteremia can lead to metastatic
complications, such as endocarditis and arthritis. Risk factors for these metastatic
complications include underlying valvular heart disease and prosthetic implants.

V. vulnificus

V. vulnificus is a slightly curved, gram-negative bacillus that is endemic in warm coastal
waters around the world. V. vulnificus is the leading cause of seafood-related fatalities
in the United States (165). There are reports that virtually all oysters and 10% of crabs
harvested in the warmer summer months from the Gulf of Mexico are culture positive
for V. vulnificus (166). Consequently, the illness presents mostly between March and
November (167). In the United States, most cases occur in states bordering the Gulf
of Mexico or those that import oysters from the Gulf States (168). Risk factors for
infection include liver disease (most commonly alcoholic), hemachromatosis, HIV
infection, steroid use, malignancy, and achlohydria (165).

V. vulnificus has been associated with two distinct syndromes: septicemia and
wound infection (169,170). A third syndrome of gastrointestinal illness has also
been suggested (171). Primary septicemia is a fulminant illness that occurs after
the consumption of contaminated raw shellfish. Consumption of raw oysters within
14 days preceding the illness has been reported in 96% of the cases (172). Wound
infection occurs after a pre-existing or newly acquired wound is exposed to contami-
nated seawater.

The onset of symptoms is abrupt. The most common presenting signs and
symptoms are fever, chills, shock, and secondary bullae (170). Skin lesions are seen
in 65% of patients and are an early sign of septicemia. The most characteristic skin
manifestation is erythema, followed by a rapid development of indurated plaques.
These plaques then become violaceous in color, vesiculate, and then form bullae. The
necrotic skin eventually sloughs off, leaving large ulcers (Fig. 10) (173). Gangrene of
a limb can develop due to blood-vessel occlusion (174).

Diagnosis is aided by clinical presentation and history. The bacteria can be
readily cultured from blood and cutaneous lesions (175). A real-time PCR assay
has also been reported (176).

The mortality rate for septicemia is about 53% and is higher in patients who pre-
sent with hypotension and leucopenia (177). Median duration from hospitalization to
death is about 1.6 days (170). Failure to initiate antibiotics promptly is associated with
higher mortality (168). Debridement of involved tissue is usually pursued.

R. akari

Rickettsialpox, which was first described in 1946 in New York City, is caused by
R. akari (178). R. akari infects house mice (Mus muscaulus) and is transmitted
to humans by the house mouse–associated mite, Liponyssoides sanguineus (179).
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Most cases have occurred in large metropolitan areas of the northeastern United
States (179,180).

Rickettsialpox has an incubation period of 9 to 14 days (181). The initial lesion
develops into an eschar at the site of inoculation. Local lymph nodes around the eschar
may become enlarged and tender. Approximately one week following the development
of the eschar, patients will develop high fever, headaches, malaise, and myalgias. Some
patients will have shaking chills and drenching sweats. Thrombocytopenia may also be
noted (180). Within three to seven days of the fever, skin eruptions of red macules,
papules, and papulovesicles will develop over the body. These lesions number between
20 and 40 and will resolve within a week. The presence of an eschar, the lack of
successive crops of vesicles over time, and the presence of thrombocytopenia will help
differentiate this entity from VZV infection (180).

Diagnosis has been made by comparing acute and convalescent serum anti-
body titers. Indirect and direct fluorescent antibody tests using anti–Rickesttsia
rikettsii antibodies have also been reported (179). The length of the disease course
can be reduced with tetracycline, but even untreated patients typically recover with-
out complication (179).

NODULAR RASH

A nodule is a palpable, solid, round, or ellipsoidal lesion that may contain inflamma-
tory cells, organisms (fungi and mycobacterium), or cancer cells (5). Nodules usually
result from disease in the dermis.

Figure 10 Skin Lesions associated with Vibrio vulnificus septicemia in a 75-year-old patient
with liver cirrhosis. Source: Courtesy of CDC; From Ref. 173.
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Erythema Nodosum

Erythema nodosum is an acute inflammatory process involving the fatty-tissue
layer and skin. This condition is more common in woman. There are several causes
(Table 8), including infections with streptococci, Chlamydia species, and hepatitis C
(182–186).

The presentation includes fever, malaise, and arthralgias. The characteristic
nodules are painful and tender. The nodules commonly develop over the lower legs,
knees, and arms (182). Spontaneous resolution usually occurs within six weeks.
Diagnosis is often clinical, but biopsy may be needed in atypical cases.

Systemic Fungal Infections

The sudden onset of dermal nodules may indicate disseminated candidiasis. Risk
factors for disseminated candidiasis include malignancy, neutropenia, antimicrobial
therapy, severe burn injuries, intravenous catheters, and systemic steroid administra-
tion (187–189). The lesions are raised erythematous papules or nodules that are
discrete, firm, and nontender (189–191).

Other fungi, such as blastomycosis, histoplasmosis, coccidiodomycosis, and
sporotrichosis, can also produce skin nodules (5,192). Patients with AIDS may pre-
sent with umbilicated nodules that resemble Molluscum contagiousum but are caused
by Cryptococcus neoformans.

Table 8 Causes of Erythema Nodosum

Infectious Non-Infectious

Bacterial infections Drug reactions
Streptococcus pyogenes Oral contraceptives
Mycobacterium tuberculosis Antibiotics
Mycobacterium leprae Hepatitis B vaccine
Cat scratch disease Sulfonamides
Chlamydia Systemic disease
Enteric pathogens (Yersinea,
Campylobacter, Salmonella)

Systemic lupus erythematosis
Ulcerative colitis

Rickettsiae Crohn’s disease
Spirochetes (syphilis) Leukemia

Systemic fungal infections Lymphoma
Coccidiodes immitis Sarcoidosis
Histoplasma capsulatum Idiopathic (55%)
Blastomycosis

Parasites
Amebiasis
Giardiasis
Ascaris

Viral infections
Hepatitis B
CMV
EBV

Abbreviations: CMV, cytomegalovirus; EBV, Epstein–Barr virus.

Source: Adapted from Ref. 182.
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Rheumatic Fever

Rheumatic fever is a late inflammatory complication of acute group A streptococcal
pharyngitis (193,194). Rheumatic fever occurs two to four weeks following the phar-
yngitis. This disease occurs most frequently in children between the ages of four to
nine years. The disease is self-limited, but resulting damage to the heart valves may
be chronic and progressive, leading to cardiac decompensation and death.

Rheumatic fever is an acute, systemic, febrile illness that can produce a migra-
tory arthritis, carditis, central nervous system deficits, and rash. The diagnosis is
based on major and minor criteria (i.e., modified Jones Criteria) (195). The five major
criteria are carditis, polyarthritis, chorea, erythema marginatum, and subcutaneous
nodules. The three minor criteria are fever, arthralgia, and previous rheumatic fever
or rheumatic heart disease.

Arthritis is the most frequent and least specific manifestation (196). Large
joints are affected most commonly. The arthritis is migratory, with the joints of
the lower extremities affected first, followed by those of the upper extremities.

Carditis associated with rheumatic fever manifests as pericarditis, myocarditis,
and endocarditis, most commonly involving the mitral valve, followed by the aortic
valve (197,198). Rheumatic heart disease is a late sequela of acute rheumatic fever,
occurring 10 to 20 years after the acute attack, and is the most common cause of
acquired valvular disease in the world (199). The mitral valve is most commonly
affected with resultant mitral stenosis that often requires surgical correction.

Syndenham chorea (chorea minor, St. Vitus’ Dance) is a neurological disorder
that manifests as abrupt, purposeless, involuntary movements, muscle weakness, and
emotional disturbances (200). The abnormal movements disproportionately affect
one side of the body and cease during sleep.

Subcutaneous nodules are firm and painless and are seen most often with
patients who have carditis (201). The overlying skin is not inflamed. The nodules
can be as large as 2 cm and are most commonly located over bony surfaces or near
tendons. The nodules may be present for one to four weeks.

Erythema marginatum (202) is a pink or faint-red, nonpruritic rash that affects
the trunk and proximal limbs and spares the face. Erythema marginatum occurs
early in the disease and may persist or recur. The rash is usually only seen in patients
with concomitant carditis.

The diagnosis of rheumatic fever is supported by evidence of preceding Group
A streptococcal infection. Evidence of increased antistreptolysin O antibodies, posi-
tive throat culture for Group A beta-hemolytic streptococci, positive rapid-direct
Group A streptococcus carbohydrate antigen test, or recent scarlet fever along with
the presence of one major and two minor or two major criteria is considered ade-
quate to make the diagnosis.
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EPIDEMIOLOGY OF INFECTIONS IN INTERNATIONAL TRAVELERS

International travel brings a world of experiences and opportunities but also carries a
degree of health risks that can often be prevented or better managed if appropriate pre-
travel preparation is undertaken. Retrospective case series of traveler health risks have
documented the wide range of health problems that may be associated with interna-
tional travel (1). Both noninfectious and infectious diseases are well represented with
the predominant causes of death being accidents (motor vehicle and drowning) and
cardiovascular related in younger and older travelers, respectively (2). Infections
account for significant morbidity and mortality both during and after international
travel, particularly into developing tropical regions (1,3). There is a predominance
of enteric transmission as the most common route of infection with the usual clinical
syndrome being traveler’s diarrhea (1,3). Food- and water-borne infections such as
typhoid fever, cholera, hepatitis A, and uncommonly agents of traveler’s diarrhea
occasionally result in critical illness in travelers. The most common life-threatening
infection in returning travelers is malaria, and this will be emphasized in this chapter.

The determinants of infectious risk and potential etiologies in a returning
traveler are based on relative incidence of the infection, regional distribution, tra-
veler predisposition, and specific aspects of the traveler’s itinerary or activities.
Steffen et al. calculated incidences (per 100,000 travelers) of various infectious dis-
eases in returning European travelers from developing regions (1). Severe diarrhea
was the most common illness (12,998) followed by diarrhea with fever (1940), acute
respiratory tract infection with fever (1261), giardiasis (660), hepatitis (446), amebi-
asis (427), gonorrhea (330), and malaria (97). Notably absent in this study were

aThe opinions and assertions contained herein are those of the authors and do not reflect the
official policy of the Department of Navy, Department of Defense, or the U.S. Government.
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typhoid and cholera, which have been reported in other retrospective surveys at rates
of approximately 5/100,000 and <0.5/100,000, respectively (4–7). The regional dis-
tribution of infections must take into account ‘‘globally’’ distributed infections seen
in most developing regions [i.e., tuberculosis (TB) and typhoid] versus focally distri-
buted infections (i.e., schistosomiasis, Ebola virus, etc.). Variable distribution for
vectors (i.e., lack of Anopheline mosquitoes in highland areas or certain urban cen-
ters and focal distribution of snail intermediate host in schistosomiasis) should also
be considered. The individual traveler’s predisposition can be divided into traveler-
specific risks (i.e., increased risk of enteric infections with achlorhydria, failure to
use proper malarial prophylaxis, no personal protective measures used to avoid
arthropod exposures, immunocompromised, and lack of immunoprophylaxis) and
itinerary-specific risks [i.e., purpose of travel (leisure, business, or humanitarian),
prolonged duration in rural area, adventurous travel using local food and water, out-
door camping, swimming in fresh water, and unprotected sexual contact]. Applying
exposure risk assessment allows appropriate inclusion of specific infections for
diagnostic consideration while also focusing the differential diagnosis.

Several excellent reviews and retrospective series discuss returning travelers and
immigrants with fever (8–17). A more recent series from Australia investigated the
etiology of returning febrile travelers requiring hospitalization (18). Malaria was
the most common cause accounting for 27% of the patients followed by lower
respiratory tract infections (24%) and febrile gastroenteritis (14%). No description
of illness severity was provided. Hospitalization typically occurred soon upon return
from a trip with a median of six-and-a-half days (53% and 81% within one week and
one month, respectively). This chapter will focus on returning travelers with poten-
tially life-threatening infections. Table 1 details the general diagnostic considerations
applicable to any potential infected critically ill returning traveler. A management
algorithm for returning travelers with severe infections is detailed in Figure 1.

Table 1 General Considerations in Potentially Infected Critically Ill Returning Travelers

Diagnostic consideration Comments

Accurate traveler- and itinerary-
specific risk assessment

Obtain detailed history of sites visited, activities, and
potential infectious exposures

Calculate approximate
incubation period

Incubation periods: short (<10 day); intermediate
(10–14 day); prolonged (>21 day). A minimum period
of 5–7 day before considering malaria. Incubation
period exceeding three weeks rules out arboviral
etiologies

Avoid narrow focus on
‘‘tropical infections’’

Avoid becoming so focused on the international travel
history that common community-acquired infections
such as pneumococcal pneumonia, staphylococcal
infections, etc. are not considered

Use concomitant signs
and/or symptoms

Narrow the differential diagnosis using clinical
progression and specific findings (i.e., diarrhea, rash, or
respiratory complaints)

Rule out malaria Always consider and perform diagnostic testing to
evaluate for malaria if a traveler has been in a
malarious region with an appropriate incubation
period
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Given the wide diversity of infectious etiologies, space does not permit a comprehen-
sive discussion of all diagnostic and therapeutic modalities.

MALARIA

Malaria is caused by four different species of Plasmodium; however, P. falciparum is
the predominant cause of mortality due to malaria (19). Data from 1997 to 2002 col-
lected through the GeoSentinel global sentinel surveillance identified malaria in 3.7%
of all returning travelers seeking medical care (20). The majority of the cases were
caused by P. falciparum at 60% followed by P. vivax at 24% (20). Falciparum malaria
cases had more commonly traveled to sub-Saharan Africa (89%) with the majority
(80%) presenting within four weeks of trip return. Among the falciparum malaria
cases, 60% were hospitalized with 2.4% diagnosed with cerebral malaria and 2.3%
with severe complicated noncerebral malaria. There was a 9% case fatality rate
among the severe malaria cases. Case fatality rate for U.S. travelers with falciparum
malaria from 1966 to 1987 was 3.8% (21). Recent U.S. traveler case fatality rate esti-
mate for 1985 to 2001 was 1.3% for P. falciparum infections (22). Mortality from
P. falciparum in returning travelers to the United States from 1959 to 1987 demon-
strated several important features including the failure to use any or use incorrect
malaria chemoprophylaxis (90%) and diagnostic/therapeutic delay (40%) even after
physician evaluation highlighting the preventable aspect to these deaths (21). In a
more recent series, cerebral malaria was the most common complication in 48%
followed by renal failure (44%), acute respiratory distress (32%), anemia (21%), dis-
seminated intravascular coagulation (DIC) (11%), and splenic rupture (5%) (22).
Deaths were considered preventable in 85% and were commonly related to both
patient-related decisions/actions and contributing medical errors (22).

Figure 1 Initial evaluation of returning travelers with severe infections.
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The current recommendations for malaria prophylaxis entail a consideration of
regional antimalarial drug resistance to include whether or not the traveler visits a
chloroquine sensitive or resistant region or an area with documented mefloquine
resistance (23). There is no universally effective regimen as evidenced by P. falciparum
mefloquine resistance in Thai-Burmese and Thai-Cambodian borders, breakthrough
falciparum malaria in U.S. troops in Somalia on either doxycycline or mefloquine,
and reports of chloroquine resistance in P. vivax in Indonesia (24–28). There is a lack
of sensitive predictive historical or physical findings (fever pattern, symptom dura-
tion, temperature, splenomegaly, or thrombocytopenia); therefore, malaria cannot
be ruled out on historical or physical findings alone (22,29,30). Falciparum
malaria will often present without the classical features of cyclical fever and the malarial
paroxysm (initial chill lasting approximately 15 minutes to a few hours followed by high
fever for two to six hours, then diaphoresis and extreme fatigue) (31). Commonly seen is
a febrile nondescript illness without apparent cyclical nature. Other presenting features
may include severe anemia, thrombocytopenia, central nervous system (CNS) dysfunc-
tion such as coma or seizures, pulmonary edema, or dysentery (14,23).

The diagnosis of malaria rests primarily on prompt consideration and serial
examination of peripheral blood smears. Rapid diagnostic tests offer the promise
of bringing the diagnosis nearer to the bedside as well as providing simple procedures
less reliant upon technician expertise (32). Nonmicroscopic immunochromatographic
rapid tests are rapid and simple to perform; however, challenges remain with
variable sensitivity (>100 parasites/mL), negative results requiring microscopic con-
firmation, and cost concerns (32). Rapid diagnosis of malaria is critical due to the
semiquantitative relationship between level of parasitemia and mortality: <25,000
parasites/mL¼ 0.2% mortality, 25 to 100,000 parasites/mL¼ 1.1% mortality, 100 to
500,000 parasites/mL¼ 14.8% mortality, and >500,000 parasites/mL¼ 72% mortal-
ity (33). A qualified laboratory is a necessity based on the lack of clinical predictors.
Standard methods are thick and thin peripheral blood Giemsa or Wright stained
smears obtained serially (every six to eight hours over 24 hours usually a minimum
of three smears). Appropriate expertise and timely referral to a reference laboratory
if necessary is critical.

The management of malaria is reliant on prompt recognition and initiation of
effective therapy with a blood schizonticide to rapidly reduce parasitemia (34). After
recognizing that the patient has malaria, the next steps are to differentiate species
between P. falciparum and nonfalciparum malaria. If the traveler with falciparum
malaria reports travel limited to chloroquine-susceptible regions (Central America,
Haiti, and possibly limited areas in the Middle East), then chloroquine therapy
can be used (intravenous and oral available). Given the widespread chloroquine
resistance, monotherapy should only be used in areas where treatment efficacy has
been recently demonstrated and not for severe malaria (25,35). Severe malaria
should be managed with parenteral antimalarial therapy given the potential for
erratic absorption through the gastrointestinal tract (36). Recommended treatment
modalities currently available are from the cinchona alkaloid class [quinine dihydro-
chloride (intravenous or intramuscular) or quinidine gluconate (intravenous)] or
artemisinin derivatives [artesunate (intravenous) or artemether (intramuscular)]
(34,36). The artemisinins more rapidly clear parasitemia with equivalent efficacy to
intravenous quinine even with rectal delivery (37–40). In the U.S., the only licensed
drug for intravenous therapy is quinidine gluconate often combined with a second
blood schizonticide for radical cure (such as tetracycline) (Table 2) (41). Loading doses
are used to rapidly attain effective drug levels with the exception of quinine or
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quinidine loading in patients who have been receiving quinine, mefloquine, or quini-
dine (34). Monitoring of the QRS and QTc intervals is needed during quinidine ther-
apy due to the potential for systemic hypotension or QT prolongation (42).

Exchange transfusion is occasionally used for severe malaria when parasitemia
levels exceed 10% or if the patient has altered mental status, nonvolume overload
pulmonary edema, or renal complications (43). It is usually continued until the para-
site load is <1% (usually 8–10 units). IV quinidine should not be delayed for an
exchange transfusion and can be given concurrently. There is no randomized con-
trolled trial to assess efficacy of exchange transfusions, and no survival benefit was
demonstrated in a meta-analysis when compared with antimalarial chemotherapy
alone (44). Corticosteroids have been shown in controlled trials of severe malaria to
not only lack efficacy as adjunctive therapy but also to be deleterious (45). Renal
failure and/or lactic acidosis can contribute to life-threatening metabolic acidosis.
Hemofiltration has been demonstrated to have lower mortality as compared to perito-
neal dialysis in the management of acute renal failure secondary to severe malaria (46).

Early recognition and directed therapy of complicated malaria cases are critical
to successful management. All severe or complicated malaria should be managed in
an intensive care setting. Severe or complicated malaria includes the following:
(i) hyperparasitemia (>5%), (ii) altered level of consciousness (cerebral malaria; r/o
hypoglycemia), (iii) circulatory shock (typically due to gram-negative sepsis),

Table 2 Severe Malaria Treatment Regimens Available in the United Statesa

Drug Adult dosage Pediatric dosage

Parenteral
administration

All severe malaria
Quinidine gluconate

plus one of the below
10 mg salt/kg load (max 600 mg) in

normal saline over 1–2 hr then
0.02 mg salt/kg/min continuous
infusion for at least 48–72 hr or
24 mg salt/kg load over 4 hr,
followed by 12 mg salt/kg infused
over 4 hr every 8 hr starting 8 hr
after loading dose for at least
48–72 hr. Switch to PO quinine sulfate
650 mg q8h when parasite density
<1% and patient can take PO meds
to complete 7 day Rx

Same as for adults,
do not exceed
adult dose

Doxycyclinebor 100 mg IV q12h and switch when
pt can take PO meds to complete
7 day Rx

Same as for adults if
� 45 kg < 45 kg
give 4 mg/kg q12h

Clindamycin 10 mg base/kg load followed by 5 mg
base/kg q8h. Switch when pt can
take PO meds to complete 7 day Rx

Same as adult

aComments: see pages 6 and 7, 401–402.
bBenefits of tetracycline therapy versus the possibility of dental staining in children less than 9-yrs old must

be considered. Health care providers needing assistance with the diagnosis or management of suspected

cases of malaria may call the Centers for Disease Control and Prevention CDC Malaria Hotline: 770-488-

7788 (M-F, 8 AM–4:30 PM, Eastern Time). Emergency consultation after hours, call: 770-488-7100 and

request to speak with a CDC Malaria Branch clinician.
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(iv) prolonged hyperthermia, (v) high output gastrointestinal losses, (vi) pulmonary
involvement [adult respiratory distress syndrome (ARDS)], (vii) cardiac involvement
(ischemia or congestive failure), (viii) hepatitis, (ix) renal failure, and (x) hypoglycemia
(34). Proposed criteria for intensive care unit (ICU) admission for patients with severe
malaria include base excess <0.8, high level parasitemia (nonendemic area >10%
and endemic area >20%), Glascow Coma Score �8, blood glucose <2.2 mmol/L,
urine output <0.5 mL/kg/hr, or pulmonary edema (36). Clinical monitoring is
directed at symptom and sign resolution and microbiologic clearance. The following
are important endpoints when caring for a patient with malaria:

1. Clinical symptoms should be improving within 48 to 72 hours.
2. Parasitemia should be monitored approximately every 12 hours and should

be reduced by 75% within 48 hours on therapy.
3. Failure to show clinical or microbiologic resolution suggests one or more

of the following problems:
a. Secondary complication such as bacterial superinfection [not limited

to developing areas; observed in 14% of returning travelers with
severe malaria (47)];

b. Problems with medication administration;
c. Antimalarial resistance.

CRITICAL CARE INFECTIOUS DISEASE SYNDROMES

Severe Pneumonia or ARDS

Severe pneumonia or ARDS in the United States is most commonly caused by
community-acquired respiratory pathogens such as Streptococcus pneumoniae and
Legionella pneumophila or as a complication of bacterial sepsis (48,49). If the patient
has recently traveled into developing regions of the world, then it becomes important
to broaden the differential diagnoses. TB is highly prevalent throughout much of the
world and may present with an extensive pulmonary infiltrate with hypoxia and
hemoptysis or with miliary or disseminated disease (50–52). A fulminant presenta-
tion of miliary TB may occur in children with meningeal involvement in up to
two-thirds, and also may be seen in older adults (50,51). The clinical presentation
of severe tuberculous pneumonia may be indistinguishable from other causes of bac-
terial pneumonia. Miliary TB commonly has nonspecific presenting symptoms with
the most common signs being fever, tachypnea, rales, and altered mental status, less
commonly presenting with ARDS and DIC. Because mortality rates reach as high
as 21% in miliary TB, it is important to consider TB in the differential diagnosis, initi-
ate respiratory isolation, obtain diagnostic clinical specimens (i.e., sputum, bronchial
washings, etc.), consider associated diseases such as HIV infection, realize the potential
for multidrug resistance, and provide early initiation of 4-drug anti-tuberculous regi-
men (i.e., isoniazid, rifampin, pyrazinamide, and ethambutol/streptomycin) (53,54).

S. pneumoniae is the most common cause of life-threatening bacterial pneumo-
nia in the United States and is very common throughout the world (49). Specific
associated risks (i.e., chronic lung disease and HIV) should increase the suspicion
of pneumococcal disease, but their absence does not assist in exclusion because
pneumococcal pneumonia is very common in previously healthy people. The global
problem of penicillin-resistant pneumococci, which is now seen in the United States,
requires the initial antibiotic selection to include a respiratory fluoroquinolone or an
advanced macrolide plus a beta-lactam antibiotic (such as cefotaxime, ceftriaxone,
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ampicillin-sulbactam, or ertapenem) in severe hospitalized cases with no prior anti-
biotic use as well as vancomycin if CNS involvement or a more severe clinical pre-
sentation is suspected (55). L. pneumophila has been documented as a cause of
severe pneumonia in travelers often in association with exposure to whirlpool spas
on cruise ships (56). In one of the outbreaks involving 50 cruise ship passengers,
the risk of acquiring Legionnaire’s disease increased by 64% for every hour spent
in the spa water (56). The diagnosis of L. pneumophila can be difficult and requires
prior consideration so that the microbiology lab can process clinical respiratory
specimens on selective media (57). Urine antigen testing can provide a more rapid
diagnosis of L. pneumophila serogroup one (most common isolate—approximately
80%) with sensitivity of 80% and specificity >99% (57). Preferred treatment of severe
Legionnaire’s disease is with azithromycin or a respiratory fluoroquinolone for at
least 10 days� rifampin 300 mg IV. Influenza has also been well documented to
cause focal outbreaks among travelers often associated with air travel (58). Epidemic
influenza varies in seasonality based on the geographic region—Northern hemi-
sphere (December–April), Southern hemisphere (May–September), and tropical
regions (year long). The diagnosis of influenza is based on clinical features (abrupt
onset, high fevers, myalgias, and respiratory symptoms), virus isolation, antigen
detection, and/or serology. Antiviral therapies have documented efficacy in influ-
enza A (amantadine, rimantadine, and neuraminidase inhibitors) and influenza
A and B (neuraminidase inhibitors) therapy. Consideration should be given to poten-
tial secondary bacterial pneumonia with Staphylococcus aureus or S. pneumoniae
that may require antibiotic therapy.

Other less common causes of respiratory infections or syndromes in travelers
include hantaviral pulmonary syndrome (HPS), Burkholderia pseudomallei (melioi-
dosis), plague, histoplasmosis and atypical manifestations of malaria, typhoid fever,
leptospirosis, rickettsial diseases, and some protozoal (amebiasis)/helminthic (schisto-
somiasis and fascioliasis) infections (52). HPS was first described in an outbreak
in the Southwestern United States (59). Hantaviruses have a global distribution
and typically manifest clinically with hemorrhagic and/or renal disease. Less
common clinical features with HPS providing helpful differentiation from more
common causes of severe respiratory infections include sore throat and cough (dif-
fering from influenza) and radiographic evidence of lobar infiltrates (differing from
bacteremic pneumococcal pneumonia) (60). The presence of dizziness, nausea or vomit-
ing, a lack of cough, thrombocytopenia, decreased serum bicarbonate, and
hemoconcentration identified all HPS patients in a series of patients presenting
with ARDS (60). More recent studies have confirmed these findings as clinical pre-
dictors of HPS (61). Ribavirin [loading dose of 33 mg/kg (max 2 g), followed by
16 mg/kg (max 1 g) given every six hours for four days and by 8 mg/kg (max
0.5 g) given every eight hours for three days] has been demonstrated in a controlled
clinical trial to significantly reduce mortality (sevenfold) in hantaviral hemorrhagic
fever with renal syndrome, although efficacy was not demonstrated in a rando-
mized controlled trial for HPS (62,63). B. pseudomallei (melioidosis) has rarely
been reported as a cause of fulminant disease in travelers from Southeast Asia
and Australia and more commonly presents as a chronic granulomatous illness
resembling TB (64). The spectrum of disease in melioidosis ranges from an asymp-
tomatic illness to chronic debilitating illness (such as with lung abscess) to fulmi-
nant septicemia. Currently recommended antibiotic therapy for melioidosis is
ceftazidime with the additional requirement of prolonged oral therapy with chlor-
amphenicol, doxycycline, and cotrimoxazole to prevent relapse (64,65). Plague may
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present in either a bubonic (tender, fluctuant adenopathy with systemic illness), sep-
ticemic, or pneumonic form. No recent occurrence of plague in international travelers
has been reported. However, as there are recent concerns over plague importation
from India, awareness of areas with endemic/potentially epidemic plague (India, Viet
Nam, Myanmar, Zaire, and Madagascar) is important (66,67). Symptoms in patients
with plague can range from a mild febrile illness with a bubo to fulminant sepsis.
Rapid institution of appropriate therapy (gentamicin 2 mg/kg loading dose then
1.7 mg/kg every eight hours) is critical given the potential for rapid deterioration
and the extreme contagiousness via respiratory spread. Acute pulmonary histoplas-
mosis has recently been observed as an etiology of acute febrile respiratory illness
among travelers returning from Mexico (68). In this large outbreak among
college students, the apparent exposure to Histoplasma capsulatum was temporary
residence at a hotel where maintenance projects were underway. Other endemic
mycoses, such as coccidioidomycosis and penicilliosis, are also considerations in
the differential diagnosis in returning travelers (69).

The newly identified coronavirus, which emerged as the etiology of the severe
acute respiratory syndrome (SARS) in the spring of 2003, must be considered in
returning travelers from Far East destinations or areas with known SARS activity
(70,71). SARS frequently presents similar to other etiologies of severe atypical pneu-
monia; however, a proposed clinical prediction rule yielded a sensitivity of 90% with
specificity of 62% during an epidemic setting prior to more definitive reverse tran-
scriptase polymerase chain reaction (RT-PCR) testing (72). A first step in prediction
was a history of potential contact with a SARS patient and an illness accompanied by
fever, myalgias, and malaise. The second step supporting SARS was the finding of an
abnormal chest radiograph (diffuse haziness or consolidation), lymphopenia, and
thrombocytopenia with an inverse likelihood with age >65 years or <18 years, sputum
production, abdominal pain, sore throat, rhinorrhea, or leukocytosis. This rule was
applied in one epidemic setting and requires further validation in other clinical settings;
however, SARS should be considered in appropriate settings with application of rapid
diagnostic tests, infection control practices, and therapeutic considerations (72–74).

Coma and Meningoencephalitis

Infections may result in CNS dysfunction either indirectly as a systemic infection as
in typhoid fever or directly through CNS invasion. A returning traveler presenting
with one or more of the following signs/symptoms with or without fever must be
evaluated for CNS infection: meningismus, altered mental status (delirium, lethargy,
obtundation, or coma), seizures, severe headache, photophobia, or focal neurologic
findings (75). Common tropical infections such as malaria (cerebral malaria),
typhoid, and TB should remain high on the differential diagnosis. The diagnostic
approach including CNS imaging studies [computed tomography (CT) or magnetic
resonance imaging scans (MRI)] with cerebrospinal fluid (CSF) analysis will be simi-
lar to the approach used in nontravelers. The incubation period is particularly
important when trying to decide if certain etiologic agents need to be considered.
Travelers presenting within two to three weeks post-travel from developing regions
may have acquired regional arboviruses causing meningoencephalitis or meningo-
coccal disease whereas incubation periods exceeding two to three weeks require
inclusion of TB, African trypanosomiasis, and rabies.

Endemic or sporadic meningococcal disease varies between one to three and 10
to 25 cases per 100,000 persons in developed and developing regions, respectively (76).
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In addition to this increased endemic risk for travelers, there is also the potential of
epidemic meningococcal disease (primarily serogroup A) with attack rates as high as
1000/100,000 as seen in the meningococcal belt of sub-Saharan Africa (76). Rapid
diagnosis using CSF analysis (neutrophilic pleocytosis, elevated protein, low glucose,
and gram-negative diplococci) with prompt institution of antibiotic therapy is criti-
cal because treated meningococcal meningitis carries mortality rates in the range of
5% to 15% (77).

Herpes simplex–1 encephalitis is the most common cause of sporadic viral
encephalitis seen by clinicians in the United States; however, endemic arboviruses
such as California group bunyaviral encephalitis are also not uncommon (78). Addi-
tionally, international travel into developing regions with potential mosquito
exposure further broadens the differential diagnosis. Knowledge of the regional
arboviral threats, such as Japanese encephalitis in rural areas of eastern Asia and
the Indian subcontinent and Rift Valley Fever in Egypt and central/southern Africa,
will allow appropriate inclusion/exclusion of arboviral threats (79–81). Flavivirus
encephalitis occurs in both developed and developing countries with regional threats
such as Japanese Encephalitis in South and Southeast Asia, Murray Valley Ence-
phalitis in Australia and New Guinea, West Nile Encephalitis across many areas
including Africa, Southwest Asia, Europe, and North America, and St. Louis Ence-
phalitis throughout the Americas (82). These viral encephalitides have much higher
rates of asymptomatic infection as compared to CNS illness and may present with a
meningitis syndrome rather than encephalitis. Human rabies is often transmitted in
developing urban areas through contact with rabid dogs and cats unlike the wild
animal reservoir in the United States (83). Patients presenting with a compatible clin-
ical syndrome for rabies (respiratory and/or gastrointestinal prodromal symptoms
followed by acute neurologic symptoms, furious or paralytic, leading to coma)
should have a thorough travel history focusing on any animal contact. Diagnostic
testing, virus-specific fluorescent material in skin biopsy, serum or CSF antirabies
antibodies, and/or virus isolation in saliva, should be used in appropriate settings
with prompt initiation of isolation precautions and postexposure immunoprophy-
laxis (83). Emergent threats such as the Nipah virus in Malaysia in 1998 to 1999
further add to the differential diagnosis for returning travelers with encephalitis
(84). An open-label trial reported a 36% reduction in mortality for acute Nipah virus
encephalitis when treated with intravenous ribavirin (85). Eosinophilic meningo-
encephalitis (CSF leukocytosis with �10% eosinophils) is a clinical syndrome with
relatively limited etiologies including parasites (Angiostrongylus cantonensis, Gnatho-
stoma spinigerum, migrating ascarids, and schistosomiasis), coccidiomycosis, and
hypersensitivity reaction (drug related) (86). The travel and exposure history will
greatly assist in the inclusion/exclusion of parasitic etiologies.

Acute Abdomen

Returning travelers presenting with an acute abdomen are most likely to have com-
mon conditions seen in nontravelers such as appendicitis, cholecystitis, diverticulitis,
or peptic ulcer with perforated viscus (87). Two common diseases in indigenous
populations, enteric fever and amebic liver abscess, occur occasionally in immigrants
and less commonly in native travelers (87–89). Both of these diseases may present
with an acute abdomen secondary to severe abdominal pain from uncomplicated dis-
ease or as a result of complicated disease such as cyst rupture in amebiasis or bowel
perforation in enteric fever. Risk factors for intestinal perforation in typhoid fever
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were a short duration of symptoms (within two weeks of illness onset), inadequate
antibiotic therapy, male gender, and leukopenia in a case–control study in Turkey (90).
Enteric fever is most commonly due to Salmonella typhi but also can be caused by
S. paratyphi or Brucella species (91,92). In the United States, the total number of
typhoid fever cases has decreased. A larger proportion (69%) has been imported dur-
ing foreign travel especially from Mexico and India (93). Typhoid fever may also
present with other clinical syndromes requiring ICU admission including ARDS,
lower gastrointestinal bleeding, splenic rupture, and coma (90,92,94,95). Confirma-
tory diagnosis of typhoid fever requires blood culture isolation, which is positive in
approximately 80% of cases or approximately 90% with bone marrow culture
(92,96). Stool and urine cultures are occasionally positive, 37% and 7%, respectively,
but do not constitute definitive evidence of systemic infection. Widespread multidrug-
resistant S. typhi (resistant to ampicillin, chloramphenicol, and trimethoprim-
sulfamethoxazole (TMP-SMX) has been documented in many areas of Asia, Africa,
and the Middle East requiring the use of fluoroquinolones as first line therapy, or alter-
natives such as 3rd-generation cephalosporins or azithromycin (89,92,97,98). Adjunc-
tive therapy with high-dose corticosteroids has been shown to decrease mortality in
severely ill typhoid fever patients with delirium, obtundation, coma, or shock (99).
The majority (95%) of amebic liver abscesses will present within the first two to five
years after leaving the endemic region (88,100,101). Diarrhea is present in less than
half with amebic trophozoites or cysts in <30%. The differential diagnosis must also
include bacterial liver abscess, echinococcal cyst, and hepatoma. Ultrasound and CT
imaging will assist in defining the hepatic lesions, and highly sensitive and specific
serology will often confirm extraintestinal amebiasis (often negative in the first seven
days) (88). Therapy with parenteral metronidazole results in mortality rates of
<1% in uncomplicated liver abscesses (88). However, complicated amebic liver
abscesses with extension into the thoracic cavity, peritoneum, or pericardium have
case fatality rates of 6.2%, 18.4%, and 29.6%, respectively (100).

Dysentery and Severe Gastrointestinal Fluid Losses

Dysentery is characterized by a toxic appearance, fever, lower abdominal pain,
tenesmus, and frequent small volume loose stools containing blood and/or mucus
with large numbers of fecal leukocytes on microscopic exam. Etiologies of dysentery
can be divided into amebic (Entamoeba histolytica) versus bacillary [Shigella spp.
especially S. dysenteriae and S. flexneri, Campylobacter jejuni, nontyphoidal
Salmonella spp., Yersinia enterocolitica, enteroinvasive Escherichia coli, and entero-
hemorrhagic E. coli (EHEC)] (102). Shigellosis is the most common etiology and is
associated with fatality rates as high as 9% in indigenous populations in endemic
regions and 20% during S. dysenteriae epidemics (103). Complications can include
bacteremia, intestinal perforation, dehydration, toxic megacolon, ileus, rectal pro-
lapse, hemolytic uremic syndrome (also well documented with EHEC strains such
as O157:H7), and altered consciousness and seizures. Predictive factors associated
with increased risk of death in shigellosis (age <1 year, diminished serum total pro-
tein, thrombocytopenia, and altered consciousness) reflect the importance of sepsis
in shigellosis-related deaths (104). Diarrhea-related mortality in noninflammatory
diarrhea has been significantly reduced globally with the institution of oral rehydra-
tion therapy. Dysenteric-related deaths have not been significantly reduced and
require antimicrobial therapy and supportive intensive care in addition to appropri-
ate rehydration (102,103,105,106). The majority of noninflammatory diarrhea cases
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in returning travelers present as mild or moderate illness due to bacterial agents
such as Enterotoxigenic E. coli, C. jejuni, and, less commonly, protozoal agents such
as Giardia lamblia. Noninflammatory diarrhea due to cholera may present in a
returning traveler with life-threatening dehydrating illness with profound fluid and
electrolyte deficits (107). Imported Vibrio cholerae is rare in the United States;
however, an appreciation of regional risks of epidemic strains (El Tor in South/
Central America and Africa, non-O1 V. cholerae O139 in Southeast Asia and the
Indian subcontinent) is important (107).

Fulminant Hepatitis

Fulminant hepatitis manifests as severe acute liver failure with jaundice and hepatic
encephalopathy (108). Viral hepatitis accounts for the majority (� 75%) of fulminant
hepatitis and may be either early onset (within first eight weeks) or late onset (8–12
weeks) after jaundice develops (108–111). Hepatitis B accounts for 30% to 60% with
coinfection with delta virus in 30% to 40% that has been demonstrated to increase
disease severity (112). Hepatitis A only accounts for <0.1% of causes of fulminant
hepatitis, although overall hepatitis A represents the most commonly acquired agent
of viral hepatitis (50–60% in most series) (109). Hepatitis C association with fulmi-
nant non-A, non-B hepatitis has been reported in Japan but is very uncommon in
Western countries (113,114). Hepatitis E, a virus transmitted via an enteric route,
has an increased fatality rate in pregnant women (115). Early indicators of a poor
prognosis and the potential need for liver transplantation in viral hepatitis include
age <11 or >40 years, duration of jaundice before onset of encephalopathy >7 days,
serum bilirubin >300 mmol/L, and prothrombin time >50 seconds (116). Early diag-
nosis of acute hepatitis is important given evidence of specific benefit from antiviral
therapies including lamivudine in acute hepatitis B and interferon therapy for hepa-
titis C (117–121). Other less common causes of fulminant hepatitis include Yellow
fever virus and leptospirosis. Yellow fever virus endemic zones are updated on a reg-
ular basis and available (as are cholera and plague endemic zones) through the weekly
centers for disease control and prevention (CDC) publication (the Blue Sheet). A
resurgence in yellow fever in Africa and South America emphasizes the continued
threat from this agent for unvaccinated travelers (122). Severe Yellow fever is fatal
in greater than 50% of cases and continues to be a cause of deaths in returning trave-
lers (123–126). Leptospirosis has widespread distribution and is usually transmitted
to humans through contact with surface water contaminated with urine from infected
animals (127). Travelers returning with leptospirosis typically present with a mild or
moderate illness. The spectrum of disease includes fulminant hepatitis, meningoence-
phalitis, hemorrhagic manifestations, pulmonary manifestations including ARDS,
and renal failure (127–132). Leptospirosis should be considered in most severely ill
returning travelers. A recent randomized controlled trial demonstrated equal effi-
cacy of seven-day intravenous therapy with ceftriaxone (1 g daily) and penicillin G
(1.5 million U every six hours) in severe leptospirosis (133). However, case fatality
was 5.8% with 10% requiring dialysis and 22% experiencing respiratory failure.

Fever with Eosinophilia

Eosinophilia in the returning traveler is not uncommon and requires an initial assess-
ment of the absolute eosinophil count (eosinophilia >450/mm3), consideration if
travel related (i.e., check pretravel differential white blood cell counts) and the most
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likely parasite based on travel destination, duration of stay, and exposure history (134).
Critically important is a determination of whether the eosinophilia is related to the
patient’s current symptoms because most causes of eosinophilia in travelers result in
either asymptomatic or mild disease, although the predictive value of peripheral eosi-
nophilia has limitations (135). A tenet of tropical infectious diseases is that patients
may present with multiple infections; an acutely ill traveler with moderate eosinophi-
lia may have malaria as the cause of the symptoms and asymptomatic hookworm
infection as the etiology of the eosinophilia. Infectious etiologies of fever and
eosinophilia that may present with potentially life-threatening illnesses include acute
schistosomiasis (acute serum sickness-like disease termed Katayama fever or acute
neurologic sequelae of myelitis or encephalitis), visceral larva migrans, tropical pul-
monary eosinophilia, acute fascioliasis, and acute trichinosis (134). Schistosomiasis is
the most common of these infections with reported high infection rates (mean 77%) in
groups of travelers exposed to fresh water in endemic regions occasionally resulting
in severe acute infection approximately four to eight weeks postexposure (136–138).
Definitive diagnosis of schistosomiasis requires identification of the ova in stool,
urine, or tissue specimens. The acute hypersensitivity syndromes of schistosomiasis
occurring prior to ova deposition or ectopic distribution of the schistosome ova (such
as in the CNS) necessitate the use of sensitive serologic methods for diagnosis (139).
Specific therapy with praziquantel is highly efficacious in the low worm density infec-
tions seen in travelers (139). The acute hypersensitivity syndromes often require
adjunctive corticosteroid therapy.

Toxic Appearance and Fever

Patients with a toxic appearance with fever often present difficult diagnostic dilem-
mas. As has already been discussed, malaria must be ruled out. Other potential
diagnoses already discussed such as typhoid fever, early shigellosis, leptospirosis,
and anicteric hepatitis remain in the differential diagnosis. This group of conditions
can be further subdivided into the presence or absence of a rash. The presence of a
hemorrhagic rash is somewhat helpful in narrowing the differential to arboviral,
rickettsial, and meningococcal etiologies, but even this is not completely reliable.
Maculopapular rashes can be either the common exanthem of that illness (i.e., mea-
sles) or an earlier stage in an evolving exanthem (i.e., rickettsial or meningococcal
disease). Rickettsial diseases are usually in the differential for critically ill patients
with fever and rash. There has been increasing recognition of rickettsial infections as
etiologies of serious travel-associated infections (140,141). The majority of imported
rickettsial disease in travelers is due to Rickettsia africae, the spotted fever group agent
of African tick bite fever, and less commonly, R. conorii, the spotted fever group
agent of boutonneuse fever, both which typically present as mild and self-limited
illnesses (140,142–145). Scrub typhus has reported case fatality rates in indigenous
populations of 15% and rarely has caused life-threatening disease in returning trave-
lers (146). These reports highlight the importance of including rickettsial agents in
the differential diagnosis and consideration of empiric therapy with doxycycline.
Rapid responses to doxycycline therapy within 24 hours support the diagnosis,
and the lack of response should prompt alternative diagnoses. Sexually transmitted
diseases such as secondary syphilis, disseminated gonococcal infection, or acute
retroviral syndrome may rarely present in this manner and need consideration.
Measles has significant morbidity with the most common complication, pneu-
monitis, resulting in mortality rates of 2% to 15% in children and <1% in adults
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(147,148). A study of hospitalized adults with complications of typical measles
revealed pneumonitis rates of approximately 50% with respiratory failure and
mechanical ventilation in 18% (149).

Dengue fever is, by far, the most common arboviral etiology of nonspecific
febrile illness in returning travelers (122,150,151). Global estimates of 150 million
cases of classic dengue fever and 250,000 cases of dengue hemorrhagic fever/dengue
shock syndrome (DHF/DSS), continued regional spread in the Western hemi-
sphere, and the urban peridomestic transmission from infected Aedes aegypti (also
A. albopictus) mosquito vectors make dengue fever a prominent consideration in
returning travelers with fever (152). As with other arboviral etiologic agents of viral
hemorrhagic fever (VHF), illness onset with an elapsed time exceeding three
weeks (two weeks with dengue) from the potential exposure effectively rules out
these agents (153). Dengue fever may be caused by any one of the four serotypes with
the relative risk of severe disease (DHF/DSS) 100-fold higher during the second
dengue infection then with the first (152). Dengue fever rarely presents with life-
threatening infection in U.S. travelers probably due to the lack of prior dengue
infections. In West Africa, Lassa fever is endemic, causing 100,000 to 300,000
human infections and approximately 5000 deaths each year (154). Other than in
regions where it is endemic, Lassa fever is encountered rarely. To date, approxima-
tely 20 cases of imported Lassa fever have been reported worldwide with one death
in the United States in 2004 after travel to West Africa (154). Etiologies of VHF that
have been known to cause person-to-person transmission (Lassa virus, Ebola virus,
Marburg virus, and Crimean-Congo hemorrhagic fever virus) are particularly
important because specific recommendations are available for patient management
and proper containment of these potentially deadly viruses (153,155,156). VHF is
characterized by fever, nonspecific symptoms (i.e., pharyngitis, myalgias, respiratory
symptoms, headache, and malaise), and in severe cases, shock and hemorrhagic
manifestations (153,155–158). These viruses have distinct geographic distributions,
variable case fatality rates, and potential therapeutic options as detailed in Table 3.
Nosocomial transmission has been documented for each of these agents and is pri-
marily transmitted through direct contact or aerosolization of blood or body fluids

Table 3 Viral Hemorrhagic Fever Etiologies Associated with Nosocomial Spread

Virus Geographic region Case fatality rate (%) Therapeutic options

Lassa West Africa 1–2 Ribavirin (efficacy
in
clinical trial)a

Ebola Zaire, Sudan 65–88 Supportive care
Marburg East and Central

Africa
23 Supportive care

CCHF Eastern Europe,
Eastern
Mediterranean,
Asia, and Africa

15–70 Ribavirin (in vitro
evidence/no
controlled trial)

aRibavirin dosing regimen—30 mg/kg loading dose IV (max 2 g) then 16 mg/kg (max 1 g/dose) q6h�
4 day, then 8 mg/kg (max 500 mg) q8h� 6 day; ribavirin prophylaxis in close contacts—(unproven regi-

men) 5 mg/kg TID� 2–3 wks.

Abbreviation: CCHF, Congo Crimean hemorrhagic fever.
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from often terminally ill infected patients (153,159). Table 4 summarizes the general
concepts from the CDC in properly managing a suspected VHF patient. Recent
interim CDC guidance provides updates on VHF transmission and infection control
precautions with specific focus on patient care practices, environmental procedures,
reporting, specimen handling, human remains handling, and postexposure management
(http://www.cdc.gov/ncidod/hip/Blood/VHFinterimGuidance05_19_05.pdf). Con-
sideration should also be given to postexposure prophylaxis based on the infectious
agent such as ribavirin in imported Lassa fever cases (157). In the event this situation
were to arise, the medical personnel must obtain the CDC references in the Morbidity
and Mortality Weekly Report in order to have all specific guidelines.
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INTRODUCTION

In a previous chapter written on this topic (1), the authors spent the great majority of
the text discussing the variety of infectious diseases as causes for the HIV-infected
individual to require intensive care. Written at the beginning of the highly active
anti-retroviral therapy (HAART) combination drug era, it could not yet reflect
the changes in HIV/AIDS care that would soon result. The commonly used anti-
retroviral agents are listed in Table 1 (2). This therapy by ‘‘slowing and then stopping
the virus train’’ (Table 2) resulted in suppression of viral replication and at least
partial immune reconstitution in many individuals. The sum and substance of this
therapy was to dramatically decrease the mortality of individuals with HIV/AIDS
primarily by the prevention of the great host of opportunistic infections from pro-
found defects in cellular immune function.

Recent reviews of the utilization of intensive care units (3,4) have not clearly
shown a diminution in ICU admissions, but rather a switch from admissions related
to opportunistic infections to illnesses either totally unrelated to HIV disease and/or
ones linked to antiretroviral therapy.

Because of these dramatic changes, the issue of this chapter has rotated 180�

from that time period where opportunistic infections such as pneumocystosis, cryp-
tococcal meningitis, cerebral toxoplasmosis, and a variety of disseminated bacterial,
viral, fungal, and protozoal infections took central stage. Instead, much of the poten-
tially life-threatening issues related to the HIV now revolve around complications of
this life-saving antiretroviral treatment, although not anywhere close to the same
degree. Although a great majority of the treatment-limiting toxicities associated
with the nucleoside analog reverse transcriptase inhibitors (NRTIs) is not in itself life
threatening (5), serious potentially fatal drug reactions such as lactic acidosis, hepa-
tic necrosis, neuromuscular weakness, and hypersensitivity reactions do occur. This
chapter reflects these changes and concentrates on these intensive care–requiring
adverse events. It is vital to understand that despite these uncommon adverse effects
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of therapy, antiretroviral treatment has metamorphosized a rapidly fatal disease into
a chronic condition with long-term survivals.

HAART ATTACKS

Mitochondrial Toxicity

Mechanisms of Injury

Mitochondrial dysfunction caused by a nucleoside analog NRTI was first described
in 1988 in individuals being treated with high-dose zidovudine (6). Initial investiga-
tions led to the postulate that NRTIs inhibited the activity of mitochondrial DNA

Table 1 Commonly Used Antiretroviral Agentsa

Drug Also referred to as Usual dosing

Nucleoside RTIsb

Zidovudine AZT, Retrovir 300 mg twice daily
Lamivudine 3TC, Epivir 150 mg twice daily
Stavudine D4T, Zerit 40 mg twice daily
Didanosine DDI, Videx 200 mg twice daily
Abacavir Ziagen 300 mg twice daily
Tenofovir Viread 300 mg once daily
Emtricitabine FTC, Emtriva 200 mg once daily
Non-nucleoside RTIs
Efavirenz Sustiva 600 mg at bedtime
Nevirapine Viramune 200 mg twice daily After

once daily� 2 weeksProtease Inhibitorsc

Amprenavir Agenerase 1200 mg twice daily
Atazanavir Reyataz 400 mg once daily
Ritonavir Norvir 100 mg once or twice daily
Indinavir Crixivan 800 mg three times daily
Lopinavir Kaletra Two tablets twice daily
Nelfinavir Viracept 1250 mg twice daily
Tipranavir Aptivus 500 mg twice daily

aDose adjustment of some drugs, particularly the nucleoside analog reverse transcriptase inhibitors

(NRTIS), are required in renal insufficiency situations.
bSeveral fixed combinations of NRTIs are available to decrease pill burden including Combivir (Zidovudine/

Lamivudine), Truvada (Tenofovir/ Emtricitabine), and Trizivir (Zidovudine/Lamivudine/Abacavir).
cLengthening the half-life of many of the protease inhibitors can be accomplished by the use of ritonavir.

Lopinavir comes as a fixed combination with ritonavir, the others require the second drug separately.

Abbreviations: RTIs, reverse transcriptase inhibitors. AZT, azidothynidine; 3TC, 20-deoxy-30-thiacytidine;

D4T, 20,30-didehydro-30-deoxy thynidine; DDI, 20,30-dideoxyinosine; FTC, 50-fluoro-1-(DP.55)-2-(hydro-

xyethyl)-1,3-oxathiolan-5-cytosine

Table 2 The Allegory of the Train: HIV Therapy

HIV infection can be considered to be a train heading uphill towards a deep ravine
When it crashes into the ravine, intensive care with major morbidity and mortality results
The speed of the train is the HIV RNA level
The distance between the train and the ravine is the CD4 cell count
Antiretroviral therapy can stop the train (virological response)
When it stops, as it is heading uphill, the train starts to roll backwards (immunological response)
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(mtDNA) polymerase–gamma, which produced a depletion in levels of mtDNA and
subsequent drop in mitochondrial RNA and protein levels (7). Indeed the enzyme
appears to be much more preferentially inhibited by NRTIs as compared to the other
cellular DNA polymerase accounting for this more specific effect on cellular DNA
synthesis. The evaluation of different NRTIs has revealed varying degrees of effect
on DNA polymerase–gamma with zalcitabine, didanosine, and stavudine being
the most potent and much more effective than lamuvidine, which is more inhibitory
than tenofovir and zidovudine, and abacavir being the least inhibitory (8).

The mitochondrion, a cellular organelle, has the function of producing ATP, the
major source of cellular energy. There are 100 to 1000 mitochondria per cell, and
mtDNA is a 16.5 kilobase circular DNA encoding for 13 proteins involved in oxida-
tive phosphorylation to produce ATP as well as ribosomal and transfer RNAs (9). As
noted by Dagan et al. (10), the various manifestations of NRTI mitochondrial toxicity
appear to be remarkably similar to a number of recognized mitochondrial diseases of
genetic origin (Table 3).

The inhibition of DNA polymerase–gamma appears not the only effect on
mitochondrial function. Other effects, as reviewed by Gerschenson and Brinkman (8),
include increased oxidative stress, effects on the mitochondrial uncoupling pro-
tein, increased cytokine production, and promotion of programmed mitochondrial
death (apoptosis). Notably, as well, is the effect that HIV itself has on mito-
chondrial apoptosis (11). The HIV-specific proteins that have been reported to be
involved in mitochondrial apoptosis include the HIV gp120 envelope protein, the solu-
ble HIV viral protein R (Vpr), the regulatory Tat protein, and HIV-transactivating
region RNA.

Cell culture models have been developed to study NRTI-related mitochondrial
dysfunction. As reviewed by Hoschele (12), the use of cell lines such as those of
T-lymphoblastoid, neuronal, hepatic, and myocyte derivation may be quite useful
in screening newer antiretroviral agents.

Lactic Acidosis

The spectrum of increased serum lactic acid is one of the most prominent adverse
events related to antiretroviral therapy, having its basis in mitochondrial toxicity.
In 1991, Lai et al. described a case of severe lactic acidosis associated with fatty liver
and fulminant liver failure that occurred in an individual treated with didanosine (13).
Subsequently, in association with a number of the NRTI drugs, elevated lactic acid

Table 3 Some Genetic Diseases of Mitochondrial Function

Disease Alper’s Syndrome
Genetic mutation DNA polymerase–gamma deficiency
Symptoms Liver failure, lactic acidosis, ataxia, hypotonia, myopathy

Disease Leigh disease
Genetic mutation Point mutations primarily in ATPase6 gene in mtDNA
Symptoms Lactic acidosis, hypotonia, cardiomyopathy, early death

Disease MELAS
Genetic mutation Point mutations in mtDNA coding for transfer RNA
Symptoms Myopathy, lactic acidosis, cardiomyopathy, diabetes

Abbreviation: MELAS, mitochondrial encephalopathy, lactic acidosis, stroke-like symptoms.

Source: From Ref. 10.
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levels and hepatotoxicity have been described with additional features that might
include lipoatrophy, pancreatitis, peripheral neuropathy, and myopathy (skeletal
or cardiac) (14,15).

The hyperlactatemia syndrome is now recognized to occur in several forms
from a subclinical frequent entity to symptomatic disease ranging from a mild-
to-moderate form with a good prognosis to one with substantial mortality.

The subclinical form is less specifically linked to NRTI use. It is found, in one
study, to occur in 8.7% of people taking antiretroviral therapy and 2% of therapy-
naive HIV-infected individuals (16). The range in reviews is generally from 8% to
18% of treated individuals (14). This entity, which is associated with serum lactate
levels between 2.1 and 5.0 mmol/L, normal arterial pH, normal liver function
abnormalities, and no extrahepatic manifestations, is often transient and poorly pre-
dictive of more serious consequences. Only 5% of these asymptomatic patients were
found to subsequently require treatment for either symptoms or a more elevated lac-
tate level (>5 mmol/L) (16).

In some patients, mildly elevated lactic acid levels can be associated with symp-
toms including nausea, vomiting, abdominal pain, and fatigue. Antecedent weight
loss may also be seen. Usually associated with NRTI use, especially stavudine or
didanosine, this entity has lactate levels usually less than 5 mmol/L without acidosis
Incidence rates of this disorder are 8 to 14 cases/1000 treated patient years (14).
Most of these individuals respond promptly to discontinuance of the particular
NRTI(s), substituting an NRTI with less potential towards mitochondrial injury
such as lamivudine, tenofovir, or abacavir or using other non-NRTI drugs. John
and Mallal (17) have reviewed whether this entity is distinct by itself, or whether
it will progress to overt lactic acidosis if no interventions are done.

The overt lactic acidosis syndrome (LAS) is also strongly linked to NRTI ther-
apy especially stavudine and/or didanosine and presents with the same constellation
of symptoms with, in addition, hepatic aminotransferase elevations and in some
cases liver failure. The incidence of this ICU care–requiring disorder is between
1 and 4 cases per 1000 patient treatment years.

In addition to the liver, involvement of other organs in LAS such as the lung,
pancreas, and/or kidney is also common. Here the lactate levels are higher, as high
as 70 mmol/L, median about 15 (15), and acidosis is present with low arterial pH
and decreased serum bicarbonate. Female gender, pregnancy, and a higher body
mass appear to be cofactors (18). In this disorder, it has been observed that there
is a poor correlation between the degree of liver injury and the height of aminotrans-
ferase elevations (17). Importantly, promptly stopping the NRTI medication(s) here
does not assure resolution. Case fatality rates of overt NRTI-associated lactic acido-
sis are over 50% with multiorgan (including the liver) and cardiovascular collapse
intervening. A straight-line association has been reported between serum lactate
levels and mortality rate (18).

In LAS, after the culprit NRTI has been discontinued, close monitoring of the
acid–base status and cardiovascular status is needed. It is generally recommended (2)
that intravenous fluids are administered to serve to assist in liver and kidney clearance
of lactate and for cardiovascular support. In severe cases, hemodialysis or hemofiltra-
tion, or mechanical ventilation, may be necessary. Intravenous sodium bicarbonate
infusions have been utilized as well, although LAS cases associated with encephalopathy
or coma may trigger or compound a respiratory acidosis (14,17).

The administration of ‘‘specific’’ treatment for NRTI-associated lactic acidosis
has been suggested and utilized in an effort to bolster cellular oxidative phosphorylation
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to produce more ATP. A variety of cellular cofactors in the biochemical energy
pathways has been used as treatment modalities in LAS. These include riboflavin,
thiamine, l-carnitine, and coenzyme Q, and the treatments have been associated with
anecdotal success. No controlled trial, however, has established the efficacy of any of
these treatments nor has the dosage schedule been well defined.

In survivors, after interruption of the lactic acidosis, it may take a number of
weeks for the lactate levels to totally normalize (14). It is probably best to reinstitute
a HAART regimen not containing potentially offending RTIs, although recurrences
appear to be low when low-risk RTIs, such as tenofovir, lamivudine, or abacavir, are
utilized. Caution should be used upon reinstitution of RTI therapy with frequent
monitoring.

It remains unclear if serum lactate screening is a useful tool in preventing LAS
as the positive predictive value is quite low (16).

HIV-Associated Ascending Neuromuscular Weakness

Related to the more classically recognized LAS associated with NRTI therapy is a
rapidly progressive neuromuscular weakness syndrome. First reported in 1999 (19),
the affected individuals manifest impressive, ascending muscle weakness, which can
develop over a period of days to weeks. Presenting similarly to the Guillan–Barre
syndrome, this antiretroviral therapy–related complication can progress to overt
respiratory muscle paralysis and death.

As defined by the HIV Neuromuscular Syndrome Study Group (20), the cri-
teria used in the diagnosis are fourfold:

1. The onset of new extremity weakness with a neuromuscular cause in a
patient infected with HIV;

2. The disease may or may not involve sensory nerves;
3. The disease may be acute (less than two weeks) or subacute (greater than

two weeks); and
4. The process involves both the lower and the upper extremities or just the

lower extremities.

The classifications as possible, probable, and definite are shown in Table 4.
In Simpson et al.’s review of this entity (20), 69 individuals were identified with

an approximately equal gender mix and classification as definite, probable, or possi-
ble in 27, 19, and 23 individuals, respectively. The similar number of men and women

Table 4 Classification of HIV-Associated Neuromuscular Weakness Syndrome

Possible:
Progessive weakness suggestive of muscle or nerve disease and

other causes of weakness present or
no documentation of medical evaluation to exclude these confounding conditions

Probable:
Appropriate clinical features of neuromuscular weakness and

documented medical and/or neurological examinations to exclude other causes of weakness
Definite:
Features of probable HANWS and Electrophysiological and/or pathological confirmation

of the typical pathology

Abbreviation: HANWS, HIV-associated ascending neuromuscular weakness.

Source: From Ref. 20.
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reflect an increased risk of these mitochondrial diseases among women. The groups
did not have any significant differences in considering age, HIV infection parameters
(HIV RNA levels, CD4 cell count), or measurement of severity of acidosis (pH, lac-
tate, and bicarbonate concentrations in the blood).

Not unexpectedly, in addition to the neuromuscular symptomatology, systemic
manifestations of hyperlactatemia were found in many but not in all of the group.
Specifically, nausea, vomiting, and abdominal pain were reported in 56% of the 69
patient cohort. Of these, two-thirds had documented elevated levels of venous lactate.
The antiretroviral agent used most often at the time of presentation of HANWS was
stavudine, which was on board in 89% of the definite cases and 88% of all cases.

Based on the definition of this syndrome, all individuals had some degree of
extremity weakness. In the available data, it was shown that the weakness was acute
in 14 of 22 definite assessable cases for this variable and subacute in 8 cases. The
subacute cases had a range from 17 to 60 days. In the overall cohort, however,
the progression of disease was from 1 to 200 days. Other findings associated with
HANWS in this series included the bulbar manifestations of eye muscle plegias,
facial nerve palsy, dysarthria, and dysphagia. Additionally, a total of 32% of the
cohort reported some degree of sensory nerve involvement, which was numbness,
paresthesias, and/or dysesthesias. Neuromuscular studies in definite cases revealed
primarily a sensorimotor polyneuropathy usually axonal in most, but pure myopa-
thy and mixed neuropathy/myopathy were also found.

Histological analysis, done in some cases, included nerve and muscle biopsies.
Six of the nine nerves biopsies revealed axonal degeneration or demyelination,
whereas the other three manifested some degree of inflammation. Muscle biopsy
found muscle fiber atrophy with or without inflammation in some cases. Importantly,
evidence of dysfunction of the muscle mitochondria was found. These pathological
and/or biochemical manifestations of the mitochondrial toxicity include ragged red
fibers, poorly defined mitochondria with dense irregular granules and disorganized
cristae, and drops of 60% or more in the amount of mtDNA isolated, and the activ-
ities of the mitochondrial respiratory chain enzymes decreased (20).

The relationship of the disease to antiretroviral therapy is quite variable. It is
important to note that the symptoms can occur after therapy was discontinued as
occurred in 25 patients in this cohort, whereas only four of those with evidence
of lactic acidosis had the therapeutic regimen discontinued prior to the onset of
compatible symptoms. In those with information regarding follow-up, 36% had
evidence of improvement (from mild improvement to total resolution) in the neuro-
logical status over a median time of almost four months. The National Institutes of
Health guide (2) states that any recovery that occurs may take months. Residuae,
however, was more the rule, usually manifest as severe extremity paresis. Of the
group as a whole (20), 16% developed enough muscle weakness to necessitate
respiratory support and 16% died. Of those with a fatal outcome, six had
elevated lactate levels and two were in the definite HIV-associated ascending neuro-
muscular weakness (HANWS) group. It is not clear if any medicinal therapeutic
intervention such as those described for the treatment of the lactic acid syndrome
had any positive effect but, of note, the use of corticosteroids seemed to correlate
with increased mortality. Rechallenge of the patient with the offending agent,
as with the LAS, is not recommended.

Simpson et al. (20) have discussed the observation that there was often a delay
from the discontinuation of antiretroviral therapy to the development of neurologi-
cal disease. This discontinuation was often because of the recognition of lactic
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acidemia, so that it is important to watch for neurological disease even after the
systemic symptoms of lactic acidemia lessen or even resolve.

To be complete, it should be noted that a number of other and comparatively
less severe neuromuscular syndromes associated with mitochondrial toxicity are
described in HIV/AIDS (21). These include antiretroviral-associated distal sym-
metric polyneuropathy and a proximal muscle myopathy. Although both entities
can be associated with HIV infection itself, several of the antiretroviral nucleoside
RTIs have been linked, including stavudine and didanosine in the neuropathy and
zidovudine and stavudine in the myopathy.

Hepatic Necrosis

In a 2006 report on suspected drug-induced liver fatalities reported to a World
Health Organization database (22), four antiretroviral agents were listed among
the top 10 drugs associated with acute hepatic deaths. Stavudine and didanosine
were listed as a likely part of their association with the LAS discussed previously,
and lamivudine was listed in its role as a therapeutic agent for HIV and/or hepatitis
B and the role it may play in exacerbation of hepatitis B virus infections when the
drug is stopped in HIV or hepatitis B therapy. Nevirapine, however, a non-nucleo-
side analog RTI has also been associated with a risk of acute hepatic necrosis inde-
pendent of the effects associated with the above nucleoside RTIs.

It has been observed that severe, life threatening, and fatal incidence of hepa-
totoxicity have been described in HIV-infected individuals treated with nevirapine as
part of a therapeutic regimen (23–25). Overall, the risk of any hepatic event, regard-
less of the severity, is highest in the first six weeks of nevirapine therapy but remains
higher as compared to controls through the first 18 weeks of treatment. Close mon-
itoring of patients for clinical symptoms and abnormal aminotransferases should
occur during this time period. As with the cutaneous reactions seen with nevirapine,
to minimize the risk nevirapine dosing is begun as a 200 mg/day lead-in for 14 days
prior to full 200 mg twice daily. As compared to non-nevirapine–containing regi-
mens, nevirapine is associated with an 8% rate of elevated serum aminotransferase
alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels of
greater than fivefold above normals (6.2% in controls), with symptomatic liver events
observed in about 4.0% (1.2% of controls).

Symptomatic liver inflammation occurs particularly in certain cohorts. Symp-
toms include nausea, vomiting, muscle aches, fatigue, and abdominal pain. About
half of the episodes are associated with rash (2). These include individuals with ele-
vated pretreatment levels of aminotransferases, with co-existing hepatitis B and/or C
virus infection, and women and those in whom pretreatment CD4 cell count is
higher. In addition to a cofactor for the production of liver cell damage, hepatitis
C appears to predispose to higher nevirapine plasma levels (over 6 mg/mL). The
combination of chronic hepatitis C and these higher nevirapine levels was associated
with much higher risks of hepatic toxicity (26).

Females have an almost threefold higher incidence of symptomatic liver disease
than men in the first six weeks of therapy. In combining gender and CD4 cell count
variables (27), 11% of women with a CD4 cell counts above 250/cmm at time of
initiation of therapy had symptomatic hepatic events as compared to 0.9% in those
with CD4 cell counts below this amount. In men, 6.3% developed symptomatic liver
disease when pretreatment CD4 count was over 400 as compared to 2.3% when the
count was below that number. Because of these observations, nevirapine should be
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avoided in female patients whose CD4 cell count is above 250. When nevirapine is
used together with a protease inhibitor (PI) as part of antiretroviral therapy, an
increased risk of hepatotoxicity may also occur (28). Although pregnancy has also
been considered to be a risk factor for hepatic disease from nevirapine, a Brazilian retro-
spective study of the use of nevirapine during pregnancy (29) in 197 women found no
serious liver toxicity.

Most of the life-threatening, intensive care–requiring toxicities of antiretroviral
therapy occur only in those receiving the medication for a therapeutic reason and
not for postexposure prophylaxis (PEP). Serious hepatic as well as other toxic effects
of nevirapine, however, have been also reported in individuals taking the drug as
part of PEP. In 2001, the CDC (30) reported two cases of severe hepatic disease in
health care workers taking nevirapine as part of PEP with one leading to liver trans-
plantation. The report also reviewed 20 other reports of severe PEP-related nevira-
pine toxicity, of which 14 involved the liver.

In the presence of hepatotoxicity, antiretroviral therapy including nevirapine
should be discontinued as well as stopping all other hepatotoxic agents if possible.
Care must be taken regarding stopping lamivudine and tenofovir in those who are
chronically infected with hepatitis B virus. Patients should not be rechallenged with
nevirapine (2). It should be noted that hepatic injury can progress even after the
nevirapine has been discontinued.

Despite the potential for serious liver disease (as well as serious cutaneous
disease discussed below), a number of reasons remain why this agent remains an
important part of HAART in many HIV-infected individuals world wide. These reasons
include (31):

1. The drug is chemically stable in environmental conditions, whereas other
antiretrovirals are not;

2. Symptomatic liver disease has not been reported in HIV-infected children,
and nevirapine is available in a liquid formulation, whereas many other
antiretrovirals are not; and

3. With lower rates of nevirapine liver toxicities in patients with lower CD4
cell counts, resource-poor countries starting patients at lower CD4 cell
levels are likely to see less hepatotoxicity.

Abacavir Hypersensitivity Reaction

The antiretroviral NRTI abacavir has been relatively free of mitochondrial dysfunc-
tion and liver necrosis. Even before release, during Phase II dose-ranging clinical
trials, the medication was found to be associated with an idiosyncratic reaction
characterized by a relatively insidious onset of a mélange of potential symptoms
including fever, gastrointestinal manifestations (nausea, vomiting, and abdominal
pain), respiratory symptoms (cough and shortness of breath), and exanthem. These
nonspecific symptoms resolved on discontinuation of the abacavir but returned in
hours if the drug was reintroduced. The incidence of the reaction, based on 1302
cases in 30,595 individuals who were enrolled in prerelease clinical trials and
expanded access programs was found to be 4.3% (32). A frequency of up to 9%
has been reported in clinical trials (2).

Two reviews have summarized the manifestations of this drug complication
(32,33). The onset of abacavir hypersensitivity reaction (ASHR) generally occurs with
six weeks of initiation of abacavir, with a median time of 11 days; 5.2%, however,
began more than three months after abacavir initiation. The symptoms, being
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nondiagnostic by themselves, can be highly suggestive when occurring together, espe-
cially without another etiology being found and the characteristic observation that the
symptoms became worse with each consecutive dose of abacavir being administered
(33). A list of potential symptom complex reactions in descending order of frequency
is shown in Table 5. The risk of ASHR does not appear to relate to age, gender, history
of allergy or atopy, or the type of concomitant antiretroviral therapy. It has been
suggested that a higher incidence of more severe ASHR may occur when the drug is
administered as 600 mg once daily as compared to 300 mg twice daily (2).

Fever is clearly the most common manifestation of ASHR, although chills are
uncommon (11%). The second most common symptom is rash, usually nonpruritic
and generally described as maculopapular or urticarial and usually thought to be
mild or moderate in severity. Vesicles or bullae (see below) are usually not seen. It
is important to note (33) that rash is not usually the first symptom to occur and is
most often an incidental observation on exam and not the reason for coming to a
health care deliverer. It also should be noted, in this regard, that a nonspecific rash
may occur in as many as 10% of patients treated with this NRTI and as an isolated
finding, if mild, does not necessitate discontinuance of the drug.

Gastrointestinal complaints are more common than respiratory ones, but the
combination of fever, respiratory symptoms, and muscle aches produces a syndrome
reminiscent of influenza. Most chest radiograms are unremarkable. Despite being
referred to as a hypersensitivity reaction and one that may be associated with an
urticarial rash, evidence of bronchospasm is quite unusual (less than 1%) (33). Occa-
sional biochemical abnormalities are seen, each in 10% of cases, which resolve with
discontinuation of the drug. These abnormalities include elevated ALT, AST, creati-
nine, and creatine phosphokinase, as well as leucopenia and/or thrombocytopenia.

In addition to the observation that symptoms worsen with each successive dose
of the drug, it is the constellation of symptoms occurring that most strongly lends
the diagnosis its credence. For example (33), 50% of cases involved symptoms in
three or four organ systems (fever, cutaneous, gastrointestinal, and respiratory)

Table 5 Frequency of Symptoms Reported in Cases of
Abacavir Hypersensitivity Reaction

Symptom Percentage of cases

Fever 78
Rash 66
Malaise or fatigue 46
Nausea and/or vomiting 46
Muscle or joint pain 27
Headache 23
Diarrhea 22
Itching 19
Abdominal pain 13
Shortness of breath 12
Cough 10
Edema 8
Low blood pressure 7
Sore throat 6
Influenza-like illness 6

Source: From Ref. 32.
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and the diagnosis should be highly considered when fever, malaise, nausea, and
vomiting is combined with an exanthem.

If ASHR is believed to be manifest, the appropriate response should be stop-
ping the medication. The use of symptomatic therapy should be avoided and could
make the resolution of symptoms upon stopping the abacavir harder to assess.
Furthermore, the health care deliverer should emphasize to the affected patient that
any unused abacavir prescription should be returned to the clinician or pharmacy for
disposal to avoid accidental restarting. A warning card or medical alert bracelet
should be given to the patient. It is this rechallenge, although confirming the diagno-
sis of ASHR, that can lead to substantial morbidity and mortality.

Overall, the signs and symptomatology of a rechallenge with abacavir after discon-
tinuance for ASHR are not unlike the initial episode but with more severity. Rechallenge
manifestations, however, more likely result in hypotension, tachycardia, azotemia, and
lethargy, and in the absence of aggressive intensive care unit interventions, may result
in death. The reaction, although not IgE mediated, can mimic anaphylaxis (2). In the
Hetherington et al.’s report (32), 19 deaths related to abacavir use were reported with
an overall death rate of 3 per 10,000 treatment courses. Despite issues with rechallenge,
only 6 of the 19 deaths occurred following this event and in the five cases where the
information was available, symptoms recurred within 24 hours and as quickly as 10 min-
utes or less. The other 13 deaths occurred during the initial reaction but some, perhaps
much, of the mortality was contributed by fatal co-morbidities. Hetherington et al.
(32) also noted that 11 of the 19 deaths occurred in a situation where respiratory symp-
toms were part of the initial ASHR. The risk of symptoms occurring after rechallenge
when the abacavir was discontinued for reasons other than ASHR is quite low (34).

In investigations of the histocompatibility loci, Mallal et al. (35) and
Hetherington et al. (36) both found a strong association between abacavir hypersen-
sitivity in Caucasians (not dark-skinned patients) and the HLA-B-5701 allele. The
combination of human leukocyte antigen (HLA)-B-5701 and polymorphism in heat
shock protein-Hom (HSP1AL) has greater predictive accuracy than HLA B-5701 by
itself (37). This association has been confirmed by other groups. The mechanism
involved in ASHR has not been well characterized. In one study, King et al. (38)
found a significant association between interleukin-4 production and the idiosyn-
cratic reaction. Evidence of functional activation of T cells was also observed in
ASHR patients as compared to control cells as manifested by expression of CD28
and the chemokine macrophage inflammatory protein 1-beta.

Stevens–Johnson Syndrome/Toxic Epidermal Necrosis

Stevens–Johnson syndrome (SJS) and toxic epidermal necrosis (TEN) are variants of
the same process, presenting as severe mucosal erosions with widespread erythema-
tous, cutaneous macules, or atypical targets. Disease is usually accompanied by fever,
erosive oral lesions, conjunctivitis, facial edema, and muscle/joint pains. The skin
lesions often become confluent and show a positive Nikolsky sign (superficial layers
of skin slipping free from the lower layers with slight pressure). In SJS, the area of
epidermal detachment involves less than 10% of the total body skin area; transitional
SJS-TEN is defined by an epidermal detachment between 10% and 30%; TEN is
defined by a detachment greater than 30%. Full-thickness epidermal necrosis
is observed on pathological examination. The incidence of TEN is estimated to be
1 to 1.4 cases per million inhabitants per year. The incidence of SJS is probably of
the same order (one to three cases per million inhabitants per year).
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SJS–TEN is essentially drug-induced. A few cases are related to infective agents
(such as Mycoplasma pneumoniae), and a few other cases remain unexplained. The
most common medications associated with SJS–TEN are the antibacterial sulfonamides
(related to HIV care as trimethoprim/sulfamethoxazole (SXT) used for pneumocystosis
treatment or with primary or secondary prevention), anticonvulsant agents, some
nonsteroidal anti-inflammatory drugs, and allopurinol. Prior to the introduction of
nevirapine, SXT was the medication most associated with SJS–TEN in the Western
world (39), whereas thiacetazone (an antituberculosis medication) was most asso-
ciated with this disease in Africa (40). HIV infection dramatically increases the risk
especially when the antiretroviral drug, nevirapine, is used. These ICU-requiring ill-
nesses have been reported to occur in about 3 per 1000 HIV-infected patients treated
with nevirapine (42), and the risk of severe reactions may be higher in women.

In one European multicenter study where SJS–TEN was actively detected (41),
246 cases of the disease were reported. Of these, 18 (7.3%) were infected with HIV and
exposure to nevirapine was present in 15 (83%) of the HIV-infected cohort and all but
one of these had received other components of HAART. In this group of 15, the cuta-
neous reaction began from 10 to 240 days after nevirapine was begun (median 12
days). Importantly, 10 of the 15 were still taking the once daily lead-in dose when
the reaction began, which is said to decrease the risk of this serious reaction (42).
Conflicting data exist on the use of corticosteroids to prevent the rash during the
lead-in period, but it does not appear to do so and may increase the risk. Likewise,
antihistamines do not appear to be effective in preventing the nevaripine rash. A
longer lead-in period may decrease the risk of STS–TEN, as suggested by Anton
et al. (43) where 100 mg daily doses were increased 100 mg weekly to reach the
400 mg/day dose.

That SJS–TEN is a life-threatening illness is reflected by a mortality rate of
23% in this study overall, with 2 of 18 deaths in the HIV cohort. Management
revolves around permanent discontinuation of the nevirapine if a rash is severe, if
it is combined with constitutional symptoms, and if it is associated with elevated
serum aminotransferases. Mild rashes are common with nevirapine, as an isolated
finding, and do not by themselves require discontinuation of the medication. Liver
disease may be a confounding variable, as decreased clearance of nevirapine is linked
to longer serum half-life of the drug. Corticosteroid use is controversial (2) but gen-
erally not employed due to high mortality rates and poor wound healing. Likewise,
other immunological modulations such as intravenous immunoglobulin (44) remain
debated. Whether another non-nucleoside analog RTI can be substituted for nevi-
rapine after SJS–TEN is uncertain but the class might be avoided unless no other
therapeutic options remain (2). Aggressive symptomatic management of SJS–TEN
in the ICU setting may include aggressive local wound care (as in a burn unit), intra-
venous hydration, parenteral nutrition, and pain management.

HEART ATTACKS

HIV-associated cardiac disease can present in a variety of ways including dilated car-
diomyopathy and pericardial effusion (45). The cardiomyopathy can be infectious
(related to HIV itself or other opportunistic pathogens) or drug related (cocaine,
doxorubicin, and interferon), and the pericardial involvement can be related to a
variety of pathogens or malignancies. The dilated cardiomyopathy has been esti-
mated to occur in 15.9 patients per 1000 HIV infected otherwise asymptomatic
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individuals (46). Pericardial effusions have been reported to occur at a frequency of
11% per year (47), often spontaneously resolving.

With effective HAART, direct HIV effects and the impact of opportunistic
infections have decreased in treated individuals. Cardiac disease, however, can be
impacted by part of the HIV-treatment regimen, most notably the third group of
drugs besides nucleoside and non-nucleoside RTIs, the PIs.

These effective HIV drugs, at least a great majority of them, have significant
metabolic effects related to disturbances in glucose metabolism primarily related
to insulin resistance (48) as well as elevated lipids (49).

In one five-year study involving 221 HIV-infected individuals (50), those trea-
ted with a PI were 5 times more likely to have hyperglycemia, 6.1 more times more
likely to have elevated triglycerides, and 2.8 more times to have elevated cholesterol
levels. These effects were independent of the degree of HIV suppression. Indeed, even
a short interruption from PI therapy (mean seven weeks) produced a lower choles-
terol, low density lipoprotein cholesterol, and triglyceride (51).

As reviewed by Fisher and colleagues (52), independent of the type of HAART
used, an increased risk of ischemic heart disease is found in HIV-infected individuals.
In analyzing the contribution of PIs in the development of myocardial infarction in
HIV-infected persons, an increased, yet nonsignificant, risk was found (risk factor
1.69, 2.56, and 6.5 in three studies (53–55) but larger retrospective studies did not
clearly demonstrate an increased risk of ischemic cardiac disease in those taking
PIs as compared to non-PI–containing regimens (56, 57). In support of a somewhat
increased risk of atherosclerotic vascular disease in those taking PIs (58), one study
found that atherosclerosis measured by ultrasonography could correlate with PI use.
The clinical impact of the findings requires consideration of the use of cardiovascular
disease prevention as a primary preventive measure but not necessarily abandoning
PI therapy.
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INTRODUCTION

Cirrhosis is characterized by fibrosis of the hepatic parenchyma with regenerative
nodules surrounded by scar tissue. It can result from a variety of chronic, progressive
liver diseases. The clinical manifestations vary widely from asymptomatic disease
(up to 40% of patients) to fulminant liver failure. Cirrhosis is a major cause of
morbidity worldwide. In the United States, cirrhosis has an estimated prevalence
of 360 per 100,000 population and accounts for approximately 30,000 deaths
annually. The majority of cases in the United States are due to alcoholic liver disease
or chronic infection with hepatitis B or C viruses.

Infection is a common complication of cirrhosis (reviewed in Refs. 1–4).
A Danish death registry study (5) examined long-term survival and cause-specific
mortality in 10,154 patients with cirrhosis between 1982 and 1993. The results
revealed an increased risk of dying from respiratory infection (fivefold), from tuber-
culosis (15-fold), and other infectious diseases (22-fold) when compared to the general
population. In a recent prospective study (6), 20% of cirrhotic patients admitted to
the hospital developed an infection while hospitalized. The mortality among patients
with infection was 20% compared to 4% mortality in those who remained uninfected.
Of patients admitted to the critical care unit, 41% became infected. The most
common bacterial infections seen in cirrhotic patients are urinary tract infections
(12–29%), spontaneous bacterial peritonitis (SBP) (7–23%), respiratory tract infec-
tions (6–10%), and primary bacteremia (4–11%) (7). The increased susceptibility to
bacterial infections among cirrhotic patients is related to impaired hepatocyte and
phagocytic cell function as well as the consequences of parenchymal destruction
(portal hypertension, ascites, and gastroesophageal varices).

It should be noted that the usual signs and symptoms of infection may be
subtle or absent in individuals who have advanced liver disease. Thus a high index
of suspicion is required to ensure that infections are not overlooked in this patient
population, especially in those who are hospitalized. Occasionally fever may be
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due to cirrhosis itself (8), but this must be a diagnosis of exclusion made only when
appropriate diagnostic tests, including cultures, have been unrevealing.

ROLE OF THE LIVER IN HOST DEFENSE AGAINST INFECTION

The liver plays an important role in host defense against infection. Cirrhosis can
adversely affect a number of these host defenses. The mechanisms identified in
human and experimental animal studies include depression of reticuloendothelial
system clearance of organisms from the bloodstream (9); impairment of chemotaxis,
phagocytosis, and intracellular killing by polymorphonuclear leukocytes (PMNL)
and monocytes (10–12); reduction in serum bactericidal activity and opsonic activity
(13,14); depression of serum complement (15–17); dysregulation of cytokine synthe-
sis and metabolism (18); and reduced protective efficacy of type-specific antibody (19)
and granulocyte colony-stimulating factor (20).

CLASSIFICATION OF LIVER DISEASE SEVERITY

Patients who have cirrhosis are at increased risk for both community-acquired and
nosocomial infections, the majority of which are bacterial. The incidence of infection is
highest for patients with the most severe liver disease (6,21–23). Accurate assessment for
risk of infection is dependent upon proper classification of the extent of liver disease. The
Child–Pugh scoring system of liver disease severity (24) is based upon five parameters:
serum bilirubin, serum albumin, prothrombin time, ascites, and encephalopathy. A total
score is derived from the sum of the points for each of these five parameters. Patients
with chronic liver disease are placed in one of three classes (A, B, or C). Despite having
some limitations, the modified Child–Pugh scoring system continues to be used by many
clinicians to assess the risk of mortality in patients with cirrhosis (Table 1).

SPONTANEOUS BACTERIAL PERITONITIS

Pathogenesis

SBP is the infection of ascitic fluid with no identifiable abdominal source for the
infection. SBP is perhaps the most characteristic bacterial infection in cirrhosis,

Table 1 Modified Child–Pugh Classification of Liver Disease Severity

Points assigned

Parameter 1 2 3

Ascites None Slight Moderate/severe
Encephalopathy None Grade 1–2 Grade 3–4
Bilirubin (mg/dL) <2.0 2.0–3.0 >3.0
Albumin (mg/L) >3.5 2.8–3.5 <2.8
Prothrombin time (seconds increased) 1–3 4–6 >6.0

Total score Child–Pugh class
5–6 A
7–9 B

10–15 C
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occurring in as many as 20% to 30% of cirrhotic patients who are admitted to the
hospital with ascites (6,21,23). SBP occurs when normally sterile ascitic fluid is colonized
following an episode of transient bacteremia. Aerobic gram-negative bacilli, especially
Escherichia coli, cause approximately 75% of SBP infections. Aerobic gram-positive
cocci, including Streptococcus pneumoniae, Enterococcus faecalis, other streptococci,
and Staphylococcus aureus, are responsible for most other SBP cases (25,26). Because
enteric bacteria predominate in SBP it is thought that the gut is the major source of
organisms for this infection. Several mechanisms have been proposed to explain the
movement of organisms from the intestinal lumen to the systemic circulation (reviewed
in Ref. 1). Cirrhosis-induced depression of the hepatic reticuloendothelial system (RES)
impairs the liver’s filtering function, allowing bacteria to pass from the bowel lumen to
the bloodstream via the portal vein. Cirrhosis also is associated with a relative increase in
aerobic gram-negative bacilli in the jejunum. A decrease in mucosal blood flow due to
acute hypovolemia or drug-induced splanchnic vasoconstriction may compromise the
intestinal barrier to enteric flora, thereby increasing the risk of bacteremia. Finally, bac-
terial translocation may occur with movement of enteric organisms from the gut lumen
through the mucosa to the intestinal lymphatics. From there bacteria can travel through
the lymphatic system and enter the bloodstream via the thoracic duct. It is assumed that
SBP caused by nonenteric organisms also is due to bacteremia secondary to another site
of infection with subsequent seeding of the peritoneum and ascitic fluid (Fig. 1).

Decreased opsonic activity of ascitic fluid also increases the risk of SBP in
patients with cirrhosis. Immunoglobulin, complement, and fibronectin are important
opsonins in ascitic fluid, and patients with low protein concentrations in their ascitic
fluid are especially predisposed to SBP (27,28). Patients with ascitic fluid protein con-
centrations below 1 g/dL have a sevenfold increase in the incidence of SBP when
compared to patients with higher protein concentrations in ascites (27).

Other risk factors have been associated with SBP, including gastrointestinal
bleeding, fulminant hepatic failure, and invasive procedures such as the placement
of peritoneovenous shunts for the treatment of ascites. An elevated bilirubin level
also is correlated with a high risk of peritonitis in patient with cirrhosis (28).

Enteric bacteria
(primarily coliforms)

Non-enteric bacteria

Seeding of peritoneal fluid

Spontaneous bacterial peritonitis

Bacteremia

Bacterial
translocation
to lymphatics

Impaired reticuloendothelial
 system function

Decreased ascitic 
fluid opsonic activity

Portal vein

Impaired reticuloendothelial
system function

Portosystemic shunting

Figure 1 Pathogenic mechanisms underlying spontaneous bacterial peritonitis. Source:
Adapted from Ref. 1.
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Diagnosis

Classic signs and symptoms of peritonitis, including fever, chills, abdominal pain,
and increasing ascites may or may not be present in cirrhotic patients who have
SBP. Abdominal symptoms may be absent in up to one-third of cases. Patients
with SBP may present with encephalopathy, gastrointestinal bleeding, or increasing
renal insufficiency. Therefore a high index of suspicion must be maintained in all
cases of cirrhotic patients who have ascites and are acutely ill.

A diagnostic paracentesis must be performed on all patients suspected to have SBP.
A cell count of greater than 250 PMNL/mm3 of ascitic fluid is highly suggestive of infec-
tion. Gram stain of centrifuged ascitic fluid will reveal organisms in approximately 30%
of cases. The fluid should be cultured both aerobically and anaerobically. Inoculating
some fluid directly into blood culture bottles increases the yield of positive cultures.
But this nonquantitative culture technique also increases the risk of false positives if
any skin flora contaminant is introduced into the blood culture bottle at the bedside.

As indicated previously, aerobic gram-negative enteric bacilli are the most fre-
quent isolates from ascitic fluid cultures in SBP. Anaerobes are uncommon causes of
SBP, and their presence in ascitic fluid should raise suspicions for bowel perforation.
If ascitic fluid cultures yield polymicrobial flora, Candida albicans (or other yeast), or
Bacteroides fragilis one should suspect a secondary peritonitis caused by an acute
abdominal infection.

Treatment

Historically SBP has been a severe, frequently fatal infection. In the past few decades
mortality rates have dropped from over 90% in the 1970s to the current 20%–
40% mortality for patients who have their first diagnosis of SBP. Earlier detection and
treatment and the use of non-nephrotoxic antibiotics has contributed to the increased
short-term survival. The most common causes of death in patients with SBP are liver
failure, gastrointestinal bleeding, and renal failure. One of the greatest threats to
long-term survival is recurrence of SBP, which can occur in 70% of patients (29).

Previously aminoglycosides, alone or in combination with beta-lactam antibiotics,
were widely used to treat SBP. However, the risk of aminoglycoside nephrotoxicity
in cirrhotic patients has limited the usefulness of this class of agents (30). Expanded-
spectrum cephalosporins are active against most of the strains of enteric gram-negative
pathogens that cause SBP. Cefotaxime has been shown effective in a number of trials
with regimens of 2 g administered every eight hours for five days (26) or 2 g every
12 hours for a mean of nine days (31). In a more recent study (32) 24 of 33 cirrhotic
patients (73%) with SBP had clinical and bacteriologic cures after receiving 1 g of
ceftriaxone every 12 hours for five days. With prolonged treatment using ceftriaxone
or with a change to another antibiotic according to susceptibility, SBP resolved in
seven of the nine patients who had not responded by day 5 of therapy. Study patients
had an overall hospital mortality of only 12%. The authors concluded that antibiotic
therapy for SBP can be discontinued if the polymorphonuclear differential count in asci-
tic fluid is less than 250 cells/mm3 on day 5 of treatment (32).

Other parenteral antibiotics that have been reported effective for the treatment
of SBP include aztreonam (500 mg every eight hours) (33), cefonicid (2 g every 12 hours)
(34), and amoxicillin-clavulanic acid (35). Several small trials have involved the use
of oral antibiotics. These included intravenous followed by oral therapy with amox-
icillin-clavulanic acid (36) or ciprofloxacin (37) and oral ofloxacin (38). While
some experts recommend that patients with moderate symptoms and a positive
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response to a short course of intravenous antibiotics could benefit from therapy with oral
fluoroquinolones (29), others have found the supporting evidence to be inconclusive (39).

Deterioration of renal function is the most sensitive predictor of in-hospital
mortality in patients with SBP (40). In a randomized, multicenter comparative study,
patients with SBP who received intravenous albumin for plasma volume expansion plus
cefotaxime had less renal impairment and significantly lower mortality (22%) than
those receiving cefotaxime alone (41%) (41). The dose of albumin used in this study
was 1.5 g/kg of body weight at the time of diagnosis followed by 1 g/kg on day 3.

Prophylaxis

The use of prophylactic antibiotics decreases the incidence and mortality of bacterial
infections, including SBP, in patients who are hospitalized with cirrhosis and ascites (7).
Cirrhotic patients who recover from SBP also are at increased risk of subsequent epi-
sodes. The one-year probability of recurrence of SBP in this population has been
estimated to approach 70% (42). Antibiotics reported effective in preventing SBP
have included trimethoprim/sulfamethoxazole (43) and, more commonly, fluoroqui-
nolones such as norfloxacin, ofloxacin, and ciprofloxacin (7,44–46). A major concern
regarding repeated or prolonged courses of antibiotic prophylaxis is selection for
resistant bacterial pathogens. There are a growing number of recent reports of the
development of SBP or other infections caused by fluoroquinolone-resistant organ-
isms, including E. coli, Pseudomonas spp., and methicillin-resistant S. aureus
(MRSA), in cirrhotic patients on fluoroquinolone prophylaxis (7,47,48). Thus the
use of prophylactic antibiotics should be restricted to patients at greatest risk of
SBP, weighing the increased risk of inducing resistant bacteria against the benefits
of preventing infection.

URINARY TRACT INFECTIONS

Urinary tract infections account for 25%–40% of infections in hospitalized cirrhotic
patients (21,23,49). The majority of these patients have asymptomatic bacteriuria,
but approximately one-third have symptomatic infections (23). The incidence of
significant bacteriuria (>105 colony forming units/mL) is higher in women than in
men and does not correlate with the severity of the underlying liver disease or with
the age of the patient (49). The presence of an indwelling urinary catheter increases
the risk of infection. The most common pathogens are E. coli and other aerobic gram-
negative coliforms. Asymptomatic bacteriuria does not require treatment, particularly
in patients with an indwelling urinary catheter. A urine culture should be obtained on
any cirrhotic patient suspected to have a urinary tract infection. Antibiotic therapy, when
indicated, should be guided by microbiologic susceptibility testing of the urinary isolate.
Antibiotic options for empiric therapy of symptomatic infections include fluoroquino-
lones or expanded-spectrum penicillins or cephalosporins. Indwelling urinary catheters
should be removed as soon as possible to reduce the risk of infection.

BACTEREMIA

Cirrhosis predisposes patients to systemic bloodstream infections due to intrahepatic
blood shunting and impaired bacterial clearance from the portal blood. Bacteremia
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has been reported to occur in approximately 9% of hospitalized cirrhotic patients (50)
and accounts for 20% of the infections diagnosed during their hospital stay (23). The
incidence of bacteremia increases with the severity of liver disease. The most com-
monly identified sources of bacteremia have been SBP, urinary tract infections,
pneumonia, soft tissue infections, and biliary tract infections (50,51). The pathogens
identified in blood cultures from bacteremic patients mirror those responsible for the
primary source infections. E. coli, Klebsiella pneumoniae, Aeromonas hydrophila, and
other enteric gram-negative aerobes are common causes of bacteremic infections.
Most gram-positive bacteremias are due to S. aureus, S. pneumoniae, or other aero-
bic streptococcal species. Bloodstream infection is associated with a poor prognosis
despite appropriate antibiotic therapy. Mortality rates commonly exceed 50%
(50,52). Poor outcome is independent of the type of bacteremia (52), but in-hospital
mortality has been correlated with the absence of fever, an elevated serum creatinine,
and marked leukocytosis (51). Cirrhotic patients with suspected bacteremia should
receive empiric therapy directed against the most common gram-negative and
gram-positive pathogens in this setting. Antibiotic selection should take into consid-
eration local microbial susceptibility patterns. Usual therapeutic options would
include expanded-spectrum cephalosporins, piperacillin/tazobactam, or a fluoroqui-
nolone such as levofloxacin or moxifloxacin.

Cirrhotic patients who undergo endoscopic procedures for gastrointestinal
hemorrhage or transhepatic procedures are at increased risk of bacteremia. Endo-
scopic variceal sclerotherapy or band ligation for bleeding esophageal varices is
associated with a reported risk of bacteremia ranging from 5% to 30% (53–55).
Although the bacteremia associated with these procedures may be brief, cirrhotic
patients are susceptible to infections from transient bacteremia. Gastrointestinal
hemorrhage itself is an independent risk factor for bacteremia and other infections in
cirrhotic patients. Antibiotic administration has been shown to reduce infectious
complications and mortality in cirrhotic patients who are hospitalized for gastroin-
testinal hemorrhage (56–59). Antibiotic prophylaxis is recommended for all cirrhotic
inpatients with gastrointestinal bleeding (60,61). Fluoroquinolone antibiotics were
used in most trials with a median treatment duration of seven days.

PNEUMONIA

Respiratory tract infections account for approximately 20% of the infectious diseases
that are diagnosed in hospitalized cirrhotic patients (21,23,62). S. pneumoniae continues
to rank first among bacterial pathogens causing community-acquired pneumonia in
adults (63). Chronic liver disease has long been recognized as a risk factor for bacter-
emic pneumococcal pneumonia (64). The mortality rate for pneumococcal bacteremia
in cirrhotic patients may exceed 50% despite appropriate antibiotic therapy (65).
Other organisms commonly responsible for community-acquired pneumonia include
Mycoplasma pneumoniae, Chlamydia pneumoniae, Legionella pneumophila, and
Haemophilus influenzae. Cirrhosis has been associated with an increased risk of severe
Acinetobacter baumannii community-acquired pneumonia (66). Sputum and blood
samples should be obtained for appropriate diagnostic studies, including Gram stain
(sputum) and cultures (sputum and blood). Appropriate empiric therapy while awaiting
the results of cultures and other tests would include an expanded-spectrum cephalos-
porin plus a macrolide or a beta-lactam/betalactamase-inhibitor plus a macrolide or
a fluoroquinolone (67).
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Hospital-acquired pneumonia may be caused by a wide variety of bacteria.
Common pathogens include aerobic gram-negative bacilli, such as Pseudomonas
aeruginosa, E. coli, K. pneumoniae, Serratia marcescens, Enterobacter species, Proteus
species, and Acinetobacter species. S. aureus and S. pneumoniae predominate among
gram-positive pathogens, and the incidence of MRSA nosocomial pneumonia is
increasing. A number of risk factors have been identified for nosocomial pneumonia
caused by multidrug-resistant bacteria (Table 2) (68).

Recommended initial empiric antibiotic therapy for nosocomial pneumonia in
patients with no risk factors for multidrug-resistant pathogens or P. aeruginosa
would be ceftriaxone or a fluoroquinolone or ampicillin/sulbactam or ertapenem.
Patients with any risk factors listed in Table 2 or with onset of nosocomial pneumo-
nia after four days of hospitalization are more likely to have infection due to
multidrug-resistant pathogens. Initial empiric therapy in such cases should include
an antipseudomonal cephalosporin (e.g., cefepime) or antipseudomonal carbapenem
(e.g., imipenem) or piperacillin/tazobactam plus an antipseudomonal fluoroquino-
lone (ciprofloxacin or levofloxacin) plus vancomycin or linezolid if MRSA risk
factors are present or there is a high incidence locally (68). Due to increased risks
of aminoglycoside-induced nephrotoxicity and ototoxicity, the use of these agents
should be avoided in cirrhotic patients if possible (30).

OTHER INFECTIONS

Vibrio Infections

Vibrio bacteria are gram-negative halophilic inhabitants of marine and estuarine
environments. Typical infections caused by these organisms include gastroenteritis,
wound infections, and septicemia. Infection usually occurs following consumption of
contaminated food or water or by cutaneous inoculation through wounds. The most
common pathogens include Vibrio cholerae, V. parahaemolyticus, and V. vulnificus.
Preexisting liver disease is a major risk factor for Vibrio infections and has been asso-
ciated with a fatal outcome in both wound infections and primary septicemia (69).
V. vulnificus, the most virulent of the noncholera vibrios, can rapidly invade the blood-
stream from the gastrointestinal tract. Classic clinical features of V. vulnificus sepsis
include the abrupt onset of chills and fever followed by hypotension with subsequent
development of disseminated skin lesions within 36 hours of onset. The skin lesions

Table 2 Risk Factors for Nosocomial Pneumonia Due to
Resistant Bacteria

Antimicrobial therapy in preceding 90 days
Current hospital stay �5 days
High frequency of antibiotic resistance in the community

or hospital unit
Hospitalization �2 days in preceding 90 days
Residence in nursing home or extended care facility
Home infusion therapy (including antibiotics)
Chronic dialysis within 30 days
Home wound care
Family member with multidrug-resistant pathogen
Immunosuppressive disease and/or therapy

Source: Adapted from Ref. 67.
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progress to hemorrhagic vesicles or bullae and then to necrotic ulcers (70). This syn-
drome is highly associated with a history of consuming raw oysters. The mortality rate
exceeds 50%. Recommended antibiotic therapy includes using an expanded-spectrum
cephalosporin plus a tetracycline (e.g., cefotaxime or ceftazidime plus doxycycline) or
a fluoroquinolone (e.g., ciprofloxacin) (70).

Endocarditis

Infective endocarditis is a relatively unusual complication of cirrhosis. In the past
E. coli and S. pneumoniae were commonly implicated in these infections. More recent
studies have identified S. aureus as the most common pathogen along with other
gram-positive bacteria such as the viridans streptococci and Enterococcus species
(71,72). Streptococcus bovis biotypes [recently reclassified as Streptococcus gallolyticus
(S. bovis I), Streptococcus lutetiensis (S. bovis II/1), and Streptococcus pasteurianus
(S. bovis II/2)] are emerging as another important cause of bacteremia and endocarditis
in patients with chronic liver disease (73,74). Endocarditis caused by S. bovis is com-
monly associated with bivalvular involvement and a high rate of embolic events.

Spontaneous Bacterial Empyema

Spontaneous bacterial empyema is an infection of a preexisting hydrothorax in cir-
rhotic patients. Although the majority of these patients have ascites, the presence of
ascites is not a prerequisite for spontaneous bacterial empyema. SBP is present in
approximately half of patients who develop empyema. The most common causes
of spontaneous bacterial empyema include E. coli, K. pneumoniae, streptococci,
including Enterococcus species, and S. bovis. A diagnostic thoracentesis is recom-
mended in patients with cirrhosis who develop pleural effusions and signs and
symptoms of infection (75).
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INFECTION AND DIABETES

As reviewed succinctly by Rajbhandari and Wilson (1), it appears to be the case that
there is a measurable increased incidence of infection in those who are diagnosed with
diabetes. Indeed, they cite one study of U.S. factory workers that reported that 28% of
workers with diabetes took 10 or more sick-days annually related to infection as com-
pared to 10% of controls without diabetes (2). Additionally, certain specific pathogens
appear to be more prevalent in the diabetic cohort, notably Staphylococcus aureus and
Candida species.

The mechanism of increased infection rate in diabetics is multifactorial includ-
ing direct effects of diabetes on the immune system. Among the defects found (1)
have been a variety of polymorpholeukocyte function including those involving
adherence, chemotaxis, and intracellular oxidative killing as well as impairment
in aspects of cell-mediated immunity and monocyte function. Infection itself also
produces increasing degrees of glucose intolerance. Indeed, it has been pointed out
by many clinicians that a rising blood glucose is one of the earliest signs of an under-
lying infection.

This review concentrates specifically on a number of infections that often
require intensive care and in which diabetes is most commonly associated with severe
disease. The topic will be divided into those recognized and reported throughout the
world and reported primarily in the developed world and those reported almost
exclusively in parts of the developing world. The former category will consist of
emphysematous pyelonephritis (EPN), gangrenous cholecystitis, rhinocerebral muc-
ormycosis, and Fournier’s gangrene. Malignant otitis externa, a locally invasive
Pseudomonas aeruginosa of the external ear canal causing temporal bone osteomye-
litis and cranial nerve involvement, is clearly a serious condition also linked to
diabetes, but is not classically in need of intensive care unit care. Gangrenous cho-
lecystitis, a more serious form of acute cholecystitis usually needing emergency
cholecystectomy, is another entity that is at increased risk in the diabetic
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patient (3). The tropical group disorders discussed are melioidosis and tropical dia-
betic hand syndrome (TDHS).

LIFE-THREATENING INFECTION CHARACTERISTIC OF DIABETICS

Emphysematous Pyelonephritis

Urinary tract infections in the diabetic appear to be more common than in the non-
diabetic host, though few prospective cohort observations assess this. Stapleton (4),
in reviewing this topic, cited a number of observations that suggest that asymp-
tomatic bacteriuria and symptomatic urinary tract infections are more common in
the diabetic (especially the female diabetic). As an example, one study found that the
incidence of urinary tract infections in postmenopausal women was twice as high in
those who were diabetic (5). The same group (6) subsequently reported that during
1773 person-years of follow-up of postmenopausal women, 138 symptomatic urinary
tract infections occurred (incidence, 0.07 per person-year) with diabetes being an
independent predictor of infection (hazard ratio ¼ 3.4; 95% confidence interval:
1.7–7.0). Another study found that asymptomatic bacteriuria occurred four times
more frequently in the diabetic (7). Complications of these lower tract infections
are more common in the diabetic including Candida infections as well as emphyse-
matous cystitis and pyelonephritis (3).

EPN, a kidney infection associated with gas in and around the renal parenchyma,
was first described by Kelly and MacCallum at the end of the 19th century (8) in a
patient with pneumaturia. The infection is an acute necrotizing infection of the kidney
itself. It is a relatively uncommon infection that continues to be associated with a high
degree of morbidity and mortality. Although quite uncommon when one considers the
overall number of urinary tract infections found in the diabetic host, 70% to 90% of
cases of this entity occur in the diabetic (9). Most diabetic patient with EPN, but
not all, have issues with adequate glucose control but not necessarily manifesting
ketoacidosis (10). In those individuals without diabetes, the most common comorbid-
ity is obstructive uropathy, but polycystic kidney disease, end stage nephropathies, and
immunosuppression have been linked to it (11). Obstructive uropathy is generally
found in a great majority of nondiabetics who develop EPN, and 50% of diabetics (11).

EPN, being more common in women, reflects the increased number of urinary
tract infections in women as compared to men, diabetic or not. The left kidney
appears to be the more common side affected (60%), and bilateral involvement
occurs in the remaining 5% of cases (10). Its clinical presentation is similar to that
of the more common acute pyelonephritis (nonemphysematous) with fever and chills
associated with flank, costovertebral angle, and/or abdominal pain. More promi-
nent symptoms can suggest EPN such as lethargy, confusion, low platelet count,
increasing azotemia, and overt shock, all symptoms suggesting an ongoing sepsis
syndrome. One uncommon but helpful physical finding is the presence of
crepitation over the patient’s flank with or without a clearly palpable mass (12).

The EPN is diagnosed radiographically (13) by visualizing gas in the renal
parenchyma and the perinephric space. The gas is thought to be produced by the
fermentation of the high tissue concentrations of glucose by the etiologic micro-
organisms. The gas can dissect further the subcapsular and perinephric spaces and
can be found in the contralateral retroperitoneal space whether the other kidney is
affected or not (11). It may even dissect along the psoas margin into the scrotal
sac and the spermatic cord. The standard abdominal radiogram can reveal mottled

446 Lutwick



collections of gas in and around the renal parenchyma. Radiographic staging has
been proposed by Michaeli et al. (14):

Stage 1: Gas in either the renal tissue or the pericapsular areas
Stage 2: Gas in both the parenchyma and the pericapsular areas
Stage 3: Extension through Gerota’s fascia (the renal capsule) and/or

bilateral disease

Nephrolithiasis may also be visualized, which may have been a significant comor-
bidity in the development of the EPN. Ultrasound and/or computed tomography (CT)
may also reveal the gas patterns. Ultrasound is not as good as CT for elucidating the gas
patterns and is a more operator-dependent procedure. CT is generally considered to be
the diagnostic test of choice because it can well define the extent and amount of gas, can
assess destruction of the renal tissue by the process, and can be useful in assisting the
placement of one or more catheters for drainage. The destruction of the renal parench-
yma may in part be due to infection per se but swelling of the kidney in its capsule, which
may impair blood supply and/or renal vessel thrombosis, may play a role. Additionally,
CT is an excellent technique for following the response to therapy as carbon dioxide is
usually rapidly absorbed and prolonged persistence implies poor response (13).

Gas may be found entirely in the collecting system of a kidney, a condition referred
to as emphysematous pyelitis. It can present similarly, albeit often less severely, is usually
associated with diabetes as well, and generally has a lower degree of morbidity and mor-
tality, but is not inconsequential, however. Gas may also be found entirely in the urinary
bladder, so called emphysematous cystitis. This entity, which also can be linked with the
diabetic host, is much more often associated with pneumaturia and can also be linked to
fistulae from the colon or vagina communicating with the urinary bladder. This can be
associated with either a malignant or nonmalignant process (i.e., diverticulitis).

The microbiology of EPN is quickly obvious on culture, but antimicrobial ther-
apy should not be delayed awaiting culture results. The process is overwhelming due
to the facultative enteric gram-negative bacilli, the most common of which in most
studies is Escherichia coli, the most common cause of urinary tract infections overall.
Other gram-negative bacilli to be commonly linked to EPN are Proteus mirabilis and
Enterobacter aerogenes. In Shokeir’s report (10), of the 15 patients who had blood cul-
tures done, all of them grew the same bacterium (or bacteria as mixed infections may
occur) that was also isolated from urine culture. Occasionally other gram-negative
bacilli such as P. aeruginosa (a bacterium inherently more resistant to antimicrobials
than some of the others) may be isolated, more often in cases associated with recurrent
urinary tract infections in the past and with multiple courses of antimicrobial agents.
Rarely, diverse organisms such as the yeasts, Candida albicans or Cryptococcus
neoformans, anaerobic streptococci, and the phylogenetically confused Pneumocystis
carinii have been reported to be associated with EPN (14).

The therapy needed for EPN has generally been considered to be active antimi-
crobial therapy, glucose control, and nephrectomy (10). Even with these modalities,
an overall mortality rate of 30% to 40% may be found. In some less severe cases, how-
ever, medical therapy alone or combined with percutaneous drainage has been suc-
cessful (15–17).

The initial choice of empirical antimicrobial agents, prior to culture results, can be
quite vital in assisting in a favorable outcome. Rational choice requires the following:

1. Considering the common resistance pattern of gram-negative bacilli to
antimicrobials in the geographic area of the patient. As an example, the
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sensitivity to a fluoroquinolone may be much lower in New York City than
in Kalamazoo.

2. Knowing the patient’s history of antimicrobial sensitivity. If it is reported
that a patient is allergic to an antimicrobial that might be considered for
use then it is important to assess what the manifestation of allergy is.
For example, nausea and vomiting after receiving an oral antimicrobial
does not preclude its use especially parenterally. Likewise, a nonspecific
drug–associated rash (maculopapular nonurticarial eruption) does not pre-
dict serious IgE-associated anaphylaxis if used again. Indeed, the incidence
of anaphylaxis following no previous reaction to penicillin use is not differ-
ent from after a nonspecific rash from penicillin.

3. Being cognizant of the so-called banana peel syndrome. This euphemism
suggests broader initial antimicrobial therapy for individuals who are
seriously ill, ‘‘one foot in the grave and the other on a banana peel.’’ This
does not at all preclude the narrowing of the spectrum of the therapy once
the antimicrobial resistance pattern of the pathogen is known.

Rhinocerebral Zygomycosis

Rhinocerebral zygomycosis (RCZ, also referred to as rhinocerebral mucormycosis) is
an acute and often fatal fungal infection of the nasal mucosa and adjacent cerebral
parenchymal and vascular tissues. Although this infection can occur in seemingly
healthy individuals, RCZ is, in general, linked to diabetics. The diabetic state is clas-
sically one with ketoacidosis. As an example, in a Mexican series of 22 cases of RCZ
(of 36 cases of zygomycosis overall), 20 were in diabetics (18). In the diabetic cases, 10
had ketoacidosis, one had hyperosmolar coma, and nine were ‘‘stable.’’ Other reviews
report that between 60% and 80% of cases of RCZ had diabetes, with half of these
with ketoacidosis. These organisms are associated with a ketone reductase system that
facilitates the growth of the molds in high glucose, acidotic, and ketotic milieu (19).

The other two cases in the Mexican series had myelodysplasia and chronic renal
failure as cofactors. Indeed, acute leukemia is associated with RCZ as well, and addi-
tional cases have been linked to severe malnutrition, steroid therapy, desferrioxamine
toxicity, and severe burns. The demographics of other forms of zygomycosis (pulmo-
nary, cutaneous, and disseminated) are much less likely to be associated with the
diabetic state. Rhizopus species are the most commonly isolated agents of this severe
infection, followed by Absidia, Rhizomucor and Cunninghamella. Laboratory confir-
mation of the identity of the organism is the only way to differentiate among the fungi.
They are ubiquitous fungi that are common inhabitants of decaying matter. As an
example, Rhizopus spp. can be recovered frequently from moldy bread.

The spores of these fungi causing RCZ gain entry to the body through the respira-
tory tract and presumably are deposited on the nasal turbinates. Normal human serum
can inhibit the growth of Rhizopus. In contrast, serum obtained from patients with dia-
betic ketoacidosis is not inhibitory and may actually enhance fungal growth (20). Once
the ubiquitous fungus begins to grow, the wide, nonseptate, right angle branching
hyphae invade tissue and have a special affinity for blood vessels. Direct penetration
and growth through the arterial blood vessel wall explain the propensity for thrombosis
and tissue necrosis, major hallmarks of the pathology of this infection. Lymphatic ves-
sels and nerves can also be directly invaded. Progressive infection dissects the internal
elastic lamina from media of the artery, leading to extensive endothelial damage and
thrombosis, causing infarction in the tissues supplied.
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It appears clear that early recognition of the initial signs and symptoms of
RCZ are quite important in management. The infection begins at the nasal mucosa
and spreads quickly (within days) to the adjacent paranasal sinuses, the orbit, and
via direct extension to the brain through the ethmoid bone or along penetrating
vessels. The method of penetration into the brain may also be via the cribriform
plate, which is thin and also has preformed pathways in the form of olfactory
nerves passing through it, the roof of orbit, which is also very thin, or through
the retro-orbital region. Cavernous sinus thrombosis and/or carotid artery involve-
ment may occur.

Initial symptoms of RCZ include some degree of fever, altered vision, and
facial swelling. In a patient with diabetic ketoacidosis, an alert diagnostician should
suspect RCZ when the altered mental status of diabetic ketoacidosis does not
improve within a day or so of correction of the metabolic abnormalities. Other
symptoms include facial pain, headache, and nasal stuffiness. In a large review of
114 cases (21), no symptom was reported in more than 44% of affected individuals.
On physical examination, invasion of the nasal mucosa with associated tissue infarc-
tion can produce a necrotic, black eschar, which may be visible. Early on, these
lesions are visible in about 20% of patients, but close to 40% will develop them at
some time (22). More lesions will be seen with the use of endoscopic examination as
compared to routine rhinoscopy. Dark necrotic epistaxis may be the only visual find-
ing (22). It is important to note that biopsy of this area may not demonstrate the
organism, only infarction, because the fungi are generally found deeper in the tissue.
Other physical signs of RCZ are facial edema and multiple cranial nerve palsies, as
the infection spreads into the orbital apex. The orbital apex syndrome is associated
with unilateral ptosis, proptosis, visual loss, complete ophthalmoplegia, maxillary
and ophthalmic nerve anesthesia, and anhidrosis (23).

Plain roentgenograms of the sinuses and orbits can reveal sinusoidal mucosal
thickening, with or without air-fluid levels. Erosion of bone through the walls of
the sinuses or into the orbit can be found as the disease progresses. Destruction
of bone in this region is often dramatically revealed by CT. Abnormalities in soft
tissues involved in the disease process can also be visualized by CT scans and can
be used to guide surgical intervention. If disease is seen, nasal endoscopy with biopsy
from tissue is mandatory. The specimen should be sent for fungal staining (a 10%
KOH mount may reveal the hyphal elements), fungal culture, and histopathology.
Fixed tissue can be stained with hematoxylin and eosin, and fungal hyphae can be seen
with this routine histologic stain. Grocott methenamine-silver or periodic acid-Schiff
staining also adequately demarcates fungal elements in tissue in most cases.

Despite the availability of a variety of new azole antifungal medications (such
as itraconazole and voriconazole) and echinocandins (caspofungin and micafungin),
the standard drug for RCZ has remained to be amphotericin B (24). Because the
agents of zygomycosis are relatively refractory to medical treatment, the maximum
tolerated dose of the drug is used, typically 1.0 to 1.5 mg/kg/day. This dosage range
is usually associated with renal function abnormalities, which can limit the use of the
drug. There are some successful outcomes in patients with RCZ when treated with
lipid preparations of amphotericin B (25). In RCZ, the recommended dose of lipid
formulations of amphotericin B is 5 mg/kg daily. A new, broad-spectrum triazole,
posaconazole (not yet commercially available in the United States), has been shown
to be active in a murine model of zygomycosis (26).

Although patients recover from RCZ using antifungal therapy alone, these are
clearly the exception, and aggressive surgical débridement of necrotic tissue is
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advisable. As reviewed by Sugar (24), some patients may recover with minimally dis-
figuring surgery. A medical-surgical approach, however, improves the chances of
success. Repeated operations may be required for satisfactory removal of continu-
ously appearing necrotic tissue. Major reconstructive surgery may also be necessary
during convalescence if the patient survives. Although hyperbaric oxygen therapy
has been utilized, this therapy is not routinely recommended at present (24).

Two factors determine the outcome in all patients: early diagnosis and resolution
of predisposing problems (24). The overall mortality rate has been about 50% (24),
although higher survival rates, up to 80% (2), have been reported more recently. This
compares with survival rates of about 12% in 1961 (27). Yohai et al. (21) reported that
treatment within six days of symptom onset produced a survival rate of about 80%,
whereas delay for more than 12 days after onset of symptoms resulted in a �40% sur-
vival rate. Diabetics (where the underlying hyperglycemia and ketosis can be reversed)
had a 77% survival as compared with a rate of 34% in nondiabetics (21). Similar
numbers have been reported in other studies (28).

Fournier’s Gangrene

Necrotizing fasciitis was characterized by the Confederate Army surgeon Joseph
Jones in the postwar period of 1871. When the process, a necrotizing, gas-producing
infection spreading quickly along the fascial planes, involves the perineum (and scro-
tum in the male patient), it is referred to as Fournier’s gangrene. It was first described
by Alfred Jean Fournier, a Parisian venereologist, in 1843 (29).

Although single organisms (such as the Group A beta-hemolytic streptococcus)
can be associated with necrotizing fasciitis, Fournier’s gangrene is clearly a polymicro-
bial process including gram-positive cocci such as streptococci and facultative gram
negative bacilli such as E. coli and Proteus as well as a variety of strict anaerobic bac-
teria including Bacteroides, Peptostreptococcus, and Fusobacterium. The process has
been historically associated with diabetes among other risk factors. Other factors
that may predispose to this progressive, destructive process include alcoholism, local
pathology (such as rectal abscesses, hidradenitis, and urinary tract infections with
strictures), blunt local trauma, postsurgical complications, and the injection of illicit
drugs into the superficial penile veins (30). In one relatively recent report, diabetes
was second only to perianal pathology as a predisposing cause of Fournier’s
gangrene (31).

An uncommon problem leading to intensive care for antimicrobial and surgical
interventions has been estimated to occur in 1 in 7500 hospital admissions (32) or 1%
of urological admissions in another (33). Usually initially beginning as pain and/or
pruritus in or around the scrotum with fever and chills, the process quickly manifests
as a cellulitic area in the scrotum or peritoneum with very prominent pain and
marked systemic toxicity. This progresses quickly to prominent soft tissue swelling
of the genitalia usually with subcutaneous crepitus. These changes can spread super-
iorly to the anterior abdominal wall, inferiorly to the anterior thighs and posteriorly
to the perianal areas (33). Dark purple patches develop in the area and progress to
extensive scrotal necrosis. At this point, local pain dramatically decreases, probably
related to destruction of the sensory nerves. If it is not treated immediately, gangre-
nous sloughing of the tissue will ensue.

Radiographically, the detection of gas in the scrotal and perineal tissues
increases from the yield by palpation of crepitus on examination (64%) (34) to 90%
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on the standard X ray (30). The pattern of gas is sometimes referred to as a ‘‘honey-
comb’’ scrotum. An ultrasonic examination of the scrotum (30) demonstrates promi-
nent thickening of the scrotal skin with subcutaneous gas. Scrotal hernias can
demonstrate gas on the scrotal ultrasound, but it is the gas in the hernial sac, not in
the scrotal skin. Additional findings can be peritesticular fluid collections.

Treatment must include aggressive broad-spectrum antimicrobial therapy
aimed at gram-positive cocci, facultative enteric gram negative, and strict anaerobes.
The foul odor of the process supports a prominent role of anaerobes in the necrotic
infection. Usual regimens include those aimed at usual bowel flora (antipseudomonal
penicillins, carbapenems, or a combination such as ampicillin/sulbactam plus an
aminoglycoside, aztreonam, or fluoroquinolone). Surgical intervention usually
necessitates debridement of the scrotal sac and, often, bilateral orchiectomy. As in
many necrotic deep tissue infections, after debridement extensive restorative and
reconstructive surgery may be needed.

LIFE-THREATENING INFECTION CHARACTERISTIC OF
DIABETICS IN THE TROPICS

Most reviews regarding critical care for infections in diabetics do not focus or even
mention infections that are exclusively (or almost so) described in the tropics. Two of
these will be discussed here, melioidosis and TDHS. Neither of these infections is
well known in the developed world. Melioidosis is particularly relevant because it
is considered to be a class B bioterrorism infection.

Melioidosis

The causal organism, Burkholderia pseudomallei, has, as many before it, gone
through many name changes from Loefflerella or Pfeifferella whitmori and Bacillus
or Pseudomonas pseudomallei to, in 1992, its current designation. The genus is named
after Walter Burkholder who first characterized Burkholderia cepacia as a phyto-
pathogen responsible for a root rot of onions. B. pseudomallei is a motile, aerobic,
and nonspore-forming gram-negative bacillus.

Although primarily an intracellular organism, it readily grows on most solid
media resulting in prominently wrinkled (rugose) colonies that may manifest an
earthy-like aroma. Selective media are available for isolation as well. Gram stain
of the bacillus can reveal the safety pin bipolar appearance often seen with Yersinia
pestis. There are some B. pseudomallei–like organisms that are much less virulent.
Formerly considered to be a separate biotype, these L-arabinoside assimilators are
now classified as Burkholderia thailandensis and account for about a quarter of soil
isolates in Thailand (35). B. pseudomallei is a hard-core survivalist organism nutri-
tionally versatile to persist in triple-distilled water for long periods of time (36).

The organism exists in nature as an environmental saprophyte that lives in the
soil and surface water in endemic areas (Southeast Asia and northern, tropical
Australia), particularly in rice paddies (37–39). In endemic countries, the organism
exists primarily in focal areas and is not equally distributed throughout the land-
scape. Sporadic cases have been reported to be acquired in parts of Africa and the
Americas. Two recent outbreaks in Australia have also implicated potable water
supplies rather than surface water as a potential source of the infection (40,41).

Melioidosis is a disease of rainy season in these endemic areas (37,42). It mainly
affects people who have direct contact with soil and water. Many have an underlying
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predisposing condition such as diabetes (which overall is the most common risk
factor), renal disease, cirrhosis, thalassemia, alcohol dependence, immunosuppressive
therapy, chronic obstructive lung disease, and cystic fibrosis (42). Melioidosis may
present at any age, but peaks in the fourth and fifth decades of life, affecting men
more than women. In addition, although severe fulminating infection can and does
occur in healthy individuals, severe disease and fatalities are much less common in
those without risk factors.

Infection in humans is usually acquired by inoculation in an open wound or
inhalation of aerosolized soil or water and not generally by ingestion. Although inha-
lation of aerosolized organisms causing pneumonia clearly occurs, pneumonia has
also occurred following well-documented skin injuries (43), suggesting that the lung
involvement can be related to bacteremic spread as well.

The incubation period after significant exposure to B. pseudomallei can be as
short as one day but averages about nine days; however, because of ‘‘latency’’ (the
mechanism of which is unclear) it can be up to 29 years. Recrudescent infections
in veterans of the Vietnam War have given rise to the nickname ‘‘Vietnamese Time
Bomb’’ (44). Despite the risk of reactivation, documented American cases were fairly
uncommon as compared to the individuals exposed in Vietnam. An Australian study,
in fact, suggested that only 3% of melioidosis infections were related to reactivation,
and 97% to acute disease (45).

Melioidosis presents mostly as a febrile illness, ranging from an acute fulminant
septicemia to a chronic debilitating localized infection to an unknown subclinical
infection. As virtually every organ can be affected, melioidosis has been termed a
‘‘great imitator’’ of many other infectious diseases (46). The majority of infected pati-
ents are asymptomatic. The most commonly recognized presentation of melioidosis is
pneumonia with high fever, myalgias, and chest pain. Although the cough can be
nonproductive, respiratory secretions may be purulent, significant in quantity, and
associated with intermittent hemoptysis. The process can be rapidly fatal with bacter-
emia and hypotension.

In addition to an acute pneumonia which may result in intensive care unit
admission, chronic pulmonary infection may also be caused by B. pseudomallei, either
as a continuum for acute disease or as reactivation years later. The presentation is
quite similar to reactivation tuberculosis with upper lobe involvement associated with
productive cough, weight loss, and hemoptysis.

Acute melioidosis septicemia is the most severe complication of the infection.
It presents as a typical sepsis syndrome with hypotension, high cardiac output, and
low systemic vascular resistance. In many cases, a primary focus in the soft tissues
or lung can be found. The syndrome, usually in patients with risk factor comorbid-
ities, is characteristically associated with multiple abscesses involving the cutaneous
tissues, the lung, the liver and spleen, and a very high mortality rate of 80% to
95%. With prompt optimal therapy, the case fatality rate can be decreased to
40% to 50%.

In acute severe melioidosis, there is the rapid progression of respiratory failure
that is due to acute respiratory distress syndrome and/or pneumonia. It has been
suggested that the acute respiratory distress syndrome (ARDS) to melioidosis sepsis
is more rapid in progression than with other bacteria and may be related to the intra-
cellular interactions of the bacillus and the leukocyte (47). Bacteremia without
shock/hypotension has a substantially better prognosis.

Abscesses can be found in many organs. Two organs that are particularly rele-
vant in disease are the prostate and the parotid gland. Acute prostatic abscess may
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cause urinary retention. Residual prostatic abscess appears to be a potential focus
for reactivation infection or relapse and unlike other visceral collection of melioido-
sis, unless the abscesses are large and accessible, ought to be definitively drained as
needed. The purulent material obtained is yellow to tan in color and odorless. In
focal melioidosis without bacteremia, the mortality rate is 4% to 5%.

The melioidosis bacillus is intrinsically insensitive to many antimicrobials.
B. pseudomallei is usually inhibited by tetracyclines, chloramphenicol, trimethoprim-
sulfamethoxazole (SXT), antipseudomonal penicillins, carbapenems, ceftazidime, and
amoxicillin/clavulanate or ampicillin/sulbactam. Ceftriaxone and cefotaxime have
good in vitro activity but poor efficacy (M35), and cefepime does not appear to be
equivalent to ceftazidime in a mouse model (48).

Samuel and Ti (49) have reviewed the randomized and quasirandomized trials
comparing melioidosis treatment and found that the formerly standard therapy of
chloramphenicol, doxycycline, and SXT combination had a higher mortality rate
than therapy with ceftazidime, imipenem/cilastatin, or amoxicillin/clavulanate (or
ampicillin/sulbactam). The betalactam-betalactamase inhibitor therapy, however,
seemed to have a higher failure rate. A more prolonged oral phase of treatment is used
to decrease the risk of late relapse with a total period of therapy of 20 weeks. During
the oral therapy phase, the conventional standard regimen appears to be equivalent to
any newer therapies. Table 1 lists current treatment recommendations (50).

Tropical Diabetic Hand Syndrome (TDHS)

In the developed world, diabetic infections of the lower extremity remain a significant
cause of morbidity leading to disability, prolonged hospital stays, and amputations of

Table 1 Treatment of Burkholderia pseudomallei Infectiona

Initial parenteral therapy for severe infection (usual 14 day minimum)
Ceftazidimeb: 40 mg/kg IV every 8 hrs (typical adult dose 2 g)
or
Imipenem/cilastatinc: 20 mg/kg IV every 6–8 hrs (typical adult dose 1 g) (note: IV

amoxicillin/clavulanate or ampicillin/sulbactam can be used in every 4 hrs dosing but is
associated with a higher failure rate)

Follow-up oral therapy (to complete 20 wks of treatment) (note: in mild, localized disease, oral
therapy can be used for the entire 20 wks)

Doxycycline: 2 mg/kg orally (PO) every 12 hrs (typical adult dose 100–200 mg)
and
Trimethoprim-sulfamethoxazole (fixed 1:5 combination): typical adult dose two double

strength (trimethoprim 320/sulfamethoxazole 1600) PO every 12 hrs
and
Chloramphenicol: 10 mg/kg PO every 6 hrs for the first 8 wks (typical adult dose 500–1000 mg)

or (especially in children or pregnant women)
Amoxicillin/clavulanate (fixed combination 2:1): 10 mg/kg amoxicillin/5 mg/kg clavulanate

PO every 8 hrs (typical adult dose 1000 mg/500 mg)
and
Amoxicillin: 10 mg/kg PO every 8 hrs (typical adult dose 1000 mg)

aDosing may require adjustments in renal or hepatic dysfunction.
bCeftriaxone and cefotaxime have good in vitro activity but a higher mortality rate and should not be

used. No human data is found for cefepime.
cMeropenem, 1 g or 25 mg/kg IV every eight hours, may be used in lieu of imipenem/cilastatin.
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toes, feet, and sometimes lower legs. It is not common, however, that such infections
result in intensive care unit stays. Both in the developed and developing world, the
most relevant risk factor in the diabetic appears to be an underlying peripheral neu-
ropathy. This denervation of the sensory nerves of the foot impairs the perception of
traumatic events (including ill-fitting shoes), resulting in the development of calluses,
cracking soles, fissures, and other direct breakdown of the protective skin to produce
ulcerations and infection. When combined with large and small vessel peripheral
vascular disease and changes in polymorphonuclear leukocyte function associated
with hyperglycemia, a range of infection may develop from cellulitis to deeper soft tis-
sue infections to osteomyelitis related to deeper contiguous spread of infection (51).

In parts of the tropical world, however, a similar but even more aggressive
infection, requiring intensive care unit, has been recognized. This severe and limb-
and even life-threatening upper extremity sepsis is TDHS. This condition is far less
recognized in the developed world but is a significant cause of both morbidity as well
as mortality in parts of the African continent (52,53) and has been described in India
as well (54).

Although a report of a similar syndrome was initially described in the United
States (55), the African experience was first published in 1984 from Nigeria (56). In
this study, 3% of 152 consecutive hospitalized diabetics were found to develop
ulcerations of the hand and frank gangrene of the extremity. All of the five patients
had progressive disease associated with initial trivial hand trauma. Importantly, none
of the individuals had clinical evidence of either peripheral neuropathy or peripheral
vascular disease. As reviewed by Abbas et al. who have published extensively regarding
this entity, cases have been reported from a number of areas of the African continent
including Tanzania, Kenya, and Libya (53). Many of the earlier studies were primar-
ily descriptive so that risk factors were difficult to clearly elucidate, but proposed risk
factors included insect bites or other minimal hand trauma, adult-onset diabetes,
female gender, delayed seeking of medical care, poor glucose control, low socio-
economic status, and living near a coastal area.

In 2001, a case–control study of TDHS was reported from Das-es-Salaam,
Tanzania (a coastal city) involving 31 patients and 96 control diabetics (52). Despite the
previously postulated risk factors, this study found that on logistic regression analysis
independent risk factors were low body mass index, type 1 diabetes, and peripheral
neuropathy. The initial wounds reflected the spectrum of hand injuries including
insect bites, burns, other traumatic injuries, and nonspecific papules. At the time of
presentation of TDHS, more than 80% had had purulent hand ulcerations and almost
30% rapidly progressed to frank gangrene. Thirteen percent of the total needed arm
amputation for progressive gangrene despite glucose control and antimicrobial ther-
apy, and another 13% died from unbridled sepsis despite aggressive therapy.

In a subsequent report expanding the numerator of involved cases published in
2002 (57), 72 individuals fitting the case definition were included. The case definition
was unchanged from previous reports and was any adult diabetic (greater than 18
years old) who had sought medical attention with cellulitis or other deeper infection
of the hand with or without gangrene. Here 61% had type 2 diabetes, with an average
age of 52 years (range 20–89), median interval of five years since the diagnosis of dia-
betes (two weeks to 19 years), low median body mass index, and generally high glu-
cose levels. Of note, only 10 (14%) had evidence of peripheral neuropathy. In this
study (57), at the time of presentation, each of the affected individuals had ulcera-
tions with 85 of them purulent in nature, 32% had deep ulcerations involving bone,
and a quarter already had localized or progressive gangrenous changes. The median
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time to presentation from perceived onset of symptoms was two weeks but was as
short as two days and as long as 252 days.

In most of the reports regarding TDHS, little, if any, microbiological information
is given, which could reflect the lack of adequate microbiological support. The Centers
for Disease Control and Prevention report, from the same Tanzanian authors, how-
ever, notes that superficial swab cultures all revealed polymicrobial growth reflective
of the pathogens often found in Meleney’s synergistic gangrene. These organisms
included gram-positive cocci such as staphylococci and streptococci and gram-negative
bacilli such as Klebsiella pneumoniae, E. coli, and P. aeruginosa. No anaerobic flora
were noted but were likely to be present.

It was felt that these superficial swabs were inadequate to guide the choice of
antimicrobial agents and advised tissue biopsy cultures in this regard. In this study,
half of the individuals required surgery, and of this, 44% had gangrene, and about half
of these needed amputation of digits, hand or arm. More than half of the group able to
be followed up had enough impaired hand function to affect their activities of daily
living, and many reported severe, ongoing neuropathic pain.
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INTRODUCTION

Solid organ transplant (SOT) recipients may require intensive care unit (ICU) admissions
for different reasons in different moments of their evolution, and infection is the most
important one. Between 5% and 50% of transplantation candidates must await trans-
plantation in an ICU and, after the procedure, most of them spend a mean of four to
seven days there for life support (1–6). If the ICU stay is prolonged due to postsurgical
complications, the probability of acquiring a nosocomial infection increases significantly.

Most ICU days will take place during the period of deepest immunosuppres-
sion (7), but transplant recipients may require readmission to the ICU at any time
due to infectious and noninfectious complications such as severe rejection, bleeding,
organ dysfunction, etc. In fact, infections are the most common indication for
admission of transplant recipients in emergency departments (35%), and severe sepsis
(11.7%) is the most common reason for ICU utilization (8). Figures regarding infection
and ICU admission show that one-half of all febrile days in liver recipients occur in the
ICU, and 87% of these are caused by infection (9).

In a multicentric study in Italy, it was shown that most centers are not sup-
ported by an ICU exclusively dedicated to transplantation (10). Accordingly, many
of these patients will be cared by physicians not always familiar with the specific prob-
lems posed by the transplant population. Our aim is to provide information and
guidelines regarding most frequently encountered clinical scenarios relevant to criti-
cally ill infected SOT recipients. This chapter deals with the etiology, approach, and
outcome of most common infectious complications intensive care specialists may
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find when taking care of SOT recipients. Where no solid data were available, per-
spectives based on our own experience and opinion are presented.

INFLUENCE OF THE TYPE OF TRANSPLANTATION AND
OF THE TIME AFTER TRANSPLANTATION

The incidence of infection after a heart transplantation (HT) ranges from 30% to 60%
(with a related mortality of 4–15%), and the rate of infectious episodes per patient is 1.73
in a recent series (11). Infections are more frequent and severe than those occurring in
renal transplant recipients, but less frequent than those occurring after liver or lung
transplantation. The type of SOT and the time after transplantation may be useful clues
to the clinician because, unless unexpected exposure has occurred, there is a timetable
according to which different infections occur postorgan transplantation (12,13).
According to it, although, for example, pneumonia can occur at any point in the post-
transplant course, the etiology will be very different at very different points in time.

Importance of the Underlying Disease and Type of Transplantation

The type of organ transplanted, the degree of immunosuppression, the need for
additional antirejection therapy, and the occurrence of technical or surgical compli-
cations all impact on the incidence of infection posttransplant.

Within each type of transplantation there are patients in which the risk of
infection is greater. In HT, patients with prior ischemic cardiomyopathy experience
more surgical complications, longer postoperative mechanical assistance, and are
more susceptible to Pneumocystis jiroveci pneumonia (14,15) (Table 1). Incidence
of infection is higher in pediatric thoracic transplantation than in adult patients (16).

After orthotopic liver transplantation (OLT), patients with prior fulminant
liver disease fared the worst ICU course and cirrhotics the best (17). Thrombocytopenia

Table 1 Risk Factors for Infections in Heart Transplant Patients

Preoperative period Intraoperative period Postoperative period

Pulmonary hypertension not
responsive to vasodilators

Prolonged operative time Prolonged stay in intensive
care unit

Critically ill status and
mechanically ventilated
patients at time of
transplanation

Complicated surgical
procedure Mediastinal complications

and need for
reintervention

Renal insufficiency

Need for large number of
blood transfusions

Prolonged hospitalization

Cardiac cachexia

Need for ventricular assist
devices Prolonged antibiotic use

Renal insufficiency
Prior sternotomy

Presence of pathogens in
the transplant allograft Induction therapy with

with OKT31Donor’s CMV positive serology
Immunosuppressive drugs

and treatment of allograft
rejection

Older age

Immunosuppression due to
concomitant viral
infections

Repeated hospital admissions

Retransplanation

Lack of pathogen-specific
immunity

Latent infections in the donor
or the recipient

Abbreviations: CMV, cytomegalovirus.
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of < 50� 109/L for three days is frequent after liver transplantation and as such was
not found to be an important contributor to bleeding. The unique associated event
identified for significant bleeding was sepsis (HR, hazard rate 34.80; 95% CI, confidence
interval 1.47–153.40) (18). If severely ill patients with end-stage liver disease are selected
appropriately, liver transplant outcomes are similar to those observed among subjects
who are less ill and are transplanted electively from home (19).

Following lung transplantation, patients with obstructive lung disease, double
lung transplant, or cystic fibrosis have a longer stay in the ICU and a higher risk of
infection (2,20,21).

The type of SOT also determines the complexity of the surgery, the intensity of
immunosuppression, and the most likely sites of infection. Lung and HT recipients
are especially susceptible to thoracic infections, whereas intra-abdominal complica-
tions predominate in OLT or pancreas recipients. Patients receiving alentuzumab are
more prone to suffer fungal infections (22).

Certain infections are characteristic of a particular type of transplantation,
e.g., infections related to circulatory support devices (intra-aortic balloon pumps,
ventricular assistance devices, and total artificial hearts) in heart transplant recipi-
ents (23–25) or endotipsitis in cirrhotic patients (26). Infections such as insertion site
sepsis, endocarditis, pneumonia, candidiasis, or sternal infection may complicate
38% of support courses. Lung transplant recipients are admitted to the ICU most
commonly due to respiratory deterioration requiring mechanical ventilation (59%)
or due to suspicion of sepsis (35%) (27).

The use of extended donors does not seem to increase the risk of poor out-
come (28). Some characteristics have been found to have a negative impact on liver
graft survival (elderly donor with hypertension combined with the presence of meta-
bolic acidosis, or a prolonged ICU donor stay) (29).

Time of Appearance of Infection after Transplantation

All SOT recipients share a number of conditions (end-stage organ failure, surgery, immu-
nosuppressive regimens, etc.) that bring along a predictable time line of posttransplant
infectious complications. The time of appearance of infection after transplantation is
an essential component of the evaluation of the etiology of infection. Early infections
occurring within the first month after transplantation are generally similar to nontrans-
plant patients who have undergone major surgery in the same body area. Intermediate
infections (two to six months) are usually caused by opportunistic microorganisms, such
as cytomegalovirus (CMV), fungi, and multiresistant bacteria. Finally, late infections
(after six months) may be caused either by common community pathogens in healthy
patients or by opportunistic microorganisms in patients with chronic rejection (Table 2).

Early Infections

In the first month after SOT, patients are very susceptible to ventilator-associated
pneumonia, IV catheter-related infections, surgical wound infection, or urinary tract
infection (UTI) usually due to bacterial or candidal infections. Some of these may
not be evident during the initial examination, which should be frequently repeated.
If the patient is still intubated and the chest X ray does not reveal infiltrates, the
possibility of tracheobronchitis or bacterial sinusitis should be considered. Staphy-
lococci or enterobacteriaceae will cause most early infections. Gram positives
predominate if quinolone prophylaxis is given. Herpetic stomatitis and infections
transmitted with the allograft or present in the recipient may also appear at this time.
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Bleeding or anastomosis dehiscences may require a new surgical intervention. Pro-
longed ICU stay due to central nervous system (CNS) lesions or organ failure usually
implies involvement of more resistant species such as vancomycin resistant entero-
cocci (VRE), Acinetobacter, Pseudomonas, methicillin resistant Staphylococcus aureus
(MRSA) or Candida (30). Aspergillus may also cause early infection in patients requiring
prolonged admission to the ICU and who are especially difficult to diagnose (31).

Intermediate Period

From the second to the sixth month, patients are susceptible to opportunistic patho-
gens that take advantage of the immunosuppressive therapy. In this period we may
expect infection with immunomodulatory viruses and with opportunistic pathogens
(Pneumocystis jiroveci, Listeria monocytogenes, and Aspergillus species). Most life-
threatening infections occur within the first three months. CMV is the most common
pathogen after SOT. When no prophylaxis is given, 30% to 90% of patients will show
laboratory data of ‘‘CMV infection’’ and 10% to 50% may develop associated clin-
ical manifestations (CMV disease). However, CMV disease is readily diagnosed at
present and seldom requires ICU admission. In our experience, only gastrointestinal
and respiratory CMV has required ICU admission. Cultures for human herpesvirus
(HHV)–6 should be ordered in patients with leukopenia. Some bacterial infections
such as listeriosis may appear at this time as primary sepsis or meningitis.

Table 2 Chronology of Most Common Infections or Causative Microorganisms in Severely
Ill Solid Organ Transplant Recipients

Chronology of infection Most common syndromes

Early infection
(first month)

Bacterial infections
Pneumonia
Surgical wound infection
Deep infections near the surgical area
Intra-abdominal abscesses
Urinary tract infection
Catheter-related infection
Bloodstream infection
Antibiotic associated diarrhea

Viral infections
Herpes simplex stomatitis
HHV-6 infections
Primary CMV disease

Infections transmitted with the allograft
Invasive aspergillosis or candidiasis

Intermediate infections
(2–6 month)

Opportunistic infections: bacterial, tuberculosis, nocardiosis,
invasive aspergillosis, other fungal infections, viral diseases,
toxoplasmosis

Late infections
(after sixth month)

Common community-acquired infections
Respiratory tract infections
Urinary tract infections
Varicella-zoster infections
CMV, adenovirus
Other opportunistic microorganisms: listeriosis, Cryptococcus,

Pneumocystis jiroveci

Abbreviations: HHV-6, human herpesvirus–6; CMV, cytomegalovirus.
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Tuberculosis and nocardiosis are also characteristic of this second period (32). Asper-
gillosis (IA) may be encountered in patients with risk factors or massive exposure (33)
and toxoplasmosis in seronegative recipients of a seropositive allograft (34).

Late Period

From the sixth month onwards SOT patients are susceptible to community-acquired
infections if chronic rejection is not present. Herpes zoster virus, bacterial pneumo-
nia, and UTI predominate. At this time, fever of unknown origin should be managed
almost as in immunocompetent hosts. However, the aforementioned opportunistic
infections may complicate this late period in patients with chronic viral infection,
such as hepatitis B or C, which may progress to end-stage organ dysfunction and/
or cancer. Patients requiring chronic hemodialysis, malignancy, or with late rejection
are also susceptible to opportunistic infections (Cryptococcus neoformans, P. jiroveci,
L. monocytogenes, etc.) in this timeframe (35).

Anamnesis and Physical Examination

Risk factors for infection should be carefully sought in all SOT patients admitted to
the ICU because they may suggest an etiology and a clinical syndrome. The pretrans-
plantation history, e.g., serological status against microorganisms such as CMV,
hepatitis virus, Toxoplasma, etc., may yield valuable information. Previous infections
or colonization, exposure to tuberculosis, contact with animals, raw food ingestion,
gardening, prior antimicrobial therapy or prophylaxis, vaccines or immunosuppres-
sors, and contact with contaminated environment or persons should be recorded
(36,37). History of residence or travel to endemic areas of regional mycosis (38) or
Strongyloides stercoralis may be essential to recognize these diseases (39). Exposure
to ticks may be essential to diagnose entities such as human monocytic ehrlichiosis,
which may be potentially lethal in immunosuppressed patients (40). Diagnosis may
be confirmed by polymerase chain reaction (PCR) for Ehrlichia chaffeensis, serology,
and by in vitro cultivation of E. chaffeensis from peripheral blood.

Certain complications may increase the risk of bacterial and fungal infection in
the early posttransplant period. They include long operation (over eight hours), blood
transfusion in excess of 3 L, allograft dysfunction, pulmonary or neurological pro-
blems, diaphragmatic dysfunction, renal failure, hyperglycemia, poor nutritional state,
and thrombocytopenia (17,41–44). Intraoperative hypothermia increased the inci-
dence of early CMV infection in liver transplant recipients (45). Blood cell transfusions
have been associated with an increased risk of ventilator-associated pneumonia (46),
and leukocyte reduction of all administered blood products during OLT was asso-
ciated with an improved outcome demonstrated by both a decreased incidence of acute
cellular rejection and length of hospital stay (47). Critically ill orthotopic liver trans-
plant patients with kidney failure managed with a conservative anticoagulation policy
and continuous venovenous hemofiltration (CVVH) have a much better outcome than
acute renal failure (ARF) without orthotopic liver transplantation (OLTX) (48).

Fever in critically ill transplant recipients should be considered an emergency. In
our opinion, a basic tenet of the management of a SOT with fever is that physical exam-
ination data should be directly obtained by the ID consultant, not relying on second hand
information. This may be more useful than many expensive and time-consuming tests.

The oral cavity is frequently forgotten and may disclose previously unnoticed
herpetic gingivo-stomatitis or ulcers. Within the exploration of the thoracic area, the con-
sultant should visualize the entry sites of all intravascular devices, even if they ‘‘have just

Infection in Organ Transplant Patients in the Critical Care Unit 463



been cleansed.’’ It should be remembered that the presence of inflammatory signs is
suggestive of infection, although their absence does not exclude infection. Sepsis, without
local signs, may be the initial sign of postsurgical mediastinitis. When the sternal wound
remains closed, a positive epicardial pacer wire culture may be a clue to sternal osteomye-
litis (49). Although unusual after SOT, cardiac auscultation and echography may help to
detect endocarditis (50), and physical examination may occasionally disclose the exis-
tence of pneumonia, or empyema before abnormal radiological signs become evident.

The abdominal examination is always essential, especially in OLT recipients.
The surgical wound is also a common site of infection and a cause of fever. Its pre-
sence requires rapid debridement and effective antimicrobial therapy and should
prompt the exclusion of adjacent cavities or organ infection. The presence of ascites
should be immediately analyzed and properly cultured to exclude peritonitis. We
recommend bedside inoculation in blood-culture bottles due to its higher yield of
positive results. Examination of the iliac fossa is particularly important after kidney
transplantation. Tenderness, erythema, fluctuance, or increase in the allograft size
may indicate the presence of a deep infection or rejection. Ultrasound or computed
tomography (CT)–guided aspiration may facilitate the diagnosis. The possibility of
colonic perforation in steroid-treated patients or gastrointestinal CMV disease
should always be considered in intra-abdominal infections. It is important to remem-
ber that even very severe intestinal CMV disease may occur in patients with negative
antigenemia, especially in patients on mycophenolate mofetil (MMF) (51).

Finally, skin and retinal examination are ‘‘windows’’ at which the physician
may look in and obtain quite useful information on the possible etiology of a pre-
viously unexplained febrile episode. We have analyzed the value of ocular lesions
in the diagnosis and prognosis of patients with tuberculosis, bacteremia, and sepsis
(52,53). Cutaneous or subcutaneous lesions are a valuable source of information and
frequently allow a rapid diagnosis. Viral and fungal infections are the leading causes
of skin lesions in this setting. The entire skin surface should be inspected and pal-
pated in SOT recipients with unexplained fever. The biopsy of nodules, subcuta-
neous lesions, or collections may lead to the immediate diagnosis of invasive
mycoses and infections caused by Nocardia or Mycobacteria, among others.

An aggressive diagnostic approach is necessary when dealing with febrile com-
promised ICU hosts because it has been shown or documented that many infectious
complications remain undiagnosed. In a recent study, complete agreement between
pre- and postmortem diagnoses took place in only 58% of a total 149 patients.
Two-thirds of all missed diagnoses were infectious, and disagreement was particu-
larly prominent in the transplant population (complete agreement 17% and major
error in 61%) in comparison with trauma patients (complete agreement 86%) or
cardiac surgery group (69%). The majority of the missed diagnoses were fungal infec-
tions. Longer ICU stays increased the rate of error (31).

Approximately 25% of febrile episodes do not present with an evident focal ori-
gin and do not permit a straight syndromic approach (54). Therefore, it is essential to
know the patient’s antecedents, type of transplantation, and time after surgery. We
systematically recommend to our residents to go over the viral, bacterial, fungal, and
parasitic etiologies that should be excluded.

MOST COMMON CLINICAL SYNDROMES

Pneumonia

Pneumonia accounts for 30% to 80% of infections suffered by SOT recipients and for
a great majority of episodes of fever in the ICU (41% of all febrile infections during
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the first seven days of ICU stay and 14% of those after seven days) (9). Pneumonia is
among the leading causes of infectious mortality in this population. The incidence of
pneumonia is higher in the early postoperative period, especially in the patients who
require prolonged ventilation. The clinical presentation and the differential diagnosis
are similar to those in other critical patients.

The incidence of bacterial pneumonia is highest in recipients of heart–lung
(22%) and liver transplants (17%), intermediate in recipients of heart transplants
(5%), and lowest in renal transplant patients (1–2%). The crude mortality of bacterial
pneumonia in solid organ transplantation has exceeded 40% in most series (55).

Pneumonias occur in 13% to 34% of liver transplant recipients. Singh et al.
have recently analyzed 40 OLT who developed lung infiltrates in the ICU (35).
The etiology was pulmonary edema 40%, pneumonia 38%, atelectasis 10%, acute
respiratory distress syndrome (ARDS) 8%, contusion 3%, and unknown 3%. The
signs that suggest an infectious origin were clinical pulmonary infection score (CPIS)
score > 6 (73% vs. 6%), abnormal temperature (73% vs. 28%), and creatinine level
> 1.5 mg/dL (80% vs. 50%) (35). Methicillin resistant Staphylococcus aureus, Pseu-
domonas aeruginosa, and Aspergillus caused 70% of all pneumonias in the ICU (9).
All Aspergillus and 75% of MRSA pneumonias, but only 14% of the gram-negative
pneumonias, occurred within 30 days of transplantation. Legionella, Toxoplasma
gondii, and CMV may also cause pneumonia in this setting (7,56).

Pneumonia is the most common infection following HT. Gram-negative pneu-
monia in the early posttransplant period is associated with significant mortality. In a
recent multicentric prospective study performed in Spain, the incidence of pneumonia
after HT was 15.6 episodes/100 HT (57). Most cases occurred in the first month after
transplantation. Etiology could be established in 61% of the cases. Bacteria caused 91%
of the cases, fungi 9%, and virus 6%. In another study, opportunistic microorganisms
caused 60% of the pneumonias, nosocomial pathogens 25%, and community-
acquired bacteria and mycobacteria 15% (58). Gram-negative rods caused early
pneumonias (median nine days), gram-positive cocci (11 days), fungi (80 days), Myco-
bacterium tuberculosis and Nocardia spp. (145 days), and virus (230 days). Legionella
should always be included in the differential diagnosis (59–62). Pneumonia increases the
risk of mortality after HT (odds ratio (OR) 3.7, IC 95% 1.5–8.1, P< 0.01).

Lung infections are very common in lung and heart–lung transplant recipients.
These patients have particular predisposing factors because the allograft is in contact
with the outside environment, and have an impaired mucociliary clearance, ischemic
lymphatic interruption, and abolition of the cough reflex distal to the tracheal or
bronchial anastomoses. In fact, the anastomosis is especially vulnerable to invasion
with opportunistic pathogens including gram-negative bacilli (Pseudomonas), staphylo-
cocci, or fungus. Lung transplant recipients with underlying cystic fibrosis may be
prone to suffer infections caused by multiresistant microorganisms such as Burkholderia
cepacia. In this group of patients perioperative antimicrobials are chosen on the basis of
surveillance cultures. Pathogens transmitted from the donor may also cause pneumonia
in this setting.

Pneumonia is less common after renal transplantation (8–16%), although it
remains a significant cause of morbidity (63–65).

Most Common Pathogens in Transplant Patients with Pneumonia

We have already mentioned some data on the etiology of pneumonia in SOT recipients,
but we will now review in more detail some of the most common groups of pathogens.

Bacteria. Although bacterial pneumonia may occur any time after transplan-
tation, the period of greater risk is the first month after the procedure. Need for
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mechanical ventilation and intensive care in this period are among the causes. The
etiology will depend on the moment after transplantation, length of previous
hospital stay, the days on ventilation, previous use of antimicrobial agents, and clin-
ical and radiological manifestations (Table 3). Gram-negative rods predominate
(P. aeruginosa, Acinetobacter spp., and Enterobacteriaceae) but gram-positive cocci
(S. aureus, S. pneumoniae) account for a significant proportion of cases, as we
mentioned before.

Legionella has been reported in 2% to 27% of SOT recipients with
pneumonia (66–68). Most common species implicated are Legionella pneumophila
and L. micdadei (69,70). A prodrome of influenza-like symptoms is followed by a
sometimes ‘‘explosive’’ pneumonia with patchy lobular or interstitial infiltrates on
chest radiograph. High fever, hypothermia, abdominal pain, and mental status
changes are sometimes seen. Pneumonia is the most common presentation, but some
patients have just fever (62). Other manifestations have also been described such as
liver abscesses, pericarditis, cellulitis, peritonitis, or hemodialysis fistula infections
(71). Infiltrate is usually lobar, but Legionella has to be included in the differential
diagnosis of lung nodules, cavitating pneumonia, and lung abscess (59). Legionella
infections can be overlooked unless specialized laboratory methodology (cultures on
selective media, urinary antigen) is applied routinely on all cases of pneumonia (60).
Routine culture of the water supply for Legionella is recommended in all transplant
centers and ICUs with cases of Legionellosis (72). The use of impregnated filter sys-
tems may help prevent nosocomial Legionellosis in high-risk patient care areas (73).

The frequency of M. tuberculosis disease in receptors of solid organ transplanta-
tion in most developed countries ranges from 1.2% to 6.4%, but in transplant patients
living in areas of high-level endemicity it might reach up to 15% (32,74–76). Although
there is a huge regional variability, in general SOT incidence is 20 to 74 times higher
than in the general population, with a mortality rate of up to 30%. The most frequent
form of acquisition of tuberculosis after transplantation is the reactivation of latent
tuberculosis in patients with previous exposure. Tuberculosis develops a mean of
nine months after transplantation (0.5–13 months). Risk factors for early onset
are nonrenal transplant, allograft rejection, immunosuppressive therapy with

Table 3 Probable Etiology of Pneumonia in Relation to the Type and Progression
of the Infiltrates

Radiologic
pattern Acutea Subacute

Consolidation Bacteria (Streptococcus pneumoniae
gram-negative rods, Legionella,
staphylococci)

Aspergillus, Nocardia, tuberculosis,
drugs, Pneumocystis jiroveci,
Legionella, HSV, VVZ,
ToxoplasmaEmbolisms

Hemorrhage
CMV

Interstitial Edema, Transfusions
(Bacteria)

Virus, P. jiroveci, drugs (Fungi,
Nocardic, tuberculosis)

Nodular (Bacteria, edema) Fungi, Nacardia, tuberculosis
(P. jiroveci, CMV )

aAcute: require attention in < 24 hr. Less common possibilities are among brackets.

Abbreviations: CMV, cytomegalovirus; HSV, herpes simplex virus; VVZ, virus waucella zoster.
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(OKT31) anti-CD3 monoclonal antibodies or anti-T cell antibodies, and previous
exposure to M. tuberculosis. Clinical presentation is frequently atypical and diverse,
with unsuspected and elusive sites of involvement. A large series of tuberculosis
(TBC) in transplant recipients described pulmonary involvement in 51% of patients,
extrapulmonary tuberculosis in 16%, and disseminated infection in 33% (32). In lungs,
radiographic appearance may vary between focal or diffuse interstitial infiltrates,
nodules, pleural effusion, or cavitary lesions. Manifestations include fever of unknown
origin, allograft dysfunction, gastrointestinal bleeding, peritonitis, or ulcers. In
transplant patients, M. tuberculosis infection was also described in skin, muscle,
osteoarticular system, CNS, genitourinary tract, lymph nodes, larynx, adrenal glands,
and thyroid (32,77). Ocular lesions may be an early way to detect dissemination (52).
Coinfection with other pathogens is not uncommon. Treatment requires control of
interactions between antituberculous drugs and immunosuppressive therapy. A high
index of suspicion is recommended.

Rhodococcus equi (78) and Nocardia (79–83) are well-known causes of respi-
ratory tract infection in transplant recipients. However, they usually present in a
subacute form and rarely require ICU admission. These infections usually occur
more than three months posttransplantation. Radiologically, they may appear as
multiple and bilateral nodules, possibly due to their long-term silent evolution.
The incidence of nocardiosis has been significantly reduced since the widespread
use of cotrimoxazole prophylaxis. Nocardia farcinica may be resistant to cotrimox-
azole prophylaxis and cause particularly aggressive disease (79).

R. equi is an opportunistic pathogen, which usually causes cavitated pneumo-
nia in HIV-positive patients, but SOT recipients may be affected as well. Infection
occurs usually late (median of 49 months after transplantation), and the lungs are
primarily involved in most cases. Infection presents as a lung nodule in half of the
patients. Clinicians should consider R. equi when evaluating a solid organ recipient
with an asymptomatic lung nodule, particularly when cultures fail to identify Myco-
bacteria, Nocardia, or fungal organisms. Clinical microbiology laboratories should
be alerted when a R. equi infection is suspected, because it could be mistaken for
a contaminant diphtheroid and will not respond to the standard empirical therapy.

Fungal infections have been reported to occur in 5% to 20% of SOT recipients, and
although they are decreasing proportionally, they increase in absolute figures as more
transplantation procedures are performed each year. Rates vary according to the type
of transplant recipient and are greatly influenced by the degree of immunosuppression,
the use of prophylaxis, the rate of surgical complications, and rate of renal failure
among the transplant population. Fungal pathogens more likely to cause pneumonia
in this population are Aspergillus, P. jiroveci, Candida spp., and Cryptococcus spp.

Different types of transplantations imply differences in fungal infections (84).
A recent series prospectively collected in Spain reported the incidence of invasive
IA in SOT recipients, which ranged from 0.3% in kidney transplant to 3.9% in pan-
creas recipients (85). In lung and heart–lung transplantation, the incidence of fungal
infections, most notably IA, ranged from 14% to 35% if no prophylaxis was pro-
vided, but has significantly decreased because aerosolized amphotericin B is given
to these patients (86,87). In single lung transplant patients, invasive IA more com-
monly affects the native lung than the transplanted lung and may arise immediately
postoperatively due to preexistent disease in pretransplant immunosuppressed
patients. In lung and heart–lung transplant recipients the types of disease presenta-
tion include bronchial anastomosis dehiscence, vascular anastomosis erosion,
bronchitis, tracheobronchitis, invasive lung disease, aspergilloma, empyema,
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disseminated disease, endobronchial stent obstruction, and mucoid bronchial impac-
tion. Kramer et al. have described a distinct form of IA after lung transplantation:
ulcerative tracheobronchitis, a semi-invasive disease involving the anastomosis site,
and the large airways (88). Risk factors include CMV infection, obliterative bronchi-
tis, rejection, and increased immunosuppression.

In HT, Aspergillus is the predominant fungal isolate and accounts for 38% of
all lung nodular lesions (89). It appears a median of 50� 63 days after HT (90). We
found that postoperative hemodialysis, CMV disease, reoperation, and other epi-
sodes of IA in the ward close to the transplantation date are the major risk factors
for IA in this population. The use of oral itraconazole is an effective way of prevent-
ing this infection.

In liver transplantation, Aspergillus infection is less common when compared
to lung or heart–lung transplant recipients, but is more commonly found than in kid-
ney transplant recipients. In liver transplant recipients, IA usually is an early event,
and most patients were still in the ICU with evidence of organ dysfunction when the
disease was diagnosed (76,91). Retransplantation is also an independent risk factor
(91,92), although IA may happen in low-risk patients if an overload exposure has
occurred (33). Accordingly, ICUs caring for transplant patients should maintain a
good quality of air control (93). Aspergillus may appear late after transplantation,
mainly in patients with a neoplastic disease (94).

Pulmonary involvement is described in 90% of the cases, but CNS or dissemi-
nated manifestations may predominate (95). The isolation of Aspergillus from any
SOT recipient sample is always a warning clue. Although the lung is the primary site
of infection, other presentations have also been described (surgical wound, primary
cutaneous infection, infection of a biloma, endocarditis, endophthalmitis, etc.).

Scedosporium species are increasingly recognized as significant pathogens,
particularly in immunocompromised hosts. These fungi now account for �25% of
all non-Aspergillus mold infections in organ transplant recipients (96). Scedosporium
species are generally resistant to amphotericin B. Scedosporium prolificans, in particu-
lar, is also resistant to most currently available antifungal agents. We found that 46%
of Scedosporium infections in organ transplant recipients were disseminated and that
patients may occasionally present with shock and sepsis-like syndrome (97). Fungemia
is especially frequent when S. prolificans is involved. Overall, mortality rate for
Scedosporium infections in transplant recipients in our study was 58%. When adjusted
for disseminated infection, voriconazole as compared to amphotericin B was asso-
ciated with a lower mortality rate that approached statistical significance (p¼ 0.06).

P. jiroveci (former P. carinii) is now rarely seen in SOT receiving prophylaxis.
Before prophylaxis, incidence was around 5%, although it has been described to
reach up to 80% in lung transplant recipients. P. jiroveci pneumonia was diagnosed
a median of 75 days after transplant (range, 37–781 days). Clinical presentation was
acute (less than 48 hours) with fever (89%), shortness of breath (84%), dry cough
(74%), and hypoxia (63%). CMV was isolated from lung or blood in 74% of patients.
Chest X ray usually showed interstitial pneumonia (84%). Some patients required
ventilatory support. Mortality was 26%. Older age was the only significant poor
prognostic factor (61 years vs. 49 years; p< 0.03) (15). Weekend prophylaxis (one
double-strength tablet, 160/800 mg, every 12 hours on Saturdays and Sundays)
has shown practically universal efficacy, also eliminating cases of Listeria or
Nocardia infections.

C. neoformans affects the lung in 55% of SOTs with cryptococcosis (98).
However, the disease is uncommon and appears a median of 24 months after
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transplantation (1 month to 17 years). An immune reconstitution syndrome–like
entity may occur in organ transplant recipients with C. neoformans infection. This
entity may be interpreted as failure of therapy. Immunomodulatory agents may
have a role as adjunctive therapy in such cases (99).

Although Candida is frequently recovered from the lower respiratory tract of
ventilated patients, Candida pneumonia is exceedingly rare (100). It has been reported
in lung transplant recipients, and the diagnosis requires histological confirmation,
because the recovery of Candida may represent colonization. In these patients, infec-
tion with Candida may be associated with very severe complications such as the
necrosis of bronchial anastomoses (101–104).

CMV was the most common organism infecting the lungs in solid transplant
recipients, but the incidence has significantly decreased with the widespread use of
prophylaxis. CMV may be the sole causative agent of pneumonia after SOT or
appear as a copathogen when other microorganisms are isolated (61). CMV pneu-
monitis commonly adopts a diffuse interstitial radiological appearance, but focal
and even nodular infiltrates are described in up to one-third of patients. CMV may
cause severe pneumonia with ARDS requiring ICU admission. In a recent study, in
kidney transplant recipients, including 21 patients in this situation, it was found that
among 13 surviving patients, the numbers of CD4þ and CD8þ T cells and their
ratio increased as the patients recovered. In eight nonsurviving patients, the numbers
of CD4þ and CD8þ T cells and their ratio was similar to day 0. It was concluded
that the variations of CD4þ and CD8þ T lymphocytes and their ratio are useful
indicators of the severity of disease and the outcome of patients with CMV infections
accompanying ARDS after renal transplantation. Nevertheless, it may be helpful to
evaluate the efficiency of ongoing treatment methods in these patients.(105) Herpes
simplex (106,107) and virus vamcella zoster (VVZ) may also cause pneumonia in the
transplant population. human herpes virus 6 (HHV)-6 has been reported to cause
diverse clinical symptoms including fever, skin rash, pneumonia, bone marrow
suppression, encephalitis, and rejection.

The respiratory viruses, particularly respiratory syncytial virus, influenza, para-
influenza, adenovirus, and picornaviruses, are increasingly recognized as significant
pathogens in these populations. Adenovirus may also cause pneumonia, occasionally
with dysfunction of the allograft (108). Respiratory syncytial virus and influenza have
been found to be the most common of the respiratory viruses causing severe infections
in transplant recipients (109–115). New antiviral medications may bring improved out-
comes of picornavirus infections in this population. Finally, a new virus, the human
metapneumovirus, has recently been described and may be a significant respiratory
pathogen in immunocompromised transplant recipients (116). Respiratory viruses
may be associated with high morbidity, particularly in lung transplant recipients,
and may appear as ‘‘culture-negative’’ pneumonia. Molecular methods such as
reverse transcription-PCR assays allow the identification of respiratory viruses in
bronchoalveolar lavage (BAL) specimens (117). Advances in prevention, particularly
with regard to infection control practices, and to a lesser extent treatment, have had a
substantial impact on the frequency and outcomes of this infection.

Considering the high mortality that some of these pathogens engender, the
prompt detection of the etiology is of the utmost importance. As with other critical
patients, differentiating pneumonia from other etiologies of pulmonary infiltrates
can be extremely difficult. In liver transplant patients, a CPIS score > 6, abnormal
temperature, and renal failure (serum creatinine > 1.5 mg/dL) were significant pre-
dictors of pneumonia (35). It is important to bear in mind that some drugs, such as
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sirolimus, may cause pulmonary infiltrates (118). Patients may develop dyspnea,
cough, fatigue, and sometimes fever. Characteristic radiological changes are bilateral
lower zone haziness. The presentation ranges from insidious to fulminant, and
usually there is a rapid response to sirolimus withdrawal.

Chest X rays of transplant recipients with pneumonia predominantly show
alveolar or interstitial infiltrates of variable extension. However, nodular lesions
are not uncommon. The differential diagnosis of a lung nodule in a normal host
includes many malignant and benign processes. However, in immunosuppressed
patients the most common causes are potentially life-threatening opportunistic infec-
tions that may be treated and prevented. We have detected single or multiple lung
nodules on the chest radiograph in 10% of our HT patients (89). Aspergillus infection
was detected early after transplantation (median 38 days, range 23–158), whereas
Nocardia asteroides and Rhodococcus infections developed only later (median 100
days, range 89–100). Nodules due to CMV occurred 16 to 89 days after HT (median
27 days). Patients with Aspergillus were, overall, more symptomatic and were the
only ones in our series to present neurological manifestations and hemoptysis. CT
is more sensitive than standard chest X ray in identifying the number of lesions
and may assist guided biopsy.

Etiologic diagnosis is mandatory considering that only 50% of the empirical
treatments of pneumonia in HT patients are appropriate (58). For this reason, fast
diagnostic procedures that guide antimicrobial treatment are necessary. Etiologic
diagnosis may be performed by using different techniques, so this requires careful
tailoring to each single patient. Once pneumonia is identified, blood cultures, respira-
tory samples for culture of bacteria, mycobacteria, fungi and viruses, and urine
for Legionella and S. pneumoniae antigen detection must be sent to the laboratory
(if possible, before starting antimicrobials). The rate of expected bacteremia in
patients with pneumonia is 16% to 29% (119). Demonstration of pathogenic micro-
organisms (M. tuberculosis, Legionella, Cryptococcus spp., R. equi, or P. jiroveci) in
a sputum sample is diagnostic. PCR techniques may help improve diagnostic
sensitivity (74). A bronchoscopic sample with bronchial biopsy is preferable for
CMV, Aspergillus, or P. jiroveci pneumonia. If pleural fluid is present it should also
be analyzed. In our series of nodular lesions in HT patients, etiological diagnosis was
established within a median of eight days (1–24). A median of 1.8 invasive techniques
per patient was necessary to achieve the diagnosis. Overall diagnostic yield was 60%
for transtracheal aspiration, 70% for BAL, and 75% for transthoracic aspiration.
BAL was the first positive technique in 58% of the patients. The only complications
were a minor pneumothorax after a transbronchial biopsy and minor hemoptysis
after a transthoracic needle aspiration. Direct microscopic examination of the
respiratory samples (Gram stain, potassium hydroxide, or cotton blue preparations)
was positive in three out of five cases of IA and in three out of four cases of Nocar-
diosis (89). A serum sample should also be submitted. Pneumonia is the infection
with the highest related mortality rate, and this is also true for SOT recipients, so
prompt empirical therapy is highly recommended for patients in critical condition
after obtaining adequate samples. The selection of the empirical therapy will be
guided by the characteristics of the patient and the clinical situation.

Postsurgical Infections

Complications in the proximity of the surgical area must always be investigated.
Surgical problems leading to devitalized tissue, anastomotic disruption, or fluid
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collections markedly predispose the patient to potentially lethal infection. In the early
posttransplantation period, renal and pancreas transplant recipients may develop peri-
graft hematomas, lymphoceles, and urinary fistula. Liver transplant recipients are at
risk for portal vein thrombosis, hepatic vein occlusion, hepatic artery thrombosis, and
biliary stricture formation and leaks. Heart transplant recipients are at risk for medias-
tinitis and infection at the aortic suture line, with resultant mycotic aneurysm, and lung
transplantation recipients are at risk for disruption of the bronchial anastomosis.

Intra-abdominal Infection

In OLT recipients intra-abdominal infections may be responsible for 50% of bacter-
ial complications and cause significant morbidity (120); they include intra-abdominal
abscesses, biliary tree infections, and peritonitis. In nonabdominal transplantations,
intra-abdominal infections may be caused by preexisting problems such as biliary
tract lithiasis, diverticulitis, CMV disease, etc.

Risk factors for intra-abdominal complications after OLT include prolonged
duration of surgery, transfusion of large volumes of blood products, use of a choledo-
chojejunostomy (rous-en-Y) instead of a choledochostomy (duct-to-duct) for biliary
anastomosis, repeat abdominal surgery of the biliary tract, dehiscence or obstruction,
intra-abdominal hematomas, vascular problems of the allograft (for example the throm-
bosis of the hepatic artery or the ischemia of the biliary tract may create the apparition
of cholangitis and liver abscesses), and CMV infection. Occasionally, the complications
will appear after the performance of some procedure such as a liver biopsy or a cholan-
giography. These infections may be bacteremic, and in fact, OLT recipients show the
highest rate of secondary bloodstream infections. Most common microorganisms
include Enterobacteriaceae, enterococci, anaerobes, and Candida.

In a series published by Singh et al. biliary tree was the origin of 9% of infec-
tions associated with fever in the ICU (9). Biliary anastomosis leaks may result in
peritonitis or perihepatic collections, cholangitis, or liver abscesses (121–123). OLT
recipients are especially predisposed to suffer cholangitis. Recent data suggest that
duct-to-duct biliary anastomosis stented with a T-tube tends to be associated with
more postoperative complications (124). A percutaneous aspirate with culture of
the fluid is required to confirm infection. Culture of T-tube is unreliable because it
may only reflect colonization.

Hepatic abscess is frequently associated with hepatic artery thrombosis (125).
In one series, median time from transplant to hepatic abscess was 386 days (range
25–4198). Clinical presentation of hepatic abscess was similar to that described in
nonimmunosuppressed patients. Occasionally the only manifestations are unex-
plained fever and relapsing subacute bacteremia. In fact 40% to 45% of the liver
abscesses are associated with bacteremia. Prolonged antibiotic therapy, drainage,
and even retransplantation may be required to improve the outcome in these
patients. Catheter drainage was successful in 70% of cases. Mortality rate was
42% (126). Ultrasonography and CT of the abdomen are the normal techniques to
identify intra-abdominal or biliary infections. However, sterile fluid collections are
exceedingly common after liver transplantation, so an aspirate is necessary to estab-
lish infection.

Mediastinitis

In heart and lung transplant recipients the possibility of mediastinitis (2–9%) should
be considered. HT patients have a higher risk of postsurgical mediastinitis and
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sternal osteomyelitis than other heart surgical patients (127). It may initially appear
merely as fever or bacteremia of unknown origin. Inflammatory signs in the sternal
wound, sternal dehiscence, and purulent drainage may appear later. The most com-
monly involved microorganisms are staphylococci, but gram-negative rods represent
at least a third of the cases. Mycoplasma, mycobacteria, and other less common
pathogens should be suspected in ‘‘culture-negative’’ wound infections (Thaler,
1992 #7537; Levin, 2004 #5135). A bacteremia of unknown origin during the first
month after HT should always suggest the possibility of mediastinitis. Risk factors
are prolonged hospitalization before surgery, early chest reexploration, low output
syndrome in adults, and the immature state of immune response in infants. Therapy
consists of surgical debridement and repair, and antimicrobial therapy given for
three to six weeks.

Urinary Tract Infections

Urinary tract infections are the most common form of bacterial complication affect-
ing renal transplant recipients (128,129). The incidence in patients not receiving
prophylaxis has been reported to vary from 5% to 36% in recent series (130,131).
However, it is not a common cause of ICU admission. The most common pathogens
include Enterobacteriaceae, enterococci, staphylococci, and Pseudomonas. However,
other less frequent microorganisms, like Salmonella, Candida, or Corynebacterium
urealyticum pose specific management problems in this population. It is also impor-
tant to remember the possibility of infection caused by unusual pathogens such as
Mycoplasma hominis, M. tuberculosis, or BK and JC viruses. Unless another source
of fever is readily apparent, any febrile kidney transplant patient with an abrupt
deterioration of renal function should be treated with empiric antibacterial therapy
aimed at gram-negative bacteria, including P. aeruginosa, after first obtaining blood
and urine cultures (132). Prolonged administration of antimicrobial therapy has been
classically recommended for the treatment of early infections, although no double-
blind, comparative study is available (128).

Gastrointestinal Infections

Gastrointestinal symptoms are present in up to 51% of HT patients in recent series,
although only 15% are significant enough to warrant endoscopic, radiologic, or sur-
gical procedures. Possible manifestations include gastrointestinal bleeding, diarrhea,
abdominal pain, jaundice, nausea or vomiting, odynophagia, or dysphagia. Hepato-
biliary, peptic ulcer, and pancreatic complications are the most prevalent. Peritonitis,
intra-abdominal infections, and Clostridium difficile colitis accounted for 5% of all
febrile episodes in OLT in the ICU (9). Abdominal pain and/or diarrhea are detected
in up to 20% of organ transplant recipients (119). CMV and C. difficile are the most
common causes of infectious diarrhea in SOT patients.

CMV may involve the whole gastrointestinal tract, although duodenum and
stomach are the most frequent sites involved (133). Infection of the upper gastro-
intestinal tract with CMV used to be a major cause of morbidity in transplant
patients (134). In one series 53 out of 201 heart transplant patients had persistent
upper gastrointestinal symptoms (abdominal pain, nausea, and vomiting). Of these
53 patients, 16 (30.2%) had diffuse erythema or ulceration of the gastric mucosa (14),
esophagus (1), and duodenum (1) with biopsy results that were positive for CMV on
viral cultures (incidence, 8%). All patients with positive biopsy results were treated
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with intravenous ganciclovir. Recurrence developed in six patients (37.5%) and
required repeated therapy with ganciclovir. None of the 16 patients died as a result
of gastrointestinal CMV infection. Other possible presentation symptoms are fever
and gastrointestinal bleeding. Differential diagnosis should include diverticulitis,
intestinal ischemia, cancer, and Epstein-Barr Virus (EBV)-associated lymphoproli-
ferative disorders. A particular gastric lymphoma called mucosa-associated lym-
phoid tissue lymphoma may develop in renal transplant patients. It usually
responds to the eradication of Helicobacter pylori (135). PCR is an accurate method
for the detection of CMV in the mucosa of the gastrointestinal (GI) tract (136).

The natural history of CMV disease associated with solid organ transplantation
has been modified as a result of the widespread use of potent immunosuppressants and
antiviral prophylaxis, and late severe forms are now detected (137). Hypogamma-
globulinemia may also justify severe or relapsing forms of CMV after solid organ
transplantation (138).

C. difficile should be suspected in patients who present with nosocomial
diarrhea. It is more common in transplant populations who frequently receive
antimicrobial agents, and up to 20% to 25% of patients may experience a relapse
(139–141). Incidence of C. difficile infection is increasing, even taking into account
improved diagnosis and increased awareness. Most infections occur early after
transplantation (140). The most important factor in the pathogenesis of disease is
exposure to antibiotics that disturb the homeostasis of the colonic flora. Nosocomial
transmission has also been described. SOT recipients have many risk factors for
developing C. difficile-associated diarrhea (CDAD): surgery, frequent hospital
admissions, antimicrobials exposure, and immunosuppression.

Most common clinical presentation is diarrhea, but clinical presentation may
be unusually severe (142,143). In a recent series 5.7% of the kidney or pancreas trans-
plant recipients developed fulminant CDAD that presented with toxic megacolon,
and underwent colectomy. One of them died; the other patient survived after colect-
omy (144). Absence of diarrhea is a poor prognostic factor. In these cases significant
leukocytosis may be a very useful clue. The infection may be demonstrated with a
rectal swab. Occasionally patients present with an acute abdomen (145) or inflamma-
tory pseudotumor (146).

The reference method for diagnosis is the cell culture cytotoxin test, which
detects the presence of toxin B in a cellular culture of human fibroblasts (147), but
recovering C. difficile in culture allows the performance of a ‘‘second-look’’ cell
culture assay that enhances the potential for diagnosis (148). CDAD may pose
important diagnostic problems in the transplant setting. Clinical presentation may
be atypical and sometimes quite severe, differential diagnosis with other entities
causing diarrhea in this population is required (CMV, adenovirus), and relapses
may be difficult to manage. C. difficile colitis may occur in coincidence with CMV
gastrointestinal infection, which may complicate the diagnosis (139).

The first step in managing diarrhea and colitis caused by C. difficile is discon-
tinuation of the antibiotic therapy that precipitated the disease, whenever possible.
About 15% to 25% of patients respond within a few days. Patients with severe dis-
ease should be treated with oral metronidazole or vancomycin. Oral metronidazole
(500 mg tid or 250 mg every six hours) and oral vancomycin (125 mg every six hours)
administered for 10 to 14 days have similar therapeutic efficacy, with response rates
near 90% to 97%. When oral administration is not feasible, IV metronidazole should
be used, because IV vancomycin is not effective. Nearly all patients respond to
treatment in about five days. Comparison of metronidazole’s activity with that of
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vancomycin in patients with moderately severe disease shows similar response rates.
The former is preferred because of its reduced risk of vancomycin-resistance induc-
tion and lower cost. However, recent reports of very severe clinical forms suggest
that vancomycin may be preferable for these especially virulent strains.

C. difficile strains resistant to metronidazole and with intermediate resistance
to vancomycin have been described. The administration of probiotics such as
Saccharomyces boulardii, or Lactobacillus sp. for prophylaxis of CDAD remains
controversial, and we do not recommend it in critical patients because the occurrence
of severe invasive disease by S. boulardii has been described (149).

As mentioned, a substantial proportion of patients (10–25%) have a relapse
usually 3 to 10 days after treatment has been discontinued, even with no further anti-
biotic therapy. Relapse usually results from either a failure to eradicate C. difficile
spores from the colon or due to reinfection from the environment. Nearly all patients
respond to another course of antibiotics if given early. The frequency of relapses
does not seem to be affected by the antibiotic selected for treatment, the dose of these
drugs, or the duration of treatment.

Multiple relapses may be difficult to manage. Several measures have been sug-
gested: gradual tapering of the dosage of vancomycin over one to three months,
administration of ‘‘pulse-dose’’ vancomycin, use of anion-exchange resins to absorb
C. difficile toxin A, administration of vancomycin plus rifampin, or administration
of immunoglobulins.

Infectious enteritis is especially frequent in intestinal transplant recipients (39%).
Viral agents are the cause in two-thirds of the cases. In a recent series there were
14 viral enteritis (one CMV, eight rotavirus, four adenovirus, and one Epstein–Barr
virus), three bacterial (C. difficile), and three protozoal infections (one Giardia
lamblia and two Cryptosporidium). The bacterial infections tended to present
earlier than the viral infections, and the most frequent presenting symptom was
diarrhea (150).

Immunosuppressive drugs, such as MMF, cyclosporine A, tacrolimus, and sir-
olimus, are all known to be associated with diarrhea. Rarely, graft-versus-host
disease, lymphoproliferative disorder, de novo inflammatory bowel disease (IBD),
or colon cancer may present as diarrhea. Flare-up of preexisting IBD is also not
uncommon after LT. However, the cause of acute diarrhea remains unidentified in
one of three patients (151).

Neurological Focality

The detection of CNS symptoms in a SOT recipient should immediately arouse
the suspicion of an infection (152). Fever, headache, altered mental status, seizures,
focal neurological deficit, or a combination of them should prompt a neuroimaging
study (119). Noninfectious causes include immunosuppressive-associated leukoence-
phalopathy (153), toxic and metabolic etiologies, and stroke and malignancies (154).
Therapy with OKT3 monoclonal antibody has been related to the production of
acute aseptic meningitis [cerebrospinal fluid (CSF) pleocytosis with negative cultures,
fever, and transient cognitive dysfunction]. Infectious progressive dementia has been
related to JC virus, Herpes simplex, CMV, and EBV.

The most common cause of meningoencephalitis in organ transplant recipients
is herpes viruses, followed by L. monocytogenes, C. neoformans, and T. gondii. HHV-
6 is a neurotropic ubiquitous virus known to cause febrile syndromes and exanthema
subitum in children. Less commonly, and particularly in organ transplant recipients,
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it may cause hepatitis, bone marrow suppression, interstitial pneumonitis, and
meningoencephalitis (155). In a recent review, HHV-6 encephalitis occurs a median
of 45 days (range 10 days to 15 months) after transplantation. Mental status
changes, ranging from confusion to coma (92%), seizures (25%), and headache
(25%) were the predominant clinical presentations. Focal neurologic findings were
present in only 17% of the patients. Twenty-five percent of the patients had fever,
occasionally reaching 40� C. CSF pleocytosis was generally lacking. Magnetic reso-
nance images of the brain may reveal multiple bilateral foci of signal abnormality
(nonenhancing involving both gray and white matter). HHV-6 can be detected in
CSF by PCR or by viral isolation. HHV-6 viremia was documented in 78% of the
patients. Overall mortality in patients with HHV-6 encephalitis was 58% (7 of 12);
42% (5 of 12) of the deaths were caused by HHV-6. Cure was documented in seven
of eight patients who received ganciclovir or foscarnet for seven days, compared with
0% (zero of four) in those who did not receive these drugs or received them for
< seven days (P¼ 0.01) (156). A growing body of evidence suggests that the more
important effect of HHV-6 and HHV-7 reactivation on the outcomes of liver trans-
plantation may be mediated indirectly by their interactions with CMV (157). HHV-6
viremia is an independent predictor of invasive fungal infection (158).

Cytomegalovirus infection of the CNS is quite uncommon in SOT recipients. It
may affect the brain (diffuse encephalitis, ventriculoencephalitis, and cerebral mass
lesions) or the spinal cord (transverse myelitis and polyradiculomyelitis). Diagnosis
is very difficult and should be based on clinical presentation, results of imaging, and
virological markers. The most specific diagnostic tool is the detection of CMV DNA
by PCR in the CSF. Treatment should be initiated promptly if CMV infection is sus-
pected. Antiviral therapy consists of intravenous ganciclovir, intravenous foscarnet,
or a combination of both. Cidofovir is the treatment of second choice. Patients who
experience clinical improvement or stabilization during induction therapy should be
given maintenance therapy (159). Encephalitis caused by herpes simplex virus (HSV)
has also been described (160,161).

Among causes of encephalitis, West Nile virus has emerged as an important cause
of several outbreaks of febrile illness and encephalitis in North America over the past
few years. In a recent report 11 transplant recipients with naturally acquired West Nile
Encephalitis (WNE) were identified (four kidney, two stem cell, two liver, one lung, and
two kidney/pancreas). Ten patients developed meningoencephalitis, which in three
cases was associated with acute flaccid paralysis. All patients had CSF pleocytosis
and WNV-specific immunoglobulin M in the CSF and/or serum. Magnetic resonance
images of the brain were abnormal in seven of eight tested patients, and electroencepha-
lograms were abnormal in seven of seven, with two showing periodic lateralized
epileptiform discharges. Nine of 11 patients survived infection, but three had significant
residual deficits. This viral infection should be considered in all transplant recipients
who present with a febrile illness associated with neurological symptoms (162–164).

L. monocytogenes infections can occur at almost any time, although the most
common occurrence is two to six months posttransplant (165). The incidence has sig-
nificantly been reduced because prophylaxis with cotrimoxazole is used (15). Listeria
infections may present as isolated bacteremia or with associated meningitis (166,167).
OLT recipients may present with acute hepatitis (168). Brainstem encephalitis or
rhomboencephalitis have been characteristically described in patients with Liste-
riosis, in which cranial nerve palsies or pontomedullary signs may be observed.
Cerebritis/abscess due to L. monocytogenes, without meningeal involvement, is less
common (169).
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Incidence of cryptococcosis after organ transplantation is 0.3% to 6% (170–172).
Cryptococcus is mostly a cause of meningitis, pneumonia, and skin lesions (173–176).
However, more uncommon sites of infection have been also described in immunocom-
promised patients such as hepatic cryptococcosis in a heart transplant recipient (177).
The patient developed fever, dyspnea, and signs of liver damage. Diagnosis was made
with liver biopsy and with cryptococcal antigen in serum (177). Cryptococcosis is
usually a late disease after transplantation, although rare fulminant early cases have
been reported (178). CSF analysis usually reveals moderate pleocytosis. CSF crypto-
coccal antigen is positive in most patients. In a recent series 83 transplant recipients
with cryptococcosis were analyzed. Patients with central nervous system infection
(69% vs. 16%, P¼ 0.00001), disseminated infection (82.7% vs. 20%, P¼ 0.00001),
and fungemia (29% vs. 8%, P¼ 0.046) were more likely to receive regimens contain-
ing amphotericin B than fluconazole as primary therapy. Survival at six months
tended to be lower in patients whose CSF cultures at two weeks were positive com-
pared to those whose CSF cultures were negative (50% vs. 91%, P¼ 0.06) (98).

Focal brain infection (seizures or focal neurologic abnormalities) may be
caused by Listeria, T. gondii, fungi (Aspergillus, Mucorales, phaeohyphomycetes,
or dematiaceous fungi), posttransplantation lymphoproliferative disease or Nocardia.
Brain abscesses are relatively uncommon (0.6%) in SOT patients, and most of them
(78%) are caused by Aspergillus (179), followed by T. gondii and N. asteroides.

Aspergillus brain abscesses usually occur in the early posttransplantation period.
Most of the patients present with simultaneous lung lesions that allow an easier diag-
nostic way. Overall, disseminated Aspergillus disease has been described in 9% to
36% of kidney recipients, 15% to 20% of lung recipients, 20% to 35% of heart recipients,
and 50% to 60% of liver recipients with IA (95,180). Disseminated infection with CNS
involvement occurred in 17% of the cases studied in Spain. Clinical manifestations of
CNS IA include alteration of mental status, diffuse CNS depression, seizures, evolving
cerebrovascular accidents, and headache (95,181). The CSF is almost always sterile.

Toxoplasmosis was more prevalent when prophylaxis with cotrimoxazole was
not provided (34,182). The incidence is higher in heart transplant recipients. The
disease usually occurred within three months posttransplantation, with fever, neuro-
logical disturbances, and pneumonia as the main clinical features. Chorioretinitis
may also be found (183,184). Diagnosis was established by serology and by direct
examination, culture, or PCR of biological samples. In heart transplant recipients
the diagnosis may be provided by the endomyocardial biopsy (185). The lesions of
T. gondii are usually multiple, have preferential periventricular localization, and
demonstrate ring enhancement. The donor was the likely source of transmission
to most recipients (186). The mortality rate was high (around 60%). Obstructive
urinary tract lithiasis involving sulfadiazine crystals has been described (187).
Disseminated toxoplasmosis should be considered in the differential diagnosis of
immunocompromised patients with culture-negative sepsis syndrome, particularly
if combined with neurologic, respiratory, or unexplained skin lesion (188).

Other parasitic infections such as Chagas disease, neurocysticercosis, schistoso-
miasis, and strongyloidiasis are exceedingly less common (189).

Nocardiosis is usually observed between one and six months posttransplanta-
tion. The clinical presentation of nocardiosis includes pneumonia, CNS focal lesions,
and cutaneous involvement (190–193). Brain abscesses due to Nocardia are multiple
in up to 40% of the cases and may demonstrate ring enhancement. Diagnosis may be
reached by direct observation of biological samples using modified Ziehl-Neelsen
staining or Gram stain.
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BSI, Catheter-Related Infections, and Infective Endocarditis

As other patients requiring intensive care, catheter-related bloodstream infections
(CRBSI) are a potential threat for severe infection after SOT. In a recent study per-
formed by our group in heart transplant recipients, CRBSI accounted for 16% of
BSI in this population (194). In heart transplant recipients the incidence of blood-
stream infection is 15.8%. Bloodstream infection (BSI) episodes were detected a med-
ian of 51 days after transplantation. The main BSI origins were lower respiratory
tract (23%), urinary tract (20%), and catheter-related-BSI (16%). Gram-negative
organisms predominated (55.3%), followed by gram-positive (44.6%). We found a
clear relationship between time of onset and some characteristics of the BSI. During
the first month after transplantation, 95% of the BSI were nosocomially acquired,
and the main origins were intravenous (IV) catheter (32%), surgical site, and lower
respiratory tract (LRT) (18% each). From month 2 to month 6, 70% of the BSI
were nosocomially acquired, and the main origins were urinary tract infection
(UTI) and LRT (25% each). After the sixth month, only 22% of the BSI episodes
were nosocomial, and the most common portals of entry were LRT (33%), primary
bacteremia (22%), and urinary tract infection UTI (17%) (p¼ 0.1). Mortality was
59.2%, with 12.2% directly attributable to BSI. Independent risk factors for BSI after
HT were hemodialysis (OR 6.5; 95% CI 3.2–13), prolonged ICU stay (OR 3.6; 95%
CI 1.6–8.1), and viral infection (OR 2.1; 95% CI 1.1–4). BSI was a risk factor for
mortality (OR 1.8; 95% CI 1.2–2.8) (194).

CRBSI caused 15% of the febrile episodes of liver transplant recipients in the
ICU (9). Although only 37% of the bacterial infections after liver transplantation
occur more than 100 days after transplant, 60% of the cases of primary bacteremia
after liver transplantation occur late (195). The incidence of BSI after OLT is
0.28 episodes/patient. BSI accounted for 36% of all major infections. Intravascular
catheters were the most frequent source, and methicillin-resistant S. aureus was the
most frequent pathogen causing bloodstream infections. In recent years a shift
toward a higher importance of gram-negative microorganisms causing bacteremia
has been observed (194,196). Gram-negative CRBSI, mainly if more than one case
is detected, should always prompt exclusion of a nosocomial hazard, such as con-
tamination of the infusate or transmission by the health-care workers (197,198).

Seventy percent of the catheter-related and all bacteremias due to intra-
abdominal infections occurred �90 days, whereas 75% of the bacteremias due to
biliary source occurred > 90 days after transplantation. Length of initial posttrans-
plant ICU stay (p¼ 0.014) and readmission to the ICU (p¼ 0.003) were independently
significant predictors of bloodstream infections. Forty percent of the candidemias
occurred within 30 days of transplantation and were of unknown portal, whereas
the portal in all candidemias occurring > 30 days posttransplant was known (cathe-
ter, hepatic abscess, and urinary tract). Mortality in patients with bloodstream
infections was 52% (15/29) versus 9% (9/101) in patients without bloodstream infec-
tions (p¼ 0.0001). In conclusion, intravascular catheters (and not intra-abdominal
infections) have emerged as the most common source of BSI after OLT (199).

In another study, primary (catheter-related) bacteremia (31%; 9 of 29 patients),
pneumonia (24%; 7 of 29 patients), abdominal and/or biliary infections (14%; 4 of
29 patients), and wound infections (10%; 3 of 29 patients) were the predominant
sources of bacteremia (200).

Most important risk factors for CRBSI is the length of catheterization. Most
catheters used in critically ill SOT patients are short-termed. They include central
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venous catheters, temporary hemodialysis catheters, peripheral venous catheters,
and arterial cannulas. The site of central venous catheterization (internal jugular vein
vs. the subclavian vein) does not seem to have an impact on the incidence of related
infections as long as catheterization is performed by experienced personnel (201).
S. aureus nasal carriage is associated with a higher risk of bacteremia (54); active sur-
veillance cultures to detect colonization and implementation of targeted infection
control interventions have proved to be effective in curtailing new acquisition of
S. aureus colonization and in decreasing the rate of S. aureus infection in this popula-
tion (202). Strict adherence to prophylactic guidelines may help reduce the incidence
of these infections.

Infective endocarditis is a rare event in SOT population (1.7–6%), but it may be
an underappreciated sequela of hospital-acquired infection in transplant patients (50).
The spectrum of organisms causing infective endocarditis was clearly different in
transplant recipients than in the general population; 50% of the infections were due
to Aspergillus fumigatus or S. aureus, but only 4% were due to viridans streptococci.
Fungal infections predominated early (accounting for 6 of 10 cases of endocarditis
within 30 days of transplantation), while bacterial infections caused most cases
(80%) after this time. In 80% (37) of the 46 cases in transplant recipients, there
was no underlying valvular disease. Seventy-four percent (34) of the 46 cases
were associated with previous hospital-acquired infection, notably venous access
device and wound infections. Three patients with S. aureus endocarditis had had
an episode of S. aureus bacteremia more than three weeks prior to the diagnosis
of endocarditis and had received treatment for the initial bacteremia of less than
the duration of 14 days. The overall mortality rate was 57% (26 of 46 patients died),
with 58% (15) of the 26 fatal cases not being suspected during life (50). CMV,
toxoplasma, and parvovirus B19 may cause myocarditis in this population. Therapy
of established infections is similar to that of other immunosuppressed patients.

Fever of Unknown Origin

Undoubtedly, the most common alarm sign suggesting infection is fever. In trans-
plant recipients, fever has been defined as an oral temperature of 37.8�C on at least
two occasions during a 24-hour period (9). Antimetabolite immunosuppressive
drugs, MMF and azathioprine, are associated with significantly lower maximum
temperatures and leukocyte counts (203). However, it is important to remember that
fever and infections do not always come together. The absence of fever does not
exclude infection. In fact, 40% of the liver recipients with documented infection
(mainly fungal) were afebrile in a recent series (35). Absence of febrile response
has been found to be a predictor of poor outcome in liver transplant recipients with
bacteremia (200). In that series, the independent factors predictive of greater mortal-
ity were ICU stay at the time of bacteremia (100% vs. 47%; P¼ 0.005), absence of
chills (0% vs. 53%; P¼ 0.005), lower temperature at the onset of bacteremia
(99.2 F vs. 101.5 F; P¼ 0.009), lower maximum temperature during the course of
bacteremia (99.3 F vs. 102 F, P¼ 0.008), greater serum bilirubin level (7.6 vs.
1.5 mg/dL; P¼ 0.024), presence of abnormal blood pressure (80% vs. 16%;
P¼ 0.0013), and greater prothrombin time (15.6 seconds vs. 13.3 seconds; P¼ 0.013).

A major difference with immunocompetent critical patients is that the list of
potential etiological agents is much longer and is influenced by time elapsed from
transplantation. CMV (as main offender or as copathogen) should be considered
in practically all-infectious complications in this population. Accordingly, a sample
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for CMV antigenemia (or PCR if available) should always be obtained. Other viruses
such as adenovirus, influenza A, or HHV-6 may also cause severe infections after
SOT and can be recovered from respiratory samples or blood. If indicated, invasive
diagnostic procedures should be performed rapidly and a serum sample stored.

Bacterial infections must always be considered and urine and blood cultures
obtained before starting therapy. Diagnosis of catheter-related infections without
removing the devices may be attempted in stable patients. Lysis centrifugation blood
cultures and hub and skin cultures have a high negative predictive value (204). The
first steps for diagnosis of pneumonia should include a chest X ray and culture of
expectorated sputum or bronchoaspirate (submitted for virus, bacteria, mycobac-
teria, and fungus). A CT scan or ultrasonography may also be ordered to exclude
the presence of collections in the proximity of the surgical area. Lumbar puncture
and cranial CT (including the paranasal sinus) must be performed if neurological
symptoms or signs are detected. In case of diarrhea, C. difficile should be investi-
gated. Cultures and PCR for detection of M. tuberculosis should be ordered for
all transplant recipients with suspicion of infection.

Fungal infections should be aggressively pursued in colonized patients and in
patients with risk factors. Early stages of fungal infection may be very difficult to
detect (95,205). Isolation of Candida or Aspergillus from superficial sites may indi-
cate infection. Fundi examination, blood and respiratory cultures and Aspergillus
and Cryptococcus antigen detection tests must be performed.

Parasitic infections are uncommon, but toxoplasmosis and leishmaniasis
should be considered if diagnosis remains elusive. Serology or bone marrow cultures
usually provide the diagnosis. The possibility of a Toxoplasma primary infection
should be considered when a seronegative recipient receives an allograft from a sero-
positive donor. HT recipients are more susceptible to toxoplasmosis, which may be
transmitted with the allograft and occasionally requires ICU admission. The risk of
primary toxoplasmosis (R-Dþ) is over 50% in HT, 20% after liver transplantation,
and < 1% after kidney transplantation. Patients with toxoplasmosis have fever,
altered mental status, focal neurological signs, myalgias, myocarditis, and lung
infiltrates. Allograft-transmitted toxoplasmosis is more often associated with acute
disease (61%) than with reactivation of latent infection (7%). Lethal cases associated
to hemophagocytic syndrome have been described (206). Leishmaniasis is another
parasitic infection that should be excluded, though it is exceedingly uncommon after
SOT. It may present as fever, pancytopenia, and splenomegaly.

Multimodality imaging such the use of combined indium-labeled WBC scinti-
graphy and CT allowed the detection of infection within retained left ventricular
assist device tubing in a heart transplant recipient with a diagnosis of fever of
unknown origin (207).

Noninfectious Causes of Fever

Both infectious and noninfectious causes of fever should be considered when
approaching a febrile SOT patient. In a recent series, 87% of the febrile episodes
detected in OLT in the ICU were due to infections, and 13% were noninfectious (9).
Rejection, malignancy, adrenal insufficiency, and drug fever were the most common
noninfectious causes.

Fever is common in the first 48 hours after surgery and after certain proce-
dures. If it is not persistent or accompanied by other signs or symptoms it should
not trigger any diagnostic action. Acute rejection accounts for 4% to 17% of
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the noninfectious febrile episodes (208). It is usually related to an impairment of the
allograft function and requires histological confirmation. It is more common in the
first six months, especially in the first 16 days after transplantation in one study
(209). It is important to remember that severe graft rejection and increased immuno-
suppression could stimulate cooperatively active CMV (210,211).

Malignancy, mainly lymphoproliferative disease, is relatively common after
SOT and may initially present as a febrile episode (80%) (212). It usually occurs
longer after transplantation (208). Acute adrenal insufficiency should be excluded in
SOT patients admitted to an ICU because of sepsis or surgery, mainly when corticos-
teroids have been withdrawn and drugs that accelerate the degradation of cortisol
(phenytoin and rifampin) are administered (213). However, although analytical
adrenal insufficiency is frequent in SOT patients, prospective studies suggest that
supplemental steroids are not needed in most cases even under stress (214–216).
Another setting of potential adrenal insufficiency is renal transplants that return to
dialysis (217,218). Occasionally, lymphoproliferative disease may present with adre-
nal insufficiency after liver transplantation (219).

Drugs such as OKT3, antithymocyte globulin (ATG), everolimus, antimicro-
bials, interferon, anticonvulsants, etc. may also cause fever in this population
(220). The temporal relationship with the drug is usually a diagnostic clue. New
induction therapies such as basiliximab are related to fewer side effects and fewer
CMV infections (221).

Other causes of noninfectious fever include thromboembolic disease, hema-
toma reabsorption, pericardial effusions, tissue infarction, hemolytic uremic
syndrome, and transfusion reaction. Noncardiogenic pulmonary edema (pulmonary
reimplantation response) is a common finding after lung transplantation (50–60%)
and may occasionally lead to a differential diagnosis with pneumonia. It gives rise
to prolonged mechanical ventilation and ICU stay but does not affect survival (222).

MANAGEMENT

Diagnostic Approach

As we mentioned before, the diagnostic approach to a critically ill SOT with sus-
pected infection should take into account the time onwards from transplantation
(Table 1) and previous complications such as episodes of rejection, surgical or tech-
nical problems, reactivation of a latent infection, etc

The findings provided by the anamnesis and physical examination (see previous
parts of this chapter) may suggest a focus causative of the fever (pneumonia, wound
infection, etc.). In this situation, a list of possible pathogens as well as necessary
samples and tests for diagnosis should be elaborated. In most cases, analytical and
imaging studies will also be ordered. Samples for culture should be obtained before
starting empirical antimicrobial therapy.

In a recent study, 79% of the infections associated with fever in the liver recipi-
ents in the ICU were bacterial, 9% viral, and 9% fungal. Accordingly, blood cultures
are practically always needed. Bacteremia is present in 45% of the febrile critical SOT
patients, and its origin must always be investigated. In liver recipients the most com-
mon sources are IV devices, lung, biliary tree, and wound infections. Accordingly, the
entry site of the catheters must be examined. MRSA and P. aeruginosa caused 65% of
the bacteremias in ICU patients (7). Lack of febrile response in bacteremic OLT reci-
pients portended a poorer outcome (195).
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In heart transplant recipients, the main BSI origins were lower respiratory tract,
urinary tract, and CRBSI, which should always be investigated (194). If focal signs of
infections are present, appropriate samples must be sent to the laboratory (catheter tips,
wound exudate, CSF, etc.) as in any other critical patient. When a collection of fluid or
pus is to be sampled, aspirated material provides more valuable information.

Length of stay in the ICU is also a determinant factor, which may help find the
origin of the infection. Pneumonia is more common in the first seven days of ICU
stay, while CRI incidence tripled after the first week.

Information on some of the most severe infections may be obtained rapidly when
the clinician and the microbiology laboratory communicate effectively and the best
specimen type and test are selected. Antigen detection tests for adenovirus, HSV, Influ-
enza A, respiratory syncytical virus (RSV), rotavirus etc., are available. Most common
herpesviruses can be easily cultured and detected. Gram stain requires expertise but
may provide valuable rapid information (five minutes) on the quality of the specimen
and whether gram-negative or positive rods or cocci are present. It may reveal yeasts
and occasionally molds, parasites, Nocardia, and even mycobacteria. The amount of
material and the number of organisms limit detection sensitivity. Continuous agitation
blood cultures have significantly reduced the detection time to less than 24 hours for
bacterial isolates.

Direct testing of specimens with antigen assays are mainly used for CSF
samples (Neisseria meningitidis, S. pneumoniae, and C. neoformans). Group A strep-
tococci, C. difficile, and C. trachomatis antigen detection tests are also available.
Specific stains for Legionella direct fluorescence assay (DFA) and Bordetella pertussis
are offered by most laboratories. Legionella urinary antigen test will be very useful in
pneumonias caused by L. pneumophila serotype 1, and S. pneumoniae antigenuria
can also be rapidly investigated. HIV infection, Brucella, and syphilis are some of
the infections that can be rapidly diagnosed serologically.

Acid-fast stain and fluorochrome stains for mycobacteria or Nocardia require a
more prolonged laboratory procedure (30–60 minutes). New techniques, such as
PCR and quantification of interferon-gamma, have been developed to achieve more
rapid and accurate diagnoses. M. tuberculosis complex PCR is very effective in
smear-positive specimens. In smear-negative samples sensitivity is �70% (74).

Fungal elements may be rapidly detected in wet mounts with potassium
hydroxide or immunofluorescent Calcofluor white stain. An India ink preparation
allows the identification of encapsulated C. neoformans, particularly in CSF in
approximately 50% of patients. The latex agglutination test or enzyme immunoas-
say (EIA) cryptococcal antigen have greater sensitivity. Fluorescent antibody
stains or toluidine blue O permits the detection of P. jiroveci. Antigen detection
for Histoplasma capsulatum is quite sensitive, and the detection of Aspergillus
antigen is useful, although its efficiency is lower than in hematological patients
(223–225).

Management

Fever is not harmful by itself, and accordingly it should not be systematically elimi-
nated. In fact, it has been demonstrated that fever enhances several host defense
mechanisms (chemotaxis, phagocytosis, and opsonization) (119). Besides, antibiotics
may be more active at higher body temperatures. If provided, antipyretic drugs
should be administered at regular intervals to avoid recurrent shivering and an asso-
ciated increase in metabolic demand.

Infection in Organ Transplant Patients in the Critical Care Unit 481



After obtaining the previously mentioned samples, empiric antibiotics should
be promptly started in all transplant patients with suspicion of infection and toxic
or unstable situation. They are also recommended if a focus of infection is apparent,
in the early posttransplant setting in which nosocomial infection is very common, or
when there has been a recent increase of immunosuppression. In a stable patient
without a clear source of infection further diagnostic testing should carried out
and noninfectious causes considered.

We have recently demonstrated that only 58.5% of patients with BSI received
appropriate empirical antimicrobial therapy. Inadequate treatment was related to a
longer hospital stay, a higher mean risk of CDAD, a higher mean overall mortality
rate, and a higher risk of infection-related mortality (226). So once blood cultures are
obtained, empirical broad-spectrum antimicrobials guided by the clinical condition
of the patient and the presumed origin should be promptly started. When results of
blood cultures are available, antibiotics should be adjusted according to susceptibi-
lity patterns of the isolates. This antibacterial de-escalation strategy attempts to
balance the need to provide appropriate, initial antibacterial treatment while limiting
the emergence of antibacterial resistance.

The selection of the antimicrobial should be based on the likely origin of the
infection, prevalent bacterial flora, rate of antimicrobial resistance, and previous
use of antimicrobials by the patient. In our series of bacteremia in HT recipients
gram-negative microorganisms predominated (55.3%), followed by gram-positive
microorganisms (44.6%). Gram-negatives accounted for 54% of infections in the first
month, 50% during months 2 to 6, and 72% of infections occurring afterwards
( p¼ 0.3) (194).

The possibility of drug interactions mainly with cyclosporine and tacrolimus is
very real and impacts significantly on the choice of antimicrobial. There are three
categories of antimicrobial interaction with cyclosporine and tacrolimus. First, the
antimicrobial agent (e.g., rifampin, isoniazid, and nafcillin) upregulates the metabo-
lism of the immunosuppressive drugs, resulting in decreased blood levels and an
increased possibility of allograft rejection. Second, the antimicrobial agent (e.g.,
the macrolides erythromycin, clarithromycin, and to a lesser extent azithromycin,
or the azoles ketoconazole, itraconazole, and to a lesser extent fluconazole) down-
regulates the metabolism of the immunosuppressive drugs, resulting in increased
blood levels and an increased possibility of nephrotoxicity and overimmunosup-
pression. And last, there may be synergistic nephrotoxicity, when therapeutic levels
of the immunosuppressive agents are combined with therapeutic levels
of aminoglycosides, amphotericin, and vancomycin, and high therapeutic doses of
trimethoprim-sulfamethoxazole and fluoroquinolones.

Outcome of Febrile Processes of SOT Recipients in the ICU

SOT patients have higher risk of dying after an ICU admission than the general
population, and in most series it is a poor prognostic factor (227,228). However,
the overall prognosis is better than that of bone marrow recipients (229–231). The
overall ICU mortality of SOT patients was 18% in a recent series, and infection
was the major cause of death (disseminated mycoses, hepatitis C virus (HCV), multi-
organic failure, hepatic artery thrombosis with sepsis, and primary nonfunction of
the graft).

Mortality of febrile liver recipients at 14 days (24% vs. 0%, p¼ 0.001) and at
30 days (34% vs. 5%, p¼ 0.001) was significantly higher in the ICU, as compared to
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non-ICU patients (9). Mortality of OLT with lung infiltrates in the ICU was 28%.
Pneumonia, creatinine level > 1.5 mg/dL, higher blood urea nitrogen, and worse
acute physiology and chronic health evaluation (APACHE) neurological score were
predictors of poor outcome (35). The need for mechanical ventilation was an
independently significant predictor of mortality (7). Infection was a risk factor for
early renal dysfunction (232). Need for preoperative ICU care was predictive of
an increased risk of death in OLT patients waiting for retransplantation (228).

Infection is also a leading cause of death in heart recipients (30% of early
deaths, 45% of deaths from one to three months, and 9.7% thereafter) (233). Overall,
31% of the patients with pneumonia died (Aspergillus 62%; CMV 13%; nosocomial
bacteria 26%). Mortality was 100% in patients requiring mechanical ventilation
(7 out of 13 Aspergillus, 5 out of 11 P. carinii, 1 out of 8 CMV) (58). From 51 lung
transplant recipients who required admission to the ICU at the Duke University
Medical Center, 53% required mechanical ventilation, and 37% died (59% of those
requiring mechanical ventilation) (234). In other series, mortality of lung transplant
recipients requiring admission to a medical intensive care unit (MICU) was 37%. A
preadmission diagnosis of bronchiolitis obliterans syndrome, APACHE III scores,
nonpulmonary organ system dysfunction, initial serum albumin level, and duration
of mechanical ventilation are important prognostic factors (27). Mortality of renal
transplant recipients in the ICU was 11% in a recent series, and infection caused
six out of seven deaths (235).

PREVENTION

Organ transplant patients admitted to the ICU should receive all measures available
to prevent nosocomial infection. The first one could be ‘‘avoid the admission to the
unit itself,’’ which has been demonstrated to be a very stress-inducing situation for
transplant recipients (236). In one recent study it was determined the proportion
of liver transplant patients who could be extubated immediately after surgery and
transferred to the surgical ward without intervening ICU care. Of 147 patients, 36
patients did not meet postsurgical criteria for early extubation, and 111 patients were
successfully extubated. Eighty-three extubated patients were transferred to the surgi-
cal ward after a routine admission to the postoperative care unit. Only three patients
who were transferred to the surgical ward experienced complications that required a
greater intensity of nursing care. A learning curve detected during the three-year
study period showed that attempts to extubate increased from 73% to 96%, and
triage to the surgical ward increased from 52% to 82% without compromising patient
safety. The protocol resulted in a one-day reduction in ICU use in 75.5% of study
subjects (237). The same approach can be extended to the use of IV catheters or
indwelling bladder catheters, which should be withdrawn as soon as possible.

Other measures such as selective gastrointestinal decontamination (238), use of
gowns, or high efficiency particulate air filters (HEPA) filters have not demonstrated
so clearly an impact on the reduction of mortality or even nosocomial infections.
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OVERVIEW

The terms postsplenectomy sepsis and overwhelming postsplenectomy infection
(OPSI) are used to describe a clinical entity where an illness could evolve from good
health to death within 24 hours, in the setting of a poorly functioning spleen.

In order to understand OPSI, a physician needs to be familiar with three
concepts. The first is related to the high incidence of undiagnosed hyposplenism (1).
Surgical splenectomy and sickle cell disease are two classical cases of easily recogniz-
able defect, but congenital asplenia, coeliac disease, and alcoholism are some of the
harder-to-recognize etiologies of a malfunctioning spleen. A simple albeit insensitive
test for splenic function is the presence of Howell–Jolly bodies in the peripheral
smear (2).

The second concept is that the clinical presentation is usually nonspecific, and
patients rarely have an obvious focus of infection. Physicians need to have a high index
of suspicion for OPSI; otherwise the diagnosis can be missed, and patients have more
than 50% mortality rate from sepsis and discriminate intravascular coagulation (DIC)
within a few hours of presentation (3).

Finally, the third concept is related to prevention of this entity by vaccines,
antibiotic prophylaxis, education, and early empirical antibacterial therapy (4).

The question of why the spleen is so important has been heavily debated in the
last century. Even though OPSI was well documented as early as 1952 in King and
Schmacher’s report in splenectomized infants younger than six months (5), it was not
until the turn of this century that the medical community recognized the need to
decrease splenic removal, mainly after trauma and in staging of lymphoma (6).

The spleen seems to function as the largest accumulation of lymphoid tissue in
the body and thus has a variety of immune functions, some of which include removal
of circulating organisms, production of opsonizing antibody, tuftsin synthesis or
activation, and removal of senescent red blood cells (RBC) (7). Therefore, the
presence in the peripheral smear of intraerythrocytic nuclear remnants called
Howell–Jolly bodies is a measure of decreased splenic clearance (1). Although a more
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sensitive measure of splenic function is chromium-tagged heat damaged RBC clear-
ance, it is more expensive and rarely used.

EPIDEMIOLOGY

It is difficult to define the scope of the problem because most people with hypo-
splenism are undiagnosed, and probably will never develop OPSI. In one study,
reviewing over 100,000 peripheral blood smears, Howell–Jolly bodies were found
in 0.5% of the samples (7).

Some of the most common reasons for malfunctioning of the spleen include
surgical,orcongenitalasplenia(8), irradiation,infarction, infiltration(e.g.,amyloidosis),
granulomatous diseases (e.g., sarcoidosis), or cancer (primary, e.g., hemangiosarcoma,
secondary, or lymphoma) (9). Hyposplenism has also been associated with advanced
age (>70) (10), alcoholism (11), and a variety of autoimmune (12) and intestinal dis-
orders (e.g., celiac disease) especially when splenomegaly is present (Table 1) (1,13).
Moreover, the incidence of OPSI in postsurgical splenectomy is variable. In El-Alfy’s
study where 318 patients were followed for up to 17 years, 5.7% developed OPSI (14).
Death rates have been reported to be 600 times greater than in the general population
(5,15); but mortality is greatly dependent on patient’s age, time elapsed since splenect-
omy, and underlying reason for hyposplenism; it varies from 38% to 69% (16–20).
The yearly incidence has been estimated at 0.23% to 0.42% (16,21). In a review of the
English literature from 1966 to 1996, the highest incidence of sepsis was 8.2% in
younger patients with hemoglobinopathies, namely thalassemia major and sickle cell
anemia (22). The incidence was 2.6% in another large cohort of patients splenecto-
mized for hereditary spherocytosis (23); mortality in this setting was estimated at four
to six cases per 10,000 patient-years (24).

Finally, another factor that makes those estimates very difficult to study is the
fact that the majority of patients develop with passing time a hyperplasia of acces-
sory spleens (25), which could restore some of their lost splenic function.

MICROBIOLOGY

Bacteria

Streptococcus pneumoniae is by far the most frequently reported pathogen causing
OPSI (14–19), no specific serotype predominates, and penicillin resistance has been

Table 1 The Most Common Causes of Hyposplenism

Presumed mechanism Conditions

Surgical removal Trauma, ITP, hereditary spherocytosis
Congenital Isolated congenital asplenia, or part of cardiopulmonary

malformations
Atrophy Sickle cell disease, irradiation, splenic artery occlusion
Infiltration Amyloidosis, sarcoidosis, graft vs. host disease
Congestion Portal hypertension
Autoimmune Systemic lupus erythematosus, rheumatoid arthritis
Miscellaneous Alcoholism, ulcerative colitis, celiac disease, elderly

Abbreviation: ITP, idiopathic thrombocytopenic purpura.
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increasingly encountered in the last decade (26). Pneumococcus in the United States
is rarely resistant to the respiratory fluoroquinolone, like gemifloxacin, moxifloxacin,
gatifloxacin, and levofloxacin. No resistance to vancomycin, linezolid, and dapto-
mycin has yet been reported (Table 2).

Haemophilus influenzae type b is classically the second most common pathogen
isolated in patients with OPSI (27). Its incidence used to be 10 times less than Pneu-
mococcus; it probably has decreased even more dramatically in the last 15 years since
the universal use of conjugated HiB vaccine.

Capnocytophaga canimorsus (DF-2) is the classical zoonosis associated with
OPSI; it is a gram-negative bacilli, part of the normal oral flora of dogs and cats.
This organism is usually sensitive to penicillin, but can produce b-lactamase (28–30).

The fourth classical pathogen in this setting is Neisseria meningitides (27), but
that is difficult to prove, because meningococcemia can lead to the same clinical
picture as OPSI in patients with an intact spleen.

Other bacterial pathogens include Salmonella species (31), reported less fre-
quently, usually reported in patients with other cell-mediated immune defect secondary
to either the primary disease or its therapy. Streptococcus suis is another zoonosis asso-
ciated with swine exposure (32,33). Other streptococci (32,34), staphylococcus, and
gram-negative bacilli have been implicated in OPSI, but those are still less common,
and their relationship to this syndrome is more difficult to establish. In a series of 26
bacteremic patients with Bordetella holmesii, 22 were hyposplenic; but those patients
had a milder illness than classical OPSI, and none of them died (35). Other reports
have found Human Granulocytic Ehrlichiosis to have a more severe, recurrent, and
prolonged course in asplenic patients (36).

Parasites

Babesiosis is usually considered a mild illness in patients with normal spleen function.
In hyposplenic patients it becomes a serious illness with increased mortality (37) and
often requires therapy with clindamycin and quinine (38), or atovaquone and azithro-
mycin, sometimes even exchange transfusion (39). Its epidemiology is often linked to
Ixodes tick vector mainly from the coastal areas and islands of Massachusetts in the
United States, and sometimes to blood transfusion.

Table 2 Pathogens Causing Infections in Hyposplenic Patients

Organisms Features

Streptococcus pneumoniae The most common cause of OPSI
Haemophilus influenzae type b Incidence is decreasing
Capnocytophaga canimorsus Exposure to dogs or cats
Meningococcus Requires prophylaxis for close contacts
Streptococcus suis Swine exposure
Bordetella holmesii Cause prolonged febrile illness in asplenic patients
Human granulocytic

ehrlichiosis
Morulae, intracellular inclusion within neutrophils

Babesiosis Exposure to Ixodes ticks, or blood transfusion
Plasmodium species Fulminant presentation of Plasmodium vivax or P. malariae
Other organisms Salmonella, Staphylococcus spp., Streptococcus,

Escherichia coli, Pseudomonas spp., VZVa . . .

aVaricella zoster virus reported mainly in patients with Hodgkin’s lymphoma.

Abbreviations: OPSI, overwhelming postsplenectomy infection; VZV, varicella zoster virus.
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Malaria theoretically would be more severe in asplenic patients, but Plasmodium
falciparum infection course does not seem to be affected by splenectomy; on the other
hand there are few case reports of fulminant Plasmodium vivax and P. malariae in
asplenic patients (40).

CLINICAL PRESENTATION

Diagnosing OPSI is very difficult without a high index of suspicion, because in most
instances the prodromal illness has a very short duration, 24 to 48 hours, and the
symptoms are usually very nonspecific: low-grade fever with chills, myalgias, diar-
rhea, sometimes nausea, and pharyngitis (3). In most instances no site of infection
can be found; within hours patient status can deteriorate and develop a picture of
severe sepsis with disseminated intravascular coagulation and cardiovascular col-
lapse with lactic acidosis (41). Ultimately if patients, survive this phase they may
have purpura fulminans with symmetrical peripheral extremities gangrene necessitat-
ing multiple amputations (42).

In young children focal infections could be found, most often meningitis (43). In
this setting it caries a grave prognosis. In a prospective study of S. pneumoniae infec-
tions in asplenic children in the United States, 26 episodes were observed in 22 chil-
dren from eight hospitals over a six-year period, from 9/1993 to 8/1999; six deaths
occurred, and five of them had meningitis (41).

In C. canimorsus infection, the port of entry secondary to a dog bite or a cat
scratch could have formed an eschar, and that would be a clue for this infection.
A peripheral smear can be very helpful to guide diagnosis: it will show the Howell–Jolly
bodies, which should make physician consider hyposplenism, and it can even show the
presence of bacteria, reflecting the enormous degree of bacteremia. Other techniques
that would be helpful for diagnosing OPSI as well are acridine orange and Gram
or Wright stain of the peripheral blood buffy coat showing the microorganisms.
A peripheral smear would obviously make the diagnosis of babesiosis, showing the
intraerythrocytic parasites, and often a high grade of parasitemia in this setting.

Differential Diagnosis

A variety of illnesses could be thought of in the prodromal phase of the illness. At
this initial stage, before cardiovascular collapse, an astute physician would be able
to think of OPSI only if the history brings up the hyposplenic state of the patient.
A prior history of splenectomy would be an easy clue, but it would be important
to elucidate all the other entities leading to hyposplenism, keeping in mind that
known hyposplenic patients who have received their recommended vaccinations
and are taking antibiotic prophylaxis are still at risk of OPSI (44,45).

Once hyposplenism is suspected—if the patient presents with rigors, chills, and
fever, the patient should be promptly worked up and empirically treated for possible
OPSI (46). Other helpful clues in the history regarding pathogens involved would be
a dog or cat exposure for C. canimorsus, swine exposure for S. suis, and travel to
endemic areas for babesiosis and malaria.

The physical examination before the severe sepsis phase is usually unrevealing.
An abdominal scar suggesting a prior splenectomy could be a first clue. Rarely in an
adult would one find a focal site of infection, but an eschar at the site of a dog bite
that is a few days old would suggest Capnocytophaga as the culprit agent. In young
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children meningeal signs suggesting the diagnosis of meningitis could be the present-
ing illness prior to cardiovascular collapse.

The laboratory findings are a combination of evidence of malfunctioning
spleen and septic shock. An early clue could be the initial relatively normal platelet
count in the presence of Howell–Jolly bodies, because asplenic patients have a
relative thrombocytosis and early consumptive process will decrease the platelets.
I cannot stress enough the importance of peripheral smear in this setting, because
it can usually readily make the diagnosis of babesiosis but also could reveal the
presence of bacteria. Blood cultures are usually positive at 24 hours or earlier, and
other laboratory values pointing to severe sepsis will be present—hypoalbuminemia,
lactic acidosis, renal insufficiency, prolonged thrombin time, decreased fibrinogen,
and the presence of D-dimer.

Diagnosis

The presumptive clinical diagnosis should be made when a patient with known or
suspected hyposplenism presents with fever, chills, and no localizing site for infec-
tion. At this time blood cultures should be taken and antibiotics given without
any delay. The peripheral smear should be examined for intraerythrocytic parasites,
and a Gram or Wright stain of the smear looking for the presence of bacteria can be
very helpful. Routine blood work and CXR need to be done, but would rarely help
in establishing the diagnosis. Buffy coat smear is extremely valuable.

Antibiotics should be directed specifically against pneumococcus, but broader
spectrum coverage should be considered until blood culture results are available.

Once severe sepsis has occurred the diagnosis could have been made; blood
cultures could have been positive in the vast majority of cases. The prognosis at this
stage is grave, and the management consists mainly of supportive care, plus adjusting
antibiotics according to the susceptibility of the organism.

Therapy

S. pneumoniae is the most frequent pathogen isolated in the setting of OPSI. Early
antibiotic therapy should cover this pathogen, keeping in mind the increasing preva-
lence to penicillin resistance and the potential spread of fluoroquinolone resistance
(2,47,48). As of the beginning of the 21st century, pneumococcus is still universally sus-
ceptible to vancomycin, linezolid, daptomycin, and Quininipristin/Dalfopristin. Some
authorities would suggest adding intravenous immunoglobulin in this setting (16).

H. influenzae type b and C. canimorsus (49) often produce b-lactamase; they
are sensitive to third generation cephalosporins and to fluoroquinolones, as well
as is meningococcus.

In summary the best choice of empirical antibiotic therapy when OPSI is
suspected is vancomycin with a third generation cephalosporin such as ceftriaxone;
if the patient is penicillin allergic, vancomycin with a fluoroquinolone (ciprofloxacin,
levofloxacin, moxifloxacin, or gatifloxacin) is an adequate choice pending identifica-
tion and susceptibility of the offending agent.

Another important aspect of the management of hyposplenic patients is pre-
vention of future serious infections (46,50). There are four points to this end; they
are well summarized in Castagnola’s review paper (4):

1. Administration of pneumococcal vaccine (PCV-7) every five years (51); its
overall efficacy in preventing pneumococcal pneumonia is at best 70% (52).
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Timing of the vaccine should ideally be two weeks prior to splenectomy. In
cases where vaccination was not given prior to surgery, it seems that func-
tional antibody response is better when vaccine is administered two weeks
postsplenectomy as compared to the immediate postsurgical period (53).

Some authors suggest revaccinating every three years in this setting,
because the antibody levels may decline more rapidly in asplenic patients
(54–56). Another potential method to increase protection against pneumo-
coccus would be a combined use of the heptavalent conjugated PCV-7 with
the less immunogenic 23-valent pneumococcal vaccine (57).

Administration of Hib vaccine every five years is less well studied (58).
2. Lifelong antibiotic prophylaxis, based primarily on penicillin. This could be

controversial, because Falletta et al. did not find an increased incidence of
pneumococcal disease in sickle cell children who discontinued their prophy-
laxis compared to those who were still receiving it (59). This contrasts with
Prophylaxis with oral penicillin on sickle cell anemia (PROPS I) study in
215 children with Hgb SS disease who were randomized to receive penicillin
twice a day versus placebo. This study was terminated earlier than planned,
because at eight months there was an 84% reduction in pneumococcal sepsis
in the group receiving antibiotics (60). It seems that age is a determinant factor
that may account for those differences between studies; children younger than
five years have a 9.8/100 patient-years risk for pneumococcal bacteremia com-
pared to 0.67/100 patient-years in older than five years when neither one is
receiving antibiotic prophylaxis (61). Another caveat in long-term antibiotic
prophylaxis has to do with patients’ compliance, which when studied was
demonstrated to be poor: 43% in Teach et al.’s study (62). It also could poten-
tially lead to colonization with more resistant organisms.

Table 3 Suggested Checklist for Patients with Hyposplenism

Date administered Date of booster

Vaccines
Polyvalent pneumococcal vaccine Every 3–5 yr
Conjugated pneumococcal vaccine a

Haemophilus b conjugate vaccine
Meningococcal C conjugate vaccine
Inactivated influenza vaccine Yearly
Live intranasal influenza vaccine b

Dose Dates

Chemoprophylaxis
Penicillin V
Amoxicillin
Patient education
Informed about types and risks of infection
Given prescription for self-administered broad

spectrum antibiotic, if medical assistance unavailable
Medical alert bracelet or necklace

aIt may complement polyvalent pneumococcal vaccine.
bIf indicated, it may be more immunogenic.
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3. Delay of elective splenectomy, and tissue salvage in splenic trauma (63–69).
Even though studies have shown improvement in humoral immune
response after spleen autotransplantation (67), OPSI still occurs in the set-
ting of partial splenectomy (70).

4. Finally, patient education about their illness would seem to be extremely
important. A recent study of 318 splenectomized patients followed up
through a 17-year period and found that patients with the best knowledge
about OPSI had the lowest incidence of this disease (14). Yet most studies
point to the lack of patient knowledge about their ailment, and failure of
their physician to follow guidelines recommendations for their management
(2,17,18,41,71–76).

Other recommendations include meningococcal A&C vaccine, avoidance of
exposure to cats, and dogs, as well as measures to prevent insect exposures in endemic
areas for babesia and malaria.

Some experts prescribe amoxicillin/clavulanic acid for self-administration with
onset of any fever in patients with known hyposplenism (77).

A useful suggestion for improving awareness and management of patients with
hyposplenism would be an alert bracelet and/or a card with boxes to be checked for
all those prophylactic measures just mentioned (Table 3) (1,78).
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INTRODUCTION

Over one million people are burned in the United States every year, most of whom
have minor injuries and are treated as outpatients. However, approximately 60,000
burns per year are serious to severe and require hospitalization. Roughly 3000 of these
patients die (1). Burns requiring hospitalization typically include burns of greater than
10% of the total body surface area (TBSA), and significant burns of the hands, face,
perineum, or feet.

Between 1971 and 1991, burn deaths from all causes decreased by 40%, with a
concomitant 12% decrease in deaths associated with inhalation injury (2). Since 1991,
burn deaths per capita have decreased another 25% according to Centers for Disease
Control (Fig. 1) (3). The graph in Figure 1 shows that burn deaths have been decreasing
by approximately 124 per year on a linear basis for the last 20 years (r2¼ 0.99), which
has been most pronounced in the African-American population. These improvements
were likely due primarily to effective prevention strategies resulting in fewer burns of
lesser severity, as well as significant progress in treatment techniques.

Improved patient care in the severely burned has undoubtedly improved survival.
Bull and Fisher first reported, in 1949, the expected 50% mortality rate for burn sizes in
several age groups (LA50). They reported approximately one-half of children aged 0 to
14 with burns of 49% TBSA would die, 46% TBSA for patients aged 15 to 44, 27%
TBSA for those aged 45 to 64, and 10% TBSA for those 65 and older (4). These dismal
statistics have dramatically improved, with the latest reports indicating 50% mortality
for 98% TBSA burns in children 14 and under, and 75% TBSA burns in other young
age groups (5,6). Therefore, a healthy young patient with any size burn might be
expected to survive (7). The same cannot be said, however, for those aged 45 years or
more, where improvements have been much more modest, especially in the elderly (8).
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Reasons for these dramatic improvements in mortality after massive burn that are
related to treatment generally include better understanding of resuscitation, improvements
in wound coverage, improved support of the hypermetabolic response to injury, enhanced
treatment of inhalation injuries, and perhaps most importantly, control of infection.

Burn mortality can generally be divided into five causes:

1. Immolation and overwhelming damage at the site of injury, with relatively
immediate death

2. Death in the first few hours/days due to overwhelming organ dysfunction
associated with burn shock before infection can develop

3. Death due to medical error at some time during the hospital course
4. Development of progressive multiple organ failure later in the hospital

course with or without infection, highlighted by the development of acute
respiratory distress syndrome

5. Development of overwhelming infectious sepsis from the burn wound or
other source in the days/weeks following the injury. This form is high-
lighted by cardiovascular collapse

The first cause is generally unavoidable, other than by preventing the injury in
the first place. The second cause is unusual in modern burn centers with the advent of
monitored resuscitation as advocated by Pruitt et al. (9) and Baxter and Shires (10).
The third cause is minimized by good medical care, being rectified to some extent
by the institution of local clinical guidelines, which are rapidly becoming the standard
in intensive care units around the world. The last two are the most common causes of
death for those who are treated at a burn center, and it is these two that are linked to
the development of infection of the burn wound with microorganisms.

TREATMENT OF BURN WOUND TO CONTROL INFECTION

Two practices have revolutionized burn care to improve outcomes by decreasing
invasive wound infections. Early excision and closure of the burn wound is one,
which is essentially preventative by eliminating the eschar that harbors the micro-
organisms and by providing a further barrier to microorganism growth. The other

Figure 1 Per capita mortality from burns in the United States. The rate has been decreasing
yearly at approximately 124 deaths/100,000 persons per year (r¼ 0.99).
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is the timely and effective use of antimicrobials, both topical and systemic. The
infected burn wound filled with invasive organisms is uncommon in most burn units
due to the aggressive use of antibiotics and wound care techniques.

The mortality reduction in patients with extensive burns has been achieved prin-
cipally by early excision and an aggressive surgical approach to deep wounds. Early
removal of devitalized tissue prevents wound infections and decreases inflammation
associated with the wound. In addition, it eliminates small colonized foci, which
are a frequent source of transient bacteremia. Those transient bacteremias during
surgical manipulations may prime immune cells to react in an exaggerated fashion
to subsequent insults, leading to whole body inflammation—systemic inflammatory
response syndrome (SIRS), and remote organ damage (multisystem organ failure).
We recommend complete early excision of clearly full-thickness wounds within 48
hours of the injury, and coverage of the wound with autograft or allograft when auto-
graft is not available. Within days, this treatment will provide a stable antimicrobial
barrier to the development of wound infection. Barret and Herndon described a study
in which they enrolled 20 subjects, 12 of whom underwent early excision (within 48
hours of injury) and eight underwent delayed excision (more than six days after
injury). Quantitative cultures from the wound excision showed that early excision
subjects had less than 10 bacteria/gram of tissue, while those who underwent delayed
excision had more than 105 organisms, and three of these patients (37.5%) developed
histologically proven burn wound infection compared to none in the early excision
group (11). In another study from the same center, it was found that delayed excision
was associated with a higher incidence of wound contamination, invasive wound
infection, and sepsis with bacteremia compared to the early group when the rest of
the hospitalization was considered (12). These two studies show that the best control
of burn wound colonization and infection is obtained with early excision.

Before or after excision, control of microorganism growth is attained by the use
of topical antibiotics. Available topical antibiotics can be divided into two classes: sal-
ves and soaks. Salves are generally applied directly to the wound with cotton dressings
placed over them, and soaks are poured into cotton dressings on the wound. Each of
these classes of antimicrobials has advantages and disadvantages. Salves may be
applied once or twice a day, but may lose effectiveness in between dressing changes.
More frequent dressing changes can result in shearing, with loss of grafts or underly-
ing healing cells. Soaks will remain effective because antibiotic solution can be added
without removing the dressing; however, the underlying skin can become macerated.

Topical antibiotic salves include 11.1% mafenide acetate (Sulfamylon), 1%
silver sulfadiazine (Silvadene), polymyxin B, neomycin, bacitracin, mupirocin, and
the antifungal agent nystatin (Table 1). No single agent is completely effective,
and each has advantages and disadvantages. Silver sulfadiazine is the most com-
monly used. It has a broad spectrum of activity from its silver and sulfa moieties
covering gram-positives, most gram-negatives, and some fungal forms. Some
Pseudomonas species possess plasmid-mediated resistance. It is relatively painless
upon application, has a high patient acceptance, and is easy to use. Occasionally,
patients will complain of some burning sensation after it is applied, and a substantial
number of patients will develop a transient leukopenia three to five days following its
continued use. This leukopenia is generally harmless, and resolves with or without
cessation of treatment. Mafenide acetate is another topical agent that also has a
broad spectrum of activity through its sulfa moiety, particularly for resistant
Pseudomonas and Enterococcus species. It also has the advantage of penetration of
eschar, which is absent with silver sulfadiazine. Disadvantages include pain after
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application upon skin with sensation, such as in a second-degree wounds. It can also
cause an allergic skin rash and has carbonic anhydrase inhibitory characteristics that
can result in a metabolic acidosis when applied over large surfaces. For these reasons,
mafenide sulfate is typically reserved for small full-thickness injuries, wounds with
obvious bacterial overgrowth, or those full-thickness wounds that cannot be rapidly
excised, such as in patients with concomitant devastating head injuries.

Petroleum-based antimicrobial ointments with polymyxin B, neomycin, and
bacitracin are clear on application, are painless, and allow for easy wound observation.
These agents are commonly used for treatment of facial burns, graft sites, healing donor
sites, and small partial-thickness burns. Mupirocin is a relatively new petroleum-based
ointment that has improved activity against gram-positive bacteria, particularly methi-
cillin-resistant Staphylococcus aureus and selected gram-negative bacteria. Nystatin,
either in a salve or powder form, can be applied to wounds to control fungal growth.
Nystatin-containing ointments can be combined with other topical agents to potentially
decrease colonization of both bacteria and fungi. The exception is the combination of
nystatin and mafenide acetate because each will inactivate the other.

Available agents for application as a soak include 0.5% silver nitrate solution,
0.025% sodium hypochlorite (Dakins’), 5% acetic acid (Domburo’s), and most
recently 5% mafenide acetate solution. Silver nitrate has the advantage of painless
application and virtually complete antimicrobial coverage. The disadvantages
include its staining of surfaces to a dull gray or black when the solution dries. This
can become problematic in deciphering wound depth during burn excisions and in
keeping the patient and the patient’s surroundings clean of the black staining with
exposure to light. The solution is hypotonic as well, and continuous use can cause
electrolyte leaching with rare methemoglobinemia as another complication. Dakins’
solution is a basic solution with effectiveness against most microbes; however, it also
has cytotoxic effects on the patients’ wounds, thus inhibiting healing. Low concen-
trations of sodium hypochlorite have less cytotoxic effects while maintaining the
antimicrobial effects in vitro. In addition, hypochlorite ion is inactivated by contact
with protein, so the solution must be continually changed either with frequent
application of new solution or continuous irrigation. The same is true for acetic acid
solutions; however, this solution has been reported to be more effective against
Pseudomonas, although this may only be a discoloration of pyocyanine released
by this organism, without effect on its viability. Mafenide acetate soaks have the
same characteristics as the mafenide acetate salve but are not recommended for
the primary treatment of intact eschar.

It must be stated that all topical agents have been demonstrated to inhibit
epithelialization of the wound to some extent, presumably due to toxicity of the agents
to keratinocytes and/or fibroblasts, polymorphonuclear cells, and macrophages.
Therefore, these agents should be used with this in mind. The alternative of wound
infection occurring in an untreated wound, however, justifies the use of topical agents.

The use of perioperative systemic antimicrobials also has a role in decreasing
burn wound sepsis until the burn wound is closed. Common organisms that must
be considered when choosing a perioperative regimen include Staphylococcus and
Pseudomonas species, which are prevalent in wounds. After massive excisions, gut
flora are often found in the wounds, mandating consideration of these species as
well, particularly Klebsiella pneumoniae. Perioperative antibiotics clearly benefit
patients with injuries greater than 40% TBSA burns, as enumerated below.

The use of perioperative antibiotics has been linked to the development of
multiply resistant strains of bacteria and fungus in several types of critical care units.
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Considering this and other data, we recommend that systemic antibiotics be used
short term (24 hours) routinely as perioperative treatment during excision and graft-
ing, because the benefits outweigh the risks. We use a combination of vancomycin
and amikacin for this purpose, covering the two most common pathogens on the
burn wound in Staphylococcus and Pseudomonas. The preferred perioperative
regimen included 1 g of vancomycin given intravenously one hour prior to surgery,
and another 1 g, 12 hours after the surgical procedure, and a dose of amikacin (based
on patient weight, age, and estimated creatinine clearance) given 30 minutes prior to
surgery and again eight hours after surgery. Next, systemic antibiotics should be
used for identified infections of the burn wound, pneumonia, etc., The antibiotics
chosen should be directed presumptively at multiply resistant Staphylococcus and
Pseudomonas and other gram-negatives.

The most common sources of sepsis are the wounds and/or the tracheobron-
chial trees; efforts to identify causative agents should be concentrated there. Another
potential source, however, is the gastrointestinal tract, which is a natural reservoir
for bacteria. Starvation and hypovolemia shunt blood from the splanchnic bed and
promote mucosal atrophy and failure of the gut barrier. Early enteral feeding has
been shown to reduce morbidity and potentially prevent failure of the gut barrier (13).
At our institution, patients are fed immediately during resuscitation through a naso-
gastric tube. Early enteral feedings are tolerated in burn patients and preserve the
mucosal integrity and may reduce the magnitude of the hypermetabolic response to
injury. Support of the gut should accompany carefully monitored hemodynamic
resuscitation.

Selective decontamination of the gut has been purported to be of use in pre-
venting sepsis in the severely burned. de La Cal et al. showed a significant reduction
in mortality in severe burns treated with selective gut decontamination, which was
associated with a decreased incidence of pneumonia. This study analyzed 107 pati-
ents randomized to placebo or treatment (14). This is refuted by another smaller study,
which showed no benefit to selective gut decontamination but only an increase in the
incidence of diarrhea (15).

BURN WOUND INFECTION

Before the development of effective topical antibacterial chemotherapy, burn wound
infections were the most common infections in burn patients, and invasive burn
wound sepsis was the most common cause of death in patients who died in burn cen-
ters (16). Destruction of the blood vessels in the burned tissue renders it ischemic. The
denatured protein comprising the eschar presents rich pabulum for microorgan-
isms. Both these conditions conspire to make the burn wound a ‘‘locus minoris
resistentiae’’ in the setting of burn-induced immunosuppression. Topical antimicrobial
chemotherapy, achieved by the use of topical agents such as mafenide acetate, silver
sulfadiazine, and silver nitrate soaks or silver impregnated materials, impedes coloni-
zation and reduces proliferation of bacteria and fungus on the burn wound. 11.1%
mafenide acetate cream, which readily diffuses into eschar, can also control and even
reduce the density of bacteria in a burn wound in which delayed initiation of topical
antimicrobial therapy has permitted intraeschar proliferation of microorganisms.
Control of the microbial density in the burn wound by topical therapy not only
decreases the occurrence of burn wound infection per se but also permits burn wound
excision to be carried out, with marked reduction in intraoperative bacteremia and
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endotoxemia. These two conditions formerly compromised the effectiveness of burn
wound excision performed on a day other than the day of injury. The combined effect
of topical therapy and early burn wound excision has decreased the incidence of inva-
sive burn wound sepsis as the cause of death in patients at burn centers from 60% in
the 1960s to only 6% in the 1980s. A historical study of the use of mafenide acetate in
burned combatants during the Vietnam War demonstrated a 10% reduction in mor-
tality in those with severe burns treated with mafenide versus those without topical
treatment (17). In the past 14 years, invasive burn wound infection, both bacterial
and fungal, has occurred in only 2.3% of 3876 patients admitted to the U.S. Army
Burn Center in San Antonio (18), who were treated with early excision and topical/
systemic antibiotics as described above.

Organisms causing burn wound infections change over time and have antici-
pated, by approximately one decade, the predominant organisms now causing infec-
tions in other surgical ICUs. Prior to the availability of penicillin, beta hemolytic
streptococcal infections were the most common infections in burn patients. Soon
after penicillin became available, Staphylococci became the principal offenders.
The subsequent development of antistaphylococcal agents resulted in the emergence
of gram-negative organisms, principally Pseudomonas aeruginosa, as the predominant
bacteria causing invasive burn wound infections. Topical burn wound antimicrobial
therapy, early excision, and the availability of antibiotics effective against gram-
negative organisms were associated with a recrudescence of staphylococcal infections
in the late 1970s and 1980s, which has been followed by the reemergence of infec-
tions caused by gram-negative organisms in the past 15 years. During this time
period, it was also noted that hospital costs and mortality increased in those
patients with whom Pseudomonas organisms were isolated (19).

In the period 1991 to 2004, the fungi have become the predominant causative
organisms of burn wound infection causing death; 72% of invasive burn wound
infections in burn patients treated at the U.S. Army Burn Center were caused by
fungi. In a very real sense, fungal burn wound infections represent a perverse
manifestation of the success of current burn wound therapy; i.e., they occur rela-
tively late (sixth or seventh week after burn) in patients with extensive burns who
have undergone serial excision and grafting procedures with repeated perioperative
broad-spectrum antibiotic coverage. This method of treatment provides an ecologic
niche for the fungi in the residual open wounds. It was noted previously that with the
introduction of topical mafenide acetate, wound infections caused by Phycomycetes
and Aspergillus increased tenfold (20), and further measures such as patient
isolation, wound excision, and other topical chemotherapy decreased bacterial infec-
tions dramatically, while having no effect on the fungi (21).

Of late, common isolates in the burn wound are those of Acinetobacter species,
which are often resistant to available antibiotics. Currently at the U.S Army Burn
Center, approximately 25% of the isolates from newly admitted patients are of this
type. However, in no case were these organisms found to be invasive, and in those
patients who died, infection with this organism was not found to be the most likely
cause of death. Instead, it was invasive fungus or K. pneumoniae, which were deemed
the likely cause of death in those who succumbed to burn wound infection. This is in
congruence with the findings of Wong et al. in Singapore, who showed that acquisi-
tion of Acinetobacter was not associated with mortality. They did note, however,
that acquisition of Acinetobacter was associated with the number of intravenous lines
placed and length of hospital stay (22), thus increasing hospital costs (23). Of other
historical note, the isolation of vancomycin-resistant Enterococcus species was
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common in burn centers in the 1990s, but again, these organisms were not found to
cause invasive wound infection and were at best associative with burn death, which
was much more likely to be due to other causes and other organisms.

Even though present-day burn wound care has significantly reduced the occur-
rence of invasive burn wound infections, those caused by fungi are more difficult to
treat and are associated with a high mortality. The most common nonbacterial colo-
nizers are Candida species, which, fortunately, seldom invade unburned tissues and
rarely cross tissue planes. Isolation of this organism in two sites has been associa-
ted with longer wound healing and length of hospital stay, use of artificial dermis,
and use of imipenem for bacterial infection (24). Aspergillus and Fusarium species, in
that order, are the most common filamentous fungi that cause invasive burn wound
infection, and these organisms may traverse tissue plains and invade unburned tissues
(Fig. 2). The most aggressive fungi are the Phycomycetes, which produce ischemic
necrosis as a consequence of the propensity of their broad nonseptate hyphae to
invade and thrombose dermal and subdermal vessels. Rapidly progressing ischemic
necrosis in an unexcised or even excised burn wound should alert the practitioner to
the possibility of invasive phycomycotic infection as should proptosis of the globe of
an eye. One should be particularly alert to the possibility of invasive phycomycotic
infection in patients with persistent or recurrent acidosis.

Assessment of the microbial ecology in burn centers is common. The most
recent data in the literature from burn wounds indicates that coagulase-negative
Staphylococcus and S. aureus are the most common isolates on admission. In the fol-
lowing weeks, these organisms are superseded by Pseudomonas, indicating that these
organisms are the most common found on burn wounds later in the course and are,
therefore, the most likely organisms to cause infection (25). In another burn center, it
was again found that late isolates are dominated by Pseudomonas, which was shown
to be resistant to most antibiotics save amikacin and tetracycline (26).

Figure 2 (A) Gross appearance and histologic finding of invasive aspergillus infection on
the arm in a patient who succumbed to the infection. Note the discolored, dark, hemorrhagic
appearance of the skin. (B) The histology shows clear evidence of hyphae down to viable tissue.
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Diagnosis of Burn Wound Infection

It is essential to identify microbial invasion of the burn wound at the earliest possible
time to prevent extensive microvascular involvement and hematogenous dissemina-
tion of the infecting organisms to remote tissues and organs. The entirety of the
wound should be examined at the time of the daily wound cleansing to record any
change in the appearance of the burn wound. The most frequent clinical sign of
burn wound infection is the appearance of focal dark brown or black discoloration
of the wound, but such change may occur as a consequence of focal hemorrhage into
the wound due to minor local trauma (Fig. 3). The most reliable sign of burn wound
infection is the conversion of an area of partial-thickness injury to full-thickness nec-
rosis. Other clinical signs that should alert to the possibility of burn wound infection
include unexpectedly rapid eschar separation, degeneration of a previously excised
wound with neoeschar formation, hemorrhagic discoloration of the subeschar fat,
and erythematous or violaceous discoloration of an edematous wound margin.
Pathognomonic of invasive Pseudomonas infection are metastatic septic lesions in
unburned tissue (ecthyma gangrenosa) (Fig. 4) and green discoloration of the subcu-
taneous fat by the pyocyanin produced by the invading organisms.

The appearance of any of those changes mandates immediate assessment of the
microbial status of the burn wound. Because of the nature of the wound, bacteria
and fungi will be found—some commensals and others opportunists. The mere pre-
sence of an organism, however, does not imply infection. It is only with invasion of
organisms into the viable layer and thus gaining access to the bloodstream to release
toxins and induce a severe inflammatory response that burn wound sepsis can occur.
Surface swabs and even quantitative cultures, therefore, do not reliably differentiate
colonization from invasion (27). Histologic examination of a biopsy specimen is the
only means of accurately identifying and staging invasive burn wound infection (28).

Figure 3 Gross appearance of invasive Pseudomonas infection in the burn wound. Note the
discolored appearance that is distributed unevenly in the burn eschar.
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Using a scalpel, a 500 mg lenticular tissue sample is obtained from the area of the
wound showing changes indicative of invasive infection. The biopsy must include
not only eschar, but underlying, unburned subcutaneous tissues because the histolo-
gic diagnosis of invasive infection requires identification of microorganisms that
have crossed the viable–nonviable tissue interface to take up residence and prolifer-
ate in viable tissue. The local anesthetic agent, if used, should be injected at the per-
iphery of the biopsy site to avoid or minimize distortion of the tissue to be examined
histologically. One-half of the biopsy specimen is processed for histologic examina-
tion to determine the depth of microbial penetration and identify microvascular
invasion. The other half of the biopsy is quantitatively cultured to determine the
specific microorganisms causing the invasive infection. The culture results are used
to guide systemic antibiotic therapy.

The biopsy specimen is customarily prepared for histologic examination by a
rapid section technique that affords diagnosis in three to four hours. Burn wound
infection, if present, can then be staged on the basis of microbial density and depth
of penetration to guide treatment. Alternatively, the specimen can be processed by
frozen section technique, which yields a diagnosis within 30 minutes, but is associa-
ted with a 0.6% falsely positive diagnosis rate and a 3.6% falsely negative diagnosis
rate (29). If the frozen section technique is utilized, permanent sections must be sub-
sequently examined to confirm the frozen section diagnosis and exclude false
negatives. The microbial status of the burn wound is classified according to the staging
schema detailed in Table 2. In Stage I (colonization), the bacteria are limited to the
surface and nonviable tissue of the eschar. Stage I consists of three subdivisions
(A, B, and C) defined by the depth of eschar penetration and proliferation of micro-
organisms. Stage II (invasion) also consists of three subdivisions (A, B, and C)
defined by the extent of invasion of microorganisms into nonviable tissue and invol-
vement of lymphatics and microvasculature. Subsequent mortality increases as

Figure 4 Ecthyma gangrenosum. Viable organisms are found ‘‘cuffed’’ around the vessel.
This is hematogenous spread of the organism into the arterial tree, intimating bacteremia.
Such lesions will be found throughout the body distant from the burn wound.
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the histologic staging increases from Stage IA to IIC, with a marked increase in
mortality between Stage IC and IIA and a further increase with Stage IIB and IIC.
Microvascular involvement connotes the likelihood of systemic spread and the devel-
opment of burn wound sepsis, i.e., an invasive burn wound infection associated with
systemic sepsis and progressive organ dysfunction.

A negative biopsy in association with progressive clinical deterioration man-
dates repeat biopsy from other areas of the wound showing changes indicative of
infection. Successive biopsies that show progressive penetration and proliferation
of microorganisms within the eschar indicate the need for emergency excision, or
at the very least, a change in topical agent such as mafenide acetate for bacterial
isolates, which can diffuse into the eschar and limit microbial proliferation. The high
mortality associated with microvascular involvement and the recovery of positive
blood cultures emphasizes the importance of early diagnosis prior to hematogenous
dissemination of the invading microorganisms to remote tissues and organs or rapid
proliferation locally with production of toxins.

An immediate change in wound care is called for if a diagnosis of invasive burn
wound infection (Stage II) is made. Systemic antimicrobial therapy in full dosage
should be initiated (amphotericin B or one of the newer agents in the case of fungal
infections). The patient should be prepared for surgery and taken to the operating
theater as soon as possible to excise the infected tissue, which, in the case of invasive
fungal infection, may necessitate major amputation. Before excision of a wound har-
boring an invasive bacterial infection, one-half of the daily dose of a broad-spectrum
penicillin (e.g., piperacillin tazobactam) should be suspended in 150 to 1000 mL of
saline and injected by clysis into the subcutaneous tissues beneath the area of infec-
tion. A second clysis should be performed immediately before operation if more than
six hours have elapsed from the initial clysis. The clysis therapy will prevent further
proliferation of the invading organisms and reduce the number of viable bacteria and
their metabolic by-products disseminated by operative manipulation of the infec-
ted tissue. In the case of invasive fungal infection, clotrimazole cream or powder
should be applied to the infected area. Following excision of an area of invasive
bacterial burn wound infection, the excised wound should be dressed with 5% mafe-
nide acetate soaks. In the case of patients with fungal burn wound invasion, the
excised wound should be covered with clotrimazole cream or powder. The patient
should be returned to the operating room 24 to 48 hours later for thorough wound
inspection and further excision of residual infected tissue, if necessary. That process

Table 2 Histologic Staging of Microbial Status of the Burn Wound

Stage I: Colonization
A. Superficial: microorganisms present only on burn wound surface
B. Penetrating: variable depth of microbial penetration of eschar
C. Proliferating: variable level of microbial proliferation of nonviable–viable tissue

interface (subeschar space)
Stage II: Invasion

A. Microinvasion: microorganisms present in viable tissue immediately subjacent to
subeschar space

B. Deep invasion: penetration of microorganisms to variable depth and expanse within
viable subcutaneous tissue

C. Microvascular involvement: microorganisms within small blood vessels and lymphatics
(thrombosis of vessels is common)
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is repeated until the infection is controlled and no further infected tissue is evident
at the time of re-examination.

Successful treatment of patients with extensive burns involving the head and
neck has been associated with an increased occurrence of superficial staphylococcal
infections in healed and grafted wounds of the scalp and other hair-bearing areas.
Those focal areas of suppuration have been termed ‘‘burn wound impetigo,’’ which,
if uncontrolled, can cause extensive epidermal lysis of the healed and grafted burns.
Daily cleansing and twice-daily topical application of mupirocin ointment typically
control the process and permit spontaneous healing of the superficial ulcerations. If
not controlled with mupirocin, control may be obtained with frequent application or
continuous irrigation with Dakins’ (sodium hypochlorite) or Domburo’s (acetic
acid) solution.

Bacteremia

The topical antimicrobial chemotherapeutic agents commonly applied to burn
wounds are bacteriostatic. They do not sterilize the burn wound but limit bacterial
proliferation in the eschar and maintain microbial density at levels that do not over-
whelm host defenses and invade viable tissue. Even so, manipulation of the wound
by cleansing or surgical excision can result in bacteremia. In the 1970s, before wide-
spread use of early excision, wound manipulation was associated with an overall 21%
incidence of transient bacteremia (30). The incidence of bacteremia, which increased
in proportion to the extent of burn and the vigor of the manipulation, provided the
rationale for perioperative antibiotic administration as described above.

The previously noted decrease in invasive bacterial burn wound infection sti-
mulated Mozingo et al. to reassess the incidence of bacteremia associated with burn
wound cleansing and excision procedures. In 19 burn patients, those authors found
only a 12.5% overall incidence of manipulation-induced bacteremia. The incidence of
bacteremia was related to both the extent of burn and the time that had elapsed after
the burn injury. Wound manipulation in patients with burns of less than 40% of the
TBSA did not elicit bacteremia. In patients with more extensive burns, the incidence of
bacteremia was 30% overall when wound manipulation occurred on or after the 10th
postburn day and rose to 100% in patients whose burns involved more than 80% of
the TBSA (31). These findings provide for omission of perioperative antibiotics for
patients with burns of less than 40% of the TBSA, and for those with more extensive
burns, who undergo excision prior to the 10th day after burn.

Bacteremia may also occur in association with uncontrolled infection in other
sites. In a critically ill burn patient with life-threatening complications, recovery of
multiple organisms from a single blood culture or different organisms from succes-
sive blood cultures indicate severe compromise of host resistance and should not be
interpreted as contamination of the cultures. An antibiotic or antibiotics effective
against all of the recovered organisms should be administered to such a patient at
maximum dosage levels and the septic source of the blood-borne organisms should
be identified and controlled. The comorbid effect of septicemia is organism specific.
Historically, gram-negative septicemia and candidemia significantly increased mor-
tality above that predicted on the basis of the extent of burn, but gram-positive
septicemia had no demonstrable effect upon predicted mortality (32). Current tech-
niques of wound care and improvements in general care of the burn patient have not
only reduced the incidence of bacteremia but also significantly ameliorated the
comorbid effect of gram-negative septicemia (33).
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Sepsis

The diagnosis of sepsis on the basis of clinical criteria is made commonly in the
severely burned, but, at times, a clear source from the burn wound, pneumonia, or
bacteremia is not found. This is usually associated with progression of multiple organ
failure in the absence of a source. In fact, investigators have shown that 17% of
burned patients who develop sepsis associated with multiple organ failure will not
have a preceding diagnosis of infection (34). In this condition, a thorough search
should be made for an infectious source, including careful and repeated examination
of the wound. Other potential sources include the urinary tract, endocarditis, catheter
related sepsis, and meningitis. A perirectal abscess must also be considered. If a source
is still not found, it is conceivable that the overwhelming signal of inflammation from
the wound could be the cause. It must be emphasized that this is a diagnosis of exclu-
sion, and even after the diagnosis is made, the search for a source of infection must
continue. Oftentimes, these patients will be treated with presumptive wide-spectrum
antibiotics. In this case, antifungal medications should be considered.

Of late, investigators have been in search of genetic markers that herald the
development of sepsis, which could be related to the condition described above.
Barber et al. recently described two single nucleotide polymorphisms in the DNA
of patients who were more susceptible to the development of severe sepsis defined
as signs of sepsis such as fever and high white blood cell count, and organ dysfunc-
tion or septic shock. The first, TLR4þ 896 G-allele, imparted a 1.8-fold increased
risk of developing severe sepsis following burn relative to AA homozygotes. The sec-
ond, tumor necrosis factor-alpha-308 A-allele, imparted a 1.7-fold increase in risk
compared to GG homozygotes. However, these alleles were not associated with
mortality (35). This early work signifies that slight genetic differences are likely to
result in different responses to injury such as burn. Identification of these alleles
may eventually assist practitioners in the care of these patients who are at risk
and dictate different treatment.

Infections with Viruses

On occasion, fevers will develop in a burned patient, associated with herpetic lesions
(herpes simplex virus-1), usually found in healed wounds, donor sites, or the face.
This is characterized by the initial development of erythematous papules with or
without a maculopapular erythematous rash that progress to vesicles and pustules.
These lesions commonly rupture and develop crusts on the denuded base. Cytome-
galovirus infections have also been reported in burned patients. The development of
these lesions is thought to be reactivation of latent infection associated with burn-
induced immunosuppression. Titers for antibodies to cytomegalovirus and herpes
simplex virus type 1 may be found to increase, and intranuclear inclusion bodies
in a biopsy from the lesion may also be found.

Excision is not required for the treatment of herpetic burn wound infections
unless secondary invasive bacterial infection occurs in the herpetic ulcers. In fact, no
changes in mortality or length of stay were found in those with viral infections and
those without (36). Cutaneous ulcerations of herpetic infections should be treated
with twice-a-day application of a 5% acyclovir ointment to decrease symptoms. Sys-
temic herpes simplex virus-1 infections involving the liver, lung, adrenal gland, and
bone marrow, though rare, are typically fatal and justify systemic acyclovir treatment.
As noted above, rapidly expanding ischemic necrosis is characteristic of invasive phy-
comycotic infections and crusted, shallow, serrated lesions at the margin of a healing
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or recently healed partial-thickness burn, particularly in the nasolabial area, are
typical of herpes simplex virus-1 infections. Identified viral infection is usually self-
limited, but in severe cases, consideration can be given to systemic or topical treatment
with acyclovir or ganciclovir.

Pneumonia

Pneumonia is now the most common infection in burned patients. The burn condition
makes the patient fivefold more susceptible to the development of pneumonia because
of mucociliary dysfunction associated with inhalation injury, atelectasis associated
with mechanical ventilation, and impairment of innate immune responses (Fig. 5)
(37). However, with better microbial control of the burn wound, the route of pulmon-
ary infection has changed from hematogenous to airborne, and the predominant
radiographic pattern has changed from nodular to bronchopneumonia (38). Nonethe-
less, some investigators still report a pneumonia rate of 48% in the severely burned
treated in a burn center (39,40). Others have observed much lower rates (41–43).

The diagnosis of pneumonia in the burned patient is difficult, as the traditional
harbingers of pneumonia of fever, high white blood cell count, and purulent sputum
are common in the absence of infection in the severely burned, who have inflam-
mation associated with the burn wounds. They are also often intubated for airway
control for evidence of inhalation injury causing airway edema and unhealed wounds
and purulence in the tracheobronchial tree. This provides a portal of entry for
microbes into the airway. For this reason, we recommend that pneumonia in the
severely burned be confirmed with the presence of three conditions: signs of systemic
inflammation such as fever and high white blood cell count, radiographic evidence of
pneumonia, and isolation of a pathogen on quantitative culture of a bronchoalveolar
lavage specimen of 10 cc with greater than 104 organisms/cc of the return (44). Those
patients with signs of sepsis and isolation of high colony counts of an organism on
bronchoalveolar lavage without radiographic evidence of pneumonia are considered

Figure 5 (A) Gross appearance and histology of inhalation injury. Note the denudation and
hemorrhage in the trachea with erythema and soot. (B) The histologic appearance shows loss
of epithelium and soot. The loss of the protective epithelium can lead to tracheobronchitis.
Such findings are commonly found in the distal airways as well.
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to have tracheobronchitis, which can become invasive with subsequent demise. These
patients are then documented separately from those with pneumonia, but are treated
similarly with systemic antibiotics directed at the predominant organism isolated
on culture.

Organisms commonly encountered in the tracheobronchial tree include the
gram-negatives, such as Pseudomonas and Escherichia coli, and, on occasion, the gram-
positives such as S. aureus. When the diagnosis of pneumonia or tracheobronchitis is
entertained, empiric antibiotic choice should include one that will cover both these
types of organisms. We recommend piperacillin tazobactam and vancomycin given
systemically until the isolates from the bronchoalveolar lavage are returned. The
caveat to this is the finding of gram-negative organisms on routine surveillance cultu-
res of the wound. Generally, microbes found on the wound do not reliably predict the
causative agent of pneumonia, requiring separate microbial identification. This is cer-
tainly true for gram-positive organisms, but recent data from the U.S. Army Institute
of Surgical Research indicates that identification of gram-negative organisms, parti-
cularly Pseudomonas and Klebsiella species on the wound of a patient with pneumonia,
warrants specific presumptive antimicrobial coverage until the causative organism is
determined. If sensitivities of the gram-negative bacteria on the wound are known,
then antimicrobial therapy should, at the very least, include coverage of these.

Line Sepsis

As in other critically ill populations, the presence of indwelling catheters for infusion
treatments provides a potential source of infection. Because of the relative frequency
of bacteremia associated with treatment, relative immunosuppression, and the high
concentrations of organisms on the skin often surrounding the access site for the
intravascular device, line sepsis is common in the burned patient. Santucci et al.
reported an incidence of 34 catheter-related bloodstream infections per 1000 central
line days in burned patients (43). It has been well documented in other critically ill
patients that the most likely portal of entry is the skin puncture site. Ramos et al.
did show a significant reduction in catheter-related infection if the site of insertion
was at least 25 cm from a burn wound (45). To date, no definitive prospective studies
have been conducted to determine the true incidence of catheter-related infections
related to the time of catheterization. For this reason, most burn centers have a pol-
icy to change catheter sites on a routine basis, every three to seven days until such
information is available. Vigilant and scheduled replacement of intravascular devices
presumably minimizes the incidence of catheter-related sepsis. The first can be done
over a wire using sterile Seldinger technique, but the second change requires a new
site. This protocol should be maintained as long as intravenous access is required.
Whenever possible, peripheral veins should be used for cannulation even if the can-
nula is to pass through burned tissue. The saphenous vein, however, should be
avoided because of the high risk of infectious thrombophlebitis. Should this compli-
cation occur in any peripheral vein, the entirety of the involved vein must be excised
under general anesthesia with appropriate systemic therapy.

Other Infections

Aside from the burn wound infections, pneumonia, and catheter-related infections,
burned patients are also susceptible to other infections similar to other critically ill
patients (Table 3). The third most common site is the urinary tract because of the
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common presence of indwelling urethral catheters for monitoring of urine output.
However, ascending infections and sepsis are uncommon because of the use of anti-
biotics administered for prophylaxis and the treatment of other infections are com-
monly concentrated in the urine and thereby reduce the risk of urinary tract
infection. The exception to this is the development of fungiuria, most commonly
from Candida species. When Candida species are found in the urine, systemic infec-
tion should be considered, as the organisms may be filtered and sequestered in the
tubules as a result of fungemia. The same holds true for the other fungi. For this rea-
son, blood cultures are indicated in the presence of fungiuria to determine the source.
If the infection is determined to be local, treatment with bladder irrigation of anti-
fungals is indicated. Otherwise, systemic antifungal treatment should be initiated.

Because of the relative frequency of bacteremia/fungemia in the severely burned,
sequestration of organisms around the heart valves can be found on occasion. In
most large burn centers, at least one case per year of infectious endocarditis will
be found on a search for a source of infection. In fact, about 1% of the severely
burned develop this complication. The diagnosis is generally made by the persistent
finding of pathogens in the blood in the presence of valvular vegetations found on
echocardiography. This should generally be confirmed with transesophageal echo-
cardiography if lesions are found on transthoracic echocardiography. If such a lesion
is found, routine blood cultures should be performed to identify the offending organ-
ism. Treatment should be long-term intravenous antibiotics (12 weeks) aimed at
the isolate. In the presence of a hemodynamically significant valvular lesion, excision
and valve replacement are indicated.

Sinusitis is a concern in burn patients because of the need for prolonged
intubation of one or both nostrils with feeding tubes or an endotracheal tube (46).
Headache, facial pain, or purulent discharge suggest this diagnosis. Computed tomo-
graphy of the head and face is used to confirm the diagnosis. Treatment is generally
focused on removal of the tubes, if possible, and topical decongestants. Sinus punc-
ture for a specimen should be considered if the infection is thought to be life
threatening, with systemic treatment of the isolate.

Meningitis is an uncommon infection in the burned patient but has been found
in patients with deep scalp burns involving the calvarial bone and in those with
indwelling intraventricular catheters for monitoring of intracranial pressures when
there are concomitant head injuries. Only in these cases should this diagnosis be con-
sidered, which can be confirmed with computed tomography of the head with
intravenous contrast, or lumbar puncture. The diagnosis and treatment of meningitis
is covered in depth in other chapters.

Lastly, an infection that is unique to burned patients is the development of
infected chondritis of the ear cartilage. When the skin of the ear is damaged by a

Table 3 Infections in Burned Patients

Burn wound infection
Pneumonia
Catheter-related infection
Urinary tract infection
Sinusitis
Endocarditis
Infected thrombophlebitis
Infected chondritis of the burned ear
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burn, this leaves a portal of entry for microorganisms to inhabit the cartilage of the
ear, which is relatively privileged because of a lack of vascularization. This
complication occurs two to three times per year in busy burn centers and can be
minimized by the use of topical mafenide acetate cream for treatment of ear burns.
This compound diffuses into the cartilage, making it a forbidding environment for
bacteria. When the complication occurs, it is characterized by a red, painful, swollen
ear that has been burned with open or recently healed wounds. Treatment is gener-
ally surgical with debridement of necrotic and infected cartilage. Adequate drainage
of the area must take place with incisions along the outer edge of the pinna or poster-
ior pinna to ‘‘bivalve’’ the ear if necessary. Following debridement, the wound should
be treated with topical mafenide acetate cream.

SUMMARY

Infectious complications have decreased in the severely burned due to effective stra-
tegies for prevention and treatment. Nonetheless, infections in the severely burned
are still common and can be lethal, particularly those in the burn wound and the
lungs. Infections common to other critically ill patients are also seen in burned
patients, which also require attention. Additional strategies to prevent and treat
infections in burned patients are still needed and are being actively researched.
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Urosepsis in the Critical Care Unit
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INTRODUCTION

The most common cause of sepsis in patients admitted to the hospital for sepsis is
urosepsis. Urosepsis may be defined as a urinary tract infection (UTI) that has seeded
the bloodstream, accompanied by systemic symptoms. Urosepsis is also defined by
demonstrating the same organisms cultured from urine and blood. Urosepsis may be
communityor nosocomiallyacquired.Community-acquired urosepsis occursonlyunder
certain circumstances, i.e., in nonleukopenic, compromised hosts with preexisting renal
disease or structural abnormalities of the urinary tract (UT). Nosocomial urosepsis
may occur in normal as well as abnormal individuals with urologic manipulation (1).

UROSEPSIS

Community-Acquired

The organisms causing community-acquired UTI, i.e., Escherichia coli, Proteus
mirabilis, Klebsiella, Enterococci (group D streptococci), group B streptococci, are
the organisms isolated from blood and urine in urosepsis. Clinical scenarios that
predispose urosepsis to occur are acute pyelonephritis, cystitis in nonleukopenic-
compromised hosts [diabetes mellitus, systemic lupuserythromatosus (SLE), alcohol-
ism, multiple myeloma, steroid therapy, etc.], those with unilateral/partial UT
obstruction, preexisting renal disease, or renal/bladder calculi (Table 1). Bacteremia
with systemic symptoms with or without hypotension may accompany any urosepsis.
Febrile leukopenic-compromised hosts (e.g., cancer patients receiving chemotherapy)
rarely have UTIs or develop urosepsis. Immune defects related to malignancy and/or
chemotherapy do not diminish mucosal defenses, e.g., secretory IgA that protects
against bacterial adherence to uroepithelial cells and UTI (2–8).

Nosocomial

Nosocomial urosepsis is caused by UT catheterization/instrumentation in nonleuko-
penic hosts. Catheter-associated bacteriuria in the hospital does not result in
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urosepsis in normal hosts. Bacteriuria will not result in bacteremia unless the patient
has structural abnormalities of the genitourinary (GU) tract, i.e., congenital
abnormalities of the collecting system, stone disease, or unilateral/bilateral obstruc-
tion due to intrinsic/extrinsic causes. Urologic instrumentation/procedures done in
the presence of a UTI may result in bacteremia with systemic symptoms/hypoten-
sion. Urosepsis from urologic instrumentation/procedures may occur in normal or
abnormal hosts (2,4,9,10).

Microorganisms associated with nosocomially acquired urosepsis are aerobic
gram-negative bacilli or Enterococci. The most common pathogens are E. coli and
Klebsiella or Enterococci. Less commonly, Serratia, Enterobacter, Providencia,
Citrobacter, nonaeruginosa Pseudomonas, or Pseudomonas aeruginosa are potential
nosocomial uropathogens related to GU instrumentation. Because the uropathogens
causing community-acquired versus nosocomially acquired urosepsis are dissimilar,
different therapeutic approaches are required for community and nosocomially
acquired urosepsis (Table 2) (9–11).

Clinical Presentation

The clinical presentation of urosepsis is not different from sepsis from a non-GU
source. Sepsis is the systemic manifestation of bacteremias with multiple organ
involvement. The interaction between microorganisms and the host determines the
systemic response rather than the origin of the infection. The clinical diagnostic

Table 1 Nosocomial Urosepsis and Urinary Tract Instrumentation

Organisms Bacteriuria Bacteremia

Bacteremia
definitely

associated with
UT

instrumentation

Escherichia coli 1007 72 9
Proteus 301 11 6
Klebsiella pneumoniae 243 29 4
Pseudomonas aeruginosa 296 31 1
Serratia marcescens 166 8 1
Enterococcus 181 20 4
Enterobacter 150 23 3
Citrobacter 15 2 2
Other bacteria 242 130 0
Total 2601 326 30

Conditions Number of cases
Preexisting UT disease alone 23
Preexisting UT disease and Diabetes 4
Preexisting UT disease and cirrhosis 2
Preexisting UT disease, diabetes

mellitus, cirrhosis
1

No preexisting UT disease 0
Total 30

Abbreviation: UT, urinary tract.

Source: Adapted from Ref. 2.
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approach is to identify systemic disorders or underlying UT abnormalities that pre-
dispose to urosepsis. A history of preexisting renal disease, repeated UTIs of the
relapse variety, recent GU instrumentation, history of bladder/renal stones, or
history of systemic illnesses (e.g., diabetes mellitus and SLE), indicate the basis of
the patient’s sepsis may be of UT origin, i.e., urosepsis (1,3–5).

Differential Diagnostic Considerations

The physical exam in urosepsis is unhelpful unless the patient has pyelonephritis,
renal colic from stone disease or obstruction, or prostatitis. Gram stain and culture
of the urine with urinalysis plus blood cultures are the definitive diagnostic tests.
While blood cultures will not be available for some time, the Gram stain of the urine
provides immediate microbiologic information regarding the likely cause of the
patient’s UTI/urosepsis.

Patients with acute pyelonephritis have pyuria and bacteriuria with CVA ten-
derness. Cystitis causing urosepsis always has one of the aforementioned underlying
disorders that predisposes to urosepsis and has no localizing physical findings.

Nosocomial urosepsis is a relatively straightforward diagnosis when there has
been recent urologic instrumentation because of the time relationships between the
procedure and onset of urosepsis. The febrile/hypotensive patient in the critical care
unit with an indwelling Foley catheter, with bacteria and pyuria, almost never has
fever due to urosepsis unless the patient has diabetes mellitus or SLE, or is on
steroids. Computed tomography/magnetic resonance imaging of the abdomen/
GU tract may detect an intra-abdominal/pelvic infectious process likely to account
for the fever Table 3 (1,4,5,9).

Patients presenting from the community with urosepsis may have stone or
structural disease, acute prostatitis/prostatic abscess, or acute pyelonephritis. Acute
pyelonephritis is diagnosed by the finding of a temperature of �102�F in a patient
with CVA tenderness with renal origin, and by finding a uropathogen and white cells
in the urine. In acute pyelonephritis, the Gram stain provides a presumptive, micro-
biologic diagnosis, which guides antibiotic selection. A Gram stain of the urine in
acute pyelonephritis will reveal gram-positive cocci in pairs/chains, i.e., group B
streptococci or group D streptococci. If the Gram stain of the urine shows gram-
negative bacilli in acute pyelonephritis, they are aerobic gram-negative bacilli

Table 2 Urosepsis: Community and Nosocomially Acquired

Urosepsis

Type of UTI Common Uncommon Rare

Pyelonephritis: normal and abnormal hosts þ
Cystitis: normal hosts þ
Cystitis: nonleukopenic-compromised hosts þ
Prostatitis: normal and abnormal hosts þ
Prostatic abscess þ
Urinary tract instrumentation (TUR) with

infected urine
þ

Urinary tract instrumentation (sterile urine) þ

Abbreviation: UTI, urinary tract infection.
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because anaerobic gram-negative bacilli do not cause UTIs. Patients with acute
prostatitis usually do not develop urosepsis, but urosepsis is a common sequelae
of prostatic abscesses.

A difficult diagnosis in a septic patient without any localizing signs is prostatic
abscess. ‘‘Fever everywhere, fever nowhere’’ traditionally has referred to an occult
subdiaphragmatic abscess in a postoperative patient who became septic. Similarly,
in a patient who has a history of prostatitis and no other IV line, GI/GU explana-
tion for sepsis should be considered as having a prostatic abscess until proven
otherwise. A transrectal ultrasound is the best way to make the diagnosis, which
may require surgical drainage. Epididymitis in the elderly may occasionally present
with urosepsis. The usual pathogens are aerobic gram-negative bacilli, especially
P. aeruginosa (2,9–12).

ANTIMICROBIAL THERAPY

Antibiotic therapy of urosepsis depends on the likely pathogen to which it is related,
whether it is a community- or nosocomially acquired infection. The causative micro-
organisms in community-acquired urosepsis are aerobic gram-negative bacilli or
group B or D streptococci. The Gram stain of the urine rapidly differentiates between
gram-positive cocci in pairs/chains from aerobic gram-negative bacilli. Further
identification in the acute situation is not necessary to begin empiric therapy.
Gram-positive cocci or group B or D streptococci, since S. aureus, i.e., gram-positive
cocci in clusters, is not a uropathogen. S. saprophyticus is a uropathogen but does not
cause urosepsis. In terms of gram-negative aerobic bacilli, it does not matter whether
it is E. coli, Proteus, or Klebsiella, because coverage will be directed against all com-
munity-acquired uropathogens. With community-acquired urosepsis, the coverage is
the same with the exception of epididymitis in the elderly, which is treated to include
hospital-acquired aerobic gram-negative bacilli, e.g., P. aeruginosa. Any treatment
that is effective against group D streptococci will also be effective against group B
streptococci. (Table 4).

Nosocomial urosepsis is caused by aerobic gram-negative bacilli, based on the
Gram stain or culture data from the urine or blood. Coverage should be directed
against P. aeruginosa, which will cover all aerobic nosocomial uropathogens except
the nonaeruginosa pseudomonads. If a nonaeruginosa Pseudomonas is isolated
from the urine/blood, therapy should not be an aminoglycoside. Treatment of non-
aeruginosa pseudomonad urosepsis should be with trimethoprim-sulfamethoxazole
or a quinolone (12–17) (Table 5).
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27
Infections Related to Bioterrorism

David Schlossberg
Infectious Disease Section, Department of Medicine, Temple University School of
Medicine, Philadelphia, Pennsylvania, U.S.A.

OVERVIEW

Introduction to the Clinical Problem

Epidemiology

Although bioterrorist agents can be acquired by inhalation, by ingestion, and by
absorption through the skin, inhalation of an aerosolized agent is the most efficient
mode of dissemination and is the one most likely to be employed by bioterrorists.
Thus, many of the resultant illnesses will be respiratory or will be the form of
infection resulting from inhalation of the offending agent.

While natural infection with most bioterrorist agents can be suspected on the
basis of geographic or behavioral exposure, such clues will not help assess a bioter-
rorist attack. In fact, the converse is true in that infection outside an endemic area
would suggest intentional spread of disease, as with plague in the Northeast United
States. Additional clues include deviation from the usual epidemiology, such as
multiple patient clusters of botulism, and infection without the usual vector, for
example, Eastern equine encephalitis without local mosquitos. Unusual progression
of illness also provides grounds for suspicion, as in fulminant pneumonia in healthy
young patients or smallpox masquerading as varicella with uncharacteristic (for
varicella) prominence in the extremities.

MICROBIOLOGY

The major pathogens or diseases most likely to present in the critical care setting are
those designated as Category A by the Centers for Disease Control and Prevention
(CDC) (Table 1). This categorization reflects the relative ease of dissemination, the
high mortality rate, and the need for special public health action to avoid panic in
the general population.

A longer secondary list of potential bioterrorism-related diseases would include
CDC Category B agents (which have a lower mortality than Category A and are more
difficult to disseminate), a variety of chemical agents, and acute radiation sickness.
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This list includes Q fever, brucellosis, glanders, Venezuelan equine encephalitis
(VEE), Eastern Equine Encephalitis (EEE), Western equine encephalitis (WEE),
foodborne or waterborne pathogens, melioidosis, typhus, psittacosis, toxins [nerve
agents, ricin, mycotoxins, epsilon toxin, Staph enterotoxin B (SEB), cyanide, phos-
gene, and vesicants], and acute radiation exposure. Some of these latter agents/dis-
eases are not likely to be encountered in the critical care setting, e.g., brucellosis and
most foodborne pathogens. Others are not infectious agents per se but are included
in the table of differential diagnosis because they can mimic infectious diseases.

CDC Category C is the third-highest priority among potential bioterrorist
agents; this category includes emerging pathogens such as Nipah virus, tickborne
encephalitis viruses, and multidrug resistant Mycobacterium tuberculosis. These
infections will not be discussed further.

CLINICAL PRESENTATION

Anthrax is caused by the gram-positive bacillus Bacillus anthracis, which persists in
soil as a spore. Exposure to contaminated soil infects animals, and humans become
infected via contact with infected animals or their products. Direct contact with these
animals causes cutaneous anthrax, a syndrome of a painless papule progressing to
necrotic ulceration with surrounding edema and regional adenopathy. More rarely,
ingestion of infected meat produces pharyngeal or gastrointestinal anthrax, with
abdominal pain and bloody diarrhea.

However, the type of anthrax most likely to be encountered in the critical care
setting is the one best suited for bioterrorist use—inhalational anthrax. This form
is spread by aerosol dissemination of spores, which are then inhaled. Those inhaled
spores that are not phagocytized by lung macrophages reach mediastinal lymph nodes
and germinate into vegetative B. anthracis, producing edema toxin and lethal toxin.
After several days, a nonspecific illness develops, characterized by fever, headache,
nonproductive cough, and myalgias, and, a few days later, the patient is in extremis,
with high fever and respiratory compromise from edema of the neck and mediastinum.
Some patients develop pulmonary infiltrates, but these are due to hemorrhage and
necrosis, not pneumonia; the pathophysiologic process is a fulminant mediastinitis,
with hemorrhage and necrosis. If pleural effusions develop, they, too, are hemorrhagic
(Fig. 1). Progression to confusion and seizures suggests a complicating anthrax menin-
gitis, which is usually hemorrhagic, producing the ‘‘cardinal’s cap’’ (Fig. 2).

Inhalational anthrax resembles many other illnesses, so that the differential
diagnosis is extensive. The early flu-like illness may be mistaken for influenza and
other respiratory viruses and the various other etiologies of atypical pneumonia. Once
mediastinal involvement supervenes, the differential diagnosis should also include
tuberculosis, histoplasmosis, tularemia, malignancy, and aortic aneurysm (3–5).

Table 1 Centers for Disease Control and
Prevention Category A

Anthrax
Smallpox
Plague
Tularemia
Botulism
Hemorrhagic fever viruses

536 Schlossberg



Figure 1 Inhalational anthrax: widened superior mediastinum and possible small left pleural
effusion. Source: From Ref. 1.

Figure 2 Cardinal’s cap: hemorrhagic meningitis in anthrax. Source: From Ref. 2.
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In smallpox, a nonspecific febrile prodrome is followed by the characteristic rash
(Fig. 3) on the face and limbs, which then spreads to the trunk. The lesions begin as
papules and then evolve into pustules. Smallpox lesions differ from those of varicella:
they are round and deep, appear at the same time and therefore are all of the same size
and in the same stage of development and are most numerous on the face and extremi-
ties—not the trunk. Smallpox scabs—unlike those of varicella—harbor live virus and
may transmit disease. Complications of ordinary smallpox, or variola major, include
encephalitis, pneumonia, cellulitis, arthritis, and destructive keratoconjunctivitis. A
hemorrhagic form of smallpox, seen in pregnant patients, progresses to widespread
ecchymoses and is usually fatal. In the malignant form of smallpox, the lesions coalesce
without ever progressing to pustules; this form is also generally fatal (6).

Plague is caused by the gram-negative bacillus Yersinia pestis. It is traditionally
spread to man by fleas that have fed on infected animals, by direct contact with
infected animals, or by inhaling infectious droplets from patients with pneumonic
plague. However, bioterrorists would most likely spread plague via aerosol, produc-
ing pneumonic plague, which is the form least commonly acquired naturally. The
resultant pulmonary infection is characterized by pulmonary infiltrates, which often
cavitate, and by cough productive of bloody sputum. Many victims also develop gas-
trointestinal signs and symptoms, including abdominal pain, vomiting, and diarrhea.
If plague is spread by infected fleas, typical buboes (inflamed lymph nodes draining
the inoculation site) may form, with resultant fever and chills. Some patients pro-
gress to septicemic plague if the organism enters the bloodstream; this syndrome
resembles meningococcemia, with petechiae and purpura, disseminated intravascular
coagulation (DIC), and acral necrosis. Bloodstream invasion may then be
complicated by plague meningitis (7,8).

Figure 3 Smallpox lesions. Source: From Ref. 2.
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Tularemia, caused by Francisella tularensis, infects a huge variety of small ani-
mals, and it spreads to man by direct contact with infected animals or via arthropod
vectors. The most frequent form of naturally acquired tularemia is ulceroglandular,
a combination of cutaneous inoculation and regional adenopathy. If the inoculation
site is not evident, a glandular form may result, and, if the inoculation is in the con-
junctiva, an oculoglandular syndrome develops, with eye inflammation and cervical
or preauricular adenopathy. A typhoidal form resembles typhoid fever, with abdo-
minal pain, headache, fever, and cough. Ingestion of F. tularensis results in stomatitis
and pharyngitis.

Pneumonic tularemia may be primary or secondary: primary from inhalation,
e.g., in people exposed to sick animals or to laboratory specimens, and secondary from
infection elsewhere in the body with bacteremic spread to the lungs. The resultant pul-
monary syndrome is distinctive, with bronchiolitis, pneumonitis, pleural effusions, and
hilar adenopathy. Because terrorists would most likely use airborne spread (less likely
than contaminating the water supply), patients encountered in the intensive care unit
would probably have tularemic pneumonia. Tularemia should be suspected as a cause
of severe pneumonia in patients with characteristic complications of hilar adenopathy
on Chest X-ray (CXR), rash (erythema nodosum, maculopapular or vesicular erup-
tions), relative bradycardia, enteritis, appendicitis, or meningitis (9).

Clostridium botulinum and, less commonly, C. baratii and C. butyricum produce
a family of neurotoxins; some of these toxins, types A, B, C, and F, cause disease in
humans by blocking acetylcholine release at the neuromuscular junction, with resul-
tant flaccid paralysis called botulism. Botulism can be acquired by ingestion of
preformed toxin or spores, or by infection of wounds with toxin-producing clostridia.
Worldwide, most naturally acquired cases of botulism result from ingestion of pre-
formed toxin in food that has not been preserved properly. In the United States,
the most common form of botulism is infant botulism, attributed to ingestion of
spores in honey or soil. The spores then germinate and elaborate the botulinum toxin.
However, adequate heating inactivates the toxin, as does chlorine, so that contamina-
tion of the food or water supply would be an unlikely route of bioterrorist attack. On
the other hand, the toxin can be aerosolized, and this is the most likely form of
bioterrorist use of botulinum toxin.

Classic signs and symptoms of botulism are symmetric cranial nerve involve-
ment, with blurred vision, diplopia, dysphagia, and dysarthria. Descending paralysis
supervenes, often with respiratory distress. Autonomic dysfunction is common, with
hypertension or hypotension and tachycardia. Patients are typically afebrile and not
toxic appearing. If the toxin is foodborne, nausea, vomiting, and diarrhea may her-
ald the neurologic illness. Inhalational disease is less well defined in humans (10,11).

The viral hemorrhagic fevers (VHFs) are infections caused by four groups of
viruses: filoviruses, arenaviruses, bunyaviruses, and flaviviruses. The best-known
representatives of each of these virus families are listed in Table 2. Most of these
viruses are transmitted by arthropods, by exposure to infected rodents, or by
aerosolization of the virus from the infected rodents’ excreta; however, there are
exceptions, and no vector has yet been identified for Ebola. This capacity to spread
by aerosol suggests airborne spread as the most likely route of bioterrorist attack,
although Dengue is less likely to be used by bioterrorists, because it requires reexpo-
sure to the Dengue virus to produce the severe form, dengue hemorrhagic fever, and
it is not easily spread by aerosol.

The illnesses that result from infection with the hemorrhagic fever viruses
involve many organ systems, with a wide array of clinical complications. Thus,
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patients may develop various combinations of fever, prostration, headache, abdo-
minal pain, myalgias, encephalitis, rash, arthralgias, and renal failure. However,
the common denominator is an acutely ill patient with fever and toxicity, often com-
plicated by a bleeding diathesis. The hemorrhagic phenomena may take the form of
hematuria, gastrointestinal bleeding, conjunctival hemorrhage, and petechiae, and all
the VHF can be complicated by DIC. Adult respiratory distress syndrome may com-
plicate infection with Hantavirus pulmonary syndrome, New World hemorrhagic
fevers, and some flaviviral infections (11,12).

Q Fever is caused by Coxiella burnetii. Its bioterrorist potential derives from
its ability to infect men with only a single organism and its transmissibility—unlike
other rickettsiae—via aerosol. The illness produced is nonspecific, with fever, myal-
gias, cough, headache, and chest pain, with some patients progressing to pneumonia
or hepatitis. Chest X ray may demonstrate hilar adenopathy and pleural effusions in
addition to infiltrates. Many patients develop neurologic complications, including
encephalitis, cerebellitis, and cranial nerve involvement.

Viral encephalitides (Venezuelan equine encephalitis, Eastern equine encephali-
tis, and Western equine encephalitis) are spread to man from animal hosts via
mosquitos. However, these viruses are highly infectious by aerosol, are relatively
stable, and replicate to substantial numbers under laboratory conditions, so that bio-
terrorist use is possible. The encephalitis produced is frequently complicated by ataxia,
cranial nerve palsies, and seizures, with mortality ranging from less than 0.5% for VEE
to 50% with EEE. Because there is no person-to-person spread, human cases without a
local mosquito vector would be suspicious, as would disease in healthy young adults,
because most victims of these viruses are children or adults over the age of 50.

Glanders is a bacterial infection of horses, mules, and donkeys caused by
Burkholderia mallei. Bioterrorists would probably spread antibiotic resistant strains
of this organism by aerosol. Cutaneous inoculation produces localized infection,

Table 2 Hemorrhagic Fever Viruses

Representative viruses Location Usual vector Virus family

Ebola Africa Unknown Filovirus
Marburg Africa Unknown Filovirus

Lassa fever West Africa Rodents Arenavirus
New World hemorrhagic fevers (include

Machupo virus in Bolivia, Sabia virus
in Brazil, Junin virus in Argentina,
Guanarito virus in Venezuela, and
Whitewater Arroyo virus in California)

North and South
America

Rodents Arenavirus

Hantavirus (include Hantaan virus and
Sin Nombre virus)

Worldwide Rodents Bunyavirus

Rift Valley fever Africa, Middle
East

Mosquitos Bunyavirus

Dengue Worldwide Mosquitos Flavivirus
Yellow fever Africa, Latin

America
Mosquitos Flavivirus

Kyasanur Forest disease India Ticks Flavivirus
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which may disseminate via the bloodstream, producing a papulopustular rash
and generalized abscesses and pneumonia. This form of glanders is usually fatal.
If spread by aerosol, pneumonia would result directly. Glanders is contagious, and
strict infection control is essential.

Melioidosis is caused by the gram-negative bacterium Burkholderia pseudomallei.
It may be spread by cutaneous inoculation and probably by ingestion and inhalation.
When septicemia develops, a rapidly fatal course is seen in half the victims, often
accompanied by a characteristic pustular rash. Necrotizing pneumonia and visceral
and subcutaneous abscesses are known complications.

Rickettsia prowazekii is the cause of typhus, usually spread to man by lice
and occasionally by flying squirrels. The classic presentation includes fever, chills, and
headache in association with the characteristic rash: a macular eruption beginning
in the axillae, and then becoming petechial. The rash then spreads to the trunk and extre-
mities, sparing face, palms, and soles. Concern for bioterrorist use of R. prowazekii centers
on the likelihood of engineering strains resistant to currently available antimicrobials.

Psittacosis, from infection with Chlamydophila (Chlamydia) psittaci, causes
systemic infection that is often complicated by atypical pneumonia. Fever and
headache are common, and epistaxis and splenomegaly in a patient with atypical
pneumonia should raise this diagnostic possibility.

Clostridium perfringens types B and D produce Epsilon Toxin. The most likely
bioterrorist use of this toxin would be via aerosolization rather than through the
food supply, and manifestations in men, extrapolated from observations in animals,
would probably result in pulmonary edema (13).

SEB is a superantigen polypeptide produced by staphylococci. SEB usually
causes food poisoning but also may produce (along with toxic shock syndrome
toxin-1) the staphylococcal toxic shock syndrome. SEB can also be spread by aero-
sol, resulting in nausea and vomiting, fever, and shortness of breath (14,15).

DIFFERENTIAL DIAGNOSTIC CONSIDERATIONS

Table 3 presents the major clinical syndromes produced by bioterrorist agents
(16–21). These syndromes are grouped by clinical presentation, with the realization
that some presentations may be atypical and misleading. The table lists the bioterror-
ist agents considered most likely to be employed in an attack and most likely to result
in admission to a critical care unit. Common causes of these syndromes, i.e., those
not due to bioterrorism, are statistically more likely and should always be suspected
first. However, bioterrorist agents should be part of the differential diagnosis, espe-
cially in patients with critical illness.

DIAGNOSIS

In general, the greatest diagnostic hurdle regarding bioterrorist agents is failure to
consider these diseases in the first place. Once that barrier is overcome, most of
the agents can be proven or strongly suspected. Much of the bacteriology should
be carried out in specialized laboratories at an appropriate level of expertise. Advice
regarding obtaining and handling specimens is available from local and state Health
Departments and the CDC in Atlanta, Georgia.

The diagnosis of inhalational anthrax is suspected clinically on the basis of
toxicity, mediastinal involvement, hemorrhagic meningitis, and hemorrhagic pleural
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effusion. Definitive diagnosis requires microbiologic confirmation: cerebrospinal
fluid, skin lesions, and peripheral blood (buffy coat smears) demonstrate broad,
gram-positive bacilli on Gram stain; these specimens should also be cultured, but only
in a level B laboratory of the Laboratory Response Network for Bioterrorism. Because,
as described above, inhalational anthrax produces mediastinitis but not pneumonitis,
culture and Gram stain of sputum are not likely to be positive. Immunohistochemical
staining and polymerase chain reaction (PCR) are available through the CDC.

Smallpox is suspected by the characteristic rash. It is diagnosed by serology,
PCR, or immunohistochemical studies to detect specific antigen, and by culture,
which should be taken by a health care worker who has been vaccinated, using mask
and gloves. Consultation should be undertaken immediately with the CDC or local
Health Department, and specimens should be evaluated at a biologic safety level 4
laboratory. Electron microscopy of vesicular fluid is not specific, as it identifies
orthopoxvirus but cannot specify variola.

Plague is diagnosed by cultures of clinical specimens, including sputum, blood,
and lymph node aspirate if a bubo is present. Laboratory personnel should be
alerted, because plague can be contracted in the laboratory, and cultures should
be performed under biolevel safety two conditions. On Gram stain, the typical safety
pins are seen, gram-negative bacilli with bipolar staining. The CDC and local Health
Department may be able to provide specialized testing with PCR and direct fluores-
cent antibody, and a rapid diagnostic test for bedside testing is under development.

Tularemic pneumonia should be suspected in a patient with pneumonia, hilar
adenopathy, and pleural effusion. The organism can be cultured from blood, pharynx,
sputum, gastric washings, and lesions of the skin or conjunctiva; small gram-negative
coccobacilli are seen on Gram stain, and may be visible on smears of the peripheral
blood (Fig. 4). The laboratory should be alerted, because cultures require special
media and should be held for at least 10 days, and because tularemia can be contracted
in the laboratory. PCR and immunohistochemical stains can be performed if available,
but serology is not helpful in the acute infection, because it cross reacts, rises late,
persists for years, and may be attenuated by antibiotic administration.

Botulism should be suspected in any patient with a combination of cranial
nerve disturbances and paralysis, particularly if there are also gastrointestinal symp-
toms and if clusters of such cases are reported. Diagnosis is made by assay of toxin in
serum, stool, vomitus, gastric aspirate, and implicated foodstuffs. If aerosol
dissemination is suspected, swabs of the nasal mucosa should also be assayed. Elec-
tromyography (EMG) is suggestive, though not diagnostic, with normal motor
conduction and sensory nerve amplitudes, decreased evoked muscle action potential,
and the characteristic facilitation following rapid repetitive nerve stimulation.

To establish a diagnosis of the hemorrhagic fever viruses, diagnostic specimens
should be sent to specialized laboratories, those which operate at biosafety level 4. At
these sites, PCR, serologies, and viral isolation can be performed (Fig. 5).

The diagnosis of Q fever can be established serologically, by immunologic stains
and PCR of tissue, and by culture, although laboratory workers may be secondarily
infected by aerosols. Psittacosis is also best diagnosed by serology, as culture is dan-
gerous for laboratory personnel.

Viral encephalitides, glanders, and melioidosis are diagnosed by cultures of
appropriate specimens and serologic testing. Typhus is diagnosed by serology or
by detection of rickettsiae in tissue biopsies, either by PCR or by direct staining.

SEB is diagnosed by ELISA of blood and body secretions, and Epsilon Toxin
is detectable by ELISA and PCR of clinical specimens.
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THERAPY

Nonspecific Therapy

Nonspecific therapy must address not only therapeutic modalities directed at
the patient, but also the possible contagious nature of certain agents of bioterror-
ism. Those agents most capable of person-to-person spread, and recommended

Figure 4 Giemsa stain of peripheral blood smear showing Francisella tularensis. Source:
From Ref. 2.

Figure 5 Electron micrograph of Ebola virus. Source: From Ref. 2.
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prophylaxis for contacts, are listed in Table 4. Table 5 summarizes basic principles of
patient precautions and isolation and indicates appropriate procedures for the major
agents of bioterrorism (12,22–24).

An additional nonspecific aspect of patient management is proper and timely
notification of authorities when a bioterrorist attack is suspected. The local health
department should be notified immediately, both to facilitate diagnosis of the indi-
vidual patient through the proper laboratories and to initiate the coordinated efforts
of local, state, and national authorities necessary to investigate and control a bioter-
rorist attack. In general, the local health department will then ensure notification of
local law enforcement agencies, the FBI, the state health department, and the CDC
in Atlanta, Georgia (25).

Specific Therapy

Specific recommendations for each infectious agent are listed below. Off-label uses of
antimicrobials are recommended frequently in the treatment of agents of bioterror-
ism, as the benefits are often thought to outweigh the risks. Nevertheless, the critical
care physician should be aware of approved indications of antimicrobials as well as
their toxicity and drug interactions.

Clearly, no one agent or regimen can cover all diagnostic possibilities in the
critical care setting, and, as noted, not all bioterrorist agents are treatable. Neverthe-
less, it is notable that most treatable pneumonias likely to result from bioterrorism
(plague, tularemia, anthrax, Q fever, glanders, and melioidosis) show some degree
of susceptibility to doxycycline. Thus, if bioterrorism is a possible cause of a patient’s
severe pneumonia, and no specific etiology is suspected or proven, it would be rea-
sonable to include doxycycline in the initial treatment regimen.

Anthrax: Nonantimicrobial treatment of anthrax has included administration
of corticosteroids (for severe mediastinal edema or meningitis), angiotensin-convert-
ing enzyme inhibitors, and calcium channel blockers. Antisera from patients who
were vaccinated against B. anthracis have been administered to patients, and large
pleural effusions should be drained.

Antimicrobial treatment of anthrax should assume resistance to penicillin and
doxycycline until susceptibility testing can be performed; this precaution results from

Table 4 Bioterrorist Agents Capable of Person-to-Person Spread

Disease Prophylaxis (v. text)

Smallpox Vaccine for contacts within 4 days
Pneumonic plague Doxycycline or ciprofloxacin for 7 days
Some hemorrhagic fever viruses: Lassa fever,

New World hemorrhagic fevers,
hantaviruses (rare), Ebola and Marburg

None recommended if asymptomatic; treat
with ribavirin if contact of arenavirus,
bunyavirus or unknown VHF becomes ill
within 21 days of exposure

Q fever (rare) Tetracyclines or macrolides may be effective
late in incubation period

Glanders None recommended
Some foodborne pathogens, e.g., Shigella None recommended

Abbreviation: VHFs, viral hemorrhagic fevers.
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the known strains of anthrax that have been engineered to be resistant to both peni-
cillin and doxycycline, in addition to the b-lactamase production by some strains of
B. anthracis. Thus, initial presumptive therapy for inhalational anthrax should
include IV ciprofloxacin (adults: 400 mg q12 hours IV or 500 mg q12 hours PO; chil-
dren: 10 mg/kg q12 hours IV, max 400 mg/dose or 15 mg/kg q12 hours PO, max
500 mg/dose) plus one to two additional antimicrobials from the list of rifampin,
vancomycin, penicillin, ampicillin, chloramphenicol, imipenem, clindamycin, and
clarithromycin. Some feel that clindamycin offers the advantage of inhibiting pro-
duction of the toxins, which cause much of the morbidity in anthrax. If resistance
to doxycycline is not proven or suspected, this agent may be used with or instead
of ciprofloxacin (adults 100 mg q12 hours IV and PO; children: 100 mg q12 hours
PO and IV if weight >45 kg, and 2.2 mg/kg q12 hours PO and IV if weight <45 kg).
Oral therapy can be used after a clinical response, and treatment can be undertaken
with amoxicillin in infants, children, and women who are pregnant or breastfeeding,
as long as the strain is not resistant to penicillin.

Controversy surrounds the duration of therapy. Three recommendations are
suggested by various authorities: (i) 60 days of antimicrobials, (ii) 100 days of
antimicrobials (anthrax spores have been shown to survive in mediastinal nodes
of monkeys for 100 days after exposure), or (iii) 100 days of antimicrobial therapy
plus three doses of anthrax vaccine (because monkeys that were protected after expo-
sure by both antimicrobials and vaccine were resistant to reinfection, while those
protected by antimicrobials alone were not) (3–5,26).

Smallpox: If feasible, patients should be in a negative-pressure room or one
with high-efficiency particulate air filtration; contact precautions should be
instituted, with masks, gowns and gloves, and the patient should wear a mask. Man-
agement is supportive, although ribavirin and cidofovir are active in vitro and
cidofovir may be considered in severe cases. Postexposure prophylaxis with smallpox
vaccine is recommended for those exposed to variola via a sick patient or terrorist
attack. Vaccination will prevent disease in many and death in most vaccinees if given
within four days of exposure; some degree of protection may be seen even if vacci-
nation is performed up to 10 days following exposure. In the critical care setting,
vaccination should be given to exposed health care workers, laboratory personnel
handling specimens, and others who contact the patient’s clothes (e.g., laundry
workers). Because smallpox has caused infection via airborne spread throughout a
hospital, vaccination of all patients and workers in the hospital should be considered
if there are multiple patients admitted with smallpox, e.g., following a bioterrorist
attack. Detailed accounts of the vaccination process and vaccine reactions are
beyond the scope of this paper and have been reviewed elsewhere (6,27,28).

Plague: Although streptomycin is the historic standard for plague therapy, gen-
tamicin is more readily available and can be administered once daily, although it is
not approved by the Food and Drug Administration for treatment of plague.
Central nervous system involvement is probably best treated with chloramphenicol,
though this agent should be avoided in children younger than two years. Alternatives
include doxycycline and ciprofloxacin, which can be utilized PO when the patient
has improved, to complete 10 days of therapy. Medical personnel exposed to patients
with pneumonic plague should receive antibiotic prophylaxis with PO doxycycline
or ciprofloxacin for seven days. Pneumonic plague is transmissible by respiratory
droplets, actually a form of contact spread. Thus, those in contact with the patient
should employ eye protection, masks, gloves, and gowns until the patient has
received 48 hours of effective treatment.
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Doses of antimicrobials are as follows: for gentamicin (IM or IV)—adults,
5 mg/kg once daily, or 1.7 mg/kg three times daily following a 2 mg/kg loading dose;
for children, 2.5 mg/kg three times daily. For doxycycline, the adult IV dose is
100 mg twice daily or 200 mg once daily, and the PO dose is 100 mg twice daily.
Children: if >45 kg, give adult doses; if <45 kg, 2.2 mg/kg IV twice daily, with a
maximum of 200 mg/day; oral dose is the same as the IV dose. For ciprofloxacin,
adults take 400 mg IV or 500 mg PO twice daily, and children take 15 mg/kg IV twice
daily and 20 mg/kg PO twice daily. If chloramphenicol is used, the dose is 25 mg/kg
four times daily IV or PO for both adults and children (older than two years). The
concentration of chloramphenicol should be kept between 5 and 20 mg/mL to reduce
the likelihood of bone marrow suppression, and daily dosages of 4 g are the
maximum for children. Children younger than two years should not receive
chloramphenicol (8).

Tularemia: Treatment of tularemia is best undertaken with parenteral
gentamicin (10 days), with doxycycline (14–21 days) and ciprofloxacin (10 days) as
alternatives; PO doxycycline or ciprofloxacin may be used after patient improve-
ment. This represents off-label uses for gentamicin and ciprofloxacin, but strains
of F. tularensis resistant to streptomycin and tetracyclines have been developed in
the laboratory.

Doses of antimicrobials are as follows: Gentamicin—IM/IV—adults, 5 mg/
kg/day, children, 2.5 mg/kg tid; doxycycline IV/PO—adults 100 mg bid, children
<45 kg, 2.2 mg/kg bid; if >45 kg, as per adults; ciprofloxacin IV—adults, 400 mg
bid, children, 15 mg/kg bid, with a maximum of 1 g/day; ciprofloxacin PO, adults
500 mg bid, children, 15 mg/kg bid (9).

Botulism: Supportive treatment is essential and often requires mechanical ven-
tilation. Equine antitoxin in bivalent (AB) and monovalent (E) forms are available
from the CDC for all states except Alaska and California, which supply their own
antitoxins. Botulism immune globulins are available from California for the treat-
ment of infant botulism types A and B (‘‘BIG’’), and additional immune globulins
under investigation include a human pentavalent (ABCDE) and an equine heptava-
lent (A to G) preparation. Antibiotic therapy is used only for wound botulism; it
may actually be detrimental in intestinal botulism, by releasing additional toxin
following massive killing of clostridia (10).

Viral hemorrhagic fevers: Ribavirin may demonstrate a therapeutic effect in
Lassa fever, New World hemorrhagic fevers, some hantaviral infections, and Rift
Valley fever. Thus, ribavirin therapy should be considered for any suspected VHF
if the etiology is unknown, if the etiology is proven to be an arenavirus or bunya-
virus, and for contacts of arenavirus and bunyavirus patients who become ill within
three weeks, because person-to-person spread is possible with Lassa fever, New
World hemorrhagic fevers, and (rarely) with hantaviruses. For the treatment of Rift
Valley fever, interferon alpha has also been recommended. Although ribavirin is con-
traindicated in pregnancy and is approved only in aerosolized form for children (for
respiratory syncytial virus), the benefits may outweigh the risks if a pregnant or
young patient has a proven or suspected infection due to arenavirus or bunyavirus.

Specific therapy is not available for Ebola virus, but extreme caution must be
taken with patients infected with this agent, because filoviruses are readily trans-
mitted person-to-person; in fact, filoviruses are present not only in blood, body
secretions, seminal fluid, and tissues, but may even be demonstrable in sweat and
therefore may be transmissible by contact with a victim’s intact skin. Strict airborne
and barrier precautions should be instituted (Table 4) (11,12,29,30).
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The treatment of Q fever is tetracycline or doxycycline for one week after defer-
vescence. Prophylaxis with tetracyclines or macrolides late in the incubation period
may prevent disease, but person-to-person spread is rare.

Viral encephalitides have no specific therapy; treatment is supportive. There is
no person-to-person spread.

Glanders is susceptible in vitro to many antimicrobials, including doxycycline,
ciprofloxacin, ceftazidime, and imipenem, and the combination of trimethoprim plus
sulfonamides appears efficacious in vivo on the basis of limited data. Glanders is
contagious; so part of patient management must include appropriate isolation.

Melioidosis in its severe forms requires prolonged treatment, e.g., six months
or more. A variety of regimens have been recommended, including ceftazidime,
imipenem, and piperacillin/tazobactam. Recent observations suggest resistance to
Trimethoprim/Sulfamethoxazole (TMP/SMX). Doxycycline and amoxicillin/
clavulanate may be adequate for disease of only moderate severity.

Typhus: It is treated with doxycycline until patients are afebrile for 72 hours.
Chloramphenicol is the alternative therapy. One of the bioterroristic threats of
typhus is the prospect of strains engineered to be resistant to current antimicrobials.

Psittacosis is treated with tetracycline or doxycycline for 10 to 21 days; patients
who cannot take tetracyclines should be treated with erythromycin.

With no specific therapy, only supportive treatment is available for the viral
encephalitides, Epsilon toxin, and SEB; intravenous immune globulin has been
recommended for SEB, but its use is not established.

CONCLUSION

Care for victims of bioterrorism in the critical care setting is complex. The initial
challenge is inclusion of bioterrorist agents in the differential diagnosis. Then, in
addition to diagnosis and management of the individual patient, additional issues

Table 6 Useful Telephone Numbers and Web Sites

Telephone numbers
CDC Emergency Response Hotline (24 hr): 770–488–7100; CDC Bioterrorism Preparedness

and Response Program questions: 404–639–0385
Botulism: CDC 404–639–2206 (after hours 2888)

California Department of Health (Infant Botulism): 510–540–2646
Smallpox: CDC Clinician Information Line for Smallpox and Smallpox Vaccination: (877)

554–4625
Core web sites
Centers for Disease Control—many links; covers clinical, lab, preparedness and control,

emergency response, http://www.bt.cdc.gov/
IDSA—extensive clinical, with slide sets; info on detection and notification, http://

www.idsociety.org/BT/ToC.htm
Listing of State Public Health Laboratories, http://www.aphl.org/Public_Health_Labs/

index.cfm
Listing of State Public Health Agencies, http://www.statepublichealth.org/index.php
U.S. Army http://www.usamriid.army.mil
Smallpox: www.cdc.gov/smallpox

Abbreviations: CDC, Centers for Disease Control and Prevention; IDSA, Infectious Disease Society of

America; BT, bioterrorism.
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include effective isolation of patients, proper handling of specimens, management of
contacts, and notification of legal and public health authorities. In addition to con-
sultation with infectious disease and infection control colleagues in the hospital, and
collaboration with the local health department, further information is available from
the emergency telephone numbers and Web sites listed in Table 6.
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INTRODUCTION

Dosing of antibiotics in organ dysfunction can be problematic. One must weigh the
risks of overdose, which can range from nausea to seizures, against the risk of under-
dose, which can lead to resistance and treatment failure. Additionally, the level of organ
dysfunction of the kidneys and/or the liver and the status of the patient are also critical
factors. When a patient is receiving hemodialysis (HD), peritoneal dialysis (PD), or
continuous renal replacement therapy (CRRT), clearance of the drug changes and
dosing must be adjusted for each of these modalities. This chapter will elucidate some
of the dosing and administration issues of antimicrobials in patients with renal or
hepatic failure and those undergoing the different types of renal replacement therapy.

ANTIBIOTIC DOSING IN HEPATIC FAILURE

Liver disease can affect both the metabolism and the disposition of drugs (1). The
half-life of an antibiotic excreted by the liver may be prolonged if there is significant
hepatic insufficiency. However, there is no definitive laboratory test to determine
hepatic insufficiency comparable to the serum creatinine for renal insufficiency.
One can look at a patient’s albumin, prolonged prothrombin time, level of abdominal
ascites, and encephalopathy. These can be graded, and the patient can be assigned to a
Child-Pugh class, which will determine mild, moderate, or severe hepatic disease.
Unfortunately there are minimal recommendations for dose adjustment of antibiotics
based on the Child-Pugh class (2). It is difficult to predict specific dose adjustments,
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but it should be realized that a dosing change may be necessary, and drug levels may
need monitoring. A small number of studies were conducted, which focused on
patients with varying degrees of cirrhosis, and recommendations were made regard-
ing antibiotic dosing; however, these data cannot be extrapolated to all or various
forms of liver disease.

There are two types of liver disease that can impact the hepatic metabolism of
drugs: chronic liver disease and acute hepatitis. Chronic liver disease is often second-
ary to alcohol abuse and chronic viral hepatitis. It typically involves irreversible,
chronic hepatocyte damage resulting in a decrease in blood flow to healthy hepatic
cells and/or a decrease in hepatocyte function, i.e., cytochrome P450 (CYP450)
system. Chronic liver disease has a large impact on alterations in drug disposition.
If there is a high degree of portal blood flow shunting, drugs with high extraction
ratios will be predominantly affected. These drugs can also have increased oral bio-
availability because there may be a decrease in the first pass effect. This will result in
higher plasma concentrations, a prolonged pharmacologic effect, and potential toxic
side effects. Drugs that exhibit high protein binding (>90%) can have increased
volumes of distribution due to hypoalbuminemia or ascites, resulting in a prolonged
half-life and elimination. This situation can occur with chloramphenicol.

Severe chronic liver disease can also impact the kidneys. There is a decrease in
renal blood flow and glomerular filtration, and elimination of drugs that are renally
eliminated will be impaired (1). This scenario can be seen with aminoglycosides. Con-
comitant liver disease can result in increased risk of nephrotoxicity. It is best not to
use aminoglycoside in patients with hepatorenal syndrome or patients with pro-
thrombin time prolongation due to underlying liver disease. Leukopenia can be seen
in patients with underlying liver disease treated with b-lactam antibiotics. This can be
the result of increased antibiotic levels, causing bone marrow suppression. Drugs that
are excreted or detoxified by the liver will have increased levels in patients with hepatic
dysfunction. For example, chloramphenicol and clindamycin should have dose reduc-
tions to avoid toxicity (2). Drugs affected by oxidative metabolism are more sensitive
to hepatic dysfunction compared to drugs that are primarily conjugated (1). In acute
hepatitis, hepatocyte damage can be mild and transient or it can develop into chronic
and severe disease. There can be changes in drug distribution, which will depend on
the severity of the disease.

Certain drugs can also alter the liver metabolism of numerous and various drugs
by enzymatic induction or inhibition of the CYP450 system. Inducers are drugs that
increase hepatic drug clearance by increasing hepatic extraction ratio and/or hepatic
blood flow. This can result in decreased drug levels and therapeutic failures. Rifampin
is an example of an enzymatic inducer, which can result in subtherapeutic levels of
drugs metabolized by CYP450 if given concomitantly. Induction can be detected
within two days after starting rifampin, and it is often necessary to increase the dose
of drugs given in combination. However, it is important to remember to decrease the
dose if the inducing agent is discontinued. Inhibitors are drugs that decrease meta-
bolism of other agents resulting in increased levels and toxicity. Inhibition can be
competitive or noncompetitive. The inhibitor acts as an alternate substrate for the
enzyme in competitive inhibition or the inhibitor can inactivate the enzyme in
noncompetitive inhibition. Chloramphenicol inhibits CYP450 in a noncompetitive
manner, and effects are noted within 24 hours of a single dose. It can inhibit the meta-
bolism of tolbutamide in diabetics. Ciprofloxacin by an unknown mechanism
decreases the clearance of theophylline by 25%. Other examples of inhibitors of drug
metabolism are sulfisoxazole, isoniazid, and metronidazole (1).
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In conclusion, patients with liver disease are more likely to experience adverse
effects than patients with normal hepatic function. There is little information about
the pharmacodynamics of drugs in this patient population, and dosing recommenda-
tions are broad and nonspecific. As a general dosing guideline, patients with chronic
active hepatitis or cirrhosis should start with half the usual dose of a drug if it is
eliminated by oxidative metabolism. Future studies are necessary to evaluate hepatic
dysfunction and the dosing of numerous drugs (1).

ANTIBIOTIC DOSING IN RENAL INSUFFICIENCY AND FAILURE

The correct dosing of drugs is important to provide a therapeutic effect as well as
to avoid potential side effects and toxicities. The following section will review why
critically ill patients are prone to renal insufficiency, some basic pharmacokinetic
principles, and why dosing changes for certain drugs are necessary.

Assessment of Renal Function

Determination of renal function is important and necessary when determining the
dosing of drugs. The current standard for determining a patient’s renal function is
the Cockcroft–Gault equation (3):

CrCl¼ ½ð140� age in yearsÞ � IBW in kg�=
½SrCr in mg=dL� 72� � 0:85 for females

ð1Þ

where CrCl is creatinine clearance, IBW-ideal body weight, and SrCr is serum
creatinine. Although this equation appears simple to use, we must keep in mind
how specific patient parameters may alter its accuracy. When using the Cockcroft–
Gault equation, it is important to remember that IBW and not total weight is used to
calculate clearance. Because creatinine is a metabolic by-product of muscle, its con-
centration is directly related to a person’s muscle mass only. Fat and extra fluid
weight should not be used when calculating clearance. Using an obese person’s total
weight will cause this equation to overestimate their actual clearance; so the actual
body weight should be used (4). Similarly, if IBW is used for emaciated patients
IBW, the equation will overestimate patient clearance. Another factor that may need
to be adjusted for is the actual serum creatinine level. It has been established that the
elderly and emaciated populations tend to have a smaller muscle mass and therefore
a smaller creatinine production. This decreased production results in a low level of
serum creatinine, which does not correctly correspond to its renal elimination (2).
Because this level is considered to be inaccurate, many clinicians will adjust this
population’s creatinine levels from less than 1 mg/dL to 1 mg/dL. Serum creatinine
levels are also altered by many other variables such as diet, muscle degradation,
drugs, and patient’s overall health. For these reasons, serum creatinine levels, which
are unstable and changing, cannot be relied upon to calculate the clearance (5).

The original study by Cockcroft and Gault included 534 patients from the
Queens Mary Veterans Home (3). Over 96% of these subjects were male and 29 of
the subjects were rejected, because two measured serum creatinine levels differed
by more than 20%. From this large group, patients were rejected from entering
the smaller study group if their 24-hour creatinine excretion differed by more than
20%, if 24-hour creatinine excretion was less than 10 mg/kg, and if records were
inadequate. The ages of the men in the study group ranged from 18 to 92 years, with
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most patients between the ages of 50 to 59 years old. The mean serum creatinine for
men in group II ranged from 0.99 to 1.39 mg/100 mL. The patients in the Cockcroft
and Gault study are much different than those seen in the critical care unit. Most
critically ill patients do not have stable serum creatinine and due to renal insuffi-
ciency may excrete less than 10 mg/kg of creatinine/day. The Cockcroft–Gault
equation can therefore not be relied upon to correctly predict clearance in the
renal-insufficient population.

In the critically ill population other factors must be used for the estimation of
renal function instead of the Cockcroft–Gault equation. One way of determining if
the kidneys are functional is to look at the patient’s urine output. If the patient is not
producing any urine, and urinary obstruction is ruled out, it can be assumed the
patient does not have adequate filtration of the blood and thus renal insufficiency (5).
Another way of assessing renal function is by looking at the patient’s serum electro-
lytes (6). Impaired renal function causes a rise in serum potassium, magnesium, and
phosphorus. Drugs that are dependent on renal clearance will also have an increase in
serum levels with impaired renal function. High serum levels of vancomycin, amino-
glycosides, procainamide, and theophylline are a few drugs that may indicate renal
impairment. Cystatin C is another method that is being studied to evaluate renal func-
tion in critically ill patients. Although still being studied, it is believed that cystatin
C measurements can show even small changes in renal filtration even where the
Cockcroft–Gault equation could not (5,7).

Factors Affecting Renal Function in the Critically Ill

In addition to the adjustment of weight and laboratory serum creatinine values, there
are other factors that may affect patients’ renal function in the critically ill popula-
tion. Hypotension in the critically ill is very common due to blood loss and sepsis.
Approximately 25% of cardiac output is directed to the kidneys, and a decrease will
causes a direct drop in renal pressure (7). Because filtration in the kidney is pressure
dependent, a decrease in pressure will inhibit the ability of the kidney to filter out
solutes as well as drugs (6). Another factor that may affect the function of the
kidneys is concomitantly administered drugs. Critically ill patients normally require
the use of many different pharmaceutical agents in order to help them survive. Some
of these agents may cause direct harm, thus decreasing the kidneys’ ability to func-
tion properly. Drugs commonly used in the intensive care unit (ICU), which can
cause renal insufficiency, are listed in Table 1.

Pharmacokinetic Principles

Loading Dose

Loading doses, if applicable, are considered an important part of antibiotic therapy.
It is important that critically ill patients, especially those suffering from sepsis,
achieve adequate blood concentrations of antibiotic quickly. Many times patients
with renal insufficiency have had a loading dose withheld due to concerns about
causing unwanted toxicity. In reality, the loading dose administered is not influenced
by renal function but instead by the patient’s volume of distribution. The following
equation shows parameters, which affect loading dose (5).

Loading dose ¼ Vd � conc ð2Þ
where conc is the blood concentration desired after the loading dose and Vd is the
volume of distribution for that drug. The concentration of the loading dose is
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therefore not in any way dependent on the patients ability to clear that drug; so the
normal loading dose is considered acceptable. However, dose adjustments for loading
doses may be necessary in certain patient populations. Those patients suffering from
extensive third spacing of fluid, ascites, or edema may require a higher loading dose
than a patient with normal fluid balance (8,9). In contrast, a patient who is suffering
from severe dehydration will have a smaller volume and therefore may require a
smaller loading dose to achieve a desired blood concentration.

Subsequent Doses

In order to determine why doses need to be adjusted in renal insufficiency, it is impor-
tant to understand some basic pharmacokinetic principles. The desired outcome of
antibiotic administration is to obtain a serum drug concentration that is considered
therapeutic, while not exceeding a concentration that may cause toxicity. This fine
balance can be described by the following equation (4):

Conc avg ¼ Dose administered=s
Clearance

ð3Þ

where conc avg is the desired steady-state blood concentration, s represents the dos-
ing interval of the drug, and the dose administered is normally expressed as total
dose over 24 hours. This concludes that if the dose administered is too large for
the patient’s clearance, or if the clearance of the patient is reduced, than the drug
concentration will rise. The opposite is also true, if the dose administered is small
or the clearance is increased, the serum concentration will decline. This equation
is very basic, and many drugs have their own parameters by which to calculate

Table 1 Drugs Which Can Cause Renal Insufficiency

Prerenal azotemia ACE inhibitors
Cyclosporine
NSAIDs

Proximal tubular injury Aminoglycosides
Radiocontrast agents
Foscarnet

Medullary thick ascending limb injury Amphotericin
Cyclosporine
Radiocontrast agents

Intratubule obstruction Acyclovir
Sulfadiazine

Allergic interstitial nephritis Acyclovir
Aminoglycosides
Beta-lactams
Ciprofloxacin
Furosemide
Glyburide
Phenytoin
Thiazides

Acute tubular necrosis Amphotericin
Contrast dye

Post-renal failure (obstruction) Sulfonamides

Abbreviations: ACE, angiotensin converting enzyme; NSAIDs, nonsteroidal anti-inflammatory drugs.

Source: From Refs. 6 and 7.
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the actual dose for a patient’s particular clearance. Specific drugs will not be dis-
cussed here, but their equations can be found in various references. It is necessary
to estimate to the best of our ability a patient’s approximate clearance, so we can
administer the appropriate amount of a drug.

Half-Life: Effects on the Dosing Interval

Half-life is the time required for the total amount of drug in the body to be decreases
by one-half. The following equation is used to determine half-life (4):

T1=2 ¼ 0:693� ðVdÞ=Cl ð4Þ

where T1/2 is the half-life, Vd is the volume of distribution, and Cl is the clearance of
the drug. This equation shows us that the half-life is dependent on two patient vari-
ables, the patient’s volume of distribution (Vd) and the patient’s clearance. If a
critically ill patient has an increase in volume due to ascites or edema, the half-life
will subsequently increase and it will take longer for the drug concentration to be
reduced by half. The more important factor associated with half-life is the clearance.
As the patient’s clearance is compromised, the half-life will be extended. This
extended half-life in the renal-insufficient population requires the clinician to extend
the dosing interval. The excretion of some drugs is independent of renal function,
and, therefore, changes in dosing are not necessary in renally compromised patients.
Table 2 gives examples of drugs that do not require renal dosing.

Antibiotic Categories: An Overview

Aminoglycosides

Aminoglycosides are a viable option for the treatment of infections in the critically
ill population when appropriate. Unfortunately, many patients in the ICU have
existing renal failure, and clinicians are hesitant to use these nephrotoxic drugs in
fear that they will worsen the patients’ already compromised renal function. How-
ever, with appropriate monitoring of serum peaks and troughs and corresponding
dosage adjustments, this should not be a concern, and the ability to monitor these
drugs makes them a good choice in patients with renal insufficiency or failure.
The clinician may use these levels and modify their patient’s therapy to gain the best
possible outcome while avoiding toxicity.

The currently available aminoglycosides include gentamycin, tobramycin, and
amikacin, all of which are cleared renally. An advantage of using an aminoglycoside

Table 2 Antibiotics that Are Not Renally Eliminated

Amphotericin
Ceftriaxone
Chloramphenicol
Clindamycin
Doxycycline
Macrolide antibiotics (azithromycin, clarithromycin,

and erythromycin)
Minocycline
Moxifloxacin
Nafcillin
Oxacillin

Source: From Refs. 8 and 19.
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is its postantibiotic effect (PAE). PAE means the bacteria will continue to die and
prevent bacteria regrowth hours after drug concentrations decline. A meta-analysis
preformed by Hatala et al. showed that there was no difference in cure rates with
once daily dosing, and overall toxicity was reduced, and others confirmed these
results (10,11). This high peak followed by a drug-free interval is believed to be
beneficial for the kidney rather than smaller more frequent doses.

Vancomycin

Due to the possibility of resistant organisms, vancomycin is a common antimicrobial
used in the ICU setting. Vancomycin’s main pathway of elimination is via the
kidney, and, therefore, caution must be taken when it is prescribed. In patients with
normal renal function, the normal elimination half-life is four to eight hours, but in
patients with renal failure, the half-life is prolonged for days or even weeks (4,12).
Unlike aminoglycosides, vancomycin does not exhibit a concentration-dependent
killing of bacteria, but it must remain above the minimal inhibitory concentration
(MIC) in order to sustain this effect (13). Serum levels may be drawn for vancomy-
cin, and it is therefore an easy drug to adjust in critically ill patients. As with other
antibiotics, a decrease in the first dose is not necessary, but subsequent doses of
vancomycin should be decreased or, a single full dose may be administered every
few days. An important note about vancomycin is it has no oral bioavailability,
so it cannot be given orally to treat a systemic infection (4).

Beta-Lactams

The beta-lactam antibiotics include the penicillins, cephalosporins, and carbapenems.
Most beta-lactams are dependent on the kidneys for their excretion through passive
and active transport (14). Because many critically ill patients have renal impairment,
the dose and/or dosing interval of these agents must be adjusted. These drugs, like
vancomycin, are not concentration dependent, but are dependent on the overall time
their concentration remains above the MIC (13). As beta-lactams exhibit a limited
PAE, they cannot be administered by a high once daily dose, and are usually dosed
between two and six times daily, depending on the agent.

Some studies have shown an advantage in using beta-lactams by continuous
infusion. A continuous infusion administers a set dose over a 24-hour period, thus
preventing serum levels from dropping below the MIC (15,16). By constantly keep-
ing serum concentrations above the MIC, it is believed that drug failures in severe or
resistant infections will be reduced. As with traditional bolus dosing, a full-loading
dose should be administered prior to the start of the continuous infusion in order
to quickly achieve a level above the MIC. Another advantage of this regimen is
the prevention of the peak and valley effect seen with traditional dosing. Prevention
of this may help alleviate side effects seen with high drug concentrations. The
amount of drug infused may also be adjusted daily if laboratory reports show
changes in MIC. A pharmacoeconomic advantage is a decrease in overall drug
administered per day, which may be offset by increases in monitoring due to unfa-
miliarity with this type of dosing (15).

Fluoroquinolones

The fluoroquinolone antibiotics are dependent on their serum concentrations or peak
MIC but also their 24-hour AUC-area under the curve:MIC ratio. In their dosing, it
is therefore important to achieve a high peak concentration and maintain that
concentration over a 24-hour period (13). The AUC:MIC is especially important
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for resistant bacteria. In these cases, it is important to keep the drug concentration
above the MIC throughout the entire dosing interval (17,18). Many of the third and
fourth-generation fluoroquinolones have the ability to maintain their MIC:AUC
ratio with once daily dosing. Most of the fluoroquinolone antibiotics are dependent
on renal excretion and therefore will require adjustments in their dose or dosing
interval. The exception is moxifloxacin, which is partially dependent on hepatic
metabolism and does not require an adjustment (19).

Antifungals

Fungal infections in the ICU are almost inevitable for those patients who have been
receiving long-term antibiotics. In the past, the drug of choice for most fungal
infections was amphotericin B. Although this drug has been proven efficacious, its
renal and other adverse effects are undesirable in those with already impaired renal
function. The new liposomal encapsulation of amphotericin B reduces toxicity,
although the mechanism of this decreased toxicity is not known (17). It is believed
that encapsulation in phospholipids results in decreased interaction with cellular
membranes and therefore decreases the insult on the kidneys. Fluconazole has also
proven to be as efficacious as amphotericin in the treatment of noninvasive candidia-
sis infection (17). The advantage of fluconazole is the absence of renal toxicity,
although its dose must still be adjusted in renal insufficiency (20). As with renally
eliminated antibiotics, a loading dose of fluconazole should be administered before
a dose reduction is implemented.

Caspofungin is another antifungal increasingly used in the critically ill patient
due to its lack of renal toxicity and because it does not need adjustment in renal
insufficiency. It should also be noted that caspofungin utilizes a large bolus dose
in order to reach peak serum levels quickly (21). The newest antifungal available,
voriconazole, has shown not to be nephrotoxic and, in fact, is mostly metabolized
by the liver’s CYP450 system. Unfortunately, its intravenous (IV) use is limited in
patients with renal failure due to the accumulation of the solubilizing excipient,
SBECD, which is found in the parenteral formulation (22,23).

Antivirals

Viruses can also cause infections in critically ill patients. The use of antiviral medi-
cations in the critically ill population is limited because of the lack of available
IV preparations. Currently, the only IV antiviral available for the treatment of
herpes simplex virus is acyclovir. The main route of elimination for acyclovir is
renal, and, therefore, it must be dosed accordingly. Many studies have shown that
acyclovir can actually cause renal insufficiency by intratubular precipitation in dehy-
drated and oliguric patients (24). The best way to prevent renal insult with this drug
is to make sure that patients are adequately hydrated during therapy.

Ganciclovir is an antiviral agent which is used to treat cytomegalovirus,
especially in organ transplant patients. Ganciclovir’s use in critically ill patients is
not widespread, but when used, it does require adjustment for renal insufficiency.
Like acyclovir, it also has the potential to cause renal toxicity, so adequate hydration
of patients is recommended to prevent further renal complications (24).

Miscellaneous Agents

Metronidazole is an antibiotic commonly used for parasitic as well as certain bacte-
rial infections. Its dose does not require a reduction except for those patients whose
CrCl is less that 10 mL/min. Metronidazole is commonly used as a once-daily dose of
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1 g, especially in the renally insufficient population. Although metronidazole does
not exhibit PAE, its half-life in renal insufficiency is extended, thus allowing for
serum concentrations to remain therapeutic for extended periods of time (25).

Conclusion

The consideration of a drug’s excretion is extremely important in the critically ill patient.
We must not assume that the appearance of normal serum creatinine level indicates a
patient’s kidneys are functioning properly. Other ways of evaluating renal function must
be used to determine the patients present renal function such as urine output and serum
electrolytes. When this estimation is made, we must then select the appropriate dose or
dosing interval for drugs that are dependent upon renal excretion. A careful selection
of dosing will optimize antibiotic effects while preventing serious dose-related outcomes.

ANTIBIOTIC DOSING IN INTERMITTANT RENAL
REPLACEMENT THERAPY

The overall incidence rate of end-stage renal disease (ESRD) has increased each year
since 1980, with an incidence rate of 333 per million in 2002 (26). Treatment options
available can include HD and PD commonly as continuous ambulatory PD (CAPD).
The choice between HD and CAPD can be determined by a patient’s age, size, lifestyle,
ability to perform self-care, and vascular access. While HD continues to be the most
common therapy for ESRD (>90%), CAPD is usually favored in patients with unstable
cardiac disease and younger, smaller (<80 kg) patients who prefer a more flexible sche-
dule and have the manual dexterity to perform dialysate exchanges (4,27).

Hemodialysis

The purpose of dialysis is to correct electrolyte disturbances and to remove drugs,
toxins, and excess water from the body. It is an artificial process where a patient’s
anticoagulated blood and dialysis fluid (an electrolyte solution) flow through a
dialyzer (pseudokidney) on opposite sides of a semipermeable membrane (4,27).

Dialyzer

A hemodialyzer is a semipermeable membrane that allows water and some solutes to
pass. It is a plastic device consisting of various types of dialysis membranes arranged
in two types of configurations: flat plate (or parallel plate) and hollow fiber. The flat
plate dialyzer is made up of sandwiched sheets of membrane. Blood and dialysate
circulate between these alternating sheets; however this type of dialyzer is not com-
monly used. The hollow-fiber dialyzer has thousands of capillary tubes the length of
the dialyzer. Blood flows in the tubes, and the dialysate flows outside the tubes in the
remaining space in the dialyzer. This type of dialyzer is most commonly used in
the United States. The types of dialysis membranes include conventional (cellulose),
semisynthetic (cellulose acetate), and synthetic (polysulfone, polymethylmethacry-
late, and polyacrylonitrile). These membranes differ in biocompatibility, surface
area, and pore size. Synthetic membranes are more biocompatible, whereas cellu-
lose membranes can result in a complement response and cytokine release. This
can cause symptoms of fever, hypotension, and platelet activation in some patients,
especially those who are critically ill. Conventional and semisynthetic dialyzers have
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smaller pores than synthetic dialyzers; therefore, drug clearance decreases for
these dialyzers as molecular size or weight increases. As a result, synthetic dialyzers
such as polysulfone membranes are most commonly used in the United States. The
majority of dialysis centers in the United States reuse hemodialyzers due to expense,
but also reuse reduces anaphylactoid reactions to membranes and complement
activation. Strict cleansing and sterilization reprocess procedures are utilized (4,27).

Dialysate

Dialysates are composed of the following electrolytes, which are present in a standard
range: sodium, potassium, calcium, magnesium, chloride, and bicarbonate. It is then
added to purified water and prior to delivery is heated to 37�C (4,27).

Transport Process

Solutes are removed from the blood by diffusion and convection. In the diffusion pro-
cess, toxins are removed from the blood by diffusing down their concentration gradients
into the dialysate. In order to maximize the concentration gradient of toxin exposure to
the membrane, blood and dialysate flow in opposite directions. If equilibrium is
reached, the net movement of toxins is zero; however, for most substances equilibrium
is not achieved. This may be the result of the rapid flow rates of blood and dialysate or
large molecular size of solutes (4,27). In convection, plasma water is removed from
blood by ultrafiltration. This water also carries solute into the dialysate (4,27). ‘‘Dialy-
sance’’ is the terminology used to describe the process of drug removal from the dialysis
machine. It is also referred to as dialysis clearance and is the amount of blood comple-
tely cleared of the drug (in mL/min) and is defined by the equation:

ClD ¼ ½QðCa � CvÞ�=Ca ð5Þ

Ca¼ drug concentration in arterial blood (blood entering machine), Cv¼ drug con-
centration in venous blood (blood leaving kidney machine), Q¼ rate of blood flow to
kidney machine, and ClD is dialysance (28,29).

Characteristics that Impact Removal by HD

The efficiency of drug removal is determined by the following factors: the character-
istics of the membrane, blood and dialysate flow rates through the dialyzer, and the
properties of the drug. It is important to know the specifics of these factors in order
to evaluate the dialyzability of drugs. Many published HD dosing guidelines are
based on older dialyzer membranes and can underestimate the removal of drugs
compared to newer membranes. It is suggested that hemodialyzer clearance must
enhance total body clearance by 30% to be significant, and this parameter is used
to determine the need for supplemental antibiotic dosing after HD (4,27,29,30).

Dialyzer Characteristics. The surface area and type of dialyzer membrane will
impact the ability to dialyze a drug. Large-pore membranes, i.e., polysulfone and
polyacrylonitrile are able to clear larger-sized molecules (500–1500 Da) and have
greater permeability to water and are termed ‘‘high-flux.’’ It is this type of membrane
that is able to remove as much as 50% of a vancomycin dose. Large-surface area
membranes are able to clear large quantities of small molecules and are termed
‘‘high-efficiency.’’ Increase in dialysate flow rate maintains the concentration gradient
across the membrane and increasing blood flow rate (Qb) allows more drug to reach
the dialyzer membrane for removal (4,27,29,30).
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Drug Characteristics. Certain characteristics can determine if a drug is likely
or unlikely to be dialyzed. These characteristics include molecular weight, hydro-
philicity, protein binding, volume of distribution (Vd), and the dialysis clearance
in relation to total elimination of the drug. Drugs weighing less than 500 Da are
removed by HD, whereas drugs greater than 500 Da are inadequately dialyzed
by low-flux dialysis. Lipid-soluble drugs are not easily removed in contrast to
water-soluble drugs, which are rapidly removed by the dialysate. Only the free
unbound drug is able to cross the dialysis membrane. Therefore, drugs that are
highly protein bound are not easily removed. Typically, drugs which are greater than
90% bound to plasma proteins will have minimal removal by dialysis procedures.
For example, oxacillin (molecular size ¼ 458 Da) is 94% protein bound, and less than
5% is removed by conventional HD. Alternately, azlocillin (molecular size 461 Da) is
only 30% protein bound, and up to 50% is removed by HD. Both drugs have a mole-
cular size that is dialyzable; however, the protein binding of oxacillin hinders HD
removal. Drugs with large Vd (>2 L/kg) are less concentrated in the blood and
are not readily dialyzable. In contrast, drugs with small Vd (0.7–1 L/kg) are more
concentrated in the blood and are therefore available to be removed by dialysis
as long as they are not highly protein bound. For example, aminoglycosides and
cephalosporins have small Vd and are removed by HD. Also, drugs concentrated
in tissues are less likely to be dialyzed (29–32).

Redistribution Phenomenon. One can expect an increase or rebound in plasma
concentration after dialysis, if the rate of transport of drug from plasma during
dialysis is greater than the rate of transport from the peripheral compartment
into the central compartment. This is also seen if the tissue clearance, is decreased
during HD. This can cause an overestimation of dialysis clearance, typically if only
one pre- and postdialysis serum concentration is obtained. Rebound has been
observed with vancomycin, tobramycin, gentamicin, and netilmicin. The concentra-
tion of tobramycin increased by 7% within 10 minutes after dialysis, with a
maximum increase of 18.3% seen at 1.7 hours. A gentamicin rebound of 25.7%
was noted one hour after dialysis (32). Rebound of vancomycin plasma concentra-
tions has been observed for three to six hours after high-flux HD. Therefore, it is
necessary to wait anywhere from two to six hours after dialysis to draw blood to
determine drug levels (33).

Pharmacodynamics of Antibiotics. Pharmacodynamics describes the relation-
ship between measurements of drug exposure in serum, tissues, and body fluids
and the pharmacologic and toxic effects of the drug. Antibiotics have two types
of kill characteristics: concentration-dependent and time-dependent killing. In
concentration-dependent killing, the rate and extent of bactericidal action increases
with increasing drug concentration. Here the goal is to maximize the concentration
of the antibiotic. Antibiotics that exhibit this type of kill characteristic are fluoroqui-
nolones and aminoglycosides. Their efficacy can be predicted by measuring AUC/
MIC and Peak/MIC (also termed Cmax/MIC) ratios, respectively. AUC/MIC is
the ratio of the total exposure of drug to the MIC of the infecting organism and
Cmax/MIC is the ratio of highest concentration attained in a dosing interval to
the MIC. For example, aminoglycosides eradicate gram-negative organisms best
when they achieve peak concentrations (Cmax) that are 10 to 12 times above the
MIC (34). This concept led to the single daily dosing of aminoglycosides. A large
study by Nicolau et al. dosed aminoglycosides at 7 mg/kg if the CrCl was greater
than 60 mL/min (35). At a CrCl of 40 to 59 mL/min, the same dose was used, but the
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dosing interval was widened to 36 hours, and at a clearance of 20 to 39 mL/min
the dosing interval was increased to 48 hours. These dosing regimens achieved ade-
quate peaks and troughs that were undetectable. Aminoglycosides are greatly
affected by dialysis; therefore, knowledge of the patient’s volume of distribution
(Vd) and dialysis clearance is necessary to dose appropriately to achieve an adequate
peak (36). The pharmacokinetic model for dosing in HD patients is to give a single
dose at the conclusion of a dialysis session. A significant amount of drug is lost
between dialysis sessions and during dialysis, and this postdialysis dose returns the
drug level to the targeted peak concentration. The postdialysis replacement dose
can be calculated by the following equation:

Postdialysis replacement dose

¼ ðVÞðCsspeakÞð1� ½ðe�ðClpatÞðt1ÞÞðe�ðclpatþCldialÞÞ=VðTdÞ�Þ ð6Þ
where t1 is the interdialysis period or time from peak concentration to the beginning
of dialysis.

Td is the dialysis period, Clpat is the clearance of the patient, Cldial is the
clearance of dialysis, V is the volume of distribution, and Css peak is the desired peak
concentration (4).

In regard to fluoroquinolones, the AUC/MIC ratio of greater than 125 is the
desired target for eradication of gram-negative organisms, and an AUC/MIC ratio
of greater than 30 is the desired target for eradication of gram-positive organisms.
Renally excreted fluoroquinolones are dose adjusted in HD patients by increasing
the dosing interval. Concentration-dependent killing antibiotics commonly exhibit
a PAE. This is described as the persistent inhibitory effect on an organism that
results from drug exposure after the drug has been completely removed. There is a
delay before microorganisms recover and reenter a log growth period (34).

The theory of time-dependent killing explains that the extent of microbial killing
is dependent on the ‘‘duration’’ of exposure of the drug to the bacteria at the site of
infection (time > MIC). Antibiotics which exhibit this type of kill characteristic are
beta-lactams, macrolides, clindamycin, glycopeptides, tetracyclines, and trimetho-
prim. The concentration of drug does not have to remain above the MIC for the entire
dosing interval to achieve sufficient antimicrobial effect (e.g., T>MIC for 30% to
50% of dosing interval is often adequate), but for maximal killing, the concentration
should exceed the MIC for 90% to 100% of the dosing interval (34,37). Beta-lactams
that are renally excreted commonly have their dose reduced and the dosing interval
extended in HD patients. Many are significantly removed by HD, and maintenance
doses should be administered immediately after HD. If more aggressive therapy is
necessary, a dose prior to HD followed by a dose post-HD may be warranted (30).
Vancomycin, a glycopeptide antibiotic, is not significantly removed by standard
high-efficiency HD, but is removed by high-flux HD. Typically HD patients are
started with a dose of 19 mg/ kg, and are redosed when the level is 15 mg/L. The esti-
mated residual vancomycin clearance is 3 to 4 mL/70 kg/min, and high-flux HD has
been reported to remove 17% of vancomycin over two hours. The initial peak concen-
tration can be calculated by the following equation:

C ¼ ðSÞðFÞðLoading DoseÞ=V ð7Þ
where S ¼ 1, F ¼ 1, V ¼ volume of distribution. The predialysis concentration can be
calculated by the following equation:

C2 ¼ Cðe�ktÞ ð8Þ
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where K¼Cl/Vd (Cl is the estimated residual clearance in L/hr), t (hours) is time
from dose given to HD session. And the postdialysis concentration is calculated with
the following equation:

Cpostdialysis ¼ C2ð0:83Þ ð9Þ

Because high-flux HD removes 17% of drug, the postdialysis plasma concentration
will be 83% of the predialysis concentration. Any intrinsic clearance during HD is
minimal and is ignored (4). In summary, the dosing interval is widened for time-
dependent killing antibiotics in order to allow the patient more time to clear the
drug. Because many are removed by HD, a supplemental dose is given after dialysis
to assure the concentration of the drug is maintained above the MIC of the organism.

Peritoneal Dialysis

CAPD is a commonly utilized type of PD. The elimination of drug occurs by its trans-
fer across the peritoneal membrane from plasma to dialysate (38). About 1 to 3 L
of dialysate solution is instilled in the peritoneal cavity via a surgically placed cathe-
ter. It will dwell there for three to eight hours and is then drained and replaced by
new dialysate solution. There are typically three exchanges during the day, and a
fourth overnight exchange resulting in fluid removal totaling approximately
1300 mL. As the dialysate dwells in the peritoneal cavity, toxins are removed by
diffusion down a concentration gradient. Because the dialysate fluid remains in the
peritoneal cavity for hours, equilibrium is achieved and the concentration gradient
is decreased resulting in a decrease in the elimination rate of substances. CAPD must
occur continually in order to achieve adequate removal of substances. This is differ-
ent than HD where there is a constant perfusion of fresh dialysate throughout the
session resulting in a consistently high concentration gradient. Convection also plays
a role in the removal of water and substances. The amount of fluid removal can be
controlled by the osmotic pressure of the dialysate. The electrolyte composition
includes sodium, chloride, calcium, magnesium, and lactate and is at physiologic
levels, and dextrose concentrations vary (i.e., 1.5%, 2.5%, and 4.25%). Higher
dextrose concentrations result in larger amounts of fluid removal. As discussed in
HD, the efficiency of drug removal is determined by the characteristics of the dialy-
sate membrane, blood and dialysate flow rates, and the properties of the drug (4,27).
In CAPD, the dialysate flow rate is the determining factor and can be increased by
increasing the number of exchanges per day and also by increasing the volume of
dialysate used per exchange. The membrane is the living peritoneal membrane,
and the Qb is dependent on cardiac output, and these components are not readily
altered (39). The residual clearance of the patient will contribute to the removal
of drug also. If the patient’s residual clearance is substantially greater than the
CAPD clearance then the drug will not be cleared significantly by CAPD. As a rule,
if the maximum CAPD clearance is less than 25% of the patient’s residual clearance,
no drug dose adjustment is necessary upon initiation or discontinuation of CAPD.
As previously discussed, drugs equilibrate into the dialysate fluid and are removed
with the exchange of this fluid. This removal is based on the assumption that
drugs equilibrate, and this assumption is most likely correct for low molecular weight
(<500 Da) drugs. Larger drugs may not equilibrate during the average six-hour dwell
time and therefore are removed to a lesser degree. As mentioned before, only
unbound drug can be removed; therefore, highly protein-bound drugs are minimally
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removed by CAPD. Aminoglycosides have a low molecular weight with low protein
binding and are removed by CAPD. Alternatively, vancomycin, although low in pro-
tein binding, is a large molecule. Peritonitis will increase the transfer of drug across
the peritoneal membrane and systemic absorption of intraperitoneally administered
drugs (39).

ANTIBIOTIC DOSING IN CRRT

HD is done intermittently over a period of two to four hours. During this period, the
estimated CrCl of the patient is between 150 to 160 mL/min, but when not on HD,
the patient with renal failure has a CrCl of less than 10 mL/min (40). The dramatic
change in volume status caused by the rapid depletion of intravascular volume
can lead to hemodynamic instability that a critically ill patient may not be able to
tolerate. Additionally, this may cause further ischemic damage to the kidneys, which
can prolong the time to recovery of renal function (41–47). It is also difficult to
achieve fluid and acid–base balance (41).

PD may also not be the best choice for critically ill patients. While it is slower
and gentler than HD, surgery is required to place the catheter in the abdomen, which
may delay the PD, and some patients may not be surgical candidates at the moment
when they most need renal replacement therapy. Additionally, critically ill patients
may have poor blood flow to the abdomen, which can compromise the efficacy of
PD, and the large-volume exchanges may impair respiratory function. The slow rate
of fluid and toxin exchange in PD makes it inappropriate for patients who require
rapid or significant correction of volume or metabolic abnormalities (41,48).

CRRT is advantageous in many critically ill patients, because it allows for
slower fluid and electrolyte exchange and metabolic product removal, which will
not significantly compromise hemodynamic status. Additionally, this method allows
for precise fluid and metabolic control, removes cytokines which can be detrimental,
and allows for unlimited nutritional support (49–54). These advantages can all
lead to improved patient outcomes over traditional HD or PD. In studies, these
advantages have not translated into a survival advantage except in select patient
populations (41). Disadvantages of CRRT include the need for careful supervision
by trained and experienced personnel, and for anticoagulation, which may be a
problem for patients with certain hematological disorders, surgical patients, or other
patients who are at high risk for bleeding. Bleeding rates in one study were 8.4% (55).
Other complications include excess fluid removal and associated hemodynamic com-
promise, hypotension, filter clotting, electrolyte abnormalities, lactic acidosis, access
malfunction, infection and sepsis, and allergic reactions (55,56).

The causes of acute renal failure in critically ill patients as discussed previously
can be varied, but the goals are always to maintain fluid and electrolyte, acid–base
and solute homeostasis; prevent further renal injury; promote healing and renal
function recovery; and permit administration of supportive care measures, such
as nutrition. These goals are easier to achieve with CRRT than with HD or PD.
CRRT is best for patients who are hemodynamically unstable, catabolic, or fluid
overloaded, while HD should be reserved for more stable patients (41).

There are different types of CRRT that vary according to the membrane used,
the type of vascular access, and the mechanism for solute and fluid removal. The
pressure driving the dialysis can be from the patient himself in arteriovenous systems
or from an external peristaltic pump in venovenous systems (41). Patients who
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are critically ill may not be candidates for an arteriovenous system due to their
compromised hemodynamic status, and so a venovenous system, which can maintain
a constant blood flow of 100 to 200 mL/min, may be preferred (41,51). There are
also problems with arterial vascular access, so venous access is more commonly
employed (41,50,57–61).

Continuous Renal Replacement Therapy

Fluid and solute removal can be done through diffusion, as is done in HD where
molecules diffuse from an area of high concentration to an area of low concentra-
tion, and efficiency is determined by blood flow, concentration, and countercurrent
flow rate of the dialysate, as well as the porosity and surface area of the dialysis
membrane, as described above. In CRRT, this can be thought of as continuous
HD and depending on the source of the driving pressure, the systems can be termed
‘‘continuous arteriovenous hemodialysis’’ (CAVHD) or continuous venovenous
hemodialysis (CVVHD). Fluid and solute removal is more commonly achieved
through hemofiltration, which uses convection. Convection is the solvent drag or the
transport of molecules across a membrane following a liquid, so that both the liquid
and the molecules are removed in equal amounts, and efficiency is determined by
blood flow, filtration rate, the surface area of the filter, and the sieving coefficient (SC).
The SC is the ratio of drug concentration in the filtrate to simultaneous drug concen-
tration in the arterial blood and is usually estimated by the protein binding of a drug.
For example, a drug that is 70% protein bound would have a SC of 0.3. The hemo-
filters used typically have large pore size that allows the passage of medium-sized
molecules including proteins and cytokines. The cytokines removed are proinflamma-
tory mediators (e.g., tumor necrosis factor-a), which, along with interleukins 6, 8, 10,
and others, play a role in the pathogenesis of septic shock syndrome; therefore, hemo-
filtration may help prevent septic shock and multiorgan failure, irrespective of renal
function (41,51,62). Hemofiltration can be thought of as glomerular filtration without
tubular reabsorption or secretion. Depending on the source of the driving pressure,
the systems can be termed ‘‘continuous arteriovenous hemofiltration’’ (CAVH) or
‘‘continuous venovenous hemofiltration’’ (CVVH). Finally, hemodiafiltration is a
combination of both HD and hemofiltration and is the most efficient system. The
two systems can be run concurrently or sequentially and depending on the source
of pressure would be termed ‘‘continuous arteriovenous hemodiafiltration’’ or contin-
uous venovenous hemodiafiltration (CVVHDF) (41,63). These abbreviations had not
been consistent, but, in 1996, Bellomo et al. proposed this nomenclature, which has
been adopted by most clinicians (64). While the abbreviations used to describe the sys-
tems include the word ‘‘continuous,’’ the system is not always run 24 hours per day. It
is usually run as patients require it and can tolerate it. These fluctuation in drug clear-
ance rates when CRRT is on or off may affecte drug dosing

The factors that affect drug clearance in CRRT can be divided into mechanical
factors and drug factors. Mechanical factors include Qb, the type of membrane,
the surface area of the membrane, the transmembrane pressure, and the pore size
of the membrane. Drug factors include molecular weight, protein binding, volume of
distribution, tissue binding, drug charge, and intrinsic renal clearance (41,48,51,
63,65–67).

The membrane surface area is usually between 0.25 to 2 m2, but will decline
over days because of blood clots and fibrin deposition on the membrane. It is not
possible to measure the decline in surface area. Some drugs and substances such as
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aminoglycosides and tumor necrosis factor-a can adhere to the membrane, in parti-
cular, the AN69 membranes. At a later point in time, the drug can be displaced from
the membrane, increasing serum levels without new administration of the drug (67).

The transmembrane pressure is the difference between the hydrostatic and
oncotic pressures across the membrane. It can be increased by several factors includ-
ing increasing blood flow, increasing countercurrent dialysate flow rate, applying
negative pressure to the dialysate or ultrafiltrate compartment, or changing the con-
centration of dialysate. With arteriovenous systems the Qb is 80 to 100 mL/min,
which equals an ultrafiltration rate (UFR) or glomerular filtration rate (GFR) of
10 to 15 mL/min, but with venovenous systems, the Qb is 125 to 150 mL/min, which
equals a UFR or GFR of 20 to 30 mL/min. When these are combined in hemo-
diafiltration, the GFR is 30 to 50 mL/min. Therefore, the clinician can assume a
GFR of 10 to 50 mL/min when dosing drugs (67).

The pore size can vary dramatically between products and the type of CRRT
used. The high-flux membranes used in CAVHD and CVVHD allow molecules of
5000 to 20,000 Da to pass, and the membranes used in CAVH and CVVH allow
molecules of 20,000 to 50,000 Da to pass. Clinicians should determine which mem-
brane is used in institution, so they may determine which drugs will pass through
(41,51,63).

Smaller molecules pass through membranes most easily, but with the larger-
membrane pores and especially with the high blood flow seen with external pumps,
medium-sized molecules can also be removed and molecular size becomes a less impor-
tant issue. With diffusion, as is done in arteriovenous systems, larger-molecular-weight
drugs take longer time to diffuse, but in the more commonly used venovenous systems
with blood pumping, more blood is processed more quickly, minimizing the effect of
molecular weight. Additionally, most drugs have a molecular weight of less than
1500 Da, so this is an issue for only select drugs (67).

Protein binding will prohibit passage through the membrane, so only drugs with
a low-protein binding, i.e., less than 80%, will pass through. In some patients
with acute illness, serum concentrations of albumin may decrease as a1-acid glyco-
protein levels increase. While this would increase the free levels of albumin-bound
drugs, it would decrease the free levels of drugs bound to a1-acid glycoprotein. Also,
the binding affinity of drugs for albumin may be altered by uremia, pH, hyper-
bilirubinemia, displacement by other drugs, heparin, free fatty acids, and other
parameters. These changes may affect the level of protein binding and even drugs
that are normally highly protein bound can pass through the membrane. Using pub-
lished tables of protein-binding percentages, which are determined in healthy people
with normal renal function, may not be accurate in patients with acute renal failure
who are critically ill (41,42). Because anionic molecules such as albumin do not pass
through the membrane, they may retard the passage of cationic molecules such as
aminoglycosides. This may partially explain the discrepancy between the level of
protein binding of 10% for aminoglycosides with an expected SC of 0.9 and the
actual SC of 0.81. A SC of 1 indicates free passage. This is called the Gibbs–Donnan
effect (40,48,67). In CVVH and CVVHDF, drug removal is not linear and the SC
may not completely reflect current drug removal from the body (48).

The volume of distribution and availability in the systemic circulation can
significantly impact drug removal. Drugs with a large volume of distribution have
a strong affinity for tissue and so are only available in the systemic circulation
in small amounts. An example is digoxin, where serum levels are measured in
nanograms, but tissue concentrations would be measured in milligrams. Therefore,
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removal of the drug will be slow. Because the human body consists of approximately
67% water, a drug that is well distributed to all fluid compartments would have a
volume of distribution of 0.7 L/kg, so a drug with a larger volume of distribution
would not be efficiently removed by CRRT or other types of renal replacement ther-
apy, although with continuous dialysis or filtration, there is more time for movement
between the tissue and vascular compartments, so the drug will be removed over
time. The larger the volume of distribution, the less efficiently the drug will be
removed by any form of renal replacement therapy (41,67).

The metabolic pathway of the drug can impact the clearance. In intermittent
HD, only drugs in which the GFR constitutes more than 30% of the total clearance
are considered significant. CRRT is more efficient, but unless the CRRT dose is very
high, drugs that are not at least 30% renally eliminated will not be efficiently
removed by CRRT. It is also important to consider the patient’s residual renal
function, which may be difficult to estimate. Serum creatinine-blood urea nitrogen,
(BUN), and urine output may not be accurate reflections due to the delay between
changing renal function and these parameters. As discussed previously, mathemati-
cal equations may not accurately reflect a patient’s renal function in the setting of
rapidly changing serum creatinine levels (41,48,51,66,67). Drugs that are not renally
eliminated are usually not significantly affected by CRRT, but total body clearance
can be modestly increased. For example, in someone with normal renal function,
60% of a ceftriaxone dose is renally eliminated and 40% is hepatically eliminated.
De Clari determined that in patients undergoing CVVH, the hemofiltration con-
centration was 11% of the serum concentration (68). This may be important when
treating infections caused by organisms that are only intermediately sensitive to
the antibiotic in question, and even a small decrease in serum levels can compromise
the efficacy of the drug. To determine the clearance of a drug in a convection system
such as CVVH, multiply the SC times the UFR, which is available for many antimi-
crobials. If the SC is not available, the unbound fraction of the drug can be used.
Alternatively, the clinician can measure levels in the total volume of dialysate or
ultrafiltrate and measure several serum levels, but this is obviously cumbersome
and impractical in most situations (41).

Recommendations

There are many issues to be considered when dosing drugs in patients who are receiv-
ing a form of renal replacement therapy. However, based on the parameters of each
type of renal replacement therapy and the pharmacokinetics of antimicrobials,
therapy for a patient can be individualized (Table 3). Some general principles can
be used to guide the clinician’s decision. Before making any adjustments, the clini-
cian should determine which type of renal replacement therapy is being used, and
the individual parameters including frequency, flow rate, filter, and others; if the
patient has any residual renal function; the status of other organ function; patient
fluid status; drug factors including volume of distribution, protein binding, molecular
weight, and active fraction eliminated renally; and what drugs must be administered
so that dosage adjustments can be made and the SCs determined. As data changes,
further adjustments will be needed (41).

For drugs in which loading doses are recommended, the loading dose can be
administered regardless of the renal replacement therapy used. The clinician should
take caution and evaluate the patient’s other pharmacokinetic parameters, including
the volume of distribution, which may require a dose adjustment. Whenever possible,
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local therapy should be used, for example, the use of oral vancomycin or metroni-
dazole for Clostridium difficile colitis or bladder irrigation for candidial urinary
tract infections.

Drugs that can be routinely monitored through serum levels, including amino-
glycosides and vancomycin, are preferred so that the dose can be titrated for each
individual patient using the appropriate pharmacokinetic equations. For drugs that
are not routinely monitored, several challenges exist. If the patient is underdosed,
it may lead to resistant organisms and therapeutic failure, especially if it is an inter-
mediately resistant organism that would require a higher MIC (48). In the case of
overdose, the risk of toxicity will depend on the antimicrobial in question. For exam-
ple, the fluoroquinolones can cause seizures at high doses, while the beta-lactams
have a much higher therapeutic index (48,67). Therefore, it is a careful balance
between therapeutic failure and unacceptable toxicity.

In HD and PD, more information exists regarding dose adjustments for anti-
microbials. These recommendations address when to give the dose (before or after
dialysis) and the adjusted dose and frequency. However, in CRRT, there is often
only limited information. Typically, CRRT provides an artificial clearance of
approximately 10 to 50 mL/min and one can follow the dosage recommendations
in the product information, literature, or antimicrobial-dosing handbooks for this
CrCl range. Because CRRT is usually done in patients whose renal function will
eventually start to improve, it is important to consider the residual renal function
also, especially as they begin to recover (66,67). Drugs that are more than 30% elimi-
nated by GFR and that can pass through the membrane will require supplemental
doses in renal replacement therapy (67).

Kroh et al. developed a formula to determine a dose for patients undergoing
CRRT (69). First, a factor (p) for dosage adjustment must be determined by the fol-
lowing equation:

p ¼ Qxþ ðUFR� SCÞ=CL ð10Þ

where Qx is any remaining elimination capacity of the body, UFR is the
ultrafiltration rate, SC is the sieving coefficient and CL is the total clearance in
someone with normal renal function. The adjusted dose is then calculated by this
equation:

D ¼ p�Do ð11Þ

Table 3 Factors Affecting Dosage Recommendations in Renal Replacement Therapy

Drug factors Patient factors Renal replacement factors

Ability to use local therapy Residual renal function Membrane used
Ability to monitor serum levels Other organ function Type of therapy
Intrinsic metabolic pathway Fluid status Frequency of therapy
Drug charge Ultrafiltration rate
Protein binding
Volume of distribution
Loading dose
Therapeutic index of drug

Abbreviation: UFR, ultrafiltration rate.

Source: From Ref. 66.
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where Do is the dose for an otherwise health person. Other investigators have pro-
posed similar equations, which can be used when there is no information in the lit-
erature regarding dose adjustments in these patients.

Due to the variability in patients’ clinical status, the various combinations of
renal replacement therapy, and the low number of clinical trials, it is challenging
to make broad recommendations. Clinicians should evaluate patients individually
and apply the principles above to determine the most appropriate dose and schedule
for the patient. Additionally, close monitoring of the patient will be critical to ensure
efficacy without untoward toxicity.

CONCLUSION

In summary, dosing of antimicrobial agents in patients with organ dysfunction
involves many issues and considerations. Patients are unique, and each case must
be considered individually using the information above to make appropriate
decisions to cure or control infections while limiting toxicity to patients.

REFERENCES

1. Brouwer KLR, Dukes GE, Powell JR. Influence of liver function on drug disposition.
In: Evans WE, Schentag JJ, Jusko W, eds. Applied Pharmacokinetics: Principles of
Therapeutic Drug Monitoring. 3rd ed. Vancouver, WA: Lippincott, Williams & Wilkins,
1992:6-1–6-59.

2. Reese RE, Betts RF. Antibiotic use. A practical approach to infectious disease. 4th ed.
Boston, MA: Little, Brown and Company, 1996:1059–1093.

3. Cockcroft D, Gault M. Prediction of creatinine clearance from serum creatinine. Nephron
1976; 16:31.

4. Winter ME. Basic Clinical Pharmacokinetics. 4th ed. Baltimore, Maryland: Lippincott,
Williams & Wilkins, 2004.

5. Comstock TJ. Renal Dialysis. In: Koda-Kimble MA, Young LY, Kradjan WA,
Guglielmo BJ, eds. Applied Therapeutics The Clinical Use of Drugs. 8th ed. Baltimore,
Maryland: Lippincott, Williams & Wilkins, 2005:33-1–33-14.

6. Mueller B. Acute renal failure. In: DePiro J, et al. eds. Pharmacotherapy: A Pathophysio-
logic Approach. Stamford, CT: Appelton & Lange, 1999:706–732.

7. Kapadia N. Special issues in the patient with renal failure. Crit Care Clin 2003; 19:233–251.
8. Livornese L. Use of antibacterial agents in renal failure. Infect Dis Clin North Am 2001;

15:983–1102.
9. Sampliner R, Perner D, Ponll R, et al. Influence of ascitis on tobramycin pharmaco-

kinetics. J Clin Pharmacol 1984; 24:43–46.
10. Barza M et al. Single or multiple daily doses of aminoglycosides: a meta analysis. BMJ

1996; 312:338–345.
11. Hatala R et al. One daily aminoglycoside dosing in immunocompetent adults: a meta-

analysis. Ann Intern Med 1996; 124:717–725.
12. Garaud J et al. Vancomycin pharmacokinetics in critically ill patients. J Antimicrob

Chemother 1984; 14(suppl):53–57.
13. Goldberg J. Optimizing antimicrobial dosing in the critically ill. Curr Opin Crit Care 2002;

8:435–440.
14. Reginald F. Drug therapy individualization for patients with renal insufficiency.

In: DePiro J et al, eds. Pharmacotherapy: A Pathophysiologic Approach. Stamford,
CT: Appelton & Lange, 1999:872–889.

Antibiotic Dosing in Hepatic/Renal Insufficiency 571



15. Macgowan A. Continuous infusion of B-lactams antibiotics. Clin Pharmacokinetics 1999;
35:391–402.

16. Bernard E et al. Is there rationale for the continuous infusion of cefepime? A multi-
disciplinary approach. Clin Microbiol Infection 2003; 9:339–349.

17. Ambrose P et al. Infections in critical care: antibiotics in the critical care unit. Crit Care
Clin 1998; 2:283–309.

18. Owens R. Antibiotic therapy: clinical use of the fluoroquinolones. Med Clin of North
Amer 2000; 84:1447–1469.

19. Micromedex. Moxifloxacin monograph. Accessed May 25, 2005.
20. Micromedex. Fluconazole monograph. Accessed May 25, 2005.
21. McGee W et al. Successful treatment of candida krusei infection with caspofungin acetate:

a new antifungal agent. Crit Care Med 2003; 31:1577–1578.
22. Jeu L et al. Voriconazole. Clin Ther 2003; 25:1321–1381.
23. Johnson L. Voriconazole: a new triazole antifungal agent. Clin Infect Dis 2003; 36(5):

630–637.
24. Izzedine H. Antiviral drug-induced nephrotoxicity. Am J Kidney Dis 2005; 45:804–817.
25. Micromedex. Metronidazole monograph. Accessed May 25, 2005.
26. http://www.usrds.org (accessed May 2005).
27. Singh AK, Brenner BM. Dialysis in the treatment of renal failure. Kasper DL, Fauci AS,

Longo DL, Braunwald E, Hauser SL, Jameson, JL, eds. Harrison’s Principles of Internal
Medicine, 16th ed. New York: McGraw-Hill, 2005:1663–1667.

28. Sargel L, Yu ABC. Dosage adjustment in renal disease. Applied Biopharmaceutics and
Pharmacokinetics. 3rd ed. Norwalk, CT: Appelton and Lange, 1993:435–463.

29. Lam YWF, Banerji S, Hatfield C, et al. Principles of drug administration in renal insuffi-
ciency. Clin Pharmacokinet 1997; 32(1):30–57.

30. St. Peter WL, Redic-Kill KA, Halstenson CE. Clinical pharmacokinetics of antibiotics in
patients with impaired renal function. Clin Pharmacokinet 1992; 22(3):169–210.

31. Brater DC, Hall SD. Disposition and dose requirements of drugs in renal insufficiency.
In: Selden DW, Giebisch G, eds. The Kidney: Physiology and Pathophysiology. 3rd ed.
Baltimore, MD: Lippincott, Williams & Wilkins, 2000:2923–2940.

32. Matzke GR, Millakin SP. Influence of renal function and dialysis on drug disposition.
In: Evans WE, Schentag JJ, Jusko W, eds. Applied Pharmacokinetics: Principles of Ther-
apeutic Drug Monitoring. 3rd ed. Vancouver, WA: Lippincott, Williams & Wilkins,
1992:8-1–8-49.

33. Launay-Vacher V, Izzedine H, Mercadal L, et al. Clinical review: use of vancomycin in
haemodialysis patients. Critical Care 2002; 6:313–316.

34. Craig WA. Pharmacodynamics of antimicrobials: General concepts and applications.
In: Nightingale CH, Murakaw T, Ambrose PG, eds. Antimicrobial Pharmacodynamics
in Theory and Clinical Practice, New York: Marcel Dekker, 2002:1–22.

35. Nicolau DP, Freeman C, Belliveau PP, et al. Experience with once-daily aminoglycoside
program administered to 2184 adult agents. Antimicrob Agents Chemother 1995; 39:
650–655.

36. Pinder M, Bellomo R, Lipman J. Pharmacological principles of antibiotic prescription in
the critically ill. Anesth Intensive Care 2002; 30:134–144.

37. Drusano GL. Antimicrobial pharmacodynamics: critical interactions of ‘‘bug and drug’’.
Nat Rev Microbiol 2004; 2:289–300.

38. Taylor CA, Abdel-Rahman E, Zimmerman SW, et al. Clinical pharmacokinetics during
continuous ambulatory peritoneal dialysis. Clin Pharmcokinet 1996; 31(4):293–308.

39. Ronco C, Clark W. Factors affecting hemodialysis and peritoneal dialysis efficiency.
Seminars in Dialysis 2001; 14:257–262.

40. Tam VH, Lomaestro BM. Drug dosing in patients undergoing continuous renal replace-
ment therapy. The New York Health-system Pharmacist 2001; 20(3):10–14.

41. Joy MS, Matzke GR, Armstrong DK, et al. A primer on continuous renal replacement
therapy for critically ill patients. 1998; 32:362–375.

572 Torres et al.



42. Bressolle F, Kinowski J, de la Coussaye JE, et al. Clinical pharmacokinetics during
continuous haemofiltration. Clin Pharmacokin 1994; 26:457–471.

43. Burchardi H. Hemofiltration. In: Vincent JL, eds. Update in Intensive Care and
Emergency Medicine. New York: Springer-Verlag, 1989:340–347.

44. Gernomous R, Schneider N. Continuous arteriovenous hemodialysis: a new modality for
the treatment of acute renal failure. Trans Am Soc Artific Intern Organs 1984; 30:610–613.

45. Golper TA. Continuous arteriovenous hemofiltration in acute renal failure. Am J Kidney
Dis 1985; 6:373–386.

46. Golper TA, Bennett WM. Drug removal by continuous arteriovenous hemofiltration: a
review of evidence in poisoned patients. Med Tox Adv Drug Exper 1988; 3:341–349.

47. Kaplan AA, Longnecker RE, Folkert YW. Continuous arteriovenous hemofiltration: a
repost of six months experience. Ann Intern Med 1984; 93:124–126.

48. Cotterill S. Antimicrobial prescribing in patients of hemofiltration. J Antimicrob
Chemother 1995; 36:773–780.

49. Grootendorst AF, Bouman CSC, Hoeben KNH, et al. The role of continuous renal
replacement therapy in sepsis and multiorgan failure. AM J Kid Dis 1996; 29(suppl 3):
S50–S57.

50. Tominaga G, Ingegno M, Ceraldi C, et al. Vascular complications continuous arteriove-
nous hemofiltration in trauma patients. J Trauma 1993; 35:285–289.

51. Thadhani R, Pascual M, Bonventre JV, et al. Acute renal failure. N Engl J Med 1996;
334:1448–1460.

52. Bellomo R, Tipping P, Boyce N. Continuous venovenous hemofiltration with dialysis
removes cytokines form the circulation of septic patients. Crit Care Med 1993; 21:
522–526.

53. Bellomo R. Continuous hemofiltration as blood purification in sepsis. New Horiz 1995;
3:732–737.

54. Bellomo R, Mehta R. Acute renal replacement therapy in the intensive care unit: now and
tomorrow. New Horiz 1995; 3:760–767.

55. Ronco C. Continuous renal replacement therapies in the treatment of acute renal failure in
intensive care patients: part 2. Clinical indication and prescriptions. Nephrol Dial Trans-
plant 1994; 9(suppl 4):201–209.

56. Ronco C, Bellomo R. Complications with continuous renal replacement therapy. Am J
Kid Dis 1996; 28(suppl 3):100–104.

57. Manns M, Sigler MH, Teehan BP. Continuous renal replacement therapies: an update.
Am J Kidney Dis 1998; 32(2):185–207.

58. Bellomo R, Parkin G, Love J, et al. A prospective comparative study of continuous
arteriovenous hemofiltration and continuous venovenous hemodiafiltration in critically
ill patients. Am J Kidney Dis 1993; 21:400–404.

59. Bellomo R. Choosing a therapeutic modality: hemofiltration versus hemodialysis versus
hemodiafiltration. Semin Dial 1996; 9:88–92.

60. Uldall R. Vascular access for continuous renal replacement therapy. Semin Dial 1998;
9:93–97.

61. Golper TA, Jacobs AA. Pumps utilized during continuous renal replacement therapy.
Semin Dial 1996; 9:119–124.

62. Moreno L, Heyka RJ, Paganini EP. Continuous renal replacement therapy: cost consid-
erations and reimbursement. Semin Dial 1996; 9:209–214.

63. Forni LG, Hilton PJ. Continuous hemofiltration in the treatment of acute renal failure.
N Engl J Med 1997; 336(18):1303–1309.

64. Bellomo R, Ronco C, Mehta RL. Nomenclature for continuous renal replacement
therapies. Am J Kidney Dis 1996; 28(suppl 3):52–57.

65. Bickley SK. Drug dosing during continuous arteriovenous hemofiltration. Clin Pharm
1998; 7:198–206.

66. Schetz M, Ferdinande P, van der Berghe G, et al. Pharmacokinetics of continuous renal
replacement therapy. Intensiv Care Med 1995; 21:612–620.

Antibiotic Dosing in Hepatic/Renal Insufficiency 573



67. Golper TA, Marx MA. Drug dosing adjustments during continuous renal replacement
therapies. Kid Intl 1998; 53(suppl 66):S-165–S-168.

68. De Clari F. Ceftriaxone pharmacokinetics during continuous arteriovenous hemofiltra-
tion. J Antimicrob Chemother 1991; 27:294–396.

69. Kroh UF, Dehne M, El Abed K, et al. Drug dosing during continuous hemofiltration:
pharmacokinetics and practical implications. In: Sieberth, et al., eds. Continuous Hemo-
filtration, Contributions to Nephrol 1991; 93:127–130.

574 Torres et al.



29
Adverse Reactions to Antibiotics

Eric V. Granowitz and Richard B. Brown
Division of Infectious Disease, Baystate Medical Center and Tufts University School of
Medicine, Springfield, Massachusetts, U.S.A.

INTRODUCTION

Each year many patients are hospitalized with adverse drug reactions. Life-threatening
reactions include arrhythmias, hepatotoxicity, acute renal failure, and antiretroviral
therapy–induced lactic acidosis. In addition, 6% to 7% of hospitalized patients
experience a serious adverse drug reaction (1). Approximately 5% of serious inpa-
tient reactions are fatal, making hospital-related adverse drug reactions responsible
for approximately 100,000 deaths in the United States annually. The elderly are at
especially high risk of reactions (2). Many of these reactions result in intensive care
unit (ICU) admission.

More than 70% of ICU patients receive antibiotics for therapy or prophylaxis,
with much of this use being empiric and over half of the recipients receiving multiple
agents (3,4). The clinical presentation of an adverse drug reaction may be very dif-
ferent in an ICU patient than in a healthier individual because of both the severity
of the ICU patient’s illness (which often requires that the patient be heavily sedated
and paralyzed) and the multiple therapies that patient often requires. Therefore,
attributing a particular adverse reaction to a specific antibiotic can be extremely dif-
ficult, may involve several factors operating in unison, and can tax the minds of the
brightest clinicians.

Adverse reactions associated with drug use include allergies, toxicities, and side
effects. Allergy implies that the reaction is due to an immunological state character-
ized by hypersensitivity to a drug (5). Many are IgE-mediated and occur soon after
drug administration. Examples of IgE-mediated type 1 hypersensitivity reactions
include bronchospasm, hypotension, and early-onset urticaria. Non–IgE-mediated
reactions include acute interstitial nephritis, hemolytic anemia, erythema multi-
forme, Stevens–Johnson syndrome, toxic epidermal necrolysis, and serum sickness.
Toxicity implies the administration of drugs in quantities exceeding those capable
of being physiologically ‘‘managed’’ by the host, and is generally due to excessive dos-
ing and/or impaired drug metabolism. Examples of toxicity caused by excessive
dosing include penicillin-related neurotoxicity (e.g., twitching and seizures) and the
toxicities caused by aminoglycosides. Decreased drug metabolism or clearance may
be due to impaired hepatic or renal function. For example, penicillin G neurotoxicity
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may be precipitated by aminoglycoside-induced renal failure. Side effects reflect
the large number of adverse reactions that are neither immunologically mediated
nor related to toxic levels of the drug. An example is the dyspepsia often noted
with erythromycin.

This chapter will describe some of the adverse reactions to antibiotics that
occur in ICU patients. We will concentrate on those agents likely to be employed
in the critical care situation, but will not attempt to be encyclopedic. In Table 1,
we summarize and prioritize the most common antibiotic-related adverse reactions
seen in the ICU. This chapter does not attempt to address drug interactions, antibio-
tic dosing, or issues specific to pregnant or pediatric patients.

ANAPHYLAXIS

Anaphylaxis is commonly used to refer to acute hypersensitivity reactions that
can result in immediate urticaria, laryngospasm, bronchospasm, hypotension, and
occasionally death. In the critical care setting, these reactions may be masked by
underlying conditions or other therapies. While anaphylaxis can be precipitated
by antigen–antibody complexes, it is usually IgE mediated. The binding of antibiotic
epitopes to specific preformed IgE antibodies on the surface of mast cells results in
the release of histamine and other mediators that lead to the aforementioned clinical
presentations. b-Lactams are more often associated with these reactions than other
antimicrobials. Best data exist for penicillin where the risk of anaphylaxis is about
0.01% (6). Death occurs in 1 of every 100,000 courses of this agent (5). Conversely,
only 10% to 20% of patients who claim to have an allergy to penicillin are truly
allergic as determined by skin testing (7). Patients with a history of atopy are not pre-
disposed to anaphylaxis. Fifty percent of patients with a positive skin test will have an
immediate reaction when challenged with penicillins (8). Approximately 10% of
patients who test positive to penicillin will experience an allergic reaction (only rarely
anaphylaxis) when given a cephalosporin (8,9). The incidence of carbapenem cross-
reactivity with penicillin may be even higher (10,11). Administering aztreonam is safe
in patients with a history of anaphylaxis to all b-lactams except ceftazidime (5).

NEPHROTOXICITY

Acute renal failure is common in ICU patients and is associated with a risk of
mortality of greater than 60% (12). Numerous agents used in the ICU are capable
of affecting renal function. Mechanisms include decreased glomerular filtration,
acute tubular necrosis, interstitial nephritis, and crystallization of the drug within
the tubules. With regard to antibiotics, the aminoglycosides and amphotericins
are the prototypical classes associated with acute renal failure; however, other agents
including b-lactams and sulfonamides have been implicated. As with other antibiotic-
associated adverse reactions, the likelihood of nephrotoxicity from antimicrobials
is greater in patients with conditions or medications that can independently cause
this complication. Therefore, the clinician must have a firm knowledge of the ICU
patient’s condition and medications to best manage nephrotoxicity.

Gentamicin, tobramycin, and amikacin are the aminoglycosides that are used
most often. Traditionally, these drugs were used to treat infections caused by aerobic
gram-negative bacilli. When treating these organisms with multiple daily doses of
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gentamicin, the goal was to achieve peak levels of 4 to 10 mg/mL and trough levels of
1 to 2 mg/mL. Use of aminoglycosides has declined in the last 30 years, because other
agents with broad gram-negative coverage (e.g., antipseudomonal penicillins, advanced
generation cephalosporins, and fluoroquinolones) have become available. Gentamicin
is now most commonly used for ‘‘synergy’’ against serious infections caused by enter-
ococci, viridans streptococci, and staphylococci. When treating gram-positive cocci, the
goal of gentamicin dosing is to achieve a peak of 3mg/mL and a trough of less than
1mg/mL. Using lower doses reduces the risk of aminoglycoside-related toxicities.

Aminoglycoside-induced nephrotoxicity occurs in 7% to more than 25% of
patients who receive selected compounds from within this class (13). It generally
results from impairment of tubular function and, when severe, can cause acute tubu-
lar necrosis. A major study suggests that gentamicin (26%) is more nephrotoxic than
tobramycin (12%) when relatively small changes in serum creatinine are employed as
a gauge of renal function (13). Employing this criterion, nephrotoxicity is generally
noted between 6 and 10 days after starting an aminoglycoside. However, other
investigations have challenged this conclusion (14). Aminoglycoside-induced acute
tubular necrosis is generally nonoliguric and completely reversible. However,
occasional patients require temporary dialysis and the rare patient requires
permanent dialysis.

Cost of aminoglycoside-induced nephrotoxicity may be substantial. One study
demonstrated that nephrotoxicity resulted in an average of 2.7 additional hospital days,
including 1.5 additional ICU days (15). Factors that contribute to aminoglycoside-
induced nephrotoxicity include dose, duration of treatment, and use of other tubular
toxins (16). Elevation of trough aminoglycoside levels has also been implicated (14).
Although numerous dosing nomograms have been employed to calculate optimal doses
of these agents, even patients with peak and trough levels within recommended ranges
can develop nephrotoxicity.

Meta-analyses have demonstrated that in immunocompetent adults, a single
daily dose of an aminoglycoside is effective for infections caused by gram-negative
bacilli (employing bacteriologic cure as an end point) and is less toxic than the tradi-
tional multiple daily doses (17,18). Therefore, for non-neutropenic patients with
normal renal function who have infections caused by gram-negative bacilli, it is
preferable to give a 5-mg/kg dose of gentamicin or tobramycin once daily (19).

Until recently, amphotericin B was the drug of choice for severe fungal
infections due to Candida or Aspergillus. Additionally, this agent is also used for
cryptococcal meningitis, an AIDS-associated illness that occasionally requires treat-
ment in an ICU. Amphotericin B can affect the renal tubules, renal blood flow, or
glomerular function; renal dysfunction is seen in at least 60% to 80% of patients
who receive this drug (20). However, return to prior renal function generally occurs,
and few patients suffer serious long-term renal sequelae. Rarely, irreversible renal
failure is noted when the agent is used in high doses for prolonged periods (21). Risk
factors for amphotericin B toxicity include abnormal baseline renal function, daily
and total drug dose, and concurrent use of other nephrotoxic agents (e.g., aminogly-
cosides and diuretics) (20,22). However, some studies have not found that other
drugs enhance amphotericin B-induced nephrotoxicity (23). Reversing sodium deple-
tion and optimizing volume status prior to infusing the drug can decrease the risk of
amphotericin B-induced nephrotoxicity (20,24).

In 1995, liposomal preparations of amphotericin B became available. These
preparations are associated with a substantially decreased risk of nephrotoxicity
compared with the parent compound (25,26). Typical doses of the liposomal
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preparation are up to 5 mg/kg/day. Nephrotoxicity with newer broad-spectrum
antifungals such as voriconazole and caspofungin is very rare. The importance
of the reduced risk of nephrotoxicity of these new agents needs to be weighed
against the substantially increased acquisition costs compared with those of
amphotericin B.

b-Lactams, fluoroquinolones, sulfonamides, and rifampin can occasionally
cause interstitial nephritis. Although classically associated with methicillin (27,28),
interstitial nephritis has been noted with numerous other b-lactams (29–32). It is
thought to be an allergic reaction and, when seen, generally follows prolonged
and/or high-dose therapy. There are no data demonstrating that underlying renal
dysfunction predisposes b-lactam–treated patients to interstitial nephritis if dosage
adjustments are made (32). Historically, renal failure was believed to be acute in
onset and associated with fever, chills, rash, and arthralgias. However, more recent
data suggest that antibiotic-induced interstitial nephritis should be suspected in any
patient on a potentially offending agent, who develops acute renal dysfunction (29).
Urinary eosinophilia supports the diagnosis, but is present in less than half of the
patients. Conclusive documentation of this disease requires renal biopsy. Discontin-
uation of the offending agent generally reverses the process and permanent sequelae
are unusual.

Sulfonamides and acyclovir can crystallize in the renal tubules causing acute
renal failure. Sulfonamides can also block tubular secretion of creatinine; this causes
the serum creatinine to rise but glomerular filtration rate is unchanged. Patients on
rifampin often develop orange-colored urine of no clinical consequence.

HEMATOLOGICAL ADVERSE REACTIONS

Anemia

Linezolid (33–35), amphotericin B, chloramphenicol, and ganciclovir cause anemia
by suppressing erythropoiesis. Chloramphenicol (infrequently employed in the
United States) frequently causes a reversible anemia that is much more common if
circulating drug concentrations exceed the recommended range. In approximately
1 of every 25,000 recipients, chloramphenicol causes an idiosyncratic irreversible
aplastic anemia (36). b-Lactams, nitrofurantoin, and rarely aminoglycosides can
cause hemolytic anemia. Patients who are glucose 6-phosphate dehydrogenase–
deficient are predisposed to sulfonamide and doxycycline-induced hemolytic anemia.

Leukopenia

Leukopenia and/or agranulocytosis may occur with the use of many antibiotics and
is generally reversible, but can result in serious infections. An additive phenomenon
can occur when antibiotics capable of causing these phenomena are used together
with other agents or in conditions that can also suppress bone marrow function.
Anti-infectives that can cause neutropenia or agranulocytosis include trimethoprim–
sulfamethoxazole (37,38), most b-lactams (38–42), vancomycin (43–45), macrolides,
clindamycin, chloramphenicol, flucytosine, and amphotericin B. The risk of agran-
ulocytosis with trimethoprim–sulfamethoxazole is greater than the risk with a
sulfonamide alone.

Severe neutropenia develops in 5% to 15% of recipients of b-lactams (42,46).
Duration of therapy more than 10 days, high doses of medication, and severe hepatic
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dysfunction predispose patients to this condition (46,47). Likelihood of neutropenia
is less than 1% when shorter courses of b-lactams are used in patients with normal liver
function (45). Methicillin and nafcillin were traditionally the most common offenders
(39–41). Only rare patients develop infection as a result of this decrease in
functioning leukocytes. High-dose b-lactams can also prolong cancer chemotherapy–
induced neutropenia in patients being treated for fever. Vancomycin-induced
neutropenia is uncommon and generally occurs only after more than two weeks of
intravenous treatment, as is used in patients with infective endocarditis or osteomyelitis
(44,45). The etiology does not appear to be direct bone marrow toxicity, but rather
peripheral destruction or sequestration of circulating myelocytes. Prompt reversal of
the neutropenia generally occurs after vancomycin is discontinued.

Thrombocytopenia

Thrombocytopenia related to antibiotic use may result from either immune-
mediated peripheral destruction of platelets or a decrease in the number of
megakaryocytes (48). The oxazolidinone linezolid is the most likely antimicrobial to
cause platelet destruction (33–35). In one study, linezolid-induced thrombocytopenia
occurred in 2% of patients receiving two weeks of therapy or less, 5% of those receiv-
ing two to four weeks of therapy, and 7% in those receiving more than 4 weeks of
the drug (34). Sulfonamides, vancomycin, rifampin, and rarely b-lactams (including
penicillin, ampicillin, methicillin, cefamandole, cefazolin, and cefoxitin) have also been
reported to cause platelet destruction (42). Prompt recognition and removal of the
offending agent is the appropriate therapy. Marrow-induced thrombocytopenia is
commonly noted with chloramphenicol, is usually dose related, and, if not associated
with aplastic anemia, is reversible with discontinuation of the drug.

Coagulation

A relationship between antibiotics and coagulation factors has been recognized for
many years, and anecdotal reports of clinical bleeding associated with the use of
these products have existed for decades (8,49). Historically, the problem has been
confounded by numerous other patient variables that could, in their own right, be
associated with bleeding. Examples include malnutrition, renal or hepatic failure,
malignancy, and medications. Clinical bleeding after admission to an ICU is often
encountered and has been identified as a significant cause of mortality. Best data sug-
gest that 10% to 11% of patients experience this complication after admission to an
ICU. Most commonly documented bleeding sites are the upper gastrointestinal (GI)
tract (35%), urinary tract (25%), and skin/wound (16%). Events associated with
bleeding include mechanical ventilation, medications (e.g., heparin and coumadin), mal-
nutrition, and underlying disease such as renal and hepatic failure (50,51). Moxalactam,
a third-generation cephalosporin released in the early 1980s and now defunct in the
United States, was associated with this adverse reaction to an appreciable degree (52–54).

Following this observation, numerous other studies were performed to evalu-
ate the role of antibiotics in clinical bleeding. Table 2 depicts mechanisms by which
antibiotics cause bleeding, and the products most often implicated (48). Although
many studies have found an association between antibiotics and clinical bleeding,
in complex patients with multiple underlying diseases and on multiple medica-
tions, a causative role may only be identified by in-depth, statistically validated
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investigations, and products not commonly recognized as a cause of bleeding may be
implicated (55).

Dysfunctional platelet aggregation, an important mechanism by which selected
antibiotics may cause bleeding, is mostly noted with penicillins. It was reported in the
1970s as an important complication of the use of carbenicillin (56). Among peni-
cillins, it is most likely to be noted with penicillin G and advanced-generation
penicillins (57). The problem is dose related, may be exacerbated by renal failure,
and is additive to other factors seen in critically ill patients that could, in their
own right, be associated with dysfunctional platelet aggregation (57,58). Most com-
monly, the reason for dysfunctional platelet aggregation is that carboxyl groups on
the acyl side chain block binding sites located on the platelet surface, resulting in the
inability of platelet agonists such as adenosine diphosphate (ADP) to effect aggrega-
tion (57). This process is best identified by performing a template bleeding time,
and will be missed if only prothrombin time international normalized ratio (INR) and
partial thromboplastin time (PTT) are measured. It should be suspected in patients
with bleeding not accounted for by abnormalities in INR or PTT, and often presents
as diffuse oozing from sites of cutaneous trauma (tracheostomy, intravenous and
arterial lines, etc.) that cannot be easily controlled by direct pressure.

Probably, the most common reason for antibiotic-associated bleeding in the
ICU is prolongation of the INR. Historically, antibiotics associated with INR pro-
longation include cefamandole, moxalactam, and cefoperazone (52–54,59,60). Other
less commonly implicated antibiotics are cefotetan and cefmetazole (61). All of these
products contain an N-methyl thiotetrazole (NMTT) ring attached to the third
position of the six-membered dihydrothiazine molecule. NMTT can interfere with
prothrombin synthesis within the hepatocyte through competitive inhibition (62,63)
and, in malnourished or vitamin K–depleted patients, can cause INR prolon-
gation and occasional clinically evident bleeding. Alternatively, the major impact
of many agents may be through an alteration of normal GI flora (64). In the
experience of the authors, most of this bleeding is from the upper GI tract. Pro-
phylactic administration of vitamin K to patients at risk may be protective when
agents containing the NMTT ring need to be administered. The usual dose of vitamin
K is 10 to 20 mg once or twice weekly. Other cephalosporins such as cefoxitin may
also cause clinical bleeding. In a large prospective investigation of the relationship

Table 2 Mechanisms for Antibiotic-Associated Bleeding

Mechanism Antibiotics implicated

Bone marrow suppression Chloramphenicol
Immunologic platelet destruction Rifampin, sulfonamides, cephalothin, penicillin Ga,

tetracycline, and streptomycina

Potentiation of warfarin Rifampin, metronidazole, chloramphenicol, and other
broad-spectrum agentsa

Antagonism of prothrombin Moxalactam, cefoperazone, cefamandole,
cefmenoxime, cefoxitina, and cefazolina

Dysfunctional platelet aggregation Penicillin G, carbenicillin, ticarcillin, piperacillin, and
moxalactam

aRarely reported.

Source: Adapted from Ref. 48.

Adverse Reactions to Antibiotics 581



between antibiotics and clinical bleeding in complex, hospitalized patients, moxalac-
tam and cefoxitin were the only antibiotics that could be statistically implicated (55).
Etiology for this relationship is unclear, but may involve other side chains or a direct
effect on GI flora (65). In patients with INR prolongation and especially clinical
bleeding associated with such a prolongation, the possibility of a relationship to
antibiotics should be carefully explored.

In summary, many antibiotics may be associated with laboratory abnormalities
of coagulation and occasional clinical bleeding that can be life threatening. In criti-
cally ill patients, antibiotic administration may be one of many factors that can cause
bleeding. A combination of underlying disease, antibiotics, and other medications
occasionally results in this complication. The INR, PTT, and template bleeding
times are valuable tools to assess the risk and mechanism for bleeding and point
the clinician toward possible causes and remedies. In complex patients with multiple
underlying diseases and medication needs, antibiotic choices may be occasionally
determined by their potential for causing bleeding.

DERMATOLOGICAL TOXICITY

Rashes are common in ICU patients and present as a highly variable group of
conditions with implications ranging from innocuous to life-threatening. The pro-
blem is complicated because skin abnormalities in ICU patients can be caused
by disease, pressure, and medications. Identification of an offending agent may
be difficult because of the large number of medications received by the ICU
patient and difficulties in temporally associating the rash with initiation of any single
agent. The critically ill patient may prove especially enigmatic because of difficulties
in clinical evaluation. Factors that should lead the clinician to suspect a serious
drug reaction include facial edema, urticaria, mucosal involvement, palpable or exten-
sive purpura, blisters, fever, or lymphadenopathy (66). The presence of significant
eosinophilia is associated with more severe disease. Virtually any antimicrobial agent
may cause a rash (only rarely pathognomonic), but this problem appears to occur
more commonly with b-lactams, sulfonamides, and vancomycin. Discontinuation
of the offending agent is usually the most important initial strategy. In the setting of
a severe reaction, rechallenge with the presumed offending agent is generally
contraindicated.

Maculopapular eruptions associated with antibiotics are especially common.
Generally, onset is at least five days after starting the offending agent. The rash
usually becomes generalized and is often pruritic. Other medications that cause macu-
lopapular rashes include hydantoins, barbiturates, and selected antiarrhythmics (66).
Differential diagnosis includes viral exanthems and milia. Clinical presentation may
be altered in patients with thrombocytopenia or other coagulopathies, where hemor-
rhage into the skin may modify the appearance of the rash. The pathogenesis of most
maculopapular rashes is unknown, and not clearly associated with definite immuno-
logic mechanisms (5). In some instances, the likely offending agent can be continued
and the rash will stabilize or disappear. In patients with penicillin-induced mild-to-
moderate maculopapular rashes, it is generally safe to use cephalosporins. If the rash
is severe or associated with mucosal lesions or exfoliation, the offending agent should
almost always be discontinued.

Stevens–Johnson syndrome represents erythema multiforme with mucosal invol-
vement. Some clinicians claim that it is a distinct entity (66). The most commonly
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implicated antibiotics are the aminopenicillins and sulfonamides. Onset is typically
one to three weeks after starting the offending agent. Clinically, symmetrical target
lesions are often associated with maculopapular and urticarial plaques and, some-
times, vesicular lesions. The presence of the latter portends severe disease (66).
Stevens–Johnson syndrome can involve mucosae of the eyes, mouth, entire GI tract,
and the genitourinary tract. Up to 25% of cases may be restricted to the oral mucosa.
Constitutional symptoms are usually present. Mortality is up to 5%. Diagnosis can
be proven by skin biopsy with immunofluorescent staining; this should be performed
in questionable cases. Determining the etiology of the rash may be difficult because
numerous infections (for which the offending antibiotic may have been prescribed)
can cause a similar rash. Examples include pneumococcal, mycoplasmal, and staphy-
lococcal infections. The presence of Stevens–Johnson syndrome should trigger a
thorough evaluation of the patient’s medications and discontinuation of likely offen-
ders. It can evolve into toxic epidermal necrolysis; mortality of this condition is 30%
(66). Although the benefits of corticosteroid therapy are unproven, these products
are often employed in treatment.

‘‘Red man’’ (‘‘redneck’’) syndrome is a transient reaction to vancomycin char-
acterized by flushing of the head and neck typically beginning within an hour of the
start of an infusion. Pruritus, and occasionally angioedema, can occur (67). Severe
cases have been associated with hypotension, chest pain, and rarely, severe cardiac
toxicity and death (68). Incidence may be as high as 47% in patients and is substan-
tially higher in human volunteers (69). One study documented a dose-related
increase in circulating histamine concentrations that correlated with the severity of
the reaction (70). The problem is more frequently associated with rapid administra-
tion (i.e., within 30 minutes) and with larger doses. Histamine antagonists may
abort the syndrome in patients who require vancomycin and who continue to have
red man syndrome despite slow administration of the drug (67,71).

A particularly difficult problem in the ICU is differentiating between septic and
drug-induced (chemical) phlebitis. Both may be associated with redness, heat, and ten-
derness at the intravenous site. Therapy for the former is removal of the catheter and
appropriate antibacterial agents, while the latter is treated with catheter removal
and moist heat. Presence of lymphangitic streaking or purulent drainage from the
catheter site generally indicates infection. The offending organism can frequently
be characterized by a Gram stain of purulent drainage. A ‘‘cord’’ in the absence of
the above-mentioned findings is most likely due to chemical phlebitis. Antibiotics
most likely to cause phlebitis include potassium penicillin, cephalosporins, vancomycin,
streptogramins, and amphotericin B.

NEUROTOXICITY

Ototoxicity

Drug-induced ototoxicity in the ICU can result in hearing loss or vestibular dysfunc-
tion. The severity of underlying illness of ICU patients and the use of sedatives or
paralyzing agents may make it impossible to diagnose these complications. Although
routine otologic testing of some hospitalized patients receiving potentially ototoxic
drugs has been promulgated (72), in practice such testing is not routinely employed.
Therefore, the clinician must recognize the circumstances that could result in ototoxi-
city and take steps to decrease its likelihood. Macrolides/azalides and aminoglycosides
are the agents most likely to be associated with cranial nerve VIII dysfunction.
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In the ICU, erythromycin and azithromycin are commonly used to treat
community-acquired pneumonia. They can cause bilateral hearing loss and/or
labyrinthine dysfunction that are generally reversible within two weeks of disconti-
nuing the agent (73–75). However, permanent hearing loss or vertigo can occur
(76–78). These complications are dose related, and usually occur in the presence
of renal and/or hepatic dysfunction (76). Most reported causes have occurred
with the use of 4 g of erythromycin daily (73). A prospective study in patients with
pneumonia documented sensorineural hearing loss in approximately 25% of patients
treated with this dose, while no patients who received lesser doses or control agents
developed this condition (73).

Aminoglycosides can cause ototoxicity or vestibular dysfunction, which may
be permanent. Risk is approximately 10% to 22% (13,79), and toxicity, for reasons
stated above, may be extremely difficult to identify in the ICU patient. Factors asso-
ciated with aminoglycoside-induced cranial nerve VIII dysfunction include dose,
dosing frequency, duration of treatment, baseline creatinine clearance, anemia, fever,
advanced age, and concomitant use of other ototoxic agents (79–81). Cumulative
dose is important and the clinician should therefore be wary of administering
repeated courses of aminoglycosides.

In the past, vancomycin has been rarely associated with sensorineural hearing
loss (82). Hearing loss was permanent if vancomycin was not promptly discontinued.
Likelihood of ototoxicity was increased in the presence of renal dysfunction or when
vancomycin was administered with an aminoglycoside (83). Some studies noted an
association between serum concentrations more than 30 mg/mL and ototoxicity (84).
Over the past 30 years, the purity of vancomycin has improved dramatically; current
data do not allow a determination of whether ototoxicity is still caused by the anti-
biotic itself or was due to impurities in older preparations.

Other Neurotoxicity

Antibiotics can also occasionally cause peripheral nerve or acute central nervous
system (CNS) dysfunction (e.g., seizures and abnormal mentation). Most peripheral
neuropathies occur with prolonged administration of selected antibiotics (e.g., peri-
pheral neuropathy associated with metronidazole), a situation not likely to occur in
ICU patients. This will not be further discussed.

Hallucinations, twitching, and seizures can be caused by penicillin, imipenem/
cilastatin, ciprofloxacin, and rarely other b-lactam antibiotics (85,86). The mechan-
ism for the seizures is unknown; however, it has been hypothesized that b-lactams
interfere with the inhibitory neurotransmitter function of c-aminobutyric acid (85).
Although more commonly noted following direct CNS administration, intravenous
aqueous penicillin G may cause CNS toxicity when given intravenously in amounts
exceeding 20 to 50 million units/day to normal-size adults (85). Other data suggest
that the risk of seizure with older b-lactams occurs only with serum levels more
than 250mg/mL or with doses greater than 25 g/day. Patients with abnormal renal
function, hyponatremia, or preexisting CNS lesions may experience neurotoxicity
at lower doses.

Imipenem/cilastatin is an extremely broad-spectrum antibiotic commonly used
in the ICU. The maximum recommended dose in adults with normal renal function
is 4 g/day. Seizures occur more regularly with this agent than with other b-lactams.
Initial human data found the incidence of seizures to be 0.9% to 2.0% (87,88). Post-
marketing assessments place this percentage at 0.1% to 0.15% (88). Animal studies
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confirm that neurotoxicity with imipenem/cilastatin may be noted at substantially
lower blood levels than with other b-lactams (86). Our practice has been to virtually
never employ imipenem/cilastatin in doses more than 2 g/day unless treating
Pseudomonas aeruginosa infections. Seizures have not been noted in almost two
decades of regular use.

Fluoroquinolones are broad-spectrum agents active against gram-negative
bacilli that do not have the significant ototoxic or nephrotoxic potential of the amino-
glycosides. However, CNS adverse effects include headache, and seizures have
been reported in 1% to 4% of patients receiving these agents (89). Hallucinations,
slurred speech, and confusion have also been noted; these generally resolve rapidly
once the offending agent is discontinued. Presence of underlying CNS disorders
may predispose to neurotoxicity. Interactions with theophylline may allow clinical
presentations at lower doses (89–91). Patients on serotonin reuptake inhibitors
who are given linezolid can develop serotonin syndrome characterized by agitation,
neuromuscular hyperactivity, elevated fever, hypotension, and even death (92,93).

Neuromuscular blockade has been reported with most aminoglycosides (85).
Clinical presentation is that of acute paralysis and apnea that develops soon after
drug administration. Amikacin, gentamicin, and tobramycin are less likely to be
associated with this syndrome than neomycin, kanamycin, and streptomycin (85).
Risk may be increased when aminoglycosides are employed in conjunction with other
neuromuscular blocking agents or with anesthesia. Due to this potential toxicity, amino-
glycosides should be avoided in patients with myasthenia gravis. Therapy includes
administration of intravenous calcium and discontinuation of the offending agent.

Minocycline can cause vertigo. Trimethoprim–sulfamethoxazole use can precip-
itate aseptic meningitis. Approximately, one-third of patients receiving voriconazole
experience transient visual changes usually with the first dose. The mechanism of
this reaction is unknown; neurotoxicity or a direct effect on the retina is possible.
No irreversible visual sequelae have been described.

CARDIOTOXICITY

Erythromycin use prolongs cardiac depolarization. A recent cohort study of patients
receiving oral erythromycin found a twofold increased risk of sudden death in
patients receiving this drug (94). While the cohort did not examine ICU patients,
the results force us to reconsider whether the use of erythromycin is appropriate
in these patients who are at especially high risk of developing life-threatening
arrhythmias. QT-interval prolongation has also been seen in patients on fluoroqui-
nolones. Risks may be additive with other medications (e.g., amiodarone) capable
of prolonging the QT interval.

Myocardial depression, hypotension, and sudden death have been reported
with vancomycin use, generally in the setting of rapid administration in the peri-
operative period (68,95–97). Some of these effects may be due to vancomycin-induced
histamine release resulting in vasodilatation; others are probably due to a direct
negative inotropic effect (97). Similarly, rapid administration of amphotericin B
has been associated with ventricular fibrillation and asystole, especially in patients
with renal dysfunction (23). The mechanism may be release of intracellular Kþ with
resultant hyperkalemia. Amphotericins and pentamidine infusions can also precipi-
tate hypotension.
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HEPATOTOXICITY

Liver-function test abnormalities are common in ICU patients. Sepsis, severe hypox-
emia, congestive heart failure, and primary hepatobiliary disease are the usual
causes. Abnormalities are generally classified as predominantly hepatitis, cholestasis,
or mixed. Rifampin commonly causes hepatitis, which is occasionally severe. Semi-
synthetic penicillins are frequent causes of hepatotoxicity, especially when combined
with clavulanic acid. Cephalosporins, imipenem–cilastatin, tetracyclines, macrolides,
sulfonamides, quinolones, clindamycin, chloramphenicol, streptogramins, nitrofu-
rantoin, azoles, and ganciclovir can all cause hepatotoxicity (98). Prolonged courses
of high-dose ceftriaxone can cause both hepatitis and cholestasis by promoting
biliary sludge formation.

MUSCULOSKELETAL TOXICITY

Streptogramins can cause patients to experience severe arthralgias and myalgias.
Daptomycin use is associated with elevations in creatinine phosphokinase of uncer-
tain clinical consequence.

ELECTROLYTE ABNORMALITIES

Amphotericin B can cause clinically significant hypokalemia, hypomagnesemia, and
renal tubular acidosis. Electrolyte abnormalities must be anticipated with replenish-
ment of the appropriate electrolyte to prevent future problems.

Aqueous penicillin G is generally administered as the potassium salt (1.7 MEq Kþ

per million units of penicillin). With doses of more than 20 million U/day, patients
(especially those with renal failure) may develop clinically important hyperkalemia.
A sodium preparation of aqueous penicillin G is manufactured and should be employed
when the risk of hyperkalemia is significant.

Fluconazole can cause hypokalemia. Although employed infrequently, ticarcillin
disodium should be used carefully in patients requiring salt restriction. Pentamidine
use is associated with potentially life-threatening hyperkalemia and hypoglycemia.

FEVER

Best available data suggest that up to one-third of hospitalized patients will experi-
ence fevers (99) that are commonly noninfectious (100,101). Although nosocomial
fever prolongs length of stay, it is not a predictor of mortality (100). Management
of nosocomial fever remains controversial. Most authorities recommend antibiotic
restraint in stable patients pending the results of a thorough evaluation for the cause
of the fever. However, empiric antibiotics should be started promptly in most
patients in whom fever is associated with significant immunosuppression (e.g., asplenia
and neutropenia) or hemodynamic instability (102). Many ICU patients are difficult
to examine thoroughly because of tubes, lines, and other acute-care paraphernalia,
and clinical clues ordinarily obtained by history may not be available because of
intubation, sedation, coma, or other circumstances that interfere with patient com-
munication. Numerous medications have been associated with fever; intramuscular
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administration may also result in temperature rise (103). Most cases are not asso-
ciated with hypersensitivity reactions. Among antibiotics, b-lactams, sulfonamides,
and the amphotericins most commonly cause fever. Sulfonamide-induced fever is
especially common in HIV-infected patients. In contrast, fluoroquinolones and ami-
noglycosides are unusual causes of drug-related fever. In the opinion of the authors,
neither the degree nor characteristics of the fever help define its cause. Fever of both
infectious and noninfectious etiologies may be high-grade, intermittent, or recurrent
(104). Rigors may occasionally be noted with noninfectious causes of fever and serve
only to define the rate of temperature rise.

Diagnosis of drug fever is made on the basis of a strong clinical suspicion,
excluding other causes, and resolution of fever following discontinuation of
the offending agent. A clinical ‘‘pearl’’ is that the patient frequently appears better
than the physician would suspect after seeing the fever curve. The presence of rash
and/or eosinophilia also favors this diagnosis. Resolution of fever after the offend-
ing agent is discontinued can take days, because it depends upon the rate of the
agent’s metabolism.

ANTIBIOTIC-ASSOCIATED DIARRHEA AND COLITIS

Since antibiotics first became available, it has been recognized that these products
can cause diarrhea. In the ICU, additional causes of diarrhea include nutritional
supplementation, other medications, underlying diseases, and ischemic bowel.
In addition to being a nuisance, antibiotic-associated diarrhea can result in fluid
and electrolyte disturbances, blood loss, and, when associated with colitis, occasional
bowel perforation and death. Early recognition of antibiotic-associated diarrhea is
important because prompt treatment can often minimize morbidity and prevent
the rare fatality.

The relationship between antibiotic administration, diarrhea, and the presence
of Clostridium difficile in the colon was first reported in the late 1970s (105,106).
Antibiotic use changes the colonic flora allowing the overgrowth of C. difficile. This
organism then causes diarrhea by releasing toxins A and B, which promote epithelial
cell apoptosis, inflammation, and secretion of fluid into the colon. C. difficile is
currently the most common identifiable cause of nosocomial diarrhea. However,
no more than 25% of all cases of antibiotic-associated diarrhea are caused by this
organism (107). Rates vary dramatically among hospitals and within different areas
of the same institution ranging from less than 1 in 1000 admissions to more than
30 per 1000 discharges (108).

Although virtually all antibiotics have been implicated, the most common
causes of C. difficile diarrhea are ampicillin or amoxicillin, cephalosporins, and
clindamycin (109–112). Because they are inactive against most colonic anaerobes,
aminoglycosides, and trimethoprim–sulfamethoxazole are less likely to cause
C. difficile diarrhea. Nosocomial acquisition of this organism is the most likely
reason for patients to harbor it (113,114). Hospital sources of C. difficile include
hands of personnel, inanimate environmental surfaces, and asymptomatic patient
carriers (110,111). In addition to antibiotic use, risk factors for acquisition include
cancer chemotherapy, severity of illness, and duration of hospitalization. For all
of these reasons, the ICU is an important site of antibiotic-associated diarrhea
and colitis.
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The clinical presentation of antibiotic-associated colitis is highly variable,
ranging from asymptomatic carriage to septic shock. Secondary bacteremia has been
reported (115). In adults, diarrhea is the most common symptom. Time of onset of
diarrhea is variable, and may be noted weeks after a course of antibiotic has been
completed. Most commonly, diarrhea begins within the first week of antibiotic
administration. More severe cases are associated with the presence of pseudomem-
branous colitis. Unusual presentations of this disease include acute abdominal pain,
fever, or leukocytosis with minimal or no diarrhea (116). On occasion, the presenting
feature may be intestinal perforation or septic shock (117).

In the critical care setting, diagnosis of antibiotic-associated diarrhea, pseudo-
membranous colitis, and toxic megacolon is complicated by numerous factors.
Adequate history and physical examination may be unobtainable because of patient
sedation, coma, or medical paralysis. Similarly, critically ill patients may have
numerous other reasons for diarrhea, abdominal pain, fever, or leukocytosis. Inves-
tigations have demonstrated that the following clinical predictors can be used to help
identify C. difficile colitis: onset of diarrhea more than 6 days after initiation of
antibiotics, hospital stay more than 15 days, fecal leukocytes on microscopy, and
the presence of semiformed (as opposed to watery) stools (118). Validation of this
model in the critical care setting is needed.

Antibiotic-associated diarrhea and colitis should be suspected in all ICU
patients who have received antimicrobial agents and who present with diarrhea
and/or abdominal pain and tenderness. Their role in severe abdominal events should
be suspected; in patients with abdominal pain, workup for C. difficile colitis
should ideally be performed prior to abdominal surgery. Diagnosis is usually made
by the less-sensitive (�67%) rapid enzyme immunoassay or a more sensitive (�90%)
but slower tissue culture assay (119). The finding of pseudomembranes on sigmoido-
scopy is also diagnostic and can negate the need for exploratory laparotomy.

Optimal therapy of C. difficile diarrhea/colitis depends to a large extent
on clinical presentation, severity of disease, and need for ongoing antimicrobial
therapy. Antiperistaltic agents should be avoided (120). If feasible, the offending
antibiotic should be discontinued. In mild cases this may suffice, and specific anti-
biotic therapy for C. difficile may be unnecessary. In many instances, however,
patients in the ICU require ongoing antibiotic therapy. When antibiotics are indi-
cated, the offender can be replaced by an agent less likely to be associated with this
condition (121).

Oral metronidazole is the agent of choice for most patients sick enough to
require treatment (110,111,121). Metronidazole is recommended for initial therapy
because it is far less expensive than oral vancomycin and less likely to promote colo-
nization with vancomycin-resistant enterococci. A prospective investigation compar-
ing oral metronidazole and vancomycin found no significant differences in either rate
of improvement, relapse, or recurrent colonization with C. difficile (122). Metronida-
zole is the only agent that may be efficacious parenterally (123); vancomycin given
intravenously is not secreted into the gut. Metronidazole therefore plays a preemi-
nent role in critically ill patients when problems with GI absorption preclude oral
or nasogastric treatments. In especially severe cases, patients can be treated with
the combination of high-dose intravenous metronidazole and nasogastric or rectal
infusions of vancomycin. Although therapy with other agents administered per rec-
tum has been promulgated, this approach has not been compared directly to other
standard regimens.
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ANTIBIOTIC-RESISTANT SUPERINFECTIONS

In the ICU, the use of antibiotics can predispose recipients to colonization and
infection with methicillin-resistant Staphylococcus aureus, vancomycin-resistant Enter-
ococcus (mostly Enterococcus faecium), multidrug-resistant gram-negative bacilli, and
fungi. Detailed discussion of these superinfections is beyond the scope of this chapter.

SUMMARY

Antibiotics are commonly used in the ICU. Adverse effects are regularly encountered
and must be anticipated. The problem is complicated by the multiplicity of medica-
tions and underlying conditions in most ICU patients that affect the presentation
and management of adverse reactions. When possible, the intensivist should employ
the fewest number of antibiotics necessary, choosing those least likely to cause
adverse reactions.
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INTRODUCTION

In no place throughout clinical medicine is the role of antibiotics more important
than in the severely injured patient. Judicious and appropriate antibiotics are impor-
tant for preventive indications when the traumatized patient requires a surgical
procedure. Specific antibiotic therapy is necessary when infectious complications
occur at the site of injury. Nosocomial infections occur at numerous locations during
critical care management and during the prolonged convalescence of these patients
and require antimicrobial chemotherapy. In the patient with an injury-severity score
>30, antibiotics are employed frequently during the hospitalization and the emer-
gence of resistant and unusual pathogens make the appropriate management of the
infectious complications in these patients a formidable challenge.

The principles in the utilization of antibiotics for different indications in the
trauma patient have become established over the last several decades. For preven-
tive indications, the antibiotic should be given immediately prior (<60 min) to the
skin incision. The antibiotic should be able to act against the likely pathogens to
be encountered in the procedure. Prolonged preventive antibiotics administered after
the procedure do not benefit the patient and should be stopped within 24 hours
of the procedure. Infections that occur at the site of traumatic injury require antibio-
tic therapy against the clinically suspected and the culture-documented pathogens, in
conjunction with aggressive surgical drainage and debridement of the primary
focus of infection. Because of the impact of the critical care unit, hospital microflora,
and antecedent antibiotic treatment, nosocomial infections will notoriously be sec-
ondary to resistant organisms and must have susceptible evidence to guide choices
of treatment.

While the above principles in the use of antibiotics are generally accepted,
infection continues to be the major cause of death for injured patients without severe
head injury who survive the initial 48 hours following the insult. The reasons for
deaths due to infections in the face of optimum antibiotic utilization are; (i) the mag-
nitude of contamination exceeds the capacity of the host and therapy to control,
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(ii) profound immunosuppression is associated with the injury, and (iii) antimicro-
bial resistance produces an array of pathogens that become very elusive to treatment.

Another consideration that should be contemplated is whether the patho-
physiologic changes of the severely injured patient create a clinical scenario where
conventional antibiotic strategies may fail. Failure may have inappropriate dosing as
a contributing factor, because the conventional dosing strategies that are employed
with the utilization of systemic antibiotics are inadequate. This chapter will detail
the systemic changes that are the result of the systemic activation of the human
inflammatory cascade, and also why these changes require a reassessment of antibio-
tic dosing strategies in febrile multiple trauma patients.

NORMAL PHARMACOKINETICS OF ANTIBIOTICS

The study of the biological processes which ultimately determine antibiotic con-
centrationat theeffector site is referredtoaspharmacokinetics.Thebiologicalprocesses
that comprise pharmacokinetics include absorption, volume of distribution, biotrans-
formation, and drug excretion. For antibiotics, the quantitative evaluation of each of
these components is used to design the dose and the treatment interval that will be
employed for clinical trials and subsequent use of the drug. The clear objective of
pharmacokinetic assessment is to provide antibiotic concentrations that will ensure
activity against the likely pathogens that are consistent with quantitative suscepti-
bility information. A second objective is to maintain antibiotic concentrations
within nontoxic limits. In the process of drug development, antibiotics are studied
in healthy, normal volunteers. Even in the phase 3 prospective, randomized trials,
the severity of illness that is evaluated with a new antibiotic product is not extreme.
It is a fact that phase 3 trials of peritonitis customarily study perforative appendi-
citis patients. The studies are geared to have few if any deaths, and obviously, the
studies are aimed at having no differences in the clinical outcomes. Only when new
antibiotics are approved for use is there a meaningful trial of the drug in a critically
ill population.

Absorption of antibiotics that will be used in the multiple injury trauma patient
will be nearly 100% since all are given intravenously. This results in rapid distri-
bution of the drug throughout the body water compartments to which it will have
access. Intramuscular antibiotic administration would generally not be prudent in
the trauma patient because severe soft tissue injury, shock, and expanded interstitial
water volume would make systemic uptake less dependable. Oral antibiotics gener-
ally do not have a place in trauma patients during hospitalization because many will
have nasogastric tubes in place or may have postinjury gastrointestinal ileus. The
favorable bioavailability of quinolones, linezolid, and perhaps others that are in
development may result in some reevaluation of the use of oral antibiotics in hos-
pitalized trauma patients. Utilization of the gastrointestinal tract for nutritional
support has been very effective in many trauma patients, and the intestinal tract
may evolve as a route for the administration of antibiotics.

The distribution of the antibiotic after administration becomes a critically
important issue. Each antibiotic has a unique volume of body water that it accesses
following intravenous administration. The physiochemical properties of the drug,
which govern the distribution in the patient, include the electrical charge of the
molecule in solution, its solubility, its movement through cell membranes of different
tissues, its lipophobic or lipophilic character, and whether metabolism is a requirement
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for elimination from the body. The distribution of the drug in body water is further
modified by its degree of protein binding, because highly bound drugs will function-
ally be restricted in the extracellular water volume.

Unique features of the patient will also affect the distribution of the antibiotic
and accordingly its concentration in serum. Cardiac output, regional blood flow, and
the volumes of intravenous fluids that are administered will change elimination
and distribution. The route of drug elimination may be adversely affected by either
preexisting or acquired abnormalities of renal or hepatic function. Disease processes
affecting protein concentrations in plasma will particularly impact the drug that is
highly protein bound.

In Figure 1, the concentrations of a hypothetical antibiotic in the serum of a
patient are illustrated after intravenous administration. A rapid peak concentration
is achieved, which is largely dictated by the rate of infusion. The distribution of the
drug throughout the various compartments and tissues that are accessed result in an
equilibrium concentration, and from that point the elimination of the drug proceeds
in a consistent fashion. A semi-logarithm plot is used for the concentration at each
time point and this yields a linear configuration to the elimination plot. Extrapola-
tion of the semi-logarithm elimination plot to time-zero permits calculation of the
volume of distribution (Vd) of the drug in this specific set of clinical circumstances.
The volume of distribution equals the total dose of drug given (D) divided by the

Figure 1 Illustrates the clearance curve of a theoretical antibiotic. The ordinate is the anti-
biotic concentration expressed in log10. The abscissa is time in hours. A, represents the peak
concentration after intravenous administration. B, represents the maximum concentration
after full equilibration of the antibiotic with all body water compartments to which that drug
has access. C, is the concentration of the antibiotic after one T1/2. D, is the concentration after
the second T1/2. E is the time intercept when the concentration of the drug reaches the MIC
for the target organism that would be treated with the antibiotic being studied. To is the extra-
polated concentration of the drug assuming full equilibration of the entire administered dose
and without any elimination. From To and the dose of administration, the Vd can be calcu-
lated. Vd is a theoretical calculation that can be influenced by factors other than the actual
body water of drug distribution. Thus, this calculated variable may actually be greater than
total body water (>0.6 L/kg). Abbreviation: MIC, minimum inhibitory concentration.
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time-zero theoretical concentration [T0], or D/[T0]¼Vd. Thus, 1 g of an antibiotic
(1� 106 mg) with an extrapolated [T0]¼ 50 mg/mL results in a Vd¼ 20,000 m, or
20 L. In an 80 kg patient, this would customarily be expressed as 0.25 L/kg.

The linear configuration of drug elimination over time permits the calculation
of the biological elimination half-life (T1/2). The T1/2 is the period of time required
for the equilibrated plasma concentration of the drug to decline by 50%. The expecta-
tion is that the plasma concentration reflects the dynamic processes of equilibration
of the central pool (i.e., plasma) with the multiple different pools and compartments
in which the drug is present. Antibiotics are generally considered to have a single
T1/2 that describes elimination of the drug, but some may have a second T1/2 that
describes clearance at low concentrations.

Knowledge of the Vd and T1/2 allows the design of dosage and dosage intervals
for the antibiotic. If our theoretical drug in Figure 1 was deemed to have toxicity at
concentrations above 80 mg /mL, then it would be desirable to have the concentra-
tion below that threshold for the treatment interval. Furthermore, the treatment
interval between individual doses requires an understanding of the rate at which con-
centrations of the drug decline and the minimum inhibitory concentration (MIC) of
the drug against the likely pathogens that would be encountered. If the MIC for
likely pathogens was 5 mg/mL, and the T1/2 of our drug was two hours, then four
T1/2 would give a drug plasma concentration of 6.25 mg/mL which remains above
the target MIC. Thus, a rational configuration of the use of this drug would be a
1 g dose that was repeated every eight hours. This theoretical design obviously
assumes that maintenance of the drug concentration must be above the MIC at all
time intervals. The postantibiotic effect is seen where certain antibiotics (e.g., amino-
glycosides) bind irreversibly to bacterial cell targets (e.g., ribosomes), and the action
of the antibiotic persists after the therapeutic concentration is no longer present.
Antibiotics with a significant postantibiotic effect can have treatment intervals that
are greater than would be predicted by the above model. Nevertheless, the above
strategy is generally used for the design of the therapeutic application of drugs in
clinical trials. The design is derived from studies conducted in healthy volunteers
and clinical trials are generally performed in patients without critical illness.

Biotransformation is the process by which the parent drug molecule is meta-
bolized following infusion. Some antibiotics require biotransformation to exhibit
antimicrobial activity (e.g., clindamycin), and others will have metabolism result
in inactivity of the drug, while still others may have both the parent drug and the
metabolite with retained biological activity (e.g., cefotaxime).

Biotransformation may occur via a number of pathways, although, hepatic meta-
bolism is most common. Biotransformation may occur within the gastrointestinal
tract, the kidney epithelium, the lungs, and even within the plasma itself. Hepatic bio-
transformation may result in the metabolite being released within the blood, resulting
commonly in attenuation of action and facilitation of elimination via the kidney. Hepa-
tic metabolism may result in the inactivated metabolite being eliminated within the bile.

Clearly, abnormalities within the organ responsible for biotransformation will
affect the process. Intrinsic hepatic disease from cirrhosis will alter hepatic biotransfor-
mation. The cytochrome P-450 system requires molecular oxygen; therefore, poor
perfusion or oxygenation of the liver from any cause will impact hepatic metabolism
of specific drugs. Cytochrome P-450 may be induced by other drugs or be competitively
inhibited. Drug interaction becomes yet another variable to influence concentration.

Excretion of the antibiotic occurs with or without biotransformation. Some
drugs are eliminated unchanged by the kidney into the urine, or excreted by the liver
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into the bile. The rate of elimination of the unchanged drug directly affects the T1/2.
Excretion of unchanged drug via the biliary tract, which in turn can be reabsorbed,
may create an enterohepatic circulation that results in prolonged drug presence in
the patient. When either the intact drug or metabolic product is dependent on a spe-
cific organ system for elimination, intrinsic disease becomes an important variable in
the overall pharmacokinetic profile.

PATHOPHYSIOLOGY OF INJURY AND FEVER

The extreme model to characterize abnormal pharmacokinetics for any drug used in
patient care would be in the febrile, multiple system injury patient. Extensive torso
and extremity injuries result in soft tissue injuries that activate the human systemic
inflammatory response. This requires extensive volume resuscitation for mainte-
nance of intravascular volume and tissue perfusion. Extensive tissue injury results
in tissue contamination. Blunt chest trauma requires intubation and prolonged
ventilator support. The injuries lead to prolonged incapacitation and recumbence.
The patients are immunosuppressed from the extensive injuries, transfusions, and
protein-calorie malnutrition. Infection becomes the second wave of activation of sys-
temic inflammation. Infection becomes a complication at the sites of injury, at the
surgical sites of therapeutic interventions, and as nosocomial complications at sites
remote from the injuries. Fever and hypermetabolism are common and add an
additional compounding variable at a time when antimicrobial treatment is most
important in the patient’s outcome. Antibiotics are invariably used in the febrile,
multiple injured patient, but they are dosed and redosed using the model of healthy
volunteers initially employed in the development of the drug. Are antibiotics dosed
in accordance with the pathophysiologic changes of the injury and febrile state?

Extensive tissue injury and invasive soft tissue infection share the common con-
sequence of activating local and systemic inflammatory pathways. The initiator
events of human inflammation include the activation of; (i) the coagulation cascade,
(ii) platelets, (iii) mast cells, (iv) the bradykinin pathway, and (v) the complement cas-
cade. The immediate consequence of the activation of these five initiator events is the
vasoactive phase of acute inflammation. The release of both nitric oxide–dependent
(bradykinin) and –independent (histamine) pathways result in relaxation of vascular
smooth muscle, vasodilation of the microcirculation, increased vascular capacitance,
increased vascular permeability, and extensive movement of plasma proteins and fluid
into the interstitial space (i.e., edema). The expansion of intravascular capacitance
and the loss of oncotic pressure mean that the Vd for many drugs will be expanded.
Shock, injury and altered tissue perfusion have been associated with the loss of mem-
brane polarization, and the shift of sodium and water into the intracellular space. At
a theoretical level, there is abundant reason to anticipate that the conventional dos-
ing of antibiotics may be inadequate in these circumstances (Fig. 2).

The vascular changes of activation of the inflammatory cascade also result in the
relaxation of arteriolar smooth muscle and a reduction in systemic vascular resistance.
The reduction in systemic vascular resistance becomes a functional reduction in left
ventricular afterload, which combined with an appropriate preload resuscitation of
the severely injured patient leads to an increase in cardiac index. The hyperdynamic
circulation of the multiple trauma patients leads to the ‘‘flow’’ phase of the post-
resuscitative patient. Increased perfusion of the kidney and liver results in acceleration
of excretory functions and potential enhancement of drug elimination. It can be
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anticipated that T1/2 will be reduced. Subsequent organ failure from the ravages of
sustained sepsis results in impairment of drug elimination and prolongation of T1/2.

Severe injury results in the infiltration of the soft tissues with neutrophils and
monocytes as part of the phagocytic phase of the inflammatory response. Proinflam-
matory cytokine signals are released from the phagocytic cells, from activated mast
cells, and from other cell populations. The circulation of these proinflammatory
signals leads to a febrile response with or without infection. The febrile response
is associated with systemic hypermetabolism, and autonomic and neuroendocrine
changes that further amplify the systemic dyshomeostasis. Proinflammatory
signaling upregulates the synthesis of acute phase reactants and downregulates the
synthesis of albumen, which further impacts the restoration of oncotic pressure and
predictable drug pharmacokinetics. The summed effects of injury, fever, and the
sequela of systemic inflammation result in pathophysiologic alterations (Table 1) that
compromise the effectiveness of antibiotic therapy because of suboptimal dosing.

CLINICAL DATA

The discussion to this point has focused upon the theoretical effects which the
pathophysiologic changes of multiple injury, fever, and systemic inflammation will
have on antibiotic pharmacokinetics. A review of the literature identifies a paucity
of clinical studies in this patient population, despite the fact that antibiotics are used
for a wide array of indications in these patients. The effects of pathophysiologic
changes upon antibiotic therapy will be cited among studies of critically ill patients
in the intensive care unit, and not exclusively in multiple trauma patients.

Figure 2 The influence upon the clearance curve of the theoretical antibiotic in Figure 1 of
an increase in extracellular and/or intracellular water in a trauma patient that has fever secon-
dary to invasive infection. The peak concentration A� and the equilibrated peak concentration
B� are less than those concentrations observed under normal circumstances. The To

� is redu-
ced because of the increase in Vd. In this model, the T1/2 has not changed, but the time point
where the drug concentration E � intercepts the MIC is 1.5 hours earlier (illustrated by the arrow)
than would ordinarily be the case (E ). Abbreviation: MIC, minimum inhibitory concentration.
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Preventive Antibiotics in the Injured Patient

Preventive antibiotics have been used for over 30 years in trauma patients (1). The
recognized principles of preoperative administration of an antibiotic with activity
against the likely pathogens to be encountered have been the hallmark of utilization
in this setting. However, trauma patients have blood loss and large volumes of resus-
citation in the period of time leading up to, and during, the operative intervention.
Sequestration of the resuscitation volume into injured tissue results, and the obli-
gatory expansion of the extracellular water volume contribute to a vastly expanded
Vd. Should antibiotic doses be modified in this clinical setting?

Ericsson et al. (2) studied penetrating abdominal trauma patients with a regimen
of preventive antibiotics that employed clindamycin and amikacin. In a limited num-
ber of preliminary study patients, they noted that conventional doses of 7.5 mg/kg
amikacin given preoperative resulted in suboptimal peak serum concentrations (13.5–
18.0 mg/mL) compared to effective therapeutic peak concentrations (25–28 mg/mL)
at 30 minutes after infusion when 11 mg/kg of the drug was administered.

The explanation for the lower antibiotic concentrations in the conventional
dosing regimen was found in the larger Vd and short T1/2 that were seen in the trauma
patients compared to normal controls. In a study of eight patients who averaged
37 years of age and had normal creatinines, each received between 6.7 to 11 mg/kg
of amikacin. The measured Vd was 20.9 L compared to the estimated normal of 14.3 L.
The T1/2 was measured at 1.9 hours and the estimated normal T1/2 for amikacin was
3.3 hours. Subsequent studies of an additional 28 trauma patients confirmed the
impact of the increased Vd and the increased elimination rates of the drug in
adversely affecting preventive antibiotic concentrations (3).

A prospective study examined the wound and intraabdominal infection rates of
penetrating abdominal trauma patients who received different doses of amikacin (2).
The data are illustrated in Table 2. Significantly, higher doses of amikacin resulted in
statistically reduced infection rates in all patients studied. Subgroup analysis indi-
cated that lower infection rates were identified in patients with high volume blood loss

Table 1 Pathophysiologic Changes of the Systemic Inflammatory Response that is Triggered
by Injury, Fever, and Sepsis

Pathophysiologic change Theoretical pharmacokinetic effect

Increase in extracellular water Increased volume of distribution; reduced peak
concentration; reduction in AUC

Increased intracellular water Increased volume of distribution; reduced peak
concentration; reduction in AUC

Change in vascular permeability Reduction in serum proteins; adverse effects upon
highly protein bound drugs.

Elevated cardiac output Increased hepatic and renal perfusion; reduction in
biological elimination half-life

Reduction in vascular resistance Reduced hepatic and renal perfusion, reduced drug
clearance

Systemic inflammatory response
syndrome

Endothelial damage, reduced microcirculatory flow,
hepatic and renal dysfunction and increased half-life
and drug clearance

Note: Each of the pathophysiologic parameters has a theoretical impact upon antibiotic pharmacokinetics.

Abbreviation: AUC, area under the curve.
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and in patients with injury severity scores >20. No improvement in infection rates
was seen in patients when colon injury was present, indicating that high inocula of
surgical site contamination cannot likely be overcome by preventive antibiotics. This
observed uncertainty about antibiotic pharmacokinetics in the setting of blood loss
and injury have led to some experimental investigation in the use of continuous infu-
sion of antibiotics as a means to overcome the problem. Another strategy has been
to simply not use potentially toxic agents like the aminoglycosides, but rather choose
b-lactam alternatives where toxicity concerns are minimized and larger doses can be
safely utilized.

The data which evaluates other antibiotics in preventive indications in trauma
patients is very limited. Rosemurgy et al. (4) studied ceftizoxime in 53 celiotomies of
trauma patients who received a conventional dose of preoperative antibiotic. They
identified lower antibiotic concentrations is selected patients in the recovery room,
and found that lower postoperative antibiotic concentrations was predictive of
postoperative infections. They identified blood loss, extensive intraoperative resus-
citation, and expanded Vd as likely causes for reduced postoperative antibiotic
concentrations and recommended consideration of increased preoperative dose of
preventive antibiotics.

Aminoglycosides

The aminoglycosides, more than any antibiotic group, have been studied most exten-
sively in the setting of critical illness. Nephro- and ototoxicity have been the driving
issues that have stimulated pharmacokinetic studies of the aminoglycosides. How-
ever, the data indicate that perhaps more patients have been underdosed than have
received toxic levels of these antibiotics. Given that gentamicin and the other amino-
glycosides have been demonstrated to have highly variable pharmacokinetics even
with patients who appear to have normal kidney function (5), it is not surprising that
physiologic changes of trauma and clinical fever will further compound an already
difficult situation.

Table 2 The Differences in Clinical Outcomes of Infection when 7.5 mg/kg of Amikacin is
Compared to 10 mg/kg of Amikacin in Trauma Patients with Penetrating Abdominal Trauma

Patient
characteristic 7.5 mg/kg (%) �10 mg/kg (%) p Comment

All patients 21/87 (24) 5/63 (8) <0.01 The dose does matter!
No colon injury 12/57 (21) 1/48 (2) <0.005 Small inoculum

responds well to
preventive drug

Colon injury 9/30 (30) 4/15 (27) N.S.a Large inoculum
eliminates
effectiveness

Blood loss >6 L 16/43 (37) 3/27 (11) <0.02 Loss of antibiotic?
ISSb >20 11/32 (34) 1/18 (6) <0.025 Large dose is

necessary for large
injuries

ISSb <20 10/55 (18) 4/45 (9) N.S.a May have been a type-
2 statistical error

aNot significant.
bInjury severity score.
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Niemiec et al. (6) studied 100 trauma and other surgical patients in the surgical
intensive care unit. All study patients received at least one aminoglycoside with the
majority receiving gentamicin or tobramycin. The Vd increased approximately 50%
greater than normal for this population with one patient demonstrating a threefold
increase. The T1/2 was highly variable with a range from 1.6 to 63 hours. T1/2 incre-
ased with age. Using individual patient pharmacokinetic parameters, adjustments in
gentamicin doses ranged from 1.4 to 15.5 mg/kg/day for these patients. In similar
studies by Reid et al. (7), both gentamicin and tobramycin were found to require
dramatic increases in dosing in the intensive care unit patients, largely due to
the increased Vd that was observed. In this latter study, drug elimination rates were
strongly influenced by the patient’s serum creatinine as a marker of clinical renal
function. Despite larger doses that were required, doses of the aminoglycosides were
given less frequently with patients having a creatinine above 1 mg/dL.

Summer et al. (8) studied 22 sepsis/septic shock patients following the admin-
istration of intravenous tobramycin at 2 mg/kg. They identified 59% of patients that
had blood concentration of the antibiotic that was significantly below expected con-
centrations. The expanded Vd was considered to be responsible for the low blood
concentrations.

Dasta and Armstrong (9) studied aminoglycoside pharmacokinetics in 181 cri-
tically ill patients in a surgical intensive care unit. The Vd was identified at 0.36 L/kg
which was 60% to 70% above expected normal. The T1/2 was highly variable with a
range of 1.1 to 69.3 hours. Additional studies have validated that the observations of
increased Vd and highly variable T1/2 are applicable to all of the aminoglycosides in
trauma (10) and intensive care unit patients (11).

Understanding these changes of aminoglycosides under circumstances of trauma,
fever, and critical illness should lead to pharmacokinetic dosing and changes in the
management of these patients. Zaske et al. (12) reported improved survival in burn
patients undergoing dosing changes to address the pharmacokinetic changes. Once-
daily dosing of aminoglycosides has become very common at present, but again
the pharmacokinetic observations have demonstrated that conventional doses will be
inadequate, especially for the younger trauma patient with normal renal function.

Vancomycin

Like the aminoglycosides, the pharmacokinetics of vancomycin is highly variable
among patients with normal renal function (13). Reid et al. (7) studied the pharma-
cokinetics of vancomycin in infected surgical intensive care unit patients. They
assumed and documented that the Vd of vancomycin was essentially that of total
body water, i.e., 0.6 L/kg. While the linear regression for Vd for vancomycin did
cluster about the 0.6 L/kg, the variability was quite high with an R2 for the relation-
ship only being 0.15. In selected cases, the Vd was so high that it actually exceeded
the theoretical maximum of 1.0 L/kg reflecting probable tissue binding the antibiotic.
Pharmacokinetic dosing required a 20% increase in the predicted dose of vanco-
mycin, but a 50% increase in the interval between doses which reflected a longer
T1/2 than expected.

Vancomycin pharmacodynamics in burn patients have been noted to be quite
variable. Rybak et al. (14) noted that Vd was quite variable, but only averaged about
10% more than control patients or intravenous drug abusers. Vancomycin clearance
was 143 mL/min in the burn patient which was more than twice as great as that seen in
control patients (68 mL/min). Vancomycin patients required larger and more frequent
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doses of the drug to achieve satisfactory peaks and troughs during therapy. The hyper-
dynamic circulation of the burn patient with normal kidney function was thought to be
the basis for accelerated drug clearance. Garrelts and Peterie (15) made similar observa-
tions with respect to a reduced T1/2 in burn patients receiving vancomycin.

b-Lactam Antibiotics

Studies of the cephalosporin antibiotics have been limited as many of the commonly
used drugs (e.g., cefazolin) have not been studied in trauma or febrile states. Virtu-
ally all have been in the third-generation group of cephalosporins. Van Dalen and
Vree (16) studied Vd and T1/2 in critically ill patients after the administration of
ceftriaxone, the most commonly employed third-generation cephalosporin. They
identified that the pharmacokinetics patterns were very similar to aminoglycosides
with an expanded Vd and wide interpatient variability in T1/2. They concluded that
unique nomograms needed to be developed to permit dosing of ceftriaxone that was
consistent with each patient’s unique severity of disease profile. Yet another study
demonstrated similar findings with a 90% increase in Vd and drug clearance was
increased in patients with normal renal function (17). Patients with diminished renal
function demonstrated a very prolonged T1/2 and posed a serious problem of poten-
tial drug accumulation.

Hanes et al. (18) studied ceftazidime in critically ill trauma patients. They
identified that the Vd increased from 0.21� 0.03 L/kg in healthy volunteers to
0.32� 0.14 L/kg in the trauma patients. It was felt that the large dose of the antibio-
tic (2 g every eight hours) overcame the pharmacokinetic changes in that only 8% of
patients had subtherapeutic serum concentrations beneath the MIC. Dailly et al. (19)
studied ceftazidime in burn patients who were not in the acute postinjury phase,
noted an increased Vd, and also identified lower clearance of the drug. They sug-
gested that the expanded Vd could serve as a reservoir for the drug and result in slow
return to the circulation, which would explain the reduced clearance. Gomez et al. (20)
noted a significantly increased Vd and an increased T1/2, but antibiotic clearance and
bioavailability (i.e., ‘‘area under the curve’’) were not changed. Angus et al. (21)
studied intermittent versus continuous infusion of ceftazidime in septic patients
and concluded that every eight hours dosing of the drug left the patient at-risk for
subtherapeutic concentrations because of the increased Vd. They concluded that
continuous infusion would prove to use less total drug and would insure reliable
therapeutic drug concentrations.

Cefepime is a commonly used antibiotic especially later in the trauma patient’s
course when fever and nosocomial infection are significant issues. Bonapace et al. (22)
studied 12 patients with burns (average of 36% total body surface) with suspected or
documented infection and found a reduction in concentrations due to increased Vd

and that doses of 1 g every eight hours, and 2 g every 12 hours resulted in blood con-
centrations above the MICs of organisms likely to be targeted by this drug. Lipman
et al. (23) studied 10 patients who were critically ill with sepsis and found that 80% of
trough levels were beneath the MIC50 for Pseudomonas aeruginosa. Kieft et al. (24)
studied cefopime in patients with the septic syndrome and identified nearly a doubling
of the Vd and a prolonged T1/2. They indicated that 2 g every 12 hours still resulted
in adequate trough concentrations for expected MICs of pathogens, and also noted a
widely variable pharmacokinetic profile in their patients, especially in the elderly.

The pharmacokinetics of aztreonam were studied in 28 critically ill, mostly
trauma patients, with gram-negative infections (25). The Vd was nearly doubled over
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anticipated values for this study population. The patients were a relatively young
group (age¼ 35 years) and received 2 g of aztreonam every six hours. Trough levels
were above the MICs of likely pathogens, despite the increase in Vd. The larger dose
of aztreonam was the likely reason that adverse effects were not seen from the
increase in Vd. McKindley et al. (26) similarly identified increased Vd in trauma
patients with pneumonia, and also identified prolongation of the T1/2.

Carbapenems

The carbapenem group of antibiotics is commonly used to treat infected trauma
patients, especially with hospital-acquired bacteria. The data with imipenem has been
quite variable. Boucher et al. (27) found that average Vd was comparable to controls
in patients with burns, but did note the highly variable observations in the burn
group. Dailly et al. (28) noted increased Vd and increased imipenem clearance rates in
burn patients. McKindley et al. (26) also noted increased Vd and significantly lower
plasma concentrations in trauma patients with pneumonia, while Belzberg et al. (29)
noted very unpredictable Vd and T1/2 in critically ill patients and that very high Vd

and low serum concentrations may contribute to treatment failures in this population
of patients. Fish et al. (30) made the unique observation of the efficient clearance of
imipenem by continuous venovenous hemofiltration and have indicated that this vari-
able in addition to pharmacokinetic changes may be an additional reason to increase
antibiotic administration. Similar pharmacokinetic observations were made with
meropenem (31). Vd and T1/2 tended to be similar to normal adult measurements
in surgical patients with intraabdominal infection and other surgical infections.

Quinolones

While specific data in the trauma patient are not available, the quinolone group of
antibiotics appear to follow a different pattern of pharmacokinetic change in the crit-
ically ill patient and can be anticipated to have a different pattern in the injured
patient as well. Lipman et al. (32) studied 18 critically ill patients for several days
into the patients’ treatment with ciprofloxacin. While normal volunteers will have
a Vd¼ 1.8 L/kg and a T1/2¼ 4–5 hours, adverse changes were not seen in severely
infected patients treated with ciprofloxacin. The Vd was 1.2–1.4 L/kg and T1/2 was
3.2 to 3.9 hours. Peak and trough concentrations did not appear to be influenced
by the septic state. These observations with ciprofloxacin were confirmed in patients
with intraabdominal infection (33).

Studies with levofloxacin in patients with critical illness (34) and with ventilator-
associated pneumonia (35) have similarly demonstrated no adverse changes in
pharmacokinetic profiles. The observation that the quinolone group of antibiotics
has very large Vd that exceeds total body water means that increases in extracellular
water volume have little impact. This potentially constitutes an advantage for this
group of antibiotics in the febrile, critically ill patient, and perhaps in the trauma
patient as well.

Linezolid

A significant number of reports have identified treatment failures for both methicillin-
sensitive and methicillin-resistant Staphylococcus aureus (MRSA) infections from
treatment with vancomycin (36–39). This has led to considerable interest in the
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identification of alternative antibiotic treatment for both community-associated and
hospital-acquired Staphylococcal infections. Linezolid is the first of a new class of
oxazolidinone antibiotics that appears to have a particular role in the treatment
of MRSA infections. The Vd of this drug in patients and normal volunteers has been
at 0.6–1.0 L/kg, which like the quinolones is a Vd that exceeds total body water.
T1/2 of four to seven hours has been reported. Whitehouse et al. (40) reported line-
zolid pharmacokinetics on 28 patients with gram-positive infections in the intensive
care unit. They found a Vd¼ 0.63 L/kg and T1/2¼ 2.6 hours. Trough concentrations
were adequate for the treatment of susceptible organisms. Of note, no modification
was necessary for either renal or hepatic dysfunction. The combined observations of
the quinolones and linezolid suggests that antibiotics with Vd that exceed total body
water are less likely to be adversely affected by physiologic changes of injury, critical
illness, and sepsis.

SUMMARY

The actual number of studies that have examined the febrile, multiple trauma patient
are only a few, and conclusions about pharmacokinetic changes in this population
must be extrapolated at this time from studies of intensive care unit patients, septic
patients, burn patients and others with critical illness. More clinical studies are
needed in this area. However, it is clear that antibiotic concentrations are adversely
affected for most drugs as the injured and septic patient progressively accumulates
‘‘third space’’ volume. The quinolones and perhaps linezolid are exceptions. Clear-
ance of antibiotics appears to be highly variable and clearly is influenced by drug
concentration changes, cardiac output changes, their influence upon kidney and liver
perfusion, and their effect upon the intrinsic coexistent dysfunction of the kidney or
liver. For most antibiotics used in the multiple trauma patients, it is likely that they
are underdosed and that inadequate antibiotic administration contributes to both
treatment failures and to emerging patterns of antimicrobial resistance. More studies
of antibiotic pharmacokinetics in the multisystem injured patient are necessary.
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INTRODUCTION

Overview of Antimicrobial Therapy in the CCU

Early empiric antimicrobial therapy is essential in the critical care unit (CCU)
because in many cases a specific diagnosis is not possible at the outset. For antimi-
crobial therapy to be effective, the patient has to have an infectious disease that is
amenable to antimicrobial therapy, and the therapy should be administered as soon
as possible to achieve maximum therapeutic effect. Antimicrobial therapy should be
directed at the most likely pathogens involved in the infectious process, which derive
from the flora of the focus of infection. It is obvious that antimicrobial therapy
should be administered as soon as possible to critically ill patients to achieve maxi-
mum therapeutic benefit. There are many infectious processes that require surgical
intervention in addition to appropriate antimicrobial therapy. Surgical intervention
is the primary therapeutic intervention when the patient’s infectious disease process is
based on the obstruction or perforation of a viscus, an abscess, or infected associated
material, i.e., central intravenous (IV) line, shunts, biliary or urethral stents, etc. In
all of these situations, antimicrobial therapy is adjunctive, and removal of an infected
device, relief of obstruction, correction of perforation, or abscess drainage should not
be delayed with the expectation that antimicrobial therapy alone can bring the
infection under control (1,2).

ANTIBIOTIC SELECTION IN THE CCU

Perspective on Antibiotic Therapy in the CCU

Antimicrobial therapy is usually administered intravenously initially to achieve rapid
onset of effect. Oral therapy may be used in some cases in the intensive care unit if
the process is not so acute that therapeutic blood levels achievable one hour after oral
therapy would be critical to the patient. In selecting an antibiotic to be administered
intravenously or orally, the clinician should take into account five different factors.
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Of prime importance is selecting an antibiotic with the appropriate spectrum relative
to the site of infection. If the spectrum is inappropriate, nothing else matters, and sub-
optimal therapy in terms of spectrum is not much better than no therapy at all. The
second consideration relates to pharmacokinetic (PK) or pharmacodynamic (PD)
considerations. PK/PD parameters have to do with selecting the optimal dose and
dosing frequency for the antibiotic selected. The most important consideration related
to PK/PD factors is the patient’s functional hepatic and renal capacity. PK/PD con-
siderations are also important in hosts with situations that would change the volume
of distribution (Vd), e.g., ascites, burns, etc., or relate to a difficult-to-penetrate tissue,
e.g., prostate and central nervous system (CNS). The next factor that should be taken
into account in selecting antimicrobial therapy is that of antimicrobial resistance.

Resistance potential of the antibiotic selected is often overlooked. Resistance
potential of an antibiotic is important because even though an antibiotic with a high
resistance potential that is selected may save the patient, it may cause long-lasting
and widespread resistance problems in the CCU and subsequently in the hospital.
The next consideration the clinician must take into account is the safety profile of the
antimicrobial being considered. Side effects may be considered as common and minor,
or infrequent but serious. Given a choice, the clinician should opt for the antimicrobial
with the best safety profile. If this is not possible, then selecting an antimicrobial with
a common but unimportant side effect is obviously preferable to selecting one with a rare
but serious potential adverse effect. With antibiotic selection, cost is a factor outside of
the CCU. The expense of a hospital stay in the CCU setting outweighs any cost differ-
entials between antimicrobial regimens in the seriously ill patient in the CCU (2–7).

Factors in Antibiotic Selection

Antimicrobial Spectrum

Selecting an antibiotic with appropriate spectrum is the critical determination in
selecting an antimicrobial for empiric therapy in the CCU setting. Each organ system
has a ‘‘normal flora,’’ which becomes the pathogenic flora when host defenses are dis-
rupted or breached. It is usually possible by history taking, physical examination, and
routine laboratory/radiologic tests to localize the site of infection to an anatomical
location. The commonest sites for sepsis in the CCU are intravascular gastrointestinal
(GI) tract or genitourinary (GU) tract (1–3).

Antibiotic Selection Based on the Site of Infection. The predictable pathogens
related to central IV-line infections are derivatives of skin pathogens, i.e., Staphylococcus
aureus, Staphylococcus epidermidis, coagulase-negative staphylococci, enterococci, or
aerobic gram-negative bacilli. Uropathogens associated with nosocomial urosepsis
include Pseudomonas aeruginosa, enterococci, and nonfermentative gram-negative
aerobic bacilli. With community-acquired urosepsis, the common coliforms or entero-
cocci are the most likely pathogens to be taken into account in selecting empiric
therapy for urosepsis. For intra-abdominal or pelvic sepsis, the organisms are related
to the site of infection in the GI tract. Excluding the biliary tract, whose pathogens
are Klebsiella, E. coli, or enterococci, infections of the liver, distal small bowel, colon,
or pelvis are due to Bacteroides fragilis and aerobic coliform bacilli (1,3).

Bacteriostatic or Bactericidal. It does not matter if the antibiotic selected is
bacteriostatic or bactericidal. Both bacteriostatic and bactericidal antibiotics kill at
the same rate. Bactericidal antibiotics have only been shown to have potential
advantage in febrile neutropenia, CNS infections, and bacterial endocarditis, and
even in these situations, there are exceptions in each category (1,8).
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Appropriate vs. Excessive Spectrum. Empiric antimicrobial therapy for criti-
cally ill patients in the CCU should have an appropriate but not excessive spectrum
of activity. Because empiric antimicrobial therapy is based on coverage of the most
likely pathogens, which is a function of the anatomical location of the site of infec-
tion, there is no need for excessively broad coverage. There is also no advantage in
narrowing the coverage after specific pathogens are identified later during hospitali-
zation, if the drug chosen initially was optimal (1,9,10).

PK/PD Considerations. For most critically ill patients in the CCU, PK/PD
considerations are as important as spectrum. Clearly, the usually recommended dose
is preferred, and underdosing could have an adverse effect on the patient in terms of
resistance or therapeutic failure (1,4).

Intravenous vs. Oral Dosing. The full recommended usual doses of antibiotics
administered intravenously are the preferred mode of administration for most
patients. Alternately, depending upon the PK attributes of the drug, some antibiotics
may be administered intramuscularly, if the patient is not in shock. Even critically ill
patients in the CCU have normal or near-normal GI absorption, permitting the
administration of antibiotics via nasogastric (NG) tubes. Giving patients in the
CCU setting antibiotics via an NG tube is acceptable, if achieving therapeutic blood
levels in one hour versus 30 minutes is a critical consideration. Critically ill patients
absorb efficiently through the proximal GI track, but not through intramuscularly
administered antibiotics. Clearly, only certain antibiotics are available for IV admin-
istration, which limits the antibiotic selection to those agents available in pill or cap-
sule form, which can be crushed/solubilized and administered via the nasogastric
tube. The majority of patients in the CCU with non-CNS infections do well with
optimal dosing/dosing interval administered in an appropriate fashion (1,11).

CNS Infection and CSF Penetration. In certain situations, PK/PD factors are
important in the selection of an antimicrobial agent, i.e., CNS infections. Patients in
the CCU for meningitis or brain abscess should be treated with an antibiotic with first,
an appropriate spectrum, and second, that penetrates the CNS with normal or high
dose. Clinicians should be familiar with the CNS penetrance of various antibiotics
in terms of achievable cerebrospinal fluid (CSF) concentrations in relationship to
simultaneous serum levels. Some antibiotics, even in the presence of inflammation,
do not achieve therapeutic concentration in the CSF and should obviously not be used
for CNS infections. Other agents, e.g., meropenem 2 g (IV) q8h¼meningeal dose ver-
sus 1 g (IV) q8h¼ usual dose; cefepime 2 g (IV) q8h¼meningeal dose versus 2 g (IV)
q12h¼ usual dose, can be administered at ‘‘meningeal doses,’’ which permit therapeu-
tic CNS penetration.

Certain antibiotics penetrate the CSF in the presence or absence of meningeal
inflammation. For this reason, they achieve therapeutic CNS/CSF concentrations even
with normal dosing, i.e., chloramphenicol, TMP-SMX, doxycycline, minocycline,
metronidazole, and acyclovir. Other antibiotics may require not only meningeal dosing
but also intrathecal (IT) dosing to achieve adequate CSF levels, e.g., vancomycin
(30–60 mg/kg/day (IV)� IT dose 20 mg/day versus usual dosing (15 mg/kg/day) (1,11).

Dosing in Renal or Hepatic Insufficiency. Dosing recommendations are
usually for adult patients with normal hepatic and renal function. There are no
good tests of hepatic function as exist for renal function, i.e., serum creatinine or
creatinine clearance. If empiric antimicrobial therapy is selected with a drug that
is primarily hepatically eliminated, and given to a patient with severe liver disease,
there are two therapeutic options. The clinician can either decrease the dose of the
drug by half per day, or use an alternate renally eliminated antibiotic with the same
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spectrum of activity. In patients with renal insufficiency or renal failure, the initial
dose given is the same as in patients with intact renal function. In patients with renal
insufficiency, it is the maintenance dose and not the initial dose, which must be
decreased in proportion to the creatinine clearance. For example, the usual dose of van-
comycin for non-CNS infections is 1 g (IV) q12h (15 mg/kg/day). In patients with renal
insufficiency, beginning empiric treatment with vancomycin intravenously, an initial 1 g
dose should be given, which is the usual dose in patients with normal renal function.
The subsequent dose depends on the degree of renal insufficiency as determined by
the creatinine clearance. Because vancomycin’s elimination is directly proportional
to the GFR as measured by the creatinine clearance, vancomycin dosage should be
decreased in proportion to the patient’s renal function. In decreasing the maintenance
dose of renally eliminated drugs in renal insufficiency, the dose may be decreased for
mild renal insufficiency, the interval may be increased in moderate renal insufficiency
and in severe renal insufficiency, the dose or interval should be decreased (1,12–16).

Dosing in Renal Failure on Hemodialysis or Peritoneal Dialysis. The protein
binding (percent) and Vd in addition to the peak serum concentrations and molecular
size are the primary determinants of dialyzability. Traditionally, patients on hepati-
cally eliminated antibiotics are not dialyzable and the doses do not need to be
decreased in renal failure and a postdialysis dose does not have to be administered.
In patients with renal insufficiency being given renally eliminated antibiotics, the daily
dose should be decreased in direct proportion to the renal dysfunction. The PK param-
eters determine whether a posthemodialysis (HD) or postperitoneal dialysis (PD)
supplementary dose needs to be given. In such cases, the dosing between the dialyses
should be based on the patient’s renal insufficiency or creatinine clearance. In addition,
whenever dialysis occurs, a post-HD or -PD dose needs to be given (1,12,13).

Other Dosing Considerations. Other situations where PK/PD factors need
to be taken into account are in burn patients and in those with massive ascites. Most
antibiotics do not penetrate into well-encapsulated abscesses. The treatment for well-
encapsulated abscesses is antimicrobial therapy appropriate for the location of the
abscess, and if found early may still be in the phlegmon stage before the abscess
becomes encapsulated. Before the phlegmon stage, antibiotics may penetrate into
the area and sterilize/contain the infectious process. Once the abscess is well formed
and surrounded by a thick wall, antimicrobial therapy is suppressive or adjunctive,
but percutaneous or surgical drainage will be needed for a cure (17–20).

Antibiotic Resistance Potential

Overview of Resistance. The antibiotics selected for empiric therapy in the CCU
should take into account the resistance potential of the antibiotic. While the initial goal is
to control the infection in the individual patient, the long-term goal of therapy is to mini-
mize the emergence of resistance in the CCU environment by careful antibiotic selection.
Antibiotic resistance may occur on the basis of clonal spread or may be induced by
certain antimicrobials. The clonal spread of resistance can be interrupted by effective
infection control measures. Clonally spread resistance of the same strain is not a function
of antibiotic use. Antibiotic resistance, which is related to antibiotic use, occurs with all
antibiotic classes, but only certain antibiotics within each class are responsible for the
resistance problems associated with each class. Volume of antibiotic used per se does
not cause resistance problems unless the antibiotic being used has a high resistance
potential. Antibiotics with a low resistance potential can be used with great intensity over
long periods of time and not result in problems with antimicrobial resistance (2,4,21,22).
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Low vs. High Resistance Potential Antibiotics. Using third-generation cepha-
losporins as an example, there are five third-generation cephalosporin antibiotics
that have been in widespread use worldwide. Descriptions of resistance related to
third-generation cephalosporins either consider the class as a group, which is incor-
rect, or correctly analyze the contribution of each member as related to the resistance
attributes of the group. Given the large body of literature on resistance among third-
generation cephalosporins, a careful analysis reveals that there has been no clinically
significant resistance to cefotaxime, ceftizoxime, cefoperazone, or ceftriaxone over
the last several decades. The only third-generation cephalosporin associated with
resistance problems has been and continues to be ceftazidime. Therefore, it can be
said that all of the third-generation cephalosporins have a low resistance potential
except ceftazidime, which should be viewed as having a high resistance potential. The
resistance associated with ceftazidime is primarily related to Pseudomonas aeruginosa
and to a lesser extent Klebsiella and Enterobacter species. In the CCU setting, unless
there is no other antibiotic available besides ceftazidime, clinicians should opt for
another cephalosporin with anti–P. aeruginosa activity, e.g., cefoperazone, or the
fourth-generation cephalosporin, cefepime; alternately, the clinician could opt for a
monobactam with antipseudomonal activity, e.g., aztreonam, a carbapenem with
anti–P. aeruginosa activity, i.e., meropenem, an aminoglycoside, e.g., amikacin, or
polymyxin B. All other things being equal, try to avoid using antibiotics with a high
resistance potential (23–25).

Ceftazidime has the other unfortunate attribute of increasing the prevalence of
methicillin resistant Staphyloccus aureus (MRSA) in institutions where it is used
extensively. Alternate therapy for P. aeruginosa has been described, (vide supra).
Other alternatives in the CCU for S. pneumoniae with a low resistance potential
include ‘‘respiratory quinolones,’’ i.e., levofloxacin, moxifloxacin, gatifloxacin, or cefe-
pime, meropenem, ertapenem, etc. Imipenem is another commonly used antibiotic in
the CCU setting with a high resistance potential, i.e., P. aeruginosa. With respect to
P. aeruginosa, there are other alternatives to use empirically or specifically in treating
P. aeruginosa infections. If a carbapenem for anti–P. aeruginosa use is selected, then
meropenem is the preferred choice. Imipenem, shares with ceftazidime the propensity
for increasing MRSA prevalence (20,26–32).

Although antibiotics may be considered as having a high or low resistance
potential with respect to selected organisms, it does not mean that the individual
use of such agents will invariably result in resistance. It does mean that low resistance
antibiotics used in high volume over long periods of time are exceedingly unlikely to
develop resistance problems, if other factors are kept constant. Antibiotics with a
high resistance potential are likely to develop resistance problems, even if used in
low volume for either short or long periods of time. Because the therapeutic
armamentarium is so extensive at the present time, it is almost always possible to
opt for a low resistance potential antibiotic (1,4).

Antibiotic Side Effects

Overview of Antibiotic Side Effects in the CCU. Patients who are critically ill
in the CCU do not need superimposed problems of antibiotic adverse effects added
to their already serious problems. As with antimicrobial resistance, if the choice is
between agents where the only difference has to do with safety profile, then the
clinician should opt for the agent with the superior safety profile. The application
of the safety profile to the patient profile also needs to be taken into consideration.
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For example, it makes little sense to avoid using drugs that are potentially nephro-
toxic in a patient with no renal function on HD. It would also make no sense to treat
a patient who had ischemic colitis with a drug that could cause C. difficile colitis, e.g.,
clindamycin. These two situations aside, the clinician should select a drug that has a
good safety profile. In situations where clinicians must choose between an antibiotic
with a common but mild side effect and one with an infrequent but potentially ser-
ious side effect, the clinician should obviously opt for the lesser of two evils. The
commonest related side effects in CCU patients include antibiotic-associated diar-
rhea, chemical phlebitis related to IV therapy, seizures, and drug hypersensitivity
reactions (33).

Anaphylaxis and Nonanaphylactoid Reactions. Allergic history will determine
the likelihood of the patient having a reaction to penicillin. The clinician should deter-
mine, if possible, if the reaction to penicillin is anaphylactoid or nonanaphylactoid.
Patients who have had nonanaphylactoid reactions to penicillin may safely be given
b-lactam antibiotics. If an allergic reaction occurs in such patients, the reaction will
be of the same type and order of magnitude as had occurred previously, e.g., rash
or drug fever. Patients who have had anaphylactic reactions to penicillins should be
given drugs, which are antigenically unrelated to b-lactams. Ideal drugs to treat
patients with anaphylactic or nonanaphylactic allergies to b-lactams are the mono-
bactams and carbapenems. It is a common clinical misconception that because
carbapenems bear structural similarity to b-lactam antibiotics, they are antigenically
similar, which they are not. If a patient has anaphylactic reaction to penicillin or
b-lactam, then carbapenems, particularly meropenem, may be used with confidence
and safety without risk of cross reactions (6,34–36).

Phlebitis. Antimicrobials that have been associated with venous phlebitis
should not be used in preference to those not associated with phlebitis problems.
Commonly, chemical phlebitis is related to administering the antimicrobial too
quickly or in an inadequate volume, and is not related to the drug per se (1,11).

C. difficile Diarrhea or Colitis. C. difficile diarrhea is the commonest cause of
nosocomial diarrhea. In the CCU, the commonest cause of hospital-acquired diar-
rhea is overzealous enteral feeds, not C. difficile. C. difficile diarrhea is common in
the CCU, as is C. difficile colitis. Patients in the CCU who develop diarrhea should
be considered as having C. difficile diarrhea until proven otherwise, and placed on
appropriate precautions and treated with an anti–C. difficile diarrhea agent pending
C. difficile stool toxin testing. If the patient is subsequently found not to have C. dif-
ficile diarrhea, the anti-C. difficile antibiotic may be discontinued. If the patient has
diarrhea due to the enteral feed, this may be demonstrated by decreasing greatly or
stopping the enteral feed for 24 hours. If the patient’s diarrhea is due to the enteral
feed, it will decrease or stop when the enteral feed is cut back or stopped. The high
hourly volume of the enteral feed may be at fault, or the patient may need to be
switched to an alternate enteral feed preparation to solve the problem. Patients with
C. difficile colitis almost always follow inadequately recognized or treated C. difficile
diarrhea. C. difficile colitis may be suspected in patients with C. difficile diarrhea, if
the diarrhea abruptly stops, the patient suddenly develops a temperature of �102�F,
or the patient develops otherwise unexplained acute abdominal pain. Antibiotics are
not equal in their C. difficile diarrhea potential. As with antibiotic resistance, indi-
vidual agents rather than certain classes predispose to C. difficile diarrhea or colitis.
Clindamycin and b-lactam antibiotics and, to a lesser extent, the quinolones are the
common causes of C. difficile diarrhea among antibiotics that would be used in the
CCU setting. Certain antibiotics are rarely, if ever, associated with C. difficile
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diarrhea or colitis, i.e., carbapenems, doxycycline, minocycline, aztreonam, amino-
glycosides, TMP-SMX, and polymyxin B (18,19,37).

Seizures. Seizures are caused by many drugs, but by relatively few antibiotics
used in the CCU setting. The most common causes of seizures in CCU patients
related to antimicrobial therapy are imipenem and ciprofloxacin. Ciprofloxacin
among the quinolones is unique in its seizure potential. Among the carbapenems,
imipenem but not meropenem has been associated with seizures. With both cipro-
floxacin and imipenem, seizure likelihood is increased in renal insufficiency. Other
things being equal, clinicians should select other agents besides ciprofloxacin or imi-
penem in patients with renal failure, or history of a seizure disorder. Ciprofloxacin
and imipenem may also cause seizures in patients with normal renal function, but
the incidence is lower than in those with renal insufficiency (1,11,18,19).

Antibiotic Cost

Antibiotic cost is of importance to the institution. Antibiotic cost includes the acqui-
sition cost of the antibiotic, the administration cost of the antibiotic, as well as indir-
ect costs, e.g., monitoring and therapeutic failure. Because the costs of being in a
CCU exceed any small difference in the total cost of antibiotics among patients,
antibiotic cost in the CCU is the least important factor in antibiotic selection. As
mentioned previously, the most important determinants of antibiotic selection in
the CCU are spectrum, safety profile, and resistance potential, and cost is a tertiary
consideration (2,6).

Other Considerations in Antibiotic Selection

Antibiotic Inhibition of Endotoxin or Cytokine Activity. In treating sepsis
from a GI or GU source, consideration should be given to selecting an antibiotic that
minimizes endotoxins or cytokine release. Aerobic gram-negative bacilli, the major
pathogens in sepsis originating from the GI or GU tract, release endotoxins or
cytokines, which mediate end-organ damage. Release of endotoxins or cytokines is
maximal during cell death. Most antibiotics have no effect on endotoxin release
because gram-negative bacilli are destroyed by the antibiotic, but some have an
inhibitory effect on endotoxins or cytokine release. The advantage in selecting
an antibiotic with the appropriate spectrum, that in addition has endotoxin or cyto-
kine inhibiting properties, is clearly advantageous.

The commonly used antibiotics that are active against gram-negative bacilli,
which have no effect/intensify endotoxin/cytokine release from dying cells during
therapy, are the b-lactam class of antimicrobials. Of the antibiotics studied, the ones
that have been shown to inhibit endotoxin or cytokine release are the carbapenems.
Imipenem and meropenem have been shown to not only effectively kill gram-
negative bacilli, but also to effectively minimize endotoxin or cytokine release from
dying cells, because the endotoxin- or cytokine-inhibiting properties of carbapenems
are another indication of their dissimilarity to b-lactams, which they resemble
structurally. In situations where multiorgan dysfunction or shock emanating from
a focus of infection in the GI or GU tract is present, carbapenems, e.g., meropenem,
has the dual advantage of a high degree of effectiveness, and in addition a potent
inhibitory effect on endotoxin or cytokine release. The inhibition of endotoxin
or cytokine release should minimize or prevent further end-organ dysfunction
(Table 1) (11,36).
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Table 1 Factors in Antibiotic Selection in the Critical Care Unit

Antimicrobial spectrum
Appropriate for the site of infection
No need/advantage in changing to a narrower spectrum antibiotic if the isolated strain was

sensitive to the initial empiric antibiotic selected

Pharmacokinetic/pharmacodynamic considerations
Use full recommended dose for CCU infections
Underdosing may be associated with therapeutic failure/resistance
Select an antibiotic pharmacokinetically suited for special dosing situations, e.g., CNS

infections, select an agent that penetrates the CNS/CSF at the usual dose, e.g.,
chloramphenicol, TMP-SMX, ceftriaxone; or use ‘‘meningeal doses’’ with antibiotics
that require higher doses for therapeutic CSF levels, e.g., ‘‘meningeal doses’’ of
meropenem 2 g (IV) q8h, or cefepime 2 g (IV) q8h

Resistance potential
Preferentially use ‘‘low resistance’’ potential antibiotics

3rd generation cephalosporins (except ceftazidime)
4th generation cephalosporins (cefepime)
Respiratory quinolones
Doxycycline/minocycline (except tetracycline)
Meropenem
Ertapenem
Aztreonam
Amikacin (not gentamicin/tobramycin)
Daptomycin linezoid
Polymyxin B
tigacycline

Preferentially use antibiotics that do not increase incidence/prevalence of MRSA/VRE
Vancomycin (VRE)
Ceftazidime (MRSA)
Ciprofloxacin (MRSA)
Imipenem (MRSA)

Combination therapy does not usually prevent resistance
Exceptions include combination antituberculosis therapy, aminoglycoside/

antipseudomonal penicillin combinations, and amphotericin B and 5 flucytosine.
Combining a ‘‘high resistance’’ potential antibiotic with a ‘‘low resistance’’ potential

antibiotic will not eliminate the resistance potential of the ‘‘low resistance’’ antibiotic
component of therapy, e.g., ceftazidime (high resistance potential) plus amikacin (low
resistance potential), ceftazidime will still induce Pseudomonas aeruginosa resistance

Narrowing antibiotic spectrum does not prevent resistance

Safety profile
Preferentially select antibiotics with infrequent/mild adverse events (meropenem,

ertapenem, daptomycin, tigacycline, polymyxin B)
Avoid antibiotics associated with seizures or Clostridium difficile diarrhea

Imipenem (seizures)
Ciprofloxacin (seizures)
b-lactams (C. difficile)

Treat penicillin-allergic patients (nonanaphylactic) reactions with cephalosporins
Treat penicillin-allergic patients anaphylactic reactions (anaphylaxis, liver,

hypotension, laryngospasm, or bronchospasm) with meropenem or another non
b-lactam antibiotic, e.g., tigacycline

Antibiotic costs to hospital
Cost is a relatively minor consideration in the CCU

(Continued)
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CONTROL OF RESISTANCE IN THE CCU

Overview of Acquired Antibiotic Resistance

Antibiotic resistance in the CCU may involve a wide variety of organisms, but of
greatest concern is resistance among aerobic, nonfermentative gram-negative bacilli.
Nonfermentative gram-negative bacilli, i.e., Klebsiella species, Enterobacter species,
Serratia species, P. aeruginosa, and Acinetobacter species. Even when these organisms
are sensitive to antibiotics, the problem is they are sensitive to a relatively limited
number of antibiotics versus other gram-negative or gram-positive organisms exclud-
ing MRSA and Vancomycin resistant enterococci (VRE). If these nonfermentative
aerobic gram-negative bacilli become resistant, there are even fewer drugs available
that are effective against resistant strains. With gram-positive organisms in the
CCU, i.e., MRSA and VRE, there are more therapeutic options available to treat
these organisms (21,22,37–39).

Before therapy is considered to treat highly resistant or multiresistant organ-
isms in the CCU, careful consideration must be given to the role of the organism
in the clinical context of the patient. Culture or recovery of the gram-negative and
gram-positive organisms mentioned from various body sites in the great majority
of cases represents colonization rather than infection. As a general principle, coloni-
zation should not be treated (1,18,19,40).

Antimicrobial resistance to antibiotics occurs by point mutation, which may or
may not be induced by antimicrobial therapy. The spread of resistant organisms may
be due to clonal spread or may be due to continued pressure by certain antibiotics
inducing resistance in certain organisms. Antimicrobial resistance may be termed nat-
ural or acquired. Natural resistance refers to the spectrum beyond the usual activity of
a given antibiotic. Acquired resistance refers to an organism that is ordinarily or has
previously been susceptible to an antibiotic, but subsequently becomes resistant to it.
Acquired resistance may be further divided into ‘‘relative resistance’’ or ‘‘high-grade
resistance.’’ Relative resistance can usually be overcome by increasing the dose of the
antibiotic to achieve concentrations above the increased MICs of the organisms.

Table 1 Factors in Antibiotic Selection in the Critical Care Unit (Continued )

Preferentially use monotherapy instead of combination therapy whenever possible
Avoid antibiotics that increase indirect costs, i.e., those that require monitoring, cause

phlebitis, cause resistance, "MRSA/VRE, prevalence C. difficile diarrhea/colitis, or
that are unlikely to be effective for the infection being treated, i.e., little/moderate vs. a
high degree of activity against the pathogen(s) being tested

Endotoxin/cytokine inhibitors
Preferentially use antibiotics that inhibit/decrease endotoxin/cytokine release to treat

infections due to gram-negative bacilli with multi-organ dysfunction
Meropenem
Respiratory quinolones

Avoid if possible antibiotics that increase endotoxin/cytokine reactions that may increase
end-organ dysfunction

b-Lactams

Abbreviations: CCU, critical care unit; CNS, central nervous system; CNF, cerebrospinal fluid; MRSA,

methicillin resistant Staphylococcus aureus; VRE, vancomycin resistant enterococci; TMP-SMX, trimetho-

prim sulfamethoxazole.
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High-grade resistance may be overcome by high levels of antimicrobials, but absolute
resistance cannot be overcome by increasing the dose of the antibiotic. Antimicrobial
resistance to a particular antibiotic usually is confined to one or two organisms in its
usual spectrum of activity. Ceftazidime, for example, is known to induce resistance
with P. aeruginosa but remains highly active against most other aerobic gram-negative
bacilli. Antibiotic resistance may be mediated via several mechanisms. Resistance
may be due to the inability of the antibiotic to penetrate into the organism via porin
channels. Resistance may also be mediated by enzymes, e.g., b-lactamases that inac-
tivate the antibiotic by disrupting the rings of b-lactam antibiotics. There are several
different and new b-lactamases that have been described that inactivate b-lactams.
Not uncommonly encountered are extended spectrum b-lactamases (ESBLs) that are
potent inhibitors of b-lactamase, and are highly resistant to many antibiotics. Other
antibiotics interfere with a variety of intracellular activities, i.e., DNA-gyrase inhibitors
with quinolones, ribosomal inhibitors with macrolides or tetracyclines. Mechanisms,
however, do not explain the differences in antibiotic resistance potential among differ-
ent classes of antibiotics. Enzyme inactivation is also the primary mechanism of
aminoglycoside resistance affecting intracellular enzymes. Alterations in penicillin-
binding proteins are another mechanism of antimicrobial resistance (18,19,23,37).

Of the antibiotics that cause acquired antimicrobial resistance, the commonal-
ity of mechanisms in an antibiotic class does not explain why one or two agents in a
class are associated with resistance while the others are not. Ceftazidime, for exam-
ple, is unique among the third-generation cephalosporins in being associated with
P. aeruginosa resistance whereas other members of the class are not. Literature refer-
ring to third-generation cephalosporin resistance usually lumps members of this class
together, which is misleading and incorrect. Studies relating to third-generation
cephalosporin resistance that analyze each individual member of a class, i.e., cefotaxime,
ceftizoxime, cefoperazone, ceftriaxone, and ceftazidime invariably show that ceftazidime
is the sole agent responsible for the resistance among third-generation cephalosporins.
A mechanistic approach does not explain why there is P. aeruginosa resistance problems
with imipenem, but not with meropenem. In every antibiotic class, there are single mem-
bers associated with resistance while the rest of the class can be used in high volume for
extended periods of time without inducing any appreciable resistance. The approach to
the control of resistance in the CCU depends on preventing resistance as a consequence
of therapy, and containing its spread within the unit and in the hospital. Antibiotic usage
should be selective, and clinicians should be aware of the resistance potential of antibio-
tics. In addition to their effective spectrum, antibiotics should be considered as having a
high or low resistance potential. Other things being equal, the clinicians should select the
antibiotic between two drugs with a similar spectrum, and select the one with a lower
resistance rather than a higher resistance potential. The use of selective antimicrobial
therapy, appropriate versus excessive, and more importantly, the exclusive utilization
of antibiotics with a low resistance potential will minimize resistance problems in a
CCU, and subsequently in the institution. If resistance problems are present in
the CCU, changes in formulary/prescribing habits, as well as effective infection control
measures will be needed to halt the spread of infection and eliminate the resistance
problem. The substitution of antibiotics with a low resistance potential on formulary
for those with a high resistance potential is the fundamental step in preventing as well
as minimizing existing resistance problems (Table 2) (37,41,42).

Several unsuccessful strategies have been tried in the CCU setting to minimize
resistance and include CCU formularies and antibiotic cycling in the CCU. These
approaches are ineffective and have failed because they do not utilize the key
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determinant of resistance, i.e., the resistance potential of the antibiotic in their
approaches. Treatment should be reserved for treating bona fide infection due to these
organisms (43–50).

Although colonization precedes infection, treatment of colonizing organisms
does not eliminate the colonization and predisposes to colonization by highly resistant
organisms. Resistant organisms may be introduced into the CCU via a colonized
patient from another part of the hospital or from the community.

The Relationship Between Antibiotic Use in the CCU and Resistance

In the intensive care setting, antibiotic use is intense, and multiple antibiotics are
given because the patient’s clinical situation is desperate and a specific diagnosis
has not been confirmed permitting more selective therapy. Commonly in practice,
antibiotics are added to ‘‘cover’’ organisms in the sputum, the urine, and wounds,
which have no clinical relevance. Colonization of respiratory secretions in the
CCU is the rule, not the exception. Unless potential pathogens acting as colonizers
recovered from respiratory secretions can be shown to be the causative agent of
tracheal bronchitis or nosocomial pneumonia, they should be ignored from a thera-
peutic standpoint. If antibiotics with a ‘‘high resistance potential’’ are used to

Table 2 Resistance Terminology

Natural resistance
Beyond the usual spectrum of an antibiotic. Example: �25% of Streptococcus pneumoniae are

naturally resistant to macrolides
Acquired resistance
Microbial resistance to a previously sensitive organism. Example: ampicillin-resistant

Hemophilus influenzae
Intermediate/relative resistance
Widespread increase in MIC90 of organisms over time. Organisms still susceptible to

antibiotic at achievable serum/tissue concentrations
Intermediate susceptibility/resistance is concentration sensitive because antibiotic

susceptibility is concentration dependent. Example: penicillin-resistant S. pneumoniae
High-level/absolute resistance
Sudden increase in MIC90 of an isolate during therapy

High-grade resistance cannot be overcome by an increasing antibiotic concentration even
with higher than usual clinical doses. Example: gentamicin-resistant Pseudomonas

aeruginosa
Use antibiotics active against highly resistant strains. Example: moxifloxacin or levofloxacin

for penicillin-resistant S. pneumoniae
Class susceptibility testing
Tetracycline-resistant S. pneumoniae are sensitive to doxycycline (including most penicillin-

resistant strains)
Antibiotic resistance class terminology
Because antibiotic resistance is agent specific, it is misleading to label antibiotic resistance as

class phenomenon. Examples: Ceftazidime-resistant P. aeruginosa not 3rd generation
cephalosporin resistant, Imipenem-resistant P. aeruginosa not carbapenem-resistant
Class susceptibility testing is useful for most antibiotics, but specific antibiotic testing often
shows differences
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‘‘cover’’ colonizing organisms particularly in respiratory secretions, then the stage is
set for the transition from sensitive colonizing organisms to resistant colonizing
organisms. If the patient subsequently develops an infection, it will be with a highly
resistant or multiresistant organism because of unnecessary antecedent antimicrobial
therapy. Although colonizing organisms should not be treated when recovered from
their usual sites of colonization, treatment with a low resistance potential antibiotic
is less egregious, and although unnecessary, at least will not predispose to subsequent
resistance. The best clinical approach is to appreciate that the organism represents
colonization and not infection, and not treat it at all, but contain its spread within
the CCU with effective infection control containment measures (1,9,10,40).

Empiric antimicrobial therapy is necessarily broad, but the use of multiple
antibiotics with duplicating or excessive coverage against the purported pathogen is
unnecessary. Polypharmacy with broad-spectrum antibiotics can predispose to an
increased incidence of drug side effects, drug–drug interactions, and promote the
emergence of gram-positive resistant organisms, e.g., MRSA and VRE. As a general
concept, ‘‘antibiotic tonnage’’ is a predictor of subsequent colonization with MRSA
or VRE; however, MRSA is much more likely to be selected out from the normal flora
by the use of antibiotics that predispose to MRSA colonization, i.e., ceftazidime,
ciprofloxacin, and imipenem. The use of other antibiotics in each of these classes
regardless of volume does not predispose to MRSA colonization. IV vancomycin is
the single antibiotic that is most likely to predispose to subsequent colonization by
VRE organisms. The unlimited use of other anti-MRSA antibiotics, i.e., daptomycin,
linezolid, quinupristin, or dalfopristin does not predispose to VRE colonization. The
clinical principle to minimize the emergence of gram-negative and gram-positive
organisms in the CCU is to preferentially use antibiotics with a ‘‘low resistant poten-
tial’’ in preference to those in the same class with a ‘‘high resistance potential’’
(1,11,18,19,50).

In the CCU setting, antibiotics with a low resistance potential, which are most
useful because of their spectrum and activity against aerobic gram-positive patho-
gens, include meropenem, cefepime, aztreonam, amikacin, third-generation cepha-
losporins (excluding ceftazidime), quinolones (excluding ciprofloxacin), and
second-generation cephalosporins (excluding cefamandole), doxycycline/minocy-
cline (excluding tetracycline), and polymyxin B. The antibiotics that predispose to
P. aeruginosa resistance include ciprofloxacin, ceftazidime, and imipenem. ESBLs
may be induced by the use of ceftazidime, in particular. Empiric treatment for
ESBL-producing strains of Klebsiella, Enterobacter, or E. coli is with a carbapenem
(1,18,19,37).

Against gram-positive organisms excluding Streptococcus pneumoniae, antibio-
tics that predispose to MRSA colonization include ciprofloxacin, ceftazidime, and
imipenem. Against MRSA, the antibiotics that do not predispose to MRSA when
being used to treat MSSA or gram-positive organisms include daptomycin, linezolid,
quinupristin-dalfopristin, or minocycline. The antibiotic most likely to result in an
increase in prevalence but not resistance of VRE is parenteral (not oral) vancomycin.
As mentioned previously, excluding these specific examples, the nonselective use of
multiple antibiotics may predispose to MRSA or VRE because the antibiotic being
used does not have anti–MRSA/VRE activity. Empiric treatment with antibiotics
that have activity against or do not predispose to such organisms will not result in
subsequent colonization or infection with gram-positive or gram-negative organisms
independent of the volume used (1,11,18,19).
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Resistance Control in the CCU

The single most important concept to limit resistance among gram-positive and
gram-negative organisms in the CCU is the selective use of antimicrobial agents with
a ‘‘low resistance potential.’’ To prevent spread of existing resistance problems, effec-
tive infection control measures should be combined with substituting/preferentially
using antibiotics with a ‘‘low resistance potential’’ in place of those with a ‘‘high
resistance potential,’’ which are responsible for the problem. If resistance problems
are viewed in this context, it is apparent what constitutes effective and ineffective
methods to control resistance in the CCU (Table 3) (30,48–50).

Table 3 Antibiotic Resistance

Key concepts
Antibiotic resistance is agent specific

Antibiotic resistance is not related to antibiotic class, or duration of use

Antibiotic (agent-specific) resistance occurs early, not late
If antibiotic resistance to a specific antibiotic develops, it occurs early, within 2 years of

general use
Antibiotics demonstrating resistance early, high resistance potential antibiotics, will have

resistance problems as long as the antibiotic is used
Antibiotics that do not develop resistance problems within 2 years of use, low resistance

potential antibiotics, do not develop resistance later, even after prolonged/high volume use
Control strategies
Successful resistance preventative strategies

Eliminate antibiotics from animal feeds
Restricted hospital formulary (controlled usage of antibiotics with high resistance

potential)

Unsuccessful resistance preventative strategies
Rotating formularies
Special/rotating CCU/ICU formularies
Restricting certain antibiotic classes (3rd generation cephalosporins, quinolones)
‘‘Reserving’’ antibiotics for future use
Combination therapy to avoid resistancea

antibiotic de-escalation

Successful antibiotic resistance control strategies
Effective infection control measures

Microbial surveillance to detect resistance problems early
Rapid implementation of infection control precautions to limit/contain spread of clonal

resistance
Hospital formulary

Restricted hospital formulary (strictly controlled usage of antibiotics with high resistance
potential)

Unrestricted use of antibiotics with a low resistance potential
CCU prescriber

Preferentially use low resistance potential antibiotics instead of high resistance potential
antibiotics with the same spectrum

Abbreviations: CCU, critical care unit; ICU, intensive care unit.

Source: with few exceptions (antipseudomonal penicillins and aminoglycosides, HIV therapy, anti-TB

therapy) combining antibiotics (a low resistance at high resistance potential antibiotic or two high resis-

tance potential antibiotics)
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Ineffective measures include nonselective limiting of antimicrobial volume.
Volume is only indirectly related to VRE colonization but not resistance per se. Spe-
cial CCU formularies also are ineffective because they do not address the fundamental
problem of considering antibiotics as having a high or low resistance potential. The
limited CCU formulary also does not take into account the problem of the introduc-
tion of patients from the community/hospital with resistant organisms, patients
outside of the CCU/hospital, and the transfer of patients outside of the CCU into
the hospital/community with newly acquired resistant organisms (48–50).

Antibiotic cycling is another unproven and potentially dangerous maneuver.
Antibiotic cycling ignores the critical importance of the resistance potential of the anti-
biotics being cycled. Cycling of low resistance antibiotics is prone to failure and will
cause more resistance and not even control the existing resistance problems. If high
and low resistance antibiotics are cycled without appreciating the difference in their
resistance potential, then the potential good of the low resistance antibiotics is negated
by the subsequent cycling of antibiotics with a high resistance potential. If clinicians in
the CCU are preferentially using antibiotics with a low resistance potential, there is no
reason for or potential benefit from antibiotic cycling (43,44,50).

Effective Antibiotic Resistance Measures in the CCU

The infection control measures aside, from an antibiotic usage standpoint, the two
most critical factors in controlling antibiotic resistance are a selective antibiotic
formulary and selective antibiotic use in the CCU that substitutes low resistance poten-
tial antibiotics for those with the same spectrum that are of a high resistance potential
in each antibiotic class. If an institution has existing resistance problems in the CCU,
then first, formulary substitution should be made, allowing the unrestricted use of
low-resistant potential antibiotics, and highly restrict or eliminate their high resistance
potential counterparts. A change in formulary, if not negated by a separate CCU for-
mulary, can then be implemented by physicians prescribing low resistance antibiotics
preferentially in the CCU setting. These two factors operating in concert with effective
infection control measures will prevent, minimize, and/or reverse resistance problems
in the CCU (5,37,41,48–50).
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Antimicrobial Therapy in the Penicillin-
Allergic Patient in the Critical Care Unit

Burke A. Cunha
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State University of New York School of Medicine, Stony Brook, New York, U.S.A.

INTRODUCTION

Empiric antimicrobial therapy is a necessity in the critically ill patient with a life-
threatening infectious disease. There are several factors that go into antibiotic
selection including spectrum of activity against the presumed pathogens, which is
related to the source of infection or organ system involved; second, pharmacokinetic
and pharmacodynamic considerations which affect dosing and concentration in the
source organ for the sepsis; third, the resistance potential of the antibiotic. Although
cure of the patient is the immediate priority, drug selection has a subsequent effect
on the flora of the critical care unit (CCU) and eventually may impact on the flora
of the hospital. The fourth consideration is the safety profile of the drug, which has
to do with adverse side effects and interactions, as well as the patient’s allergic drug
history. One of the most common problems encountered in treating critically ill
patients is the question of penicillin allergy.

DETERMINING THE TYPE OF PENICILLIN ALLERGY

There are no good data on the incidence of penicillin allergy. Some studies are done
using skin testing to derive their data. Other studies are based on clinical informa-
tion, i.e., questioning the patient or relatives regarding the nature of the penicillin
allergy. Many times, penicillin allergy is mentioned, and is not truly allergic reaction
at all upon further or detailed questioning. Patients, if they are able to respond, are
either vague or very clear about the nature of their penicillin allergy. In the critical
care setting, there is often no way to get a drug allergy history. Relatives are usually
uncertain as to the nature of the allergic reaction of the patient. There is a poor cor-
relation between the patient reporting penicillin allergy and subsequent penicillin
skin testing. In critical care medicine, the patient’s history is the only piece of
information that the clinician has to work with to make a decision regarding the
nature of possible penicillin allergy (1–5). Because b-lactam antibiotics are one of
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the most common classes of antibiotics used, the question of using these agents in
patients with penicillin allergy is a daily consideration. The clinical approach to
the patient with a potential skin allergy involves determining the nature of the peni-
cillin allergy as well as selecting an agent with a spectrum appropriate to the organ
source of the sepsis. Penicillin allergies may be considered as those that result in
anaphylactic reactions, i.e., anaphylaxis, laryngospasm, bronchospasm, hypotension,
or total body hives, and those that result in nonanaphylactic reactions, i.e., drug
fever or skin rash. Patients with nonanaphylactoid skin reactions may safely be given
b-lactam antibiotics with a spectrum appropriate to the site of infection. Patients with
a history of anaphylactic reaction to penicillin should be treated with an antibiotic of
another class that has a spectrum appropriate to the focus of infection (6–11).

PENICILLIN ALLERGIC REACTIONS

In the critical care setting, when urgent antimicrobial therapy is necessary, there is no
time for skin testing to rule out or confirm penicillin allergy. Patients who are com-
municative can indicate, on direct questioning, the nature of their penicillin reaction.
Often times, what is considered a penicillin reaction by the patient is in fact an
unrelated drug side effect. Patients often report a vague history of penicillin allergy
during childhood, which has not recurred subsequently, while others report penicillin
allergy occurred in close relatives but not themselves. Some patients were told they
had a drug fever due to penicillin, but did not develop a rash; yet others report the
reaction to a penicillin antibiotic was limited to a maculopapular rash. Responses to
any of these indicate that if the patient had a reaction to penicillin, it was of the non-
anaphylactoid variety. Patients with drug fever or rash due to penicillins may be
safely given penicillins again (12,13). Reactions to b-lactams are stereotyped such that
if the patient had a fever as the manifestation of penicillin allergy, on rechallenge, the
patient will develop fever again as opposed to another clinical manifestation of peni-
cillin allergy. Patients with drug fevers or drug rashes due to penicillins, at worst, will
only have a similar nonanaphylactic reaction upon rechallenge with penicillin. Alter-
nately, they may have no reaction at all if the b-lactam chosen is sufficiently different
antigenetically than the one initially causing the reaction. It is not uncommon in clin-
ical practice with third-generation cephalosporin allergies to have patients not react
to cefoperazone, which is the most antigenemic member of third-generations cepha-
losporins. Among the second-generation cephalosporins, cefoxitin is the least likely to
cross-react with other second-generation cephalosporins (12–14).

CROSS REACTIONS BETWEEN PENICILLINS AND b-LACTAMS

When cephalosporins were first introduced, the reported cross-reactivity rate with
penicillins is was high as 30%. Subsequently, actual cross-allergic reactions were less
than 3%. Many of the cross-reactions initially reported between penicillins and ceph-
alosporins were nonspecific allergic reactions not based on penicillin/cephalosporin
cross-reactivity. Patients with a penicillin allergy who have had a nonanaphylactic
reaction may safely be given a b-lactam antibiotic. In the unlikely event the patient
has a reaction, the patient would develop a drug fever or rash, but not anaphylaxis.
The b-lactam class of drugs includes the penicillins, the semisynthetic penicillins, the
modified penicillins, the amino-penicillins, and the ureido-penicillins (15–22).
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CARBAPENEMS AND MONOBACTAMS

From an allergic perspective, b-lactams may be divided into carbapenems and
noncarbapenems. Among the noncarbapenems are first-, second-, third-, and fourth-
generation cephalosporins. Allergy to one is likely to result in cross-reactivity with
another with the exceptions of cefoxitin among the second-generation cephalo-
sporins, and cefoperazone among the third-generation cephalosporins. Although
carbapenems are structurally related to b-lactam antibiotics from an allergic per-
spective, they should not be regarded as b-lactam antibiotics. Carbapenems, e.g.,
meropenem, do not react with other b-lactams or penicillin-derivatives. Therefore,
carbapenems are frequently used as an alternative class of antibiotics to b-lactams
and do not cross-react with any penicillin or b-lactam to such an extent that the reac-
tion would be reportable in the literature. Carbapenems in general, and meropenem
in particular, are completely safe to give patients with known/suspected history of
penicillin anaphylaxis. The more likely the history of anaphylaxis to penicillin, the
more confidently the clinician can use meropenem (23–25).

NON–b-LACTAM ANTIBIOTICS IN PATIENTS WITH PENICILLIN
ANAPHYLACTIC REACTIONS

In patients giving a history of an anaphylactic reaction, i.e., anaphylaxis, laryngo-
spasm, bronchospasm, hypotension, or total body hives, it is important to select a
non–b-lactam antibiotic to avoid complicating the already serious situation in the
critical care setting. As with nonanaphylactoid penicillin reactions, anaphylactic
reactions tend to be stereotyped with repeated exposures. Patients who develop lar-
yngospasm as the manifestation of their penicillin allergy do not develop total body
hives on subsequent reexposure but will repeatedly develop laryngospasm as the
main manifestation of their anaphylactic reaction. As with other manifestations of
anaphylaxis, the reactions are stereotyped and will be repetitive and not change to
another anaphylactoid manifestation. Fortunately, there are many highly effec-
tive non–b-lactam antibiotics available at the present time, therefore, invariably
there are many appropriate non–b-lactam antibiotics to choose from to treat the
life-threatening infections encountered in the CCU (Table 1) (22–25).

Antibiotic classes that have no allergic cross-reactivity with b-lactams
include the macrolides, tetracyclines, clindamycin, chloramphenicol, trimethoprim-
sulfamethoxazole (TMP-SMX), aminoglycosides, metronidazole, polymyxin B,
vancomycin, quinupristin/dalfopristin, linezolid, daptomycin, quinolones, tigacycline,
monobactams, and as previously mentioned, carbapenems. In 30 years of clinical
experience in infectious disease, I have never had to resort to penicillin desensitization
in order to treat a patient. There is always an alternative, non–b-lactam antibiotic,
which is suitable for virtually every conceivable clinical situation. Although penicillin
sensitivity testing/desensitization is a potential consideration in the noncritical ambu-
latory patient, in the critical care setting there is no time or need for penicillin testing/
desensitization. If there is any question about a penicillin allergy in a noncommunica-
tive patient in the CCU, then monotherapy or combination therapy with one of the
non–b-lactam antibiotics mentioned above is appropriate and safe. The non–b-lactam
antibiotics most useful in the critical care setting for the most common infectious disease
syndromes encountered are presented here in tabular form (Table 2) (22,26).
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CONCLUSION

The incidence of penicillin allergy in the general population has been estimated to
range between 1% to 10%, but no good reliable data exist on the actual incidence
of penicillin allergy. Penicillin data derived from penicillin skin testing does not
correlate with penicillin reactions in the clinical setting. Many patients reporting
penicillin allergy have in fact had reactions to penicillin which are not on an allergic
basis. Penicillin reactions are of the nonanaphylactic or anaphylactic variety if they
are indeed penicillin reactions. Penicillin reactions may occur on a single exposure to
a penicillin or b-lactam antibiotic. From questioning or previous history, patients’
bona fide penicillin reactions may be classified as anaphylactic or nonanaphylactic.
Because the cross-reactivity between b-lactams and penicillin is so low, b-lactam
antibiotics may be used in patients who have had drug fever or a drug rash as the
primary manifestation of their penicillin allergy. Should the patient develop an
allergic cross-reaction between the b-lactam and the penicillin, the allergic manifesta-
tion will be of the same type as encountered previously.

In patients with a history of anaphylactic reactions to penicillin, it is essential to
use a non–b-lactam antibiotic, i.e., a carbapenem, monobactam, quinolone, clindamy-
cin, TMP-SMX, quinupristin/dalfopristin, linezolid, vancomycin, daptomycin, clinda-
mycin, metronidazole, polymyxin B, or an aminoglycoside. As with nonanaphylactic

Table 1 Antimicrobials Safe to Use in Penicillin-Allergic Patients
in the Critical Care Unit

Antibacterials Antivirals
Carbapenems Amantadine

Imipenem Rimantadine
Ertapenem Acyclovir
Meropenem Gancyclovir

Monobactams Valganciclovir
Aztreonam Aminoglycosides

Quinolones Gentamicin
Ciprofloxacin Tobramycin
Levofloxacin Amikacin
Gatifloxacin Tetracyclines
Moxifloxacin Doxycycline

Antifungals Minocycline
Amphotericin B
Amphotericin B

Lipid Preparations
Other

Clindamycin
Flucytosine Chloramphenicol
Fluconazole TMP-SMX
Itraconazole Rifampin
Posaconazole Polymyxin B
Caspofungin Vancomycin
Voriconazole Quinupristin/
Anidulafungin Dalfopristin

Linezolid
Daptomycin
Tigacycline

Abbreviation: TMP-SMX, trimethoprim-sulfamethoxazole.
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Table 2 Antibiotics Safe in Penicillin-Allergic Adult Patients in the Critical Care Unit

Clinical Syndrome Penicillin Allergic Non-Penicillin Allergic

Bacterial meningitis Meropenem (meningeal dose) Penicillin
(pathogen unknown) TMP-SMX Ampicillin
S. pneumoniae, MSSA) Vancomycin (plus I.T. dose) Ceftriaxone

Chloramphenicol Cefepime (meningeal dose)
Brain abscess Meropenem (meningeal dose) Penicillin

TMP-SMX Ceftizoxime
Chloramphenicol
TMP-SMX
plus
Metronidazole

Severe CAP Respiratory quinolone Ceftizoxime
Doxycycline Cefepime

NP Meropenem Cefepime
� either Aztreonam

or Amikacin
Piperacillin/tazobactam

ABE Daptomycin Nafcilllin
(MSSA/MRSA) Linezolid Cefazolin

Quinupristin/dalfopristin
Vancomycin

Pseudomonas Polymyxin B Piperacillin/tazobactam
aeruginosa Meropenem � either

Aztreonam or Amikacin
Cefepime

Cholangitis Meropenem Cefoxitin
Tigacycline Cefoperazone Ceftizoxime

Piperacillin/tazobactam
Ampicillin plus 1st
generation cephalosporin

Bacterial liver abscess Meropenem Cefoxitin
Tigacycline Cefoperazone Ceftizoxime

Piperacillin/tazobactam
Ampicillinþ 1st generation
cephalosporin

Intra-abdominal source
(colitis, peritonitis,
obstruction, or abscess)

Meropenem
Ertapenem
Moxifloxacin
Tigacycline
Aztreonam plus either
Metronidazole or
Clindamycin

Piperacillin/tazobactam
Cefoxitin
Cefoperazone
Ceftizoxime

Pelvic source (peritonitis,
intraovarian abscess,
septic pelvic
thrombophlebitis)

Meropenem
Ertapenem
Moxifloxacin
Tigacycline
Aztreonam plus eith
Metronidazole or
Clindamycin

Piperacillin/tazobactam
Cefoxitin
Cefoperazone
Ceftizoxime

Urosepsis (gram-
negative aerobic bacilli)

Aztreonam
Aminoglycoside
TMP-SMX

(Continued )
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penicillin cross-reactions, anaphylactic reactions to penicillin also tend to be stereo-
typed, and upon repeated exposure have the same clinical expression as initially man-
ifested in their allergic response. If there is any doubt about the exact nature of the
penicillin allergy, it is not unreasonable to use a non–b-lactam antibiotic to eliminate
the concern for potential penicillin allergy in such patients. Because the therapeutic
armamentarium at the present time is so extensive, it is virtually never necessary to
desensitize a patient in the critical care setting to receive a b-lactam when so many
non–b-lactam antibiotics are available and effective.
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Index

Abacavir hypersensitivity reaction (ASHR),
424–426

diagnosis, 426
risk of, 425
symptoms of, 424–425

Abdominal infection, mimics, 301
Abscesses

acute prostatic, 452
residual prostatic, 453

Absorption, of antibiotics, 596
Acalculous cholecystitis

clinical presentation, 296
diagnosis, 296
pathophysiology, 295–296
risk factors, 295–296
treatment, 296

Acid-Schiff staining, fungal elements in
tissue, 449

Acinetobacter baumannii, 172, 438
Acinetobacter species, 170, 462, 513
Acrocycanosis, 369
Acute bacteremia meningitis, 287
Acute/chronic fevers, 42
Acute physiological and chronic health

evaluation score (APACHE) II
scoring system, 292, 483

Acute respiratory distress syndrome (ARDS),
42, 162, 465

Acyclovir, 611
in renal failure, 579

Adenosine deaminase (ADA), 206
Adenosine diphosphate (ADP), 581
Adenovirus, 469

causes of myocarditis, 264
Aedes aegypti, 409
Aedes mosquitoes, 372
Aerobic coliform bacilli, 610
Aerobic gram-negative bacilli, 126, 283
Aerobic gram-positive bacilli, 126
Aeromonas, skin infection, 330

Aeromonas hydrophila, 329, 438
Aerosols, 188

aminoglycosides agent in, 188
polymyxins agent in, 188

Alcohol-based hand rub, 10
Allergy

adverse drug reactions with, 575
penicillin, 625

Amikacin, 576
nephrotoxic agents, 578
in trauma patients, 601–602
vancomycin, 584

Aminoglycosides, 247, 293
advantages of, 558
critically ill popoulations, 558
dialysis clearance, 564
doses of, 564, 603
gentamicin, 576, 603
kill characteristics, 563
molecular weight, 566
pharmacokinetic studies of, 602
postantibiotic effect (PAE), 559
protein binding, 566
tobramycin, 576, 603
treatment of infections, 558
volume of distribution, 563

Aminoglycoside-induced nephrotoxicity, cost
of, 578

Aminoglycoside resistance, 618
Amino-penicillins, 626
Amoxicillin/clavulanic acid, 503
Amphotericin B drug, 578
Ampicillin, 294
Anaerobes, 131–132
Anaerobic bacteria, 207, 212–213
Anaerobic lung abscess, 211
Anaerobic lung infections,

treatment of, 214
Anaerobic streptococcal myonecrosis, 337
Anaphylaxis, advers drug reaction, 576
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Anemia
aplastic, 579
chloramphenicol cause, 579
hematological adverse drug

reactions, 579
Animal bites, cellulites, 330
Anopheline mosquitoes
Anthrax, 208

antimicrobial treatment of, 546
diagnosis of, 332
gram-positive bacillus, 536
hemorrhagic meningitis in, 537
inhalational, 536

diagnosis of, 536, 541
flu-like illness, 536
presumptive therapy for, 548

morbidity in, 548
nonantimicrobial, 546
pathophysiologic process, 536
treatment of, 332
types of, 536

Antibacterial sulfonamides, 427
Antibiotic-associated diarrhea (AAD)

Candida albicans in, 308
Clostridium perfringens in, 308
diagnostic considerations in, 311–313
epidemiology, 305–306
incidence, 306

Antibiotic dosing
for cervical infections, 138–139
in continuous renal replacement therapy,

566
advantages and disadvantages of, 566
hemodynamic instability, 566
in critically ill patients, 566
types of, 566

in hepatic failure, 553
in intermittant renal replacement therapy,

561
in renal failure on hemodialysis, 612
in renal impairment, 189–190
in renal insufficiency and failure, 555
in renal or hepatic insufficiency, 611

Antibiotic prophylaxis, 438
Antibiotic-related adverse reactions

frequency, 577
in intensive care unit (ICU), 576
severity of, 577

Antibiotic-resistant superinfections, 589
Antibiotic therapy

duration of, 188
of infectious diseases, 70
for ventilator-associated pneumonia

(VAP), 188

Antibiotics, 14
absorption of, 596
administration via nasogastric (NG) tubes,

611
aminoglycosides, 558
antibacterial spectrum of, 137
antifungals, 559
antivirals, 560
bacterial resistance to, 127
bactericidal, 610
bacteriostatic, 610
beta-lactam, 559, 604, 614
biotransformation, 598
broad-spectrum

aminoglycoside, 334
cephalosporin, 334
clindamycin, 334
penicillin, 334

carbapenem group of, 605
categories of, 558
cefepime, 604
cephalosporin, 604
cervical infections of, 138
and coagulation factors, 580
conventional dosing of, 600, 601
cost, 615
cycling, 622
distribution of, 596
in febrile, 599
fluoroquinolone, 559
inhibition of endotoxin or cytokine

activity, 615
kill characteristics

concentration-dependent killing, 563
time-dependent killing, 563

metronidazole, 560
in multiple injury trauma patient, 596
narrow-spectrum, 138
normal pharmacokinetics of, 596–599
oxazolidinone, 606
persistent inhibitory effect, 564
pharmacodynamics of, 563
principles in use of, 595
quinolone group of, 605
resistance, 619–620

low versus high, 613
measurement, 622
mechanism, 618
potential, 610, 612
terminology, 618–619

selection, 610
side effects, 613
therapy, 595
tonnage, 620
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[Antibiotics]
for trauma patient, 595
vancomycin, 559

Antibiotics selection
factors in, 616–617

antimicrobial spectrum, 610–611
CNS/CSF concentrations, 611
dosing, 611–612
infection site, 610
pharmacokinetic (PK)/

pharmacodynamic (PD) factors,
611

Anticoagulants, 151
Antifungals

advantages of, 560
caspofungin, 560
fungal infections, 560
treatment of noninvasive candidiasis

infection, 560
Antimalarial drug resistance, 400
Antimicrobial agents, 21
Antimicrobial chemotherapy, topical, in

burns, 512
Antimicrobial resistance, 610, 621
Antimicrobial spectrum, 610
Anti-pseudomonal penicillins, 293
Anti–Pseudomonas aeruginosa, 613
Anti-Pseudomonas fluoroquinolone, 186
Antiretroviral agents

didanosine, 423
for HIV, 418
lamivudine, 423
nevirapine, 423
stavudine, 423

Antiretroviral-associated distal symmetric
polyneuropathy, 423

Anti-staphylococcal antibiotic, 286
Antivirals

ganciclovir, 560
medications in critically ill populations,

560
for renal insufficiency, 560

Aqueous penicillin G, 586
Arboviruses

dengue, 264
rabies virus, 264

ARDS. See Adult respiratory distress
syndrome

Arrhythmias
myocarditis with, 277
ventricular, 277

Artemisinin derivatives, 400
Arterial embolization, 234
Arthritis, 387

Ascitic fluid, intraperitoneal, 298
Aseptic insertion technique, 283
Aspartate aminotransferase (AST), 423
Aspergillus, 164, 462, 513
Aspergillus fumigatus, 339, 478
Aspergillus pneumonia, 173
Aspiration pneumonia, etiology of, 212
Aspirin, for pericarditis, 279
Asplenics infections, 497
Atherosclerotic vascular disease, risk of, 428
Autonomic dysfunction, 539
Azithromycin, 584
Azole antifungal medications, for

rhinocerebral zygomycosis (RCZ),
449

Aztreonam, pharmacokinetics of, 604

Babesiosis, 499
Bacillus anthracis, 208, 536
Bacitracin, 315–316
Bacteremia, 14, 58, 73, 170

antibiotic therapy, 438
bloodstream infection, 438
in burn patients, 518
infective endocarditis, 231
liver disease severity, 438
of pneumonia, 231
of pyelonephritis, 231
risk factors of, 232
staphylococcal valvular infection, 238
systemic bloodstream infections, 437

Bacteria
cause of pericarditis, 278
Clostridium perfringens, 264
Corynebacterium diphtheriae, 264

Bacterial endocarditis
characterization, 369
classification, 369
manifestations, 370
petechiae in, 370
symptoms and signs, 370

Bacterial infections, in solid organ transplant
(SOT) patients, 479

Bacterial meningitis, 54, 366
Bacterial neuropathogens, 81
Bacterial pneumonia

mortality of, 465
in solid organ transplant recipients, 465

Bacterial sinusitis, 461
Bacterial toxins, 309
Bacterial translocation, 435
Bacteriuria, 528

catheter-associated, 530
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Bacteroides, 293, 333, 450
Bacteroides fragilis, 132, 436, 610
Banana peel syndrome, 448
Behçet’s disease, 85–86
Beta-blocker therapy, 56
Beta hemolytic streptococcal infections, in

burn patients, 513
Beta lactam–betalactamase

inhibitor, 214
for melioidosis, 453

Beta-lactamase inhibitor, 618
penicillin, 296

Beta-lactamase–resistant drugs, 301
Beta-lactamase–resistant penicillin, 340
Beta-lactamase-producing (BLP) strains,

130–131
Beta-lactams

with advers reaction, 576
antibiotics, 99, 625–626

advantages of, 559
without allergic activity, 627
dosing interval, 564
kill characteristics, 564
minimal inhibitory

concentration, 559
pharmacoeconomic advantage, 559
pharmacokinetics of, 604
postantibiotic effect (PAE), 559
toxic-shock syndrome (TSS), 327
therapeutic index, 570
ventilator-associated pneumonia

(VAP), 187
divisions

carbapenems, 627
noncarbapenems, 627

drug class
amino-penicillins, 626
penicillins, 626
semisynthetic penicillins, 626
ureido-penicillins, 626

and penicillin cross reactions, 626
resistance, 132

Biliary anastomosis, 471
Bioprosthetic valves, 223
Bioterrorism, 208

clinical presentation of, 536
critical care setting, 542
recommendations for, 542

Bioterrorist agents
by absorption, 535
clinical syndromes, 541
epidemiology, 535
by ingestion, 535
by inhalation, 535
pathogens for, 536

Biotransformation, drug, 598
in gastrointestinal tract, 598
hepatic, 598
in kidney epithelium, 598
in lungs, 598

Blood–brain barrier (BBB), 82, 147
Blood cell transfusions, 463
Blood culture

contaminants, indicative of, 285
diagonosis of, 285

Blood products/blood transfusions, 45
Bloodstream infection (BSI), risk factors

for, 477
Blood urea nitrogen (BUN), 369
Blunt chest trauma, 599
Body mass index (BMI), 454
Bordetella holmesii, 499
Borrelia burgdorferi, 372
Botulism

antibiotic therapy, 549
immune globulins, 549

Bradycardia, 109, 135
causes of, 110
relative, diagnostic significance of, 48

Brain
abscess, 144

causes of, 148
CT scanning, 144
mechanism for formation of, 140
mortality rate of, 126
patients with, 140
predisposing factors to, 140

magnetic resonance images of, 475
Brainstem encephalitis, 475
Breakbone fever. See Dengue fever
Breast carcinoma, 112
Brewers yeast, 316
Broad-spectrum antifungals

caspofungin, 579
voriconazole, 579

Bronchiolitis obliterans with organizing
pneumonia (BOOP), 42, 162

Broncho-alveolar lavage (BAL), 183
respiratory viruses in, 469

Brucella, 264
Bucket method, for VRE, 20
Budd-Chiari syndrome, 299
Bullous impetigo, 323, 379
Burkholderia cepacia, 465
Burkholderia mallei, 540
Burkholderia pseudomallei (melioidosis), 211,

541
clinical presentation, 403
by melioidosis, 451
treatment, 403, 453
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Burn(s)
care

antimicrobials in, topical, 510
mafenide acetate in, 509
nystatin in, 511
petroleum-based antimicrobial

ointments for, 511
salves in, 509
silver nitrate in, 511
silver sulfadiazine in, 509
soaks in, 509

centers, microbial ecology in, 514
deaths, 507

causes of, 508
in United States, 508

eschar, 516
facial, treatment of, 511
mortality, causes of, 508
mupirocin ointment for, 518
patients

bacteremia in, 519
bacteremia/fungemia in, 522
catheter-related bloodstream infections

in, 521
cytomegalovirus infections in, 519
DNA of, single nucleotide

polymorphisms in, 519
herpes simplex virus-1

infection, 519
line sepsis in, 521
meningitis in, 522
pneumonia in, 520–521
sepsis in, 519
sinusitis in, 522
urinary tract infections in, 521-522
viral infection in, 519

sepsis in, prevention of, 512
sizes, mortality rate for, 507
wound

antimicrobial therapy, 513
antimicrobials in, 509
bacteria and fungus on, 512
colonization and infection, 509
excision and closure of, 508–509
herpetic lesions in, 519
infection, 515
infectious sepsis from, 508
ischemic necrosis in, 514
microbial status of, 515-516
microorganisms in, 508-509, 516
sepsis, invasive, 512
treatment, 508

Burn wound infections, 512–514
clinical sign of, 515

[Burn wound infections]
clysis therapy of, 517
diagnosis of, 515, 517
frozen section technique of, 516
prevention of, 509

Calculous cholecystitis, 296
Camel back/domedary fevers, 49–50
Campylobacter jejuni, 406–407
Candida, 445, 578
Candida albicans, 227, 308, 350
Candida bacterium hominis, 226
Candida infections, 446
Candida parapsilosis, 227
Candida pneumonia, in SOT patients, 469
Candida species, 173

in urine, 522
Candida tropicalis, 227
Candidemia, 162, 293, 605
Capnocytophaga canimorsus (DF-2), 499

infection, 371, 500
predisposing factors, 372
skin lesions in, 372
syndrome, 372

Carbuncles, 327
Cardiac blood pool imaging, 275
Cardiac echocardiography, 285
Cardiac lesions, predisposing, 222
Cardiac output (CO), 74
Cardiac septic complications, 287
Cardiac tamponade, complication of

pericarditis, 279
Cardiac vegetation, demonstration

of, 286
Cardiotoxicity, 585
Cardioverter-defibrillator, 223
Carditis, 387
Catheter-related bloodstream infections

(CRBSI), risk factors for, 477
Catheter-related infections, in burn patients,

521
Catheters, 33
Cefazolin, treatment of, 324
Cefepime antibiotics, 604
Cefoxitin, 132, 626
Ceftazidime, 613, 618
Ceftizoxime, trauma patients, 602
Cellular immune system

constituents of, 351
cytokine activated macrophages, 351, 352
macrophages, 351
steroids in, pharmacologic doses of, 352
Th-1 lymphocytes, 351
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Cellular immunity (CI), 160
Cellular-mediated immunity (CMI), 90, 118,

160
Cellulites

animal bites, 330
beta-lactam antibiotics for, 330
causes of, 329
clostridium, 337
diagnosis of, 330
human bites, 330
necrotizing, 332
treatment of, 330

Centers for Disease Control and Prevention
(CDC), 2, 175, 407

categorization of, 535
critical care setting, 535

Central intravenous-line infections, risk
factors with, 284

Central nervous system (CNS), 105, 584, 611
cytomegalovirus infection of, 475
granulomatous angiitis of, diagnosis of, 86
HIV encephalopathy, malignancies with,

112
hemorrhage cerebral vascular accident, 110
infections, 93

compromised hosts of, 83
pathogens and disorders

with B-lymphocyte, 93
with T-lymphocyte/macrophage, 94

signs of, 86, 95
SLE, manifestation of, 83
vasculitis, 112

Central venous catheters, infection
complication of, 286

Cephalosporins, 286, 294
allergies, 626

Cephamycins, 132
Cerebral emboli, 234
Cerebral spinal fluid (CSF), 105, 143

CIE techniques of, 97
concentrations, 98, 611
diagnosis of, 97
glucose levels, 102, 107
gram stain of, 81, 87, 107
in HSV-1 encephalitis, 119
lactic acid levels, 94, 107
leukocytosis in, 85
lumbar puncture with analysis of, 110
protein levels in, 86
RBC in, 107
tests, 96

Cerebral vascular accident (CVA), 106
central nervous system hemorrhage, 110

Cervical infections, 125

Chest X-ray (CXR), 539
cavitation on, presence of, 162
clinical approach to severe CAP by, 162
hilar adenopathy, 540
normal hosts presenting with, 164
pleural effusions, 540

Chlamydia pneumoniae, 264, 438
Chlamydia psittaci, 264, 541
Chloramphenicol, 611
Chlorhexidine, 10, 176
Chloroquine resistance, 400
Cholangitis, 73
Cholera-like diarrhea, 312
Cholera toxin, 318
Chondritis, infected

of ear cartilage, 522
treatment of, 522

Chronic empyema, 210
Chronic liver disease

adverse effects, 555
blood flow shunting, 554
extraction ratio, 554
oral bioavailability, 554
pharmacologic effect, 554
plasma concentrations, 554
toxic side effects, 554

Chronic lung abscesses, 211
Chronic meningococcemia, 50
Chronic obstructive pulmonary disease

(COPD), 157–158, 172
Churg–Strauss granulomatosis, 112
Cinchona alkaloid class, 400
Ciprofloxacin, 554, 615
Cirrhosis

aerobic gram-negative bacilli, 435
bacterial infections, 433
diagnosis of, 436
morbidity, cause of, 433
primary bacteremia, 433
respiratory tract infections, 433
signs and symptoms of infection, 433
urinary tract infections, 433

Citrobacter, 528
Clindamycin, 132, 214, 293, 327
Clindamycin colitis. See Pseudomembranous

colitis (PMC)
Clindamycin-resistant Clostridium difficile,

318
Clindamycin-resistant strains, 307
Clinical bleeding

antibiotics in, 580
mechanisms for, 581

cefoxitin cause, 581
sites
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[Clinical bleeding]
skin, 580
upper gastrointestinal (GI) tract, 580
urinary tract, 580
wound, 580

Clinical Pulmonary Infection Score (CPIS),
181–182, 465

Clinical versus bacteriological approach,
diagnose VAP, 182

Clostridia, 335
Clostridial gangrene, 337–338
Clostridium, 333
Clostridium baratii, 539
Clostridium botulinum, 539
Clostridium butyricum, 539
Clostridium cellulites, 337
Clostridium diffcile, 19, 246, 305

colitis, 472, 588, 641
clindamycin-resistant, 318
diagnosis, 313–314
diarrhea, 294, 587, 614
epidemiology, pathogenesis, and risk

factors, 294
etiologies, 312
fulminant colitis by, 311–312
hypoalbuminemia and fecal leukocytes in,

312
infection, 312
morphology, 309
nontoxigenic and toxigenic strains of, 309
polymerase chain reaction (PCR) in, 314
symptoms, 310
tissue culture assay for, 313
tissue degradation enzymes by, 309
toxin production by, 309
transmission via fecal-oral route, 306

Clostridium difficile–associated diarrhea
(CDAD), 305

antibiotics associated with
cephalosporins, 307
clindamycin, 307
penicillins, 307

antimicrobial agents in, 307
clinical manifestation, 310–311
diagnosis, 294–295, 313–314
host factors role in, 308
leukocytosis in, 312
metronidazole and vancomycin in, 315
microbiology, 309
mortality rates of, 311
preventive measures

appropriate antibiotic use, 318
hospital infection control policies, 317
initial pilot test, 318

[Clostridium difficile–associated diarrhea
(CDAD)]

patient precautions, 317–318
vaccination, 318

prophylaxis of, 474
risk factors, 295, 307
treatment, 311, 295

indications, 314
probiotics in, 316
relapsing disease, 316

Clostridium myonecrosis, 335–337
causes of, 335
diagnosis, 336
signs of, 336
treatment of, 336

Clostridium perfringens, 308, 335, 541
Clostridium septicum

bacteremia, 337
Clostridium sordellii, 309
Clotrimazole cream, 517
Coagulation, antibiotics in, 580–582
Coagulase-negative staphylococci (CONS),

59, 224, 283, 322
binding of, 229
pathogenic mechanism of, 229
prosthetic materials, 229

Coenzyme Q, 421
Cold agglutinin titer, 107
Colitis

antibiotics with, 587
diagnosis, 588

Collagenase, 309
Collagen vascular diseases, 85, 110
Colonization, 170, 322

of HCWs, 21
infection, 5, 9
pressure, 5
resistance, 307
screening for MRSA, 8–9
site of, 5
treatment for, 10

Colorado tick fever, 113
Colorectal anastomotic leakage

diagnosis, 297
risk factors, prevalence, and long-term

sequelae, 296–297
treatment, 297

Coma, 404
Community-acquired methicillin-resistant

Staphylococcus aureus (CA-MRSA),
1–2, 208, 213

in adult ICUs, 8
appearance of, 1
components of, 3
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[Community-acquired methicillin-resistant
Staphylococcus aureus (CA-MRSA)]

epidemiology of, 8
infections caused by, 3–4
in neonatal ICUs, 8

Community-acquired pneumoniae (CAP),
157, 584

clinical approach to, 159–159, 162
in compromised hosts, 159–160
determinants of, 158–159

cardiac factors, 158
cardiopulmonary factors, 158
microbial factors, 158

diagnostic approach to, 161
empiric therapy for, 164
Haemophilus influenzae, 158
with HI and CI, 160-161
with hypotension/shock, 161
with impaired B-lymphocyte

function, 160
K. pneumoniae, 164
Legionella, 162
with Legionnaires’ disease, 157
microorganisms causing, 158
with neutropenia, 162
in normal hosts, 158
patients presenting with, 157
severe, 157
shot gun approach to, 166
Streptococcus pneumoniae, 158

Congenital bicuspid aortic valve, 222
Congenital heart disease, 222
Congestive heart failure (CHF), 158

calcium channel blockers in, 276
medical management of, 276
myocarditis in, 264
symptoms of, 264

Continuous ambulatory peritoneal dialysis
(CAPD), 561

Continuous arteriovenous hemodiafiltration
(CAVHDF), 567

Continuous arteriovenous hemodialysis
(CAVHD), 567

Continuous arteriovenous hemofiltration
(CAVH), 567

Continuous renal replacement therapy
(CRRT), 553, 567

continuous hemodialysis, 567
dosage recommendations in, 570
drug clearance in, 567

Continuous venovenous hemodiafiltration
(CVVHDF), 567

Continuous venovenous hemodialysis
(CVVHD), 567

Continuous venovenous hemofiltration
(CVVH), 463, 567

Coronary artery emboli, myocardial
infarction, 234

Corticosteroids, 64, 151
Cotrimoxazole prophylaxis, 467
Counter immunoelectrophoresis (CIE)

techniques, 97
Coxsackie group B agent, pericarditis, 277
Cribriform plate, 82
Critical care infectious disease syndromes

acute abdomen, 405–406
coma and meningoencephalitis, 404–405
dysentery and gastrointestinal fluid losses,

406–407
eosinophilia, 407–408
fulminant hepatitis, 407
severe pneumonia, 402–404
toxic appearance and fever, 408–410

Critical care unit (CCU)
acute encephalitis in

nonviral infectious mimics of, 117–118
treatable causes of, 118
viral causes of, 113

antibiotic selection in, 609–610, 616, 625
asplenics infections in, 497
bacteremias, 231
community-acquired pneumonia (CAP)

in, 55
Clostridium difficile–associated diarrhea

and colitis in, 305
endocarditis in, 55
fever in, 361

clinical approach, 41
noninfectious causes of, 42

meningitis in, 54, 82
noncuffed central venous catheter, 231
nosocomial pneumonias (np) in, 55
obscure fevers in, 56
patients

categories, 42
with cancer, 43
diagnostic considerations, 42
noninfectious diseases, 42

persistent fever in, 60
prophylaxis of, 253
rash in, 361
seizures in, 615
sepsis sites in, 610
Swan-Ganz catheters, 230
tropical infections in, 397
urosepsis in, 527

Culture methods, diagnosis of ventilator-
associated pneumonia (VAP), 184
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Culture surveillance, 18–19
Cytochrome P450 (CYP450)

chloramphenicol inhibition , 554
enzymatic induction, 554

Cytomegalovirus (CMV) disease, 462
with solid organ transplantation, 473

Cytomegalovirus (CMV) encephalitis, 119
diagnosis of, 119
in HIV patients, 119

Cytomegalovirus (CMV) infection, 105, 160
in burn patients, 519
myocarditis causes, 264

Cytotoxin enzyme immunoassay (EIA), 313

D-Ala with D-Lac (lactate), 12
D-Alanine:D-Alanine ligases, 12
Dakins’ solution, in burns, 511
Dandy fever. See Dengue fever, 372
Daptomycin, 248, 286
Dengue fever, 264, 409

antidengue virus immunoglobulin M
(IgM), 372

diagnosis, 372
polymerase chain reaction (PCR), 372
serotypes, 372

Dengue hemorrhagic fever/Dengue shock
syndrome (DHF/DSS), 409

Dengue shock syndrome (DSS), 372
Dengue virus–associated infection, 372
Dermatological toxicity, 582–583
Diabetic(s)

emphysematous pyelonephritis (EPN) of, 446
foot infection, 337–339

with methicillin-resistant Staphylococcus
aureus (MRSA), 338

with vancomycin-resistant enterococcus,
338

Fournier’s gangrene, 450
life-threatening infection, 446
mechanism of increased infection rate in,

445
rhinocerebral zygomycosis (RCZ), 448–450
in tropics, 451
urinary tract infections in, 446

Dialysates
composition of, 562
concentration gradients, 562
constituents of, 562
electrolytes, 562

Diarrhea
antibiotics with, 587

clinical presentation of, 588
diagnosis of, 588

[Diarrhea]
causes, 587
Clostridium difficile–associated, 294, 305
severe, 397
traveler’s, 397

Diffusion
fluid removal, 567
in hemodialysis, 567
solute removal, 567

Discriminate intravascular coagulation
(DIC), 332, 369, 497, 538

Disseminated gonococcal infections (DGI), 370
clinical clues, 371
incidence, 371
skin lesions , 371

DNA polymerase–gamma
with didanosine, 419
inhibition, 419
with stavudine, 419
with zalcitabine, 419

Double quotidian fevers, 50
Doxycycline, 611
Drug(s)

administration, 568
characteristics, 563
ceftriaxone, 186
dialysis clearance, 563
distribution, 597
elimination, 597
fever, 48, 56

with relative bradycardia, 48
causes, 57–58, 70
clinical features, 57
in critical care unit (CCU), 56, 70
diagnosis, 57

fluorquinolone, 186
hydrophilicity, 563
lipid-soluble, 563
metabolism, inhibitors, 554, 569
minimum inhibitory concentration (MIC)

of, 598
physiochemical properties of, 596
plasma concentration, 598
protein binding, 563
skin reactions to

angioedema, 373
erythema multiforme, 374
exanthems, 373–374
exfoliative dermatitis/erythroderma,

373–374
Stevens–Johnson syndrome, 374
toxic epidermal necrolysis (TEN), 374
urticaria, 373
vasculitis, 373
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[Drug(s)]
in tissues, 563
volume of distribution, 563

Drug reaction
adverse

allergy, 575
anaphylaxis, 576
b-Lactams, 576
cardiotoxicity, 585
clinical presentation, 575
dermatological toxicity, 582
hematological, 579–580
hepatotoxicity, 586
in intensive care unit (ICU), 575
neurotoxicity, 583
toxicities, 575

Dysentery
characterization, 406
complications, 406

Dyspnea, symptom of pericarditis, 278

Ear burns, treatment, 522
Eastern equine encephalitis (EEE), 536
Echinocandins, for rhinocerebral

zygomycosis (RCZ), 449
Echinococcus casseliavus, 12, 14
Echinococcus faecalis, 12
Echinococcus faecium, 12, 23
Echinococcus gallinarum, 12, 14
Echocardiography

in native valve infective endocarditis, 241
pericardial effusion detection, 279
in prosthetic valve endocarditis, 241
types of, 240

Ecthyma gangrenosum, 230, 332
causes, 332
diagnosis, 332
treatment, 332

Edema, 329
Ehrlichia chaffeensis

polymerase chain reaction (PCR) for, 463
Ehrlichiosis, 381
Electrocardiogram (EKG), 16, 275, 280
Electroencephalogram (EEG), 86, 98, 106
Electromyography (EMG), 544
Emphysematous pyelitis, with diabetes, 447
Emphysematous pyelonephritis (EPN), 445

antimicrobial agents, 447
diabetic patient with, 446
diagnose, 446
microbiology, 447
nephrolithiasis in, 447
radiographic staging of, 447

[Emphysematous pyelonephritis (EPN)]
symptoms, 446
therapy, 447

Empyema, 170
bacteriology, 206–208
cause, 205
clinical features, 208
diagnostic studies, 206
frequency of, 206
incidence, 206
pathophysiology, 205–206
stages, 205–206
treatment, 208–210
management, 209

Encephalitis, 105, 113, 475
acute viral, 105

causes, 106, 121
clinical diagnostic approach, 113
mimics, 106
treatment, 122

arbovirus
clinical features, 115–116
geographical distribution, 114

associations, 117
in compromised host, 119
in critical care unit, 113
cytomegalovirus (CMV), 119
Nipah virus, 405
in normal hosts, 118–119
noninfectious mimics, 109, 113
therapeutic approach, 121–122
toxoplasmosis, 119
treatment, 121
viral causes, 113, 405

Entamoeba histolytica, 406
End-stage renal disease (ESRD), 561
Endocarditis

bacterial, 369
in critical care unit, 55
mimics of, 243
pathogen, 285

Endotracheal aspirate (EA) culture,
surveillance, 173, 183-184

Endotracheal tube cuff
biofilm on, 171
reduction of Pseudomonas

pneumonia, 177
silver-coated, 177

Enteric gram-negative bacilli, 131
Enterobacter aerogenes, 447
Enterobacter cloacae, 33
Enterobacteriaceae, 172, 461
Enterococcal endocarditis, 55
Enterococcal faecalis, 248
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Enterococcal faecium, 248
Enterococcus faecalis, 225, 435
Enterococcus species, 509
Enterohemorrhagic Escherichia coli

(EHEC), 406
Enzyme antibiotic therapy, in sepsis/septic

shock, 66–69
Enzyme immunoassay (EIA), 481
Enzyme-linked immunosorbent assay

(ELISA) titer, 108, 308
Eosinophilia, 56

etiologies, 408
infection determinants, 407–408
tropical pulmonary, 408

Epidural abscess, 145
CT scanning of, 143
diagnosis of, 143
microbiology, 142

Epstein–Barr virus (EBV), 113, 355
with lymphoproliferative disorders,

473
myocarditis causes, 264

Erysipelas, treatment, 328–329
Erysipeloid infection, causes of, 330
Erysipelothrix rhusiopathiae, erysipeloid

causes by, 330
Erythema marginatum, 387
Erythema migrans (EM), 373
Erythema multiforme

causes, 374–376
classification, 374

Erythema nodosum
causes, 386
diagnosis, 386
presentation, 386

Erythematosis, systemic lupus, 361
Erythrocyte sedimentation rate (ESR), 48,

85, 285
Erythromycin, 584
Escherichia coli, 131, 172, 293, 527–528

enteroinvasive, 406
enterotoxigenic, 407

Exotoxins, heat-labile
protein, 309, 323

Extended spectrum beta lactamase (ESBL),
33,131

Extensive tissue injury, 599
Extra-abdominal infections pneumonia and

cellulites, 292
Extreme hyperpyrexia

causes of, 45, 47

F-actin cytoskeleton, 309
Facial erysipelas, 328

Facultative intracellular pathogens (FIP),
351

cytokine-activated macrophages, 351
Falciparum malaria features, 399
Fascioliasis, 408
Febrile multiple trauma patients, 596

antibiotic dosing strategies in, 596
Febrile, multiple system injury

clinical studies, 600
pathophysiology, 599–600

Fecal antitoxin A IgA, 308, 317
Fecal lactoferrin assays, 312
Femoral catheters, 59
Fever, 54, 64, 292

acute/chronic, 42
camel back/domedary, 49–50
characteristics, 45, 60
clinical significance of, 41, 45–50
complication, 408
in critical care unit, 41

causes, 42, 44
clinical diagnostic approach

to, 60–64
infectious causes of, 43–45

Dengue, 409
diagnosis of, 586–587
double quotidian, 50
drug, 48
with eosinophilia, 407–408
etiologies, 408
hectic/septic, 50
Lassa, 409
multiple fever spikes, 48–49

in CCU patients, 48
noninfectious causes, 43, 479–480
persistence of, 59–60
rheumatic, 387
scarlet, 380
sustained/remittent, 50
and toxic appearance, 408
and transient bacteremia, 48
typhoid, 406

Fever aphthous ulcer pharyngitis adenopathy
(FAPA) syndrome, 50

Fever and rash
etiology, 361–362, 366
history, 362, 364
life-threatening causes, 361
physical examination, 365
transmission-based precautions

of, 363–364
Fibronectin, binding proteins, 229
Flavivirus encephalitis, 405
Flavobacterium odoratum, 333
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Fluconazole, 586
Fluoroquinolones, 300, 501

antibiotics
dependent on renal excretion, 560
dependent on serum concentrations, 559
dosing interval, 559, 564
kill characteristics, 563

broad-spectrum
agents, 585

Formalin-inactivated toxins A and B, 318
Fournier’s gangrene, 335, 440

causes, 450
treatment, 451

Francisella tularensis, 539
Fulminant colitis, 310
Fulminant hepatitis

causes, 407
symptoms, 407

Fungal burn wound infections, 513
Fungal endocarditis, 253
Fungal infection, invasive, 386, 517
Fungemia, 73
Furuncles, 327
Fusarium, 329
Fusidic acid, 315–316
Fusobacterium nucleatum, 213

Gamma globulin, treatment of myocarditis,
276

Gangrenous cholecystitis, 445
Gas gangrene, 335
Gastro-intestinal system, antibiotics effects

on, 311
Gastroduodenal ulcer

perforated
presentation and diagnosis, 298
risk factors, 297
treatment, 298
triple therapy in, 298

Gastrointestinal cytomegalovirus (CMV)
infection, 473

Gastrointestinal fluid losses, 406
Gastrointestinal hemorrhage, 64, 438
Gastrostomy tubes, 10
Genitourinary (GU) tract, 73, 528
Gentamicin, 248, 404, 578
Giardia lamblia, 407
Gibbs–Donnan effect, 568
Giemsa or Wright stained smears, 400
Giroveci planar cell polarity (PCP)

pneumonia, 161
Glanders

antimicrobial, 550

[Glanders]
bacterial infection, 540
contagious, 541
diagnosis, 544
patient management, 550
serologic testing, 544

Glomerular filtration rate (GFR), 568, 579
Gonococci, 264
Gradenigo’s syndrome, 143
Gram stain, value of, 183
Gram-negative bacilli, 172, 322, 447

aerobic, 186, 528, 533
Gram-positive bacilli, 107, 186
Gram-positive cocci, 172
Granulomatous angiitis, 86
Grocott methenamine-silver, fungal elements

in tissue, 449
Guillan–Barre syndrome, 421

Haemophilus influenzae, 54, 126
Hair follicles, 327
Hantaviral pulmonary syndrome (HPS)

clinical predictors, 403
by hantaviruses, 403
symptoms and treatment, 403

Head and neck infections (HNIs), 125
epidemiology, 125
microbiology of severe, 126–133
pathogens, 126

Head CT/MRI imaging, 86
Health care–associated Pneumonia,

prevention, 178–180
Health care–associated bloodstream

infections (HCBSI), 222
Health care–associated infective endocarditis

(HCIE), 221
definition, 224
hepatosplenomegaly in, 237
invasive vascular procedures, 224
Janeway lesions in, 237
Osler nodes in, 237
signs and symptoms of, 237
types, 224
valvular infection, 224

Health care workers (HCWs)
cleansing products used by, 10
colonization of, 21
glove materials used by, 10

Hearing loss, 584
Heart attacks, in HIV-infected individuals, 427
Heart transplant patients

Aspergillus infection in, 468
bloodstream infection (BSI) in, 477
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[Heart transplant patients]
gastrointestinal infections in, 472
infections in, 481
pneumonia in, 465
risk for, 471
thoracic infections in, 461

Heart–lung transplant recipients
fungal infections in, 467
lung infections in, 465
mediastinitis in, 471–472

Heat shock protein-Hom (HSP1AL), 426
Hectic/septic fevers, 50
Histoplasma capsulatum, 404, 481
Helicobacter pylori

infection, 298
Hemodialysis (HD), 553, 561

artificial process, 561
dialysates, 562
pharmacokinetic model, 564
postdialysis replacement dose, 564
redistribution phenomenon, 563

rebound in plasma
concentrations, 563

vancomycin plasma
concentrations, 563

transport process, 562
convection method, 562
diffusion method, 562

Hemodialyzer
characteristics, 562

dialysate flow rate, 562
high flux permeability, 562
surface area, 562
vancomycin dose, 562

components, 561
configurations types, 561
dialysis membranes types, 561

conventional, 561
semisynthetic, 561
synthetic, 561

flat plate, 561
hollow fiber, 561

capillary tubes, 561
plastic device, 561
semipermeable membrane, 561

Hemophilus influenza, pericarditis in children
by, 278

Hemorrhagic bullae, 336
Hepatic abscess, clinical presentation, 471
Hepatic artery thrombosis, 471
Hepatic insufficiency, 553
Hepatic necrosis, 423–424

risk, 423
therapeutic agent for, 423

Hepatitis
fulminant, 407
viral, 407

Hepatitis B virus
infections, 423
myocarditis in, 264

Hepatobiliary iminodiacetic acid (HIDA)
scan, 296

Hepatotoxicity, 586
Herpes simplex virus (HSV), 174, 374

causes, 383
characterization, 383
diagnosis, 384
encephalitis, 118–119
type 1 (herpes labialis), 82, 383

Herpes simplex virus-1
(HSV-1), 82, 105

CSF lactic acid levels in, 107
encephalitis, 405
infection in burn patients, 519
pneumonia, 56

diagnosis, 56
in CCU, 56

Herpes zoster, 381
complications

acute retinal necrosis, 382
aseptic meningitis, 382
encephalitis, 382
hepatitis, 382
herpes zoster ophthalmalicus, 382
myelitis, 382
pancreatitis, 382
peripheral motor neuropathy, 382
pneumonitis, 382
Ramsay Hunt syndrome, 382

diagnosis, 382
Herpetic burn wound infections

treatment, 519
Herpetic stomatitis, 461
Heterointermediately resistant to

vancomycin (hVISA), 129
Hib vaccine, 499, 502
Highly active anti-retroviral therapy

(HAART), 417
Histoplasmosis, 403
Hookworm infection, 408
Hospital Infection Control Practices

Advisory Committee (HICPAC), 18, 175
key components, 175

Hospital-acquired methicillin-resistant
S. aureus (HA-MRSA), 1

SCCmec in, 2
Hospital-acquired pneumonia (HAP), 169

epidemiology, 169–170

Index 645



[Hospital-acquired pneumonia (HAP)]
microbiology, 172–174
mortality rate, 170
pathogenesis, 170–172
patients, 169

Howell–Jolly bodies, 160, 497–498
Human bites, cellulites, 330
Human herpes virus-6 (HHV-6), 113, 462

encephalitis, 475
viremia, 475

Human immunodeficiency virus (HIV), 112,
157

and AIDS
antiretroviral agents for, 418
in critical care unit, 417
mortality, 417

drugs, 428
gp120 envelope protein, 419
infection parameters, 422
Neuromuscular Syndrome Study Group,

421
therapeutic agent for, 423
therapy, 418
viral protein R (Vpr), 419

Human immunodeficiency virus–associated
ascending neuromuscular weakness
(HANWS), 422

classification, 421
diagnosis, 421

Human immunodeficiency virus–associated
cardiac disease, 427

Human immunodeficiency virus–infected
individuals

hepatotoxicity in, fatal incidence of, 423
nevirapine therapy of, 423
ischemic heart disease in, 428
protease inhibitor (pi) therapy for, 428

Human immunodeficiency virus–specific
proteins, 419

Human inflammation
activation, 599
initiator events, 599

Human leukocyte antigen (HLA)-B-5701,
426

Humoral immune system
antibody mediated defenses, 352
B cells, 351
constituents, 351
immunoglobulins/antibodies, 351
pharmacologic doses of steroids in, 354

Humoral immunity (HI), 90, 160
Hyaluronidase, 309
Hyperlactatemia, 422

syndrome, 420

Hypogammaglobulinemia, 473
Hyposplenism, 160, 497

causes, 498
patients management, 501–503

Hypothermia, 74
Hypoxemia, 162

Imipenem, 318, 615
Immunoglobulin G (IgG), 349
Immunoglobulin M (IgM), 349
Impetigo

causatives
S. aureus, 323
streptococcus, 323

clinical presentations
bullous impetigo, 323
nonbullous impetigo, 323

skin infection, 323
Indomethacin, for pericarditis, 279
Infection(s)

anaerobic, 135
baseline or endemic rate, 33
of buccal, canine, and masticator spaces,

132
cervical, 125

adjunctive therapy, 151
antibiotic dosages, 140
clinical presentation, 132
diagnosis, 135
empiric antibiotic therapy, 137, 148
radiology, 135–136
targeted therapy, 139
therapy of, 136

clusters investigation, 34
control measurement

effectiveness, 37–38
preliminary, 37

of facial region, 132–133
focal

Ebola virus, 397
schistosomiasis, 397

global
tuberculosis (TB), 397
typhoid, 397

infrahyoid region, 133
in international travelers, 397

determinants of infectious risk, 397
etiologies, 397
evaluation, 399
life-threatening infections in, 397–398

intracranial suppurative, 143
clinical presentation of, 143
diagnosis, 143–145, 150
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[Infection(s)]
factors, 147
therapy, 146

lateral pharyngeal space, 132
nosocomial

outbreaks of, 33
surveillance of, 34

outbreak investigation, 3
case definition, 35
diagnostic and therapeutic procedures,

36–37
notification, 35–36
systemic steps in, 35

of parotid space, 132
pericranial, 125
on steroids, 354-355
of suprahyoid region, 132
sublingual and submandibular spaces, 133
types, 354

Infectious Diseases Society of America
(IDSA), 355

classification, 355
recommendations, 355

Infective endocarditis (IE), 221, 440
antibiotic therapy, 245

factors, 245
principles, 246

antimicrobial therapy, 248
guidelines, 248
of nonenterococcal streptococcal, 248

bacteremias with, 231, 240
cardiac lesions in, 222
causative organisms, 228
characteristics, 225
cirrhosis complication, 440
clinical features, 221
clinicopathological correlations, 230
dermal stigmata of, 238
diagnosis, 221

catheter infection, 239
clinical findings, 242
echocardiographic findings, 242
microbiological findings, 242
symptoms, 237

epidemiology, 222
extracardiac complications, 234
fungal, 227
Garrison and Freedman model, 230
immunological origins, 233
in vitro adherence capability, 227
intracardiac complications of acute, 234
intravascular catheters, 231
laboratory/radiology tests, 238
magnetic resonance, 241

[Infective endocarditis (IE)]
microbiology of, 224–227
mimics, 243
multiorganism, 227
musculoskeletal disorders, 238
native valve, 233

organ involvement in, 236
nonantibiotic therapy for, 244
pacemaker, 223
pericarditis of, 235
polar types, 235
polymicrobial, 226
predisposing risk factors, 224
septic emboli, 234
signs and symptoms, 233, 243
splenomegaly, 238
streptococci groups, 226

Influenza, 213
Inhalation injury, histology, 520
Institute for Healthcare Improvement (IHI),

177
aims, 180
ventilator bundle, 180

Insulin therapy, 177
Intensive Care Antimicrobial Resistance

Epidemiology (ICARE) Project, 21
Intensive care unit (ICU), 1, 33, 169

adult, 3–4, 8, 14–16
advers drug reaction in, 575
agents in, 576
broad-spectrum antibiotic in, 584
drug-induced ototoxicity in, 583
neonatal, 3–4, 6, 15, 18
patients

antibiotic-associated colitis, 587–588
antibiotic-associated diarrhea, 587–588
liver-function test in, 586
rashes in, 682
renal failure in, 576

VRE in
control measures, 22
epidemiology, 15
prevention, 18
risk factors, 16–18
transmission, 15

Internal jugular vein, 284
International normalized ratio (INR), 581
Intestinal transplant recipients

infectious enteritis in, 474
Intra-abdominal infection, 291

de novo coincidental, 302
detection

computed tomography (CT) scan, 292
gallium-67 (Ga-67) scintigraphy, 292
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[Intra-abdominal infection]
percutaneous drainage, 293

Intramuscular antibiotic administration, 596
Intravenous (IV) central venous catheters

(CVC), 283
Intravenous drug abusers (IVDA), 222

infective endocartidis, 235
pulmonary manifestations, 235

Intravenous immunoglobulin G(IVIG), 316,
381

as potential adjunctive therapy, 327
Intravenous line infections, 57–58

diagnosis, 58
pathogens with, 284
treatment, 59

Intravenous line sepsis, 57
causes of, 57
in critical care unit, 57

Invasive aspergillus infection, 514
histologic findings, 514

Ischemic necrosis, in burn wound, 514
Ixodes tick vector, 499

Janeway lesions, 370
Japanese encephalitis, 405

Katayama fever, 408
Kawasaki disease (KD)

causes, 381
clinical features, 380–381
diagnostic criteria, 380
signs and symptoms, 380
treatment, 381

Ketoacidosis, diabetic, 448, 449
Kidney

infection, 446
transplant recipients, 469

Klebsiella pneumoniae, 90, 164, 212, 298, 438,
455, 511

Klebsiella spp, 131, 213, 521, 613
Klebsiella strain, 33

L-arabinoside assimilators, 452
Lactate dehydrogenase (LDH), 205
Lactic academia, 422–423
Lactic acidosis syndrome (LAS), 420

treatment, 422
Lactobacillus GG (LGG), 316
Lactobacillus.

monocytogenesmeningoencephalitis,
82, 95, 106

diagnosis, 107

Lactobacillus plantarumLP299v, 316
Lassa fever, 409
Left ventricular (LV) dysfunction, 264
Legionella, 108, 157, 465

diagnosis, 118
infections, 108

Legionella antigenuria, 109
Legionella micdadei, 466
Legionella pneumonia, 161
Legionella pneumophila, 109, 264, 402–403
Legionnaires’ disease, 108

causes of, 108
cinical features, 108

Lemierre syndrome, 213
Leptomeningeal irritation, 82
Leptomeninges, 82
Leptospirosis, 407
Leukocyte-depleted red blood cell

transfusion, 177
Leukocytosis, 43, 292
Leukopenia, 509

hematological adverse drug reactions, 579–
580

Levofloxacin, 605
Lidocaine, deleterious effect, 212
Liebman–Saks endocarditis, 286
Line sepsis, in burn patients, 521
Linezolid, 605–606
Liponyssoides sanguineus, 384
Lipopolysaccharides (LPS), clindamycin

causes, 327
Listeria monocytogenes, 82, 106, 105, 462

in SOT recipients, 475
Listeria CNS infection, 106
Listeria meningitis, 99
Liver disease, 427

acute hepatitis, 554
chronic, 554
disposition of drugs, 553
metabolism of drugs, 553
severity

Child–Pugh scoring system of, 434
classification, 434
parameters, 434

types, 554
Liver transplant recipients

CMV infection in, 463
fever in, 480
pneumonia in, 465
thoracic infections in, 461
with bacteremia, 478

Loefflerella, 451
Ludwig’s angina, 125, 133
Lumbar puncture, 110, 143
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Lung
abscess, 210

bacteriology, 212–213
causes, 212
classification, 211
clinical features, 211
evaluation, 211–212
treatment, 213–214

infiltrates, 181
parenchyma necrosis, 210
transplant recipients, 465

fungal infections in, 467
risks, 471
mortality, 483

Lupus cerebritis, 112
diagnosis, 112

Lyme disease
Borrelia burgdorferi, 264
occurrence, 372
stages, 373

Lymphadenopathy, 211

Macrolide resistance, 130
Macrophages. See Effector cells
Maculopapular rash, 372
Mafenide acetate, in burn care, 509
Malaria, 397

cerebral, 399
complications, 401–402
diagnosis, 400
falciparum, 399
identification in travelers, 399
management, 400–402
nonfalciparum, 400
patient care in, 402
by Plasmodium species

P. falciparum, 399
P. vivax, 399

prophylaxis, 400
treatment modalities

artemisinin derivatives, 400
cinchona alkaloid class, 400
quinidine gluconate, 400

treatment regimens in United States, 401
Marantic endocarditis, definition, 286
Mediastinitis, 471–472

risk factors, 472
Mefloquine resistance, 400
Melioidosis, 451

as febrile illness, 452
bacillus, 453
causes, 451
diagnosis, 544

[Melioidosis]
symptoms, 452
treatment, 453
serologic testing, 544

Meningismus, 8
Meningitis, 81, 105

acute bacterial, 81
causes, 81
clinical and laboratory features of, 86
clinical diagnosis of, 82–83
CSF gram stain clues in, 92
empiric therapy of, 98, 100–101
mimics of, 83–84, 87–89
predicting pathogen in, 90
radiologic tests for, 98
steroids used for treatment of, 99
symptoms and signs of, 83

on basis of fever and nuchal rigidity, 83
in burn patient, 522
complications, 92
diagnosis, 522
drug-induced, 84
host–pathogen association in, 91
in CCU, 54, 82
mimics of, 81

diagnostic approach to, 83
noninfectious, 83

treatment, 522
viral causes of, 54

Meningococcal A&C vaccine, 503
Meningococcal meningitis, 54
Meningococcemia

acute
epidemiology and diagnosis, 366
purpuric skin lesions with, 367
risk of infection, 366–367
symptoms, 366

chronic
lesions, 367–368
symptoms, 367

Meningoencephalitis, 105, 404
diagnosis, 82
eosinophilic, 405
sarcoid, 86

Menstrual toxic shock syndrome (TSS), 324
Meropenem, 627
Methicillin, 128
Methicillin-resistant Staphyloccus aureus

(MRSA), 1, 127, 226, 338, 465, 511,
589, 605, 617

community-acquired, 2, 340
control measures for, 13
decontamination environment for, 9
detection, 9
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[Methicillin-resistant Staphyloccus aureus
(MRSA)]

elimination from gastrointestinal tract, 11
in ICU, 8, 13
in vitro with nosocomial strains of, 213
nosocomial, 2
patients colonization, 8-11
prevention and control, 8

barrier precautions for, 9
hand hygiene for, 10

types, 2-3
vancomycin resistance in, 11
and VRE, 620
and Ventilator-Associated Pneumonia

(VAP), 187
Methicillin-susceptible Staphylococcus

aureus (MSSA), 3, 283
Metronidazole, 214, 293, 406, 311

bacterial infections, 560
half-life in renal insufficiency, 561
resistance, 315
therapy, 315

Microaspiration, 171
Microbial surface components recognizing

adhesive matrix molecules
(MSCRAMMs), 229

Micrococcus spp., 322
Minimal bacteriostatic concentration (MBC),

246
Minimal inhibitory concentration (MIC), 12,

130, 246, 315, 559, 598
Minocycline, 611

and linezolid, 286
Mitochondrial diseases, risks, 422
Mitochondrial DNA (mtDNA) polymerase–

gamma, 418–419
Mitochondrial function, genetic diseases of,

419
Mitochondrial RNA, 419
Mitochondrial toxicity, 418

biochemical manifestations of, 422
injury in, mechanisms of, 418

Mitral valve prolapse (MVP), 223
Molluscum contagiousum, 386
Monobactams, 627
Moraxella catarrhalis, 55, 157
MRSA. See Methicillin-resistant

Staphyloccus aureus
Multidrug-resistant (MDR) pathogen, 172

gram-negative bacilli, 589
risk factors, 186

Mupirocin, 511
for ICU patients decolonization, 10
disadvantages, 10

Muscle mitochondria dysfunction, 422
Musculoskeletal toxicity, 586
Mycobacteria, 207
Mycobacterium marinum, skin infection, 330
Mycobacterium tuberculosis, 206, 339, 465,

536
cause of pericarditis, 278

Mycophenolate mofetil (MMF), 464
Mycoplasma pneumoniae, 82, 117, 427, 438

meningoencephalitis, 107–108
diagnosis, 121

Myocardial abscess formation, 286
aortic valve infection, 241
factors for, 241
intravenous drug abuse, 241
in vegetations, 241

Myocardial infarction (MI), 263
acute myocarditis in, 277

Myocarditis
acute, 263
bacterial pathogens for, 264
causes, 263–274
clinical features, 265–274
clinical presentation, 264
clinical syndrome, 263
diagnostic tests, 265–274
in congestive heart failure, 264
in myocardial infarction, 277
noninvasive detection of, 276
poliovirus by, 263
treatment trial, 274, 276
with arrhythmias, 277

Myocyte necrosis, 276
Myoglobinuria, 336

N-methyl thiotetrazole (NMTT), 581
Nasogastric tubes, 171, 176
National Nosocomial Infection Surveillance

(NNIS), 1
Neck stiffness, 83
Necrosis

lung parenchyma, 210
pulmonary, 211

Necrotizing cellulitis
diagnosis, 333
treatment, 333

Necrotizing fasciitis, 333, 450
broad-spectrum antibiotics for, 334
causes, 333
diagnosis, 334
pathognomonic for, 334
treatment, 334–335

Necrotizing pneumonia, 210
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Neonatal intensive care units (NICUs), 3, 6
decolonization of patients in, 11
outbreaks of NA-MRSA in, 6
reports of transmission of

CAMRSA in, 8
Nephritis, causes, 579
Nephro-and ototoxicity, 602
Nephrolithiasis, in emphysematous

pyelonephritis (EPN), 447
Nephrotoxicity, 188, 576

with broad-spectrum antifungals, 579
Nerve and muscle biopsies, 422
Neisseria gonorrhea–associated mucosal

infection, 370–371
Neisseria meningitides, 92, 362, 366, 499
Neuro-Behçet’s disease, 86
Neuromuscular symptomatology, 422
Neurosarcoidosis, 86, 112
Neurotoxicity, 583
Neurotropic viruses, 106
Neutropenia, patient with, 162
Nevirapine, 427

hepatic disease from, 424
Nikolsky sign, 379
Nipah virus, 405
Nocardia asteroids, 148
Nocardia farcinica, 467
Nocardiosis

clinical presentation, 476
diagnosis, 476

Non–beta-lactam antibiotics, 627
applications, 629–630

Non–Clostridium difficile diarrhea, 308
Non-O1 Vibrio cholerae, 407
Nonbacterial colonizers Candida species, 514
Nonbacterial thrombotic endocarditis

(NBTE), 227
Nonclostridial myonecrosis, treatment, 337
Nonfalciparum malaria, 400
Nonmenstrual toxic shock syndrome (TSS),

324
Nonsteroidal anti-inflammatory drug

(NSAID), 312, 326
Nosocomial diarrhea, 473
Nosocomial empyema, 210
Nosocomial endocarditis, 49
Nosocomial fevers of unknown origin

(FUO), 49
Nosocomial infection, 459, 595
Nosocomial legionellosis, prevention, 466
Nosocomial methicillin-resistant

Staphyloccus aureus (NA-MRSA), 2
advantages, 6
airborne transmission of, 6

[Nosocomial methicillin-resistant
Staphyloccus aureus (NA-MRSA)]

epidemiology, 4
in adults, 7
in ICU, 6
infection sites, 3–4
risk factors, 6–8
sources, 5
transmission mode, 5

Nosocomial pneumonias (NP), 43
combination therapy for, 56
diagnosis, 56
in CCU, 55–56
monotherapy for, 56

Nosocomial sinusitis, 49
Nuchal rigidity, 81, 105
Nucleoside analog reverse transcriptase

inhibitors (NRTIs), 417
abacavir, 424
associated lactic acidosis, 420

treatment for, 420–421
related mitochondrial dysfunction, 419
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(OPSI), 497
clinical presentation, 500–501
diagnosis, 500–501
epidemiology, 498
microbiology

bacteria, 498–499
parasites, 499–500

pathogens causing, 498–499
therapy, 501

Index 651



Oxacillin, treatment of SSSS, 324
Oxazolidinone antibiotics, 606
Oxygen diffusion defect, 166

Pacemaker infective endocarditis
(PMIE), 223

clinical presentations of, 235
epicardial lead infection, 235
infections, 235
right-sided infective endocarditis, 235

Pancreatitis
infectious complications, 300–301
necrotic, 300–301
presentation and diagnosis, 300–301
treatment and prophylaxis, 301

Panton Valentine leukocidin genes, 3, 213,
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pneumonia, 53
treatment of, 550
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