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Preface

The first edition of this text, entitled Paediatric
Oncology: Acute Nursing Care, was published in
1999. ‘A practical approach focusing on the
detailed nursing management of care, under-
pinned by theory and research’ was the main aim
of the textbook (Gibson & Evans, 1999, p. 503). We
would suggest that this has been achieved. The
many ‘tattered covers’ and well-thumbed copies of
the book we see on clinical units show the book has
become a familiar companion to many children’s
cancer nurses in the United Kingdom and beyond.
So much so that it is fondly known as simply ‘the
Red Book’.

In this much awaited second edition we have
built on the success of ‘the Red Book’, taking into
consideration comments made to us by nurses in
practice and recognising the changes in care over
the years. First, you will notice that the title has
changed to Cancer in Children and Young People. We
feel this more appropriately reflects the emphasis
of practice where the care of children and young
people is perceived as two separate and distinctly
different fields of practice within cancer care. In
recognition of the many transitions in the cancer
journey between acute to chronic care, we have
chosen to let go the second part of the origi-
nal title. Second, you will notice that there is a
new part to the book related to long-term follow-
up care, late effects and issues about survivor-
ship. By the year 2010, 1 in 715 young people
will be survivors of cancer. Despite such positive
increases in survival, we know that approximately

60 % of this population will have one or more
treatment- or disease-related late effects. There are
also long-term psychosocial late effects associ-
ated with a childhood cancer diagnosis that may
impinge on a young person’s quality of life, and
we felt it important that the new edition should
reflect this.

What remains the same is the emphasis on
the nurse’s role as a key member of the multi-
professional team, embracing the philosophy of
family-focused care, respect for the young person’s
growing autonomy and negotiation of care. There
are common threads that run through the text,
for example, psychosocial issues, family teach-
ing, health education and involving children and
young people in decisions about their care. Like
the first edition, the text is presented in sections
(though now called parts), that stand alone, with
references for each placed at the end of the chapter,
so the reader can focus on a particular area of
interest without needing to scan the whole text.
Some parts include a commentary from practi-
tioners in the field, and these are useful reflec-
tions on the contribution of the part to developing
practice.

We have welcomed some new authors who have
worked tirelessly on the task, and have sought to
update each section in terms of new areas of clin-
ical practice as well as research. We acknowledge
the work of previous authors, namely Gaynor
Young, Louise Hooker, Sarah Palmer, Phillipa
Chesterfield, Hilary Brocklehurst, Jane Watson,
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Jane Pownall and Linda Scott. We also recognise
the contribution of Margaret Evans, one of the
pioneer editors, without whom there would not
have been a first edition. It is the dedication of
all these authors that has resulted in this second
edition: balancing work responsibilities and writ-
ing is a demanding task, but without these efforts
many examples of ‘know-how’ of expert clinicians
would be lost (Benner, 1984, p. 11).

References

Benner P (1984) From Novice to Expert: Excellence and
Power in Clinical Nursing Practice. Menlo Park, CA:
Addison-Wesley

Gibson F & Evans M (1999) Paediatric Oncology Nursing:
Acute Nursing Care. London: Whurr Publishers

Faith Gibson and Louise Soanes



Foreword

Paediatric oncology is a rapidly developing
speciality and has paralleled a time of major
improvement in the prognosis for children and
adolescents with cancer. The speciality has evolved
as a multi-professional area with collaboration
between a range of medical specialities together
with nursing and paramedical skills. It aims to
promote family-centred treatment and involve the
child patient wherever possible.

The improved prognosis has been largely due
to better diagnostic radiology and histology, new
chemotherapeutic drugs together with increased
knowledge of how best to use them, and advanced
surgical and radiotherapy skills associated with
specialisation.

For the last 30–40 years an ever-increasing
proportion of children with cancer have been
entered into clinical trials, both national, e.g.
Medical Research Council and UK Children’s
Cancer Study Group, and international. These
trials have played a major role in developing new
and more effective treatment schedules.

This book is written primarily for nurses work-
ing in paediatric oncology. It is comprehensive,
up to date and well referenced. There is a useful
commentary at the beginning of most parts. It
covers a wide range of available treatments and
emphasises the importance of involving the child
and their family. Psychological, social and educa-
tional aspects are covered.

With the improved prognosis for childhood
cancer, the number of survivors grows. This is
recognised by a new Part 5, devoted to long-term
follow-up, late effects of disease and its treatment
and practical problems that are important in future
life.

This, the second edition, albeit with a change of
title, follows a successful initial edition published
in 1999. It maintains the standard and deserves to
be consulted, not only by nursing staff, but by a
wide range of those working in the field of cancer
in children and young people.

John Martin FRCP, FRCPCH
Formerly Paediatric Oncologist, Royal Liverpool

Children’s Hospital Alder Hey
Founding Chairman UK Children’s

Cancer Study Group

I am delighted to see the enormous progress that
has been made in the management of children with
cancer since I first became a paediatric ward sister
in 1970. At that time paediatric sub-specialties
were largely a thing of the future and generally
children’s wards catered for a broad mix of sick
children. Most consultants were general paediatri-
cians and nursing staff likewise were generic. In
those early days we had a few children with renal
and other solid tumours who were managed by
the surgeons with the help of the radiotherapists,
but most of the nursing involvement was with
children who unfortunately would die. There were
no specialist social workers, although the Malcolm
Sargent Cancer Fund for Children would provide
some material support.

During the early 1970s the recognition that
more could be done for children with cancer and
leukaemia led to a centralisation of care, and even-
tually all children from the region were referred
to our centre. As chemotherapy became more
specific and sophisticated and later bone marrow
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transplantation became a reality, nurses, out of
necessity, had to become more specialised and
knowledgeable about cancer.

Nurses were, however, not only involved in the
hands-on care of the sick children but were instru-
mental, along with social work colleagues, who
were now included in the developing paediatric
oncology team, in helping develop psycho-social
support for children, their parents and siblings.
Now childhood cancer was moving from being an
acute terminal illness to a long-term condition. This
required a change in how we communicated with
the children, and the need for openness regarding
the disease and treatment was recognised. Conse-
quently nurses with others were at the forefront in
developing literature specifically for children and
their families.

Very soon it became apparent that a separate
ward was needed where expertise could be concen-
trated and skills developed. This led to the
concept of specialist paediatric oncology nurses,
and with the need to share experiences with
others, the Royal College of Nursing in 1984

facilitated the formation of the Paediatric Oncol-
ogy Nurses Forum. There was also recognition
that in order to facilitate children dying at home
there needed to be support for them to do so and
Paediatric Oncology Outreach Nursing posts were
developed.

How things have changed in such a relatively
short period of time. We now have the second
edition of this nursing text book devoted to the
acute care of children with cancer. We have gone
from a situation 35 years ago when the majority of
children with cancer died to one where now over
75% can be cured. Developments and improve-
ments in nursing care have played an enormous
part in this success story and I look forward
to following their contribution over the coming
years.

Anne Craft MSc RSCN RGN HV RNT
Former Director of Nursing, Royal Victoria

Infirmary, Newcastle upon Tyne
Founding Chairman Paediatric Oncology

Nurses Forum
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Commentary
Chemotherapy

Jamie Cargill

As the care that children with cancer and their
families require becomes ever more complex and
demanding, the need of the paediatric oncology
nurse to understand therapy and management of
the resulting symptoms grows every year. Nurses
must therefore draw on the most appropriate body
of knowledge in specific instances of care.

The following chapters (Chapters 1–6) provide
the paediatric oncology nurse with a platform
of knowledge in the pursuit of better prac-
tice. It presents the reader with an overview of
chemotherapy; from its biological principles and
protocol development, to the administration and
potential side effects and oncological emergencies
that may arise, to advances and future develop-
ment. It importantly places the child and the family
at the centre of its commentary and champions
how nurses have been, and will continue to be,
at the forefront in the understanding and manage-
ment of their patients

Chapter 1 introduces the concept of chemother-
apy from its infancy at the beginning of the last
century, to the understanding of the principles of
pharmacokinetics and pharmacodynamics. For all
oncology nurses an integral part of their work
is the ability to understand protocol develop-
ment and the use of clinical trials, as parents will
rely on this understanding when asked to partici-
pate in trials and randomisation. Parents find this

randomisation a concept difficult to grasp and are
often reluctant to consent in case of failure in the
future. The more the nurse can understand what
the child and family are experiencing around the
time of diagnosis, when often the prognosis is also
addressed, the more he or she can support them
through this stage.

This chapter is very helpful in that it informs
the nurse of the rationale for therapy choice and
how protocol development is guided by factors
such as toxicity and drug resistance. The authors
discuss the recent advancement in protocols which
identify where dose reduction could be introduced
without reducing the efficacy of treatment. This
is an exciting time, but delicate and supportive
discussions must be undertaken as parents are very
vulnerable at this juncture in the treatment of their
child, and will need the understanding and time
that an experienced oncology nurse can offer.

Chapters 2 and 3 discuss the classification of
chemotherapy and the process of administra-
tion. Linking the theory of classification back to
practice is often an abstract concept for many
oncology nurses, which this chapter goes some
way to solving. But paediatric oncology nurses
provide far more than the technical administra-
tion of chemotherapy. The nurse can empower and
educate the child and family by explaining exactly
what is going to happen and why. Such specific

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
© 2008 John Wiley & Sons, Ltd



4 Chemotherapy

information can help the nurse answer questions,
thus helping to reduce fear of the unknown. It is
also useful as a reference for others involved in
this process, such as the play specialist.

The practical aspects to administration are
considered, utilising a step-by-step process, which
will be very helpful in standardising competencies
and practices. The central venous line, peripheral
access, the intrathecal route and administration
of chemotherapy are depicted, leading the reader
through what can often be a confusing number of
legislative requirements. As nurses, we are morally
bound by a duty to care to safeguard not just
ourselves, but also the patients and parents in the
delivery of chemotherapy. Legislation is there to
ensure that training and continuing professional
development are key factors in maintaining and
improving standards of care (NICE, 2005), some-
thing that is clear in the text of these chapters.
The choice of setting for chemotherapy adminis-
tration is discussed, with the nurse being at the
forefront of changes in both administration meth-
ods (altering the route for post-fluid hydration)
and the setting (home versus hospital), with the
requirement of excellent information (both written
and verbal) to ensure effective outcomes.

At the heart of oncology nursing is the ability
to control the side effects of therapy. Knowledge
of the actual and the potential side effects of treat-
ment ensures that nurses are able to profession-
ally assess, manage and evaluate care given. The
education of side effects should always preclude
the actual presence of signs and symptoms, as
knowledge about treatment and side effects is
necessary to ensure active participation of family
members in the decision-making process. It is
therefore no surprise that throughout Chapters 4
and 5, the constant theme is that of education
and information-giving. The authors are able to
provide excellent descriptions of practice, which
is supported by research and other published
literature.

Reviewing existing practice in the management
of side effects is pertinent to the care of the paedi-
atric patient. It is, however, clear from current
research, that many questions remain to be asked
and answered for the management of many of the
side effects for children undergoing cancer ther-
apy. Part 1 discusses the lack of validated and reli-
able assessment tools for children in many areas of

care but analyses those that do exist. Internation-
ally accepted assessment scales for measuring the
severity and impact of symptoms such as mucosi-
tis, nutrition and nausea and vomiting in children
are therefore of paramount importance (van der
Rijt & van Zuijlen, 2001).

Aside from all the mechanistic and pharmaco-
logical interventions, paediatric oncology nurses
must not ignore the positive effect of good nurs-
ing care, a constant theme in Part 1. Nurses play
a pivotal role in the provision and education of
care for children and their families during cancer.
Nevertheless a gulf still exists between the know-
ledge base and clinical practice, resulting in confu-
sion, conflicting advice, and uncertainty (Ezzone
et al., 1993; Mueller et al., 1995; Collard & Hunter,
2001; Gibson, 2004). Nurses must, however, be
accountable for the care they give and whenever
possible scientific-based evidence should inform
decision-making and underpin the rationale for the
care given (Williams et al., 2003).

It is now recognised that nurses are in a prime
position to lead in the area of symptom manage-
ment (Gibson & Nelson, 2000; Soanes et al., 2000).
However, there is often a feeling that the nurse’s
ability to further the scientific credibility of the
profession is hampered by the lack of robust and
well-designed research studies. There is a require-
ment from within and outside the nursing profes-
sion that clinical nursing practice be based on best
available evidence.

For the care of children to benefit from research,
it must embrace a range of methodologies to
generate new knowledge. Multi-centred, placebo-
controlled studies need to be designed and
implemented to study the effectiveness of the inter-
ventions to reduce the incidence and severity of
side effects such as mucositis, pain and nausea
and vomiting (Barker, 1999; Scully et al., 2004). As
supported by the authors, the role of the paediatric
oncology nurse must be included in this changing
and challenging time, with such a vast and diverse
specialty ultimately aiming to provide the child
and family with the highest standards of care. By
challenging the innovations that treatment offers
and sustaining the accomplishments achieved so
far, only then can we be confident that consensus
on best practice has been achieved.

Knowing the patient and family is now consid-
ered to be a key component of excellent nursing
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care (Jenny & Logan, 1992) and is considered
a ‘central theme in nurses’ everyday disclosure
about their practice’ (Tanner et al., 1993, p. 273). The
Calman–Hine Report (1995) highlights the import-
ance of working with families and patients with
cancer, ensuring a holistic approach to care. The
authors always placed the child and the family at
the centre of its commentary with nursing know-
ledge required in providing an understanding of
their treatment.

Part 1 provides an excellent reference guide to
enhance the knowledge of both nurses and other
health professionals in the provision of treatment
for childhood cancer. It shows us the challenge for
the future: to continue to improve and collaborate
within the paediatric oncology multi-disciplinary
team in the treatment and management of cancer.
It will not come as any surprise to find that this
second edition of the ‘Little Red Book’ will be an
essential theoretical textbook to any aspiring oncol-
ogy nurse working with children.
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1 Principles of Chemotherapy

Angela Houlston

The history of the development of
chemotherapy

Chemotherapy is the term given to refer
to any drug or chemical treatment used to
treat any disease. Cytotoxic (or anti-neoplastic)
chemotherapeutic agents are used to treat
malignancy.

The development of cytotoxic chemotherapy
at the beginning of the twentieth century revo-
lutionised the treatment of cancer, especially
the treatment of disseminated disease such as
leukaemia. Crucial to the development of cyto-
toxic chemotherapy was the discovery that certain
chemicals acted chiefly on any rapidly divid-
ing cells, and this includes cancer cells. During
the First World War it was noted that soldiers
who were exposed to nitrogen gas developed
an abnormally low white cell count. A deriva-
tive of nitrogen gas, nitrogen mustard was first
used as an anti-cancer treatment in the 1940s.
Many of the cytotoxic drugs used today were
discovered incidentally when developing drugs
for other purposes, while others have been
developed specifically to interfere with metabolic
pathways.

Cell cycle

To understand the principles of chemotherapy and
how it works, it is important to have a basic under-
standing of the normal cell cycle. The cell cycle is
an ordered series of events that involves several
sequential phases. The purpose of the cell cycle is
for cells to reproduce themselves, to replace dead
or injured cells and add new ones during tissue
growth.

There are two types of cell division, somatic
and reproductive, and these have different goals.
Somatic cell division involves all cells except for
germ cells involved in reproduction. In somatic
cell division, each cell duplicates its contents and
divides into two identical cells through a nuclear
division process called mitosis. The cell cycle
consists of two main periods: interphase, when the
cell is not dividing, and the mitotic (M) phase when
the cell is dividing.

Interphase

The cell replicates its DNA during this period of
rapid growth. Interphase has three phases: G1, S
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and G2. S phase is concerned with the synthesis of
DNA and the G phases are gaps or interruptions
in DNA replication.

1. G1 phase. This is the interval or gap between
the mitotic stage and the S phase. The cell is
preparing for DNA synthesis and is metaboli-
cally active through the synthesis of RNA and
protein. This stage may last from 8 to 10 hours;
however, some cells remain in this phase for a
longer time and are considered to be in the G0

or resting phase.
2. S phase. Once a cell enters this phase, it is

committed to go through cell division. The S
phase is between G1 and G2 and lasts approx-
imately 8 hours. This is the phase of DNA
synthesis when the DNA replicates, ensuring
that the two cells being formed are made of the
same genetic material.

3. G2 phase. This is the gap between S phase and
mitosis, which will give rise to two daughter
cells. This phase may last for 4 to 6 hours.
Cell growth continues and enzymes and other
proteins are synthesised in preparation for cell
division.

M phase (Mitosis)

This phase results in the nucleic and cytoplasmic
division that produces two identical, or daugh-
ter, cells. This may be broken down into four
distinct phases: prophase, metaphase, anaphase
and telophase, culminating in cytokinesis or the
division of cytoplasm that creates two new cells.

The sequence of events in the cell cycle is shown
in Figure 1.1:

G1 Phase → S phase → G2 phase → M phase

�Mitosis� → Cytokinesis → two new cells

Most cancer cells are characterised by their abil-
ity to divide uncontrollably. Cytotoxic chemother-
apy interferes with cell division at various points
in the cell cycle, affecting both cancer cells and
other rapidly reproducing cells. This knowledge
has enabled the development of drugs which either
act specifically during one point of the cell cycle
(cell cycle phase-specific) or which have some
effect during all phases of the cell cycle (cell
cycle non-phase-specific). Cell cycle non-specific

Synthesis
S

G2

Gap 2

M
Mitosis

G1

Gap 1

G0

Resting

Figure 1.1 The cell cycle.
Source: Tortora & Derrickson; 2005; Fischer et al., 2003; Rang et al.,
2003

chemotherapeutic agents (specifically the alkylat-
ing agents and platinum compounds) are also
effective against cells in the G0 phase which are
not actively dividing. This group of drugs has
been particularly effective against slow-growing
tumours (Fischer et al., 2003).

Cell cycle time

The overall objective in any cancer treatment plan
is patient survival and the eradication of tumour
cells, with minimal disruption to normal cell activ-
ity. It is known that tumours have a steady,
progressive growth pattern which is affected by
cell cycle time, growth fraction and cell loss.
Chemotherapy has a greater effect on rapidly
dividing cells. Cancer cells appear to have an initial
rapid, proliferative phase during which time cells
will be cycling quite quickly from mitosis to mito-
sis. The time it takes for each cycle to complete
varies between 24 and 120 hours, depending on
cell type.

Age and developmental status are known
to influence cellular proliferation. Children and
young people are growing, so have more body
tissues with a dividing cell population; this helps to
explain why paediatric malignancies appear to be
more receptive to chemotherapy and more suscep-
tible to the adverse side effects that may follow
(Ettinger et al., 2002).

Growth fraction

The growth fraction represents the percentage
of cells undergoing division at any one time.
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During early tumour development (when tumour
bulk is small) there is a high fraction of divid-
ing cells and tumours are able to double their
size rapidly. As tumours grow in size, the blood,
oxygen and nutrient supply become compromised
and space for growth is restricted. During this
time the cell growth fraction is low and the cycle
time is slowed, therefore the doubling time is
decreased (Ettinger et al., 2002). Chemotherapy is
more effective against rapidly dividing cells, so
may be less effective when tumours reach this
stage. It is thought, however, that it may be possi-
ble to increase both cell growth fraction and cell
cycle time by achieving an initial tumour reduc-
tion, either through chemotherapy, radiotherapy
or surgery. This would stimulate trigger mech-
anisms on the cell surfaces to recruit cells back
into the cycle in an attempt to replace the lost
bulk. Once this has been achieved, chemother-
apy can once again become effective against
reduced tumour bulk (Ettinger et al., 2002). It
can be concluded therefore that doubling times
can vary greatly between different tumours and
that chemotherapy-sensitive tumours tend to grow
faster than slow-growing ones that are less sensi-
tive to chemotherapy (Tortorice, 2000).

Pharmacokinetics and
pharmacodynamics

Pharmacokinetics is the study of drug absorption,
distribution,metabolismandexcretion,orthemove-
ment of drugs within the body (Ettinger et al.,
2002). Pharmacokinetics therefore plays an impor-
tant role in the successful application of cancer
chemotherapy. Although some tumours may be
known to be sensitive to a given cytotoxic agent,
that agent may still fail to achieve a response.
An understanding of how a patient’s body is
able to deal with a particular drug is essential in
determining dose, timing and route of administra-
tion. Individual patients may demonstrate variable
responses to therapies due to a variety of factors
such as altered organ function. The pharmacokinetic
behaviour of cytotoxic drugs has not been exten-
sively evaluated in children; however, improved
techniques have led to an increased emphasis
on measuring the concentration of various drugs
through pharmacokinetic studies (Balis et al., 2002).

Pharmacodynamics is the study of the relation-
ship between drug concentration and drug effect.
It may therefore be possible to give a particular
drug either as a bolus or as an infusion and achieve
a completely different therapeutic or toxic effect
(Ettinger et al., 2002).

There is a very close link between the anti-
tumour and toxic effects of chemotherapy; this
means that the difference between an effective and
a toxic dose can be very small. The aim of any
chemotherapeutic schedule is therefore to gain the
greatest anti-tumour effect with an acceptable level
of toxicity (Ettinger et al., 2002; Boddy, 2004).

An understanding of these two principles high-
lights the importance of careful and regular
monitoring of the patient before each course of
treatment so that doses can be modified accord-
ingly.

Protocol development and clinical
trials

Childhood cancer is very rare; hence the best way
to search for better treatments is to conduct multi-
institutional trials within a co-operative group,
this may be either national or international. In
the United Kingdom trials are co-ordinated by the
Children’s Cancer and Leukaemia Group (CCLG).
It is the work of this organisation that has resulted
in a 70 % cure rate for all childhood cancers
(Sposto, 2004). The advantage of multi-institutional
collaboration is that patient accrual is quicker,
allowing for faster, reliable conclusions to be made
(Ablett, 2004a). Co-ordination of trials reduces
duplication and allows prompt evaluation of new
agents and ways of giving treatments.

Clinical trials

There are few conditions for which treatment is
known to be 100 % effective; this gives great poten-
tial for making improvements. Improvements to
prescribed treatments can be determined via a clin-
ical trial. A clinical trial is a planned experiment
that is designed to discover the most appropri-
ate treatment for patients with a given condition
(Ablett, 2004a).

All clinical trials are described in a protocol
document. This protocol will outline information
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relating to the purpose, design and conduct of
the trial, including which patients are eligible,
which treatments are to be evaluated and how each
patient’s response will be evaluated. Trial data will
be analysed to evaluate the patient outcome with a
given treatment regime. The patient outcome may
be measured in terms of length of time to death
or relapse. As outcomes improve, many childhood
cancer trials aim to reduce the morbidity of treat-
ment while maintaining its efficacy (Sposto, 2004).

Any research involving human subjects is subject
to strict regulations. The European Union Directive
on Good Clinical Practice (GCP) was implemented
in May 2004. This is an international ethical and
scientific quality standard for designing, conduct-
ing, recording and reporting trials that involve
the participation of human subjects. GCP affects
everyone working in clinical trials, whether in the
pharmaceutical industry or academia. Failure to
comply with certain elements of the legislation
constitutes a criminal offence. These regulations
have therefore affected all staff working with clin-
ical trials involving the treatment of childhood
cancer and resulted in additional training and
working within agreed standard operating proce-
dures (Ablett, 2004b).

Clinical trials fall into four phases:

1. Phase I to determine an acceptable drug dosage
2. Phase II to provide evidence of efficacy of treat-

ment
3. Phase III to compare efficacy/side effects with

those of other drugs/treatments
4. Phase IV large-scale epidemiological study

(mainly industry).

Phase I studies

Phase I studies are the first trials in humans. They
may be viewed as toxicity screening studies, where
following testing in laboratories, a new drug is
administered to human subjects to determine the
maximum tolerated dose and any dose-limiting
toxicities. The first human studies are undertaken
in adults, but as children often have different
tolerance patterns for chemotherapy drugs, the
paediatric dose cannot be accurately extrapolated
from the results of adult trials. Phase I trials are
undertaken in paediatrics, but only children who
have failed to respond to conventional treatments

are eligible for entry. Pharmacokinetic data are
frequently collected, via serial blood and urine
sampling, to determine the absorption, bioavail-
ability and excretion patterns for the new drug.

Phase II studies

These aim to determine the potential efficacy of
the new drug in different types of cancer. The
maximum tolerated dose is given to a statisti-
cally defined number of children with a variety
of relapsed or refractory cancers, and response is
monitored. The goal of a phase II study is to iden-
tify which drugs warrant further study in a given
tumour type.

Phase III studies

In childhood cancer, these phase III studies
are the large-scale multicentre or international
randomised trials into which the majority of chil-
dren in the United Kingdom will be entered at
the time of diagnosis. Large numbers of children
will either be given a new drug or previously
used drugs in a new combination or at a new
dose. These new elements are usually in combina-
tion with standard therapy, to determine whether
significant survival benefit is achieved by its addi-
tion to the previous ‘best known’ treatment or
whether the new treatment is better than the stand-
ard one (Ablett, 2004a).

Considerations when planning
chemotherapy treatments

Drug resistance

There is a wide variety of therapeutic responses
and unacceptable toxicities in patients receiving
chemotherapy (Tortorice, 2000). Some cancer cells
demonstrate either an intrinsic or an acquired
resistance to chemotherapy. Several mechanisms
of drug resistance in cancer cells have been identi-
fied:

• decreased drug uptake by the cell;
• increased efflux (flow outwards) of drug out of

the cell;
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• detoxification of drugs in the cell secondary to
metabolic changes;

• increased DNA repair;
• alterations in the structure of drug receptor sites

or targets;
• decreased sensitivity to apoptosis (programmed

cell death);
• multidrug resistance gene from genetic

mutation following exposure to particular
chemotherapeutic agents.

(Ettinger et al., 2002)

It has been identified that resistant malignant cells
contain the gene known as the multidrug resis-
tance (MDR) gene. In intrinsic resistance the MDR
gene is present from the onset, whereas the gene is
the result of genetic mutation following exposure
to chemotherapy in acquired cases. These resistant
cells have a protein called P-glycoprotein present
on the cell surface. This protein acts as an efflux
pump, rapidly pushing through and eliminating
the chemotherapeutic agents from within the cell,
preventing their therapeutic effect.

In order that the risk of resistance is kept to
a minimum, it is recommended that chemother-
apy is administered at maximum dose intensity.
This means that chemotherapy schedules should
be constructed to offer the maximum tolerated
dose with the smallest possible interval between
doses. Advances in supportive care, such as colony
stimulating factors and powerful antibiotics, have
helped to make these dose-intensive protocols
possible (Balis et al., 2002; Ettinger et al., 2002).

Toxicities

Chemotherapeutic agents have the same cytotoxic
effect on both normal and malignant cells. This
cell toxicity is often dose-limiting and restric-
tive. Normal cells need to have the opportunity
for recovery between treatments to avoid life-
threatening toxicities or those threatening quality
of life which may be unacceptable to patients, both
in the short and long term. Even in the presence
of drug resistance, unacceptable toxicities may still
occur because of the toxic effects of chemotherapy
on normal cells.

Several toxicities are common to the majority of
cytotoxic drugs, for example, myelosuppression,

nausea and vomiting, and alopecia. These acute
toxicities are usually reversible. Some drugs also
have unique toxicities affecting specific organs or
tissues, such as cardiotoxicity which is associated
with anthracyclines. Many of these unique toxici-
ties are cumulative and in some cases irreversible
(Balis et al., 2002).

The severity of any toxicity is an important factor
when planning a treatment protocol. It is usual
therefore to combine drugs that have differing side
effects, for example, a non-myelosuppressive drug
such as vincristine may be combined with myelo-
suppressive ones without compromising the dose
of either drug (Balis et al., 2002).

In the palliative stages of disease, when cure is
no longer the aim of treatment, careful considera-
tion needs to be given to ensuring that the balance
between an achievable quality of life is weighed
up against the toxic side effects of any treatments
given. It is possible that toxicity deemed acceptable
during active therapy may prove unacceptable for
the dying child (Hain and Hardy, 2004).

Treatment approaches

The ultimate aims of treatment for all patients are
cure and quality of life. There are many approaches
to treatment that will be used to achieve this aim.

Single agent versus combination

It has long been acknowledged that combination
drugs regimes significantly increase the chance
of complete remission (Balis et al., 2002). This
is because combination regimes offer a way to
overcome drug resistance to individual agents.
When different drugs are used to treat a particu-
lar tumour, it is usual to select those that have
different toxic effects, as this helps to reduce the
treatment-related morbidity.

Adjuvant chemotherapy

Adjuvant chemotherapy is a term sometimes used
to describe therapy that is used in addition to other
modalities of treatment, such as surgery or radio-
therapy. This is particularly effective in patients
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who have a high risk of relapse at metastatic sites,
for example, those with solid tumours (Ettinger
et al., 2002).

Neo-adjuvant chemotherapy

This is the term used to describe chemother-
apy that is given prior to definitive localised
therapy such as surgery or radiotherapy in an
attempt to reduce the tumour bulk, thus facilitat-
ing less radical surgical or radiotherapeutic inter-
ventions. Chemotherapy used in this way will
also provide earlier treatment of micrometastatic
disease (Balis et al., 2002; Ettinger et al., 2002). It is
also possible to identify which chemotherapeutic
agents are effective against a particular tumour in
a particular patient. Further courses of chemother-
apy are frequently prescribed once recovery from
definitive localised treatment has been attained.

Dose-intensive regimes

One way of overcoming drug resistance is to
ensure that drugs are administered at the maxi-
mum drug intensity. Dose intensification can be
achieved in two ways. By alternating myelotoxic
drugs with non-myelotoxic ones, given at the
neutropenic nadir, it is possible to continue cyto-
toxic onslaught on malignant cells while permit-
ting bone marrow recovery. Another approach
is to reduce the duration of marrow aplasia
by combining intensive chemotherapy with the
administration of colony-stimulating factors (Scurr
et al., 2005).

Combination chemotherapy

Drugs used in combination may have an enhanced
effect against malignant cells; however, it is not
completely understood why this is (Ettinger et al.,
2002). Tumour cells do not progress through the
cell cycle at the same time, so it is important to
select agents that exert their antineoplastic effects
at different stages of the cell cycle. The objective
of any regime is to achieve maximum tumour
cell kill without excessive toxicity. Drugs with

different toxicities will be chosen wherever possi-
ble, however, if overlapping toxicities are unavoid-
able, for example, bone marrow depression, it may
be necessary to reduce doses or extend the period
of time between cycles (Tortorice, 2000).

Reducing doses

High-dose therapies have been responsible for
many of the improvements seen in the treatment
of childhood cancers. Randomised studies are now
being conducted which set out to identify whether
some children can be treated at lower doses with-
out reducing efficacy, for example, the current
treatment trial for treating acute lymphoblastic
leukaemia (Medical Research Council, 2003) sets
out to identify low-risk children by looking at
minimal residual disease at various points in the
induction period of treatment. The main focus is
to attempt to reduce the cumulative, dose-related
cardiotoxic effects of the anthracyclines and the
risk of infertility and secondary malignancies asso-
ciated with alkylating agents. It is hoped that the
optimum balance between effective treatment and
low toxicity can be achieved by reducing the total
doses given, by substituting less toxic analogues
of effective drugs and, where possible, by avoid-
ing anthracyclines or alkylating agents completely.
Children who are participating in these studies will
require particularly close monitoring for response,
in order that treatment may be modified back to
the standard therapy if necessary.

Chemoprotective agents

Cytotoxic chemotherapy is extremely toxic and
has many unwanted side effects. Some side
effects, such as nausea and vomiting and alope-
cia, are unpleasant but are reversible and not
life-threatening. Bone marrow depression can
be life-threatening but is usually reversible, espe-
cially if doses are modified. There is a group of
toxicities that are potentially life-threatening and
can cause irreversible damage to normal cells,
for example, the cardiotoxic effects of anthracy-
clines. Much interest has therefore been gener-
ated in the development of drugs that may block
the toxic effects of chemotherapeutic agents while
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maintaining their antineoplastic properties. These
developments include both chemoprotective and
rescue agents for drugs such as doxorubicin (lipo-
somal preparations and cardio-protective agents),
ifosfamide (mesna) and methotrexate (folinic acid)
(Boddy, 2004).

Administration schedules

Prolonged drug administration has been explored
as an additional way of reducing toxicity. The
toxicity associated with peak serum levels in some
drugs, such as the anthracyclines, is thought to
be reduced by slow administration; this may be
over several days. However, the relative benefits
of these regimes over shorter infusions have yet
to be substantiated, mainly because other short- to
medium-term side effects, such as mucositis, are
enhanced with prolonged infusion time (Boddy,
2004; Scurr et al., 2005).
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2 Chemotherapy Agents

Angela Houlston

Classification of drugs

In general, chemotherapeutic agents are classified
according to their chemical structure, biological
source or effect on the cell cycle. The most useful
classification is by mechanism of action (Pinkerton
et al., 2004). There are six major classes of drugs
(Table 2.1):

• alkylating agents
• platinum compounds
• antimetabolites
• tubulin-binding drugs
• topoisomerase inhibitors
• miscellaneous agents.

Alkylating agents

These are a group of reactive chemicals which act
through the co-valent bonding of an alkyl group,
by substituting the hydrogen atoms in the cellu-
lar molecules. This causes cross-linking and DNA
strand breaks. Through this process damage is
caused to the DNA template, RNA, DNA, and
protein synthesis is inhibited and replication is
unable to take place. The most affected of the

nucleic acid bases is guanine, but cytosine and
adenine are also known to be affected.

Alkylating agents are classed as cell cycle
non-phase-specific and are effective against cells
in all phases of the cycle, including the G0 phase.
This means that they have the capacity to affect
tumour shrinkage, causing more cells to be recruited
back into the active proliferative cycle where
they become susceptible to the cell cycle phase-
specific agents. This also means that the alkylat-
ing agents are effective against both slow-growing
and rapidly proliferating tumours.

Platinum compounds

This group of agents contain platinum atoms,
which were found to form complexes that arrest
cell division. Platinum compounds have a similar
mechanism to alkylating agents but in addition to
forming interstrand cross-links also attach to bases
on the same DNA chain (intrastrand linkages).

Antimetabolites

These are a group of agents which act by mimick-
ing the essential metabolites necessary for DNA
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Table 2.1 Classification of cytotoxic drugs

Drug Action Common use

Alkylating Agents
Busulphan Causes DNA cross-links; cell cycle

non-phase-specific
Leukaemias; Neuroblastoma

Carmustine (CCNU) Causes DNA cross-links and strand breaks CNS; Lymphomas
Cyclophosphamide Causes DNA cross-links Leukaemias; Lymphomas;

Neuroblastoma;
Rhabdomyosarcoma; Ewing’s
Sarcoma and Germ Cell Tumours

Dacarbazine (DTIC) Causes DNA cross-links and strand breaks;
inhibits DNA and RNA synthesis

Sarcomas and Hodgkin’s
Lymphomas

Ifosfamide Causes DNA cross-links with DNA and
binds to proteins

Sarcomas

Lomustine (CCNU) Causes DNA cross-links and strand breaks;
inhibits DNA and RNA synthesis

CNS and Lymphomas

Melphalan Causes DNA cross-links, strand breaks and
miscoding RNA synthesis

Neuroblastoma; Sarcomas;
Leukaemias and Hodgkin’s
Lymphomas

Procarbazine Affects pre-formed DNA, RNA and protein Hodgkin’s Lymphomas
Temozolamide Similar to Dacarbazine, a prodrug-active

metabolite is formed by chemical
degradation

CNS

Thiotepa Chromosome cross-links with inhibition of
nucleo-protein synthesis

CNS

Treosulphan A bifunctional alkylating agent similar to
Busulphan

Sarcomas

Platinum Compounds
Carboplatin Causes interstrand and intrastrand

cross-links by reacting with nucleophilic
sites on DNA

Germ Cell Tumours;
Neuroblastoma; Sarcomas; CNS
and Liver Tumours

Cisplatin Causes interstrand and intrastrand
cross-links and prevents cell replication by
denaturing the double helix

Germ Cell Tumours;
Neuroblastoma; Sarcomas; CNS
and Liver Tumours

Antimetabolites
Clofarabine Purine nucleoside analogue Leukaemias
Cytarabine Pyrimidine analogue incorporated into

DNA; slows synthesis and causes defective
links and erroneous duplication of early
DNA strands; S phase-specific

Leukaemias; Lymphomas and
CNS

Fludarabine Purine antimetabolite Leukaemias
Gemcitabine Inhibits DNA synthesis Neuroblastoma
Methotrexate Dihydrofolate reductase enzyme inhibitor;

results in the inhibition of the precursors of
DNA, RNA and cellular proteins. S
phase-specific

Leukaemias; Lymphomas; CNS
and Osteosarcoma

6-Mercaptopurine Thiopurine antimetabolite which inhibits de
novo purine synthesis by converting to
monophosphate nucleotides; S
phase-specific

Leukaemias and Lymphomas

6-Thioguanine Thiopurine antimetabolite which inhibits de
novo purine synthesis by converting to
monophosphate nucleotides; S phase
specific

Leukaemias and Lymphomas
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5-Flurouracil Inhibits thymidine synthesis; incorporated
into DNA and RNA

Colorectal Tumours and Liver
Tumours

Tubulin-Binding
Drugs
Vinblastine Binds to microtubular proteins causing

mitotic arrest during metaphase. May also
inhibit DNA, RNA and protein synthesis;
active in S and M phases

Lymphomas

Vincristine Bids to microtubular proteins causing
mitotic arrest during metaphase; active in S
and M phases

Leukaemias; Lymphomas; Wilms’
Tumours; Neuroblastoma and
Rhabdomyosarcoma

Vinorelbine Mitotic inhibitor; blocks microtubule
polymerisation

Sarcomas

Vindesine Similar to Vinblastine, binds to microtubular
proteins of the mitotic spindle leading to
mitotic arrest

Lymphomas

Topoisomerase I
Inhibitors
Iridotecan Causes DNA strand breaks Investigational
Topotecan Causes DNA strand breaks Investigational
Topoisomerase II
Inhibitors
a) Epipodophyllins
Etoposide Inhibits DNA synthesis in S and G2 phases

causing single strand breaks in DNA
Leukaemias; Lymphomas;
Neuroblastoma;
Rhabdomyosarcoma; Ewing’s
sarcoma and Wilms’ Tumour

Teniposide Inhibits DNA uptake of thymidine thereby
impairing DNA synthesis; works in late S
and early G2 phases

Leukaemias; Lymphomas;
Neuroblastoma and Germ Cell
Tumours

b) Anthracyclines
Daunorubicin Intercalates DNA blocking DNA, RNA and

protein synthesis
Leukaemias

Doxorubicin Binds to DNA base pairs; inhibits DNA,
RNA and protein synthesis; S phase-specific

Leukaemias; Lymphomas;
Neuroblastoma;
Rhabdomyosarcoma; Ewing’s
Sarcoma and Wilms’ Tumour

Epirubicin Causes DNA strand breaks Lymphomas and Sarcomas
Idarubicin Inhibits RNA synthesis; S phase specific Leukaemias
Mitozantrone Inhibits DNA and RNA synthesis through

intercalation of base pairs; cell cycle
non-phase-specific

Leukaemias

c) Miscellaneous
Amscarine Intercalates and binds DNA and inhibits

topoisomerase II and RNA synthesis;
S phase-specific

Leukaemias

L-Asparaginase Hydrolysis of serum asparagine G1

phase-specific
Leukaemias

Dactinomycin Inhibits DNA and RNA synthesis by binding
to the guanine portion of DNA; DNA is then
unable to act as a template for DNA and
RNA; G1 and S phase-specific

Wilms’ Tumour; Ewing’s Sarcoma
and Rhabdomyosarcoma

Bleomycin Induces double and single strand breaks in
DNA synthesis

Germ Cell Tumour and
Lymphomas
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Table 2.1 (Continued)

Drug Action Common use

Hydroxyurea Ribonucleotide reductase inhibitor Leukaemias
13-Cis Retinoeic Acid A derivative of vitamin A, increases DNA,

RNA and protein synthesis, affects cellular
mitosis

Neuroblastoma

Cortico steroids Receptor-mediated lympholysis Leukaemias and Lymphomas

Sources: Pinkerton, et al. (2004) and Pizzo & Poplack (2002).

and RNA synthesis. They are so structurally simi-
lar to the metabolites of which they are analogues
that they are able to deceive the cells into incor-
porating them into the metabolic pathways. They
are effective either through inhibition of cellu-
lar macromolecular synthesis and their building
blocks, or through their incorporation into the
metabolic pathways which results in a defective
end-product.

The antimetabolites are classed as cell cycle
phase-specific and are effective in the S phase.
They are most cytotoxic against cells which are
synthesising DNA and are therefore most effect-
ive against rapidly proliferating rather than slow-
growing tumours.

Tubulin-binding drugs

This group of drugs is often called the vinca
alkaloids and includes a number of agents orig-
inally derived from the periwinkle plant. These
drugs are all cell cycle-specific, attacking cells
at certain phases of division. These drugs inter-
fere with normal microtubule formation and func-
tion, causing arrest during mitosis. This results
in a lack of mitotic spindle that causes chromo-
somes to be dispersed throughout the cytoplasm.
Tubulin-binding drugs may have some effect on
cells in the G1 and S phase but mainly affect the
M phase.

Topoisomerase inhibitors

Topoisomerase enzymes control the manipula-
tion of the structure of DNA, necessary for cell
replication. The cytotoxic agents that interfere

with the action of the topoisomerase enzymes
(Topoisomerase I and II) are classified together.
Topoisomerase II inhibitors are placed into three
sub-groups: epipodophyllotoxins, anthracyclines
and miscellaneous.

1. Topoisomerase I inhibitors – these bind with
the DNA enzyme complex causing DNA
strand breaks and cell death.

2. Epipodophyllotoxins – this group is derived
from plants and is thought to inhibit topo-
isomerase II and produce DNA strand breaks.
They affect cells in late S and early G phases of
the cycle.

3. Anthracyclines – the mechanism of action
includes covalent binding of DNA and subse-
quent formation of free radicals. They also
cause inhibition of topoisomerase II enzyme
which blocks the rejoining of the cleaved DNA
strands.

4. Miscellaneous.

Miscellaneous agents

In normal tissues the non-essential amino acid,
asparagine, is produced through synthesis of
aspartic acid and glutamine by the enzyme,
asparagine synthase. This results in a contin-
ual production and release of asparagine into
the circulation. Normal cells are therefore able
to synthesise their own asparagine, which is
needed to maintain normal growth and devel-
opment. Tumour cells are unable to synthesise
their own asparagine to facilitate protein synthe-
sis because they lack an enzyme necessary for this
synthesis to take place. Instead they rely on this
continual circulating pool of asparagine produced



Chemotherapy Agents 19

by normal cells. By introducing a catalyst, the
enzyme L-asparaginase, into this circulating pool
of amino acids, asparagine is converted into aspar-
tic acid and ammonia. This effectively starves
the tumour cells through rapid depletion of
circulating asparagine and inhibits tumour cell
protein synthesis. L-asparaginase is cell cycle
non-specific.

Corticosteroids have anti-tumour effects and are
used in many drug regimes. Steroids bind with
macromolecules in the cell cytoplasm and then

enter the cell nucleus. The complex then binds with
DNA and modifies the transcription process.
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3 Administration of Chemotherapy

Angela Houlston

Safe practice with cytotoxic drugs:
legislation

The Cancer Plan (DoH, 2000) and the Manual of
Cancer Services (DoH, 2004) both highlight the need
for highly trained professionals to be involved
in the administration of chemotherapy. The latter
is focused on adult services but makes clear the
need for a minimum standard for the training of
doctors and nurses who administer chemotherapy.
Each hospital Trust must have its own policy and
guidelines on the safe handling and administra-
tion of cytotoxic drugs. With the advent of Cancer
Networks, these policies are becoming network-
wide and may also include children’s services.

Cytotoxic chemotherapy is a very power-
ful cancer treatment and errors can be highly
significant. There is a very small margin between
a therapeutic and a toxic effect, and this has led
to the development of national standards (Lomath,
2005). These national guidelines aim to improve
patient safety and give measurable standards to
ensure consistency of practice and good documen-
tation across the country.

Elimination of errors involving intrathecal
chemotherapy is a major target in the NHS
programme to improve patient safety. This has

resulted in the publication of National Guide-
lines for the safe administration of intrathecal
chemotherapy (HSC 2003/010) (DoH, 2003). This
will be discussed in more detail later in this
chapter.

Consent

Before commencing a course of chemotherapy
treatment or participating in any clinical trial, writ-
ten consent must be obtained from the child’s
parent or carer in accordance with the Depart-
ment of Health Guidance (2001d). The consent
form should allow the parent to acknowledge
that they have received written information and
discussed the risks and intended benefits of the
treatment plan.

Safe handling

The same mechanisms that kill cancer cells are
toxic to healthy cells (Power, 2004). This has led to
concerns regarding the risks to health-care work-
ers involved in the preparation, administration and
care of patients receiving cytotoxic chemotherapy.

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
© 2008 John Wiley & Sons, Ltd
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There is some anecdotal evidence that suggests
that nurses who handle chemotherapy may be
subject to hair loss and skin or nail problems.
There are also reports of tissue damage follow-
ing eye injuries or skin exposure to chemother-
apeutic agents (Power, 2004). Common routes of
exposure include contact with the skin or mucous
membranes following splash or spill accidents and
inhalation from powders and aerosols. The Health
and Safety Executive (HSE, 2003) suggests that
acute effects such as irritation of the skin and
mucous membranes are possible following acci-
dental exposure to cytotoxic drugs. Chronic effects
are less well documented because the majority of
studies have been conducted on animals. However,
it is clear that some cytotoxic drugs are mutagenic
and carcinogenic and individuals whose working
life includes contact with chemotherapeutic agents
are taking unnecessary risks if they do not follow
guidelines for safe practice.

The Health and Safety at Work Act (1994) and the
Management of Health and Safety at Work Regu-
lations (1999) clearly state the legal duty to protect
both employees and the public. The Health and
Safety at Work guidelines outline procedures for
the safe handling of cytotoxic drugs (HSE, 2003).

However, safe practice involves not only the
protection of those directly involved in admin-
istration and patient care, but also consideration
of other people in the chemotherapeutic environ-
ment who may not be aware of the risks and
are therefore unable to take appropriate steps to
protect themselves. By virtue of their professional
knowledge and role, nurses have a duty of care to
others. Subsequently, they have a responsibility to
support the creation and maintenance of a safety
culture, where protection of themselves and their
colleagues, patients and their families and other
visitors is accorded due respect.

Reconstitution and preparation of
chemotherapeutic agents

The principle behind all the recommended safety
precautions is to provide physical barriers between
the cytotoxic drugs and the possible routes of
contamination: inhalation, absorption, ingestion
and inoculation. General issues of safe practice
will be outlined here, with specific details being

discussed with respect to each of the different
routes of drug administration.

• Inhalation of aerosols can easily occur without
the knowledge of the handler; aerosols may
be inhaled in liquid or powder form, causing
local inflammation of mucous membranes or
systemic effects following entry into the blood
via the pulmonary circulation.

• Absorption can occur through contact with the
skin, cornea or mucous membranes through
splashes and spills. Some agents can cause
rashes, blistering or local necrosis.

• Ingestion can take place if traces of drug enter
the mouth via the hands, or by food or drinks
placed in the area of preparation becoming
contaminated.

• Inoculation via accidental puncturing of the skin,
or if an unhealed, exposed skin injury comes
into contact with the drug.

Ideally, all cytotoxic drugs should be prepared
centrally in a pharmacy department, using an asep-
tic technique in a suitable safety cabinet or phar-
maceutical isolator, by designated staff who have
received training in this area. In the rare event that
cytotoxic drugs have to be prepared in the ward
environment, recommendations for drug prepara-
tion include use of a segregated area, ideally with
an isolator, by appropriately trained and experi-
enced staff.

Manipulation of oral and topical medicines, such
as the crushing of tablets, should be avoided wher-
ever possible.

Personal Protective Equipment (PPE)

The Personal Protective Equipment at Work
Regulations (1992) state that PPE should be
provided wherever there are risks to health and
safety that cannot be controlled. The Control of
Substances Hazardous to Health (COSHH) Regu-
lations (2002) define cytotoxic chemotherapy as
hazardous substances that should be subject to a
risk assessment to help identify the most appropri-
ate PPE necessary. The following precautions are
recommended:

• Gloves – it is recommended that protective
gloves should be worn if accidental contact with
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a cytotoxic drug is possible. No material has
been found to give unlimited protection (HSE,
2003), however. Singleton and Connor (1999)
suggest that any gloves used should be imper-
meable or minimally permeable to cytotoxic
drugs on testing. Traditionally, latex gloves
have been recommended but concerns over
latex sensitivity have led to nitrile gloves gain-
ing in popularity (Oncology Nursing Society,
2004).

• Eye and face protection – it is recommended that
visors or goggles are worn if there is any risk
of splashing when handling cytotoxic drugs.

• Respiratory protection – it is recommended that
special respiratory protective equipment is
worn if there is any risk of exposure to cyto-
toxic drugs through aerosol or powder inhala-
tion. Ideally any procedures where this is a risk
should be carried out in an enclosed environ-
ment such as an isolator.

• Protective clothing – gowns and aprons can help
to prevent contamination of clothes and the
skin. The selection of an appropriate garment is
dependent on its lack of absorptive qualities.

When giving drugs to a child, a balance should be
maintained between ensuring reasonable protec-
tive measures are taken, and the potential for
alarming the recipient. By considering logically
the possible routes of contamination for the
method of administration and related procedures,
an approach that is both sensible and safe can
usually be achieved; individual hospital Trust poli-
cies should be adhered to. Correct and thoughtful
administration practices can minimise the risk of
accidental contamination. Whatever protection is
worn during drug administration, the child and
parents require an explanation of the reasons for
its use.

Work practices

Certain practices can increase the risk of contam-
ination, for example, priming the intravenous
tubing with the hazardous drug instead of saline.
The Oncology Nursing Society guidelines (2004)
recommend the following work practices to reduce
the risk of contamination:

• use of locking connections and intravenous (IV)
delivery devices;

• careful use and disposal of any ‘sharps’;
• avoid spiking IV bags, ideally the tubing should

be primed and the bags attached in pharmacy
conditions;

• if necessary, prime IV tubing with a non-
hazardous solution, for example, saline;

• avoid ‘unspiking’ IV bags, discard the infusion
bags with the tubing still attached;

• perform work below eye level.

Storage

If cytotoxic drugs are not intended for immedi-
ate administration, they should be clearly labelled
with the name, dose and volume of the drug
supplied, method of storage (locked refrigerator or
cupboard at room temperature), expiry date and
time, and a statement that the drug is cytotoxic.
Drugs should then be stored in accordance with
local policy.

Disposal of waste

The management and disposal of used or contam-
inated equipment, body fluids, spillages and
unused drugs should be addressed, as these are a
potential source of drug exposure:

• Equipment – ‘Sharps’ (needles, ampoules and
vials) should be disposed of in an approved
container which is clearly labelled and reserved
solely for the use of cytotoxic waste. Empty
syringes are either disposed of in the sharps
container or with other dry clinical waste to
be incinerated, including administration sets,
bags and disposable protective clothing. Non-
disposable equipment should be washed in
warm soapy water and dried after use.

• Unused drugs and solutions – Whenever pos-
sible, cytotoxic drug waste of any kind should
be disposed of by high temperature incinera-
tion (1000�C). Unused doses of drugs should
be returned to the dispensing pharmacy at
the earliest opportunity for possible re-use or
disposal. Part-used doses of drugs should be
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disposed of as hazardous clinical waste, but
only if their container can be securely resealed
for storage and transportation. Staff should
wear protective clothing when disconnecting
cytotoxic infusions, disposing of equipment and
waste and washing non-disposable equipment.
These procedures should not be delegated to
others (e.g. trainee nurses) without first provid-
ing adequate education.

• Body fluids – Body fluids may contain potentially
hazardous amounts of cytotoxic drugs or their
active metabolites and most drugs are elimi-
nated by renal or faecal excretion. Body fluids
should therefore be handled promptly and with
caution, wearing gloves and an apron at all
times. Care should also be taken when handling
vomit, wound drainage fluid and blood (HSE,
2003). As a general rule, body fluids should be
assumed to be contaminated during chemother-
apy and for a minimum of two days and up to
seven days afterwards, although each drug has
a different excretion rate. The excretion pattern
varies as well, for example, some drugs are
excreted unchanged in the urine; for others only
a trace appears in the urine. It is important
that parents are made aware of this fact so that
they can be supplied with gloves for changing
nappies and/or soiled bed linen and for dealing
with their child’s body fluids, both in and out
of hospital.

Spillage and contamination

All staff should be familiar with the procedures
required to deal with spills and accidental contam-
ination (HSE, 2003):

• Spillage – Any spillage of a cytotoxic drug
must be cleared up immediately. Access to the
spillage area should be restricted and protective
clothing must be worn. A specially prepared
spill kit will give prompt access to the appro-
priate equipment to safely clear up any spills.
All the waste should be disposed of in an iden-
tified cytotoxic disposal bag for incineration. If
airborne powder or aerosol is involved, it is
recommended that a face mask or particulate
respirator is also worn to prevent inhalation and

that damp paper towels are used for wiping
surfaces. Parents giving chemotherapy in the
home need information about management of
accidental spillage.

• Contamination – If contamination of the skin
or eyes occurs, then immediate action must
be taken. Skin should be washed thoroughly
with copious amounts of soap and water and
then dried. Eyes should be irrigated with 0.9 %
sodium chloride and eye wash using free-
flowing irrigation to the eye. An eye bath
should NOT be used as the contained fluid
may spread the cytotoxic agent around the
enclosed area within the eye bath. Further medi-
cal attention should be sought immediately if
any visible trauma to the skin or eyes develops
and reference to any individual drug recom-
mendations should be followed. Any incidents
should be reported to the Occupational Health
Department, supported by written documenta-
tion according to local hospital incident report-
ing policy. If contamination to clothing or bed
linen occurs, these should be changed immedi-
ately and treated according to the local policy
for soiled linen.

Safe practice during pregnancy

Older studies, carried out in the 1980s, have
shown links between occupational exposure
to chemotherapy and miscarriages, menstrual
dysfunction and infertility. However, it is import-
ant to point out that more recent studies have
shown no statistically supported association; this
may be due to an increased awareness and better
use of PPE (NHS, 2002).

Safe practice with cytotoxic drugs, using recom-
mended protection and excellent technique, should
theoretically prevent exposure and therefore rule
out the risk to the foetus. However, for ethical
reasons, it is unlikely that research will ever be
conducted to provide conclusive proof that abso-
lutely no risk to the foetus exists if precautions are
taken. Evidence seems to indicate that by taking
the recommended precautions, pregnant staff can
continue to work safely in a paediatric oncology
environment, provided a risk assessment takes
place and individuals are made aware of their



Administration of Chemotherapy 25

right to choose to opt out of any procedures that
involve contact with cytotoxic drugs (NHS, 2002;
HSE, 2003).

Patient support

Decision-making

Advances in health care have led to more treat-
ment options and therefore more decision-making
points in every child’s cancer journey. With
increased options comes an associated uncertainty
regarding outcomes. Children are more vulner-
able to harm than adults due to their cognitive
and emotional development, legal capacity, level
of autonomy and dependence on family influences.
In most cases parents become surrogate decision-
makers for their children. Within paediatric oncol-
ogy most decisions will be emotionally charged at
times of uncertainty and anxiety and good support
mechanisms need to be available.

The United Nations Convention on the Rights
of the Child (1989) saw a shift from a paternalistic
and medically dominated view of decision-making
to one that considers the views and best inter-
ests of the child. The Children Act (Department of
Health, 1989) states that the ascertainable wishes
and feelings of children should be sought about
matters that affect them. It may be argued that
expecting a child to contribute to a health-care deci-
sion causes unnecessary pressure; however, they
both have a need and a right to be involved in
matters that affect their lives. Health-care profes-
sionals working with children have a duty to act as
the child’s advocate in decision-making, ensuring
that the child’s interests are paramount and that
they are always consulted so that any decisions are
truly in their best interest.

Setting for chemotherapy
administration

Chemotherapy may be administered in many
different settings; selection of the most appropriate
setting will depend on many factors. Shared Care
is growing in popularity as a way of organising
care in the United Kingdom. The Principal Treat-
ment Centre is responsible for confirming the diag-

nosis and prescribing, administering and guiding
the family through complex treatment regimes.
Treatment for children with acute lymphoblastic
leukaemia and some solid tumours is less intense
and much of the treatment can be received at the
Paediatric Oncology Shared Care Unit (POSCU) or
at home, supervised by appropriately trained chil-
dren’s nurses (Edwards et al., 2005).

Inpatient chemotherapy

The majority of chemotherapy regimes have tradi-
tionally been administered in the inpatient setting;
this allowed for adequate management of toxic
side effects as well as time for parental educa-
tion and support. Protocols that require high doses
of chemotherapy and associated support such as
hydration and rescue regimes can only be safely
managed as an inpatient.

Non-inpatient chemotherapy

Many chemotherapy regimes no longer require an
inpatient hospital stay and it is standard to have
haematology/oncology day care facilities asso-
ciated with every inpatient unit. Non-inpatient
chemotherapy regimes support the philosophies
of home care and parental involvement and are
potentially less disruptive to family life (Edwards
et al., 2005). It should, however, be acknow-
ledged that some families may feel more isolated
at home, especially during the period immediately
following diagnosis. Measures should therefore be
put in place to ensure that adequate support is
provided in the form of both written information
and community nursing provision. This is particu-
larly important if parents are to manage their
child’s chemotherapy side effects confidently with-
out the degree of support and supervision avail-
able in hospital.

When proposing to give chemotherapy in the
day care or home setting, many issues must be
considered. In fact, most of the important factors
are those routinely assessed when preparing for
the discharge of a child from hospital after inpa-
tient chemotherapy. Details of the specific treat-
ment regime, the circumstances of each child and
family, and the services available to them must be
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considered when planning any package of care.
Most children receiving chemotherapy are cared
for by their parents at home following each treat-
ment block, and parents are routinely expected to
be capable of monitoring their child for the side
effects of highly toxic therapy, with the necessary
information and support. Through exploring the
available options with the multidisciplinary team
and the family, the nurse can optimise patient
safety and family coping, by ensuring that appro-
priate input is provided in the best location for
each child.

Although care is planned in negotiation with
the child and family, the decisions of the profes-
sionals about the location of treatment should be
based on an assessment of the risks and benefits of
the available options. The possibility always exists
for coercion by one or other party: professionals
may believe that home treatment is always best,
and subtly exert pressure on parents; or they may
be under pressure themselves from the demand
for inpatient beds. Families who are desperate to
avoid inpatient care may endeavour to persuade
staff to permit home treatment before education
and assessment programmes have been completed
or in the absence of sufficient professional home
support services. Pressure may also be exerted by
professionals from other disciplines, and nurses
require both knowledge and confidence in order
to negotiate effectively and honestly with their
colleagues and with families.

Day care chemotherapy

Day care services have gained greater importance
in recent years, as the potential for giving more
complex chemotherapy in this setting has been
recognised. The subsequent effect upon families
and service providers has meant that the role of
nurses working in this environment has developed
a higher profile. Children attending for day care
chemotherapy are generally well and they may
be considered to be a low priority by a stretched
medical team. This has led to the development of
nursing roles, such as nurse-led assessment prior
to the administration of chemotherapy (Boyer &
Whiles, 2004).

In order to facilitate treatment as a day
care procedure, some adjustments to standard

schedules may be possible, such as oral rather
than intravenous post-hydration. Any adjustments
must be clearly documented and sanctioned by a
doctor.

For day care chemotherapy to be a safe option,
it is clear that the child must be well enough to
be cared for at home following the treatment and
that rapid deterioration is not expected. In some
cases the introduction of day care chemotherapy is
best delayed until treatment is established and the
family have the necessary knowledge and confi-
dence to care for their child at home.

The effective management of nausea and vomit-
ing is a nursing priority for successful day care
administration; poor control can prove to be the
limiting factor as to whether day care treatment is
an acceptable alternative. The child will be trav-
elling between hospital and home after treatment
and any nausea or vomiting will be distressing
for the child and cause significant problems for
parents, particularly on public transport.

Home chemotherapy

It is widely accepted that for many children,
home care is the best option. Home chemother-
apy for children is often parent-administered, and
is almost exclusively limited to oral drugs or
low-dose bolus intravenous injection. Home intra-
venous chemotherapy usually requires a central
venous access device and requires scrupulous
monitoring by parents or nursing staff. The initi-
ation of parentally led home chemotherapy there-
fore assumes that the parents are confident carers
with regard to the management of their child’s
central venous access device. The routine admin-
istration of vesicant drugs should not be under-
taken outside the hospital setting. Other drugs
given at home are also limited by safety consid-
erations; a risk assessment for possible reactions,
side effects, other adverse events and available
emergency support should be carefully made
before specific home treatments are offered. While
it is possible to administer a variety of treat-
ments at home, it is important that the child
receives regular monitoring by the specialist hospi-
tal team so a certain number of hospital visits are
unavoidable.
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Ambulatory chemotherapy

Many cytotoxic drugs are cell cycle phase-specific,
attacking the cell during a short period of the repli-
cation process. 5-Fluorouracil (5-FU) is commonly
administered as a prolonged infusion over several
days; this ensures that the maximum numbers of
cells are exposed to chemotherapy during their
active phase. In such cases it may not be practical
to keep the child in hospital throughout the infu-
sion and a small ambulatory pump may be used
to administer the chemotherapy safely at home
(Legge, 2005). Ambulatory chemotherapy is used
more commonly in the adult population than in
children.

Administration of chemotherapy

Training

The Manual of Cancer Services Standards (DoH, 2004)
states that all staff who administer chemother-
apy should receive appropriate training and be
assessed as competent. A framework that offers
guidance for those who provide the training has
been developed by the Paediatric Oncology Nurses
Forum (PONF) (RCN, 2005). This guidance offers
a consistent and equitable approach to the training
and assessment of competence of staff involved in
the administration of chemotherapy.

Assessment

A thorough nursing assessment must be under-
taken before cytotoxic drugs are given. Chordas
(2005) summarises the key nursing responsibilities
prior to administering chemotherapy:

• Ensure that local policies and procedures are
followed.

• Check any pre-treatment investigations are
within acceptable limits.

• Review any previous courses to ensure that no
problems occurred.

• Ensure that any pre-medication or hydration is
administered.

• Read the appropriate section of the relevant
treatment protocol.

• Check the surface area and doses are correct,
noting any prescribed modifications.

• Administer prescribed, appropriate antiemetics.
• Ensure the family and child are adequately

prepared and informed.

Potential and actual problems and planned strate-
gies to overcome them should be documented. The
involvement of the child and the family in this
process can help them understand the treatment
and assist in the process of negotiating the family’s
desired level of involvement in care. If the agreed
roles of the parents, the child and professionals
are clearly recorded, and these records are made
available to the family, the likelihood of confusion,
uncertainty and error should be reduced.

Before starting chemotherapy all children must
be assessed to ensure that they are fit enough
to commence treatment. This will usually include
full blood count, temperature, weight and general
well-being. If the child is clinically unwell on nurs-
ing assessment, he should be referred to a doctor
for a full medical assessment before proceeding
with chemotherapy. Monitoring the child’s full
blood count is a routine test to determine both
the degree of bone marrow suppression result-
ing from the effect of the cytotoxic drugs and
to initiate supportive measures as required. The
delay between courses of chemotherapy is deter-
mined by the specific treatment regime, but usually
requires the neutrophil count to have reached >
1 × 109/l and the platelet count to be > 100 ×
109/l. However, not all drug administration is
dependent on the blood count and therefore each
treatment protocol should be considered individ-
ually. The majority of chemotherapy is prescribed
on the body surface area (BSA). Measurement
of BSA in children can be particularly difficult
so the CCLG has evaluated a way of estimat-
ing BSA using weight only. The only excep-
tions are children who are obese (over the 98th
percentile) or severely cachexic (under the 2nd
percentile). An alternative formula is available
for calculating the doses of chemotherapy in
these children (Sharkey et al., 2001; MRC, 2006).
Careful monitoring of the child’s body surface
area must take place throughout the course of
treatment as significant changes in height and
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particularly weight can occur and will alter
the dose.

Preparation

Investigations and tests are carried out before
the administration of specific drugs to establish
a results baseline. The investigations are then
repeated after administration of the cytotoxic
drugs. Any short-term side effects as a result of the
drugs can be monitored and, if necessary, modifi-
cations to the drug dosage or even the drugs being
given can be made to the next block of treatment.
Examples of these tests are: blood biochemistry
(to detect electrolyte imbalance and abnormal liver
function); audiology tests (to check for ototoxic-
ity); glomerular filtration rate (GFR) and tubular
re-absorption of phosphate (TRP) (to detect renal
toxicity); and echocardiogram (to detect cardiotox-
icity). It is vital that the results of recent tests
are found to be satisfactory before any further
chemotherapy is given (Table 3.1).

Table 3.1 Investigation results that should be checked
before administration of specific drugs (non-haematological
toxicities)

Drug Side effects Investigation

Busulphan pulmonary fibrosis pulmonary
function test chest
X-ray

Carboplatin ototoxicity
audiology
nephrotoxicity

GFR

Cisplatin ototoxicity
audiology
nephrotoxicity

GFR

Daunorubicin cardiotoxicity echocardiogram
Doxorubicin cardiotoxicity echocardiogram
Epirubicin cardiotoxicity echocardiogram
Ifosfamide nephrotoxicity GFR, TRP
Methotrexate nephrotoxicity GFR

It is important to give appropriate antiemet-
ics before chemotherapy and to plan patient care
accordingly. Adequate hydration of the patient is
necessary to reduce the toxic side effects of some
drugs. Pre- and post-hydration fluids are often
an important requirement of the treatment regime
and during administration, it is therefore import-
ant that an accurate fluid balance is recorded.

Routes of administration

Chemotherapy can be given by nearly all accepted
drug routes. The most common routes used in the
treatment of children are:

• oral
• intravenous
• intrathecal
• intramuscular and subcutaneous.

All drugs should be given in accordance with local
operational policies and procedures. The basis of
good practice in the administration of chemother-
apy is safety and patient comfort. Nurses giving
chemotherapy must therefore ensure that they are
familiar with the treatment protocol and the needs
of the child and family.

The oral route

If at all possible, oral cytotoxic drugs should not be
handled, due to their possible absorption through
the skin. A non-touch technique is advised and,
immediately after dealing with them, the hands
should be washed with soap and water. Unfor-
tunately for younger children there are rarely
any liquid oral preparations of cytotoxic drugs
available due to very small national demand for
them and their poor chemical stability. Crush-
ing or breaking tablets disrupts the coating and
extra safety measures should be taken. If it is
necessary to crush tablets, this should ideally
be carried out in a pharmacy department under
controlled conditions. Drug preparation at ward
level and at home is strongly discouraged, but
if unavoidable should only be carried out with
an enclosed tablet crusher (Edwards et al., 2005).
Alternatively, dispersible tablets can be dissolved
in a syringe once the liquid is added. Capsules
should be opened with extreme caution as the fine
powder is easily lost into the atmosphere, posing
risks of both inhalation and inaccurate dosing.
For small doses, the original capsules should be
divided in a pharmacy department to ensure
correct dosing by drug weight. Wherever pos-
sible, doctors should prescribe a pattern of doses
that avoids having to split capsules. It is essen-
tial that families are given appropriate information
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regarding the correct handling of oral chemother-
apy at home.

With the help and advice of nurses and play ther-
apists, even quite young children can be encour-
aged and taught to swallow small tablets or
capsules whole. Children should be discouraged
from ‘crunching’ tablets as particles remaining
between the teeth can cause local stomatitis.
It is important for the child to have a drink
following an oral dose of cytotoxic drugs to
remove any residual drug from the mouth and
oesophagus.

In childhood acute lymphoblastic leukaemia
complete remission is usually followed by relapse
unless patients receive prolonged outpatient main-
tenance treatment based on oral chemotherapy.
It is not enough to assume that just because
a child has a life-threatening illness they will
reliably take their medicines daily (Lilleyman &
Lennard, 1996). Nurses need to be aware of this
possibility and take action to support compli-
ance with treatment. Good information and educa-
tion will assist in helping to gain understanding
of the importance of compliance with treatment
regimes.

The intravenous route

It is common to use a central venous access device
(CVAD) to reduce exposure to repeated cannula-
tion and allow chemotherapy to be given safely
in all settings. There are three commonly used
CVADs:

• Peripherally inserted central catheter (PICC) – this
is a semi-permanent catheter that is inserted
via the ante-cubital veins in the arm, advanced
to the central veins with the tip located in the
lower third of the superior vena cava.

• Skin tunnelled catheter (Hickman®) – the catheter
lies in a subcutaneous tunnel exiting midway
from the anterior chest wall, the tip lies at the
junction of the superior vena cava and the right
atrium. This is the most frequently used long-
term device.

• Implantable port (Portacath®) – this is a totally
implanted vascular device which consists of
a portal body attached to a silicone catheter,
placed subcutaneously in the chest wall. It

requires accessing by a needle and may be left
in situ for long periods of time.

(Dougherty, 2005)

It is now widely recognised that there is an
increased risk of thrombotic events in chil-
dren receiving treatment for acute lymphoblastic
leukaemia. There have been reports of 5–36.5 %
of children receiving a thrombotic event during
induction chemotherapy (Medical Research Coun-
cil, 2006). Asparaginase and the presence of a
CVAD are accepted as the main predisposing
factors so the insertion of a CVAD is not recom-
mended until the completion of induction therapy
in this group of children.

When central venous access is not possible or
a short course of treatment is prescribed, e.g.
for Hodgkin’s disease, peripheral access is used.
Efforts should be made to reduce the trauma of
repeated peripheral venepuncture. Children and
teenagers may benefit from being coached in
coping techniques, such as relaxation and guided
imagery, counting games, story- or joke-telling or
bubble blowing, which serves both as a distraction
and slow breathing exercise. Computer games can
prove very absorbing and children or teenagers
can learn to distract themselves while playing
with one hand. Remedial work with children
who have established needle phobia may prove
more challenging and may require the input of a
psychologist trained in systematic desensitisation
or hypnosis.

When peripheral administration of chemother-
apy is necessary, it is important that an appropri-
ate site is chosen. Sites to be avoided are: areas of
poor venous circulation; sites previously exposed
to radiation; the wrist; antecubital fossa; or bruised,
sore areas. The cannula should be well taped in
place and the limb splinted to prevent it being
dislodged, but not so as to obscure the injection
site in order to observe for signs of extravasa-
tion. The patency of the vein should be checked
before, during and after administration of a cyto-
toxic drug by testing for backflow of blood. If, at
any time, there is no blood return or resistance
is felt when trying to give a drug, administration
should cease immediately. If the child is to receive
several cytotoxic drugs through the same periph-
eral site, the vesicant drugs and bolus injections
must be given first. Care should be taken to dilute



30 Chemotherapy

the drug adequately according to the manufac-
turer’s recommendations in order to avoid high
tissue concentrations and the method of adminis-
tration should be carefully checked, i.e. infusion,
bolus. Peripheral infusion of vesicant drugs should
be undertaken with extreme caution and continu-
ous supervision is recommended; for this reason
overnight administration is not advisable if it can
be avoided.

The vein should always be flushed well after the
administration of a drug, choosing a compatible
fluid. Great care needs to be taken when using
intravenous infusion devices to administer cyto-
toxic drugs peripherally, particularly vesicants,
and especially with children who are too young to
verbalise their discomfort. It is essential that agreed
pressure alarms are set on infusion pumps when
administering any fluids but especially solutions
of cytotoxic drugs. Children receiving treatment
for cancer are often immunocompromised and are
therefore at greater risk of developing infections. It
is important therefore that all venous access sites
are observed carefully while a cannula is in situ
and after removal, as the skin integrity has been
broken and this is a potential site for infection to
develop.

As with any intravenous drug preparation, asep-
tic technique is essential at all stages. Luer-lock
syringes and fittings should always be used to
prevent the possibility of the needle and syringe
disconnecting and accidental spillage occurring.

Where practical, infusion bags should be
attached to the lines away from the child, in
the drug preparation area, in order to minimise
contamination in the event of a bag being punc-
tured. However, this is not always possible if
attaching a bag to an existing infusion line. If the
infusion bag is taken to the child on a tray and the
procedure performed in the tray, at a low level,
safety can be maintained. Under no circumstances
should it be necessary to attach an infusion bag
to a line while it is hanging from the ‘drip stand’;
doing so poses an unnecessary risk to the nurse
and the child if the bag is accidentally punctured.

Extravasation

Extravasation is an inadvertent infiltration or leak-
age of intravenous fluids from the vein into the

perivascular or surrounding subcutaneous tissues
(Holmes, 1997). A vesicant can cause local tissue
destruction both within and outside the venous
system. The mechanism of how the damage occurs
is uncertain but it is thought that the vesicant binds
irreversibly to the subcutaneous tissue resulting in
pain, oedema, erythema and tissue necrosis. This
may be delayed from 48 hours to several weeks
following the extravasation event (Jones & Coe,
2004). Data suggests that 0.5–6 % of peripherally
administered vesicant drugs result in extravasa-
tion (Chordas, 2005; Dougherty, 2005). Dougherty
(2005) suggests that the incidence is higher in
children; this may be because very young chil-
dren cannot communicate pain in the same way
as older children. The primary aim must be to
prevent extravasation. Only appropriately trained
staff should administer cytotoxic drugs and they
should be aware of which drugs are vesicants
(Table 3.2).

Table 3.2 Vesicant and irritant drugs

Vesicants Irritants Non-vesicants

Amsacrine Carboplatin L-asparaginase
Carmustine Cisplatin Bleomycin

Cyclophosphamide
Dacarbazine Etoposide Cytarabine
Dactinomycin Methotrexate Ifosfamide
Daunorubicin Irinotecan Melphalan
Doxorubicin Topotecan Thiotepa
Epirubicin
Idarubicin
Mitozantrone
Vinblastine
Vincristine
Vindesine
Vinorelbine

Source: Pinkerton et al. (2004)

Close observation of the site throughout admin-
istration is essential. Should extravasation occur,
the first signs are usually tenderness or a burning,
stinging pain, with induration, swelling or leaking
at the injection site, followed by erythema. Close
observation for these signs and symptoms should
take place. Extravasation is not always immedi-
ately visible and therefore the monitoring of an
administration site several hours or even days later
is important to detect any adverse reactions. If
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extravasation has occurred, skin ulceration, blis-
tering and necrosis may follow, leading to further
problems, such as significant scarring around
tendons, nerves and joints with possible contrac-
tures and loss of limb function. Necrosis and tissue
ulceration may occur a considerable time after
extravasation has taken place and in severe cases
a plastic surgeon should be contacted as soon as
possible when signs of skin deterioration occur.

There are a certain number of conflicting recom-
mendations about the management of extravasa-
tion but a definite policy needs to be drawn up
locally so that action can be taken immediately. All
personnel who administer cytotoxic drugs must
be aware of the policy and where appropriate an
extravasation kit must be available at the time of
administration.

There are some general principles that should
apply to the management of extravasation and
further refinement may be made at local level:

• Stop infusion/injection immediately, leaving
the cannula or needle in place.

• Aspirate as much of the drug back as possible
and draw back blood from the suspected infil-
tration site.

• Remove the cannula or needle.
• Take action to reduce localised skin damage.

Written documentation of the event must follow
with all clinical details noted. The description
of the affected site should be noted and should
include diameter of the erythematous area and its
appearance.

Liposuction and saline flush-out are two tech-
niques used to remove extravasated material
while conserving the overlying skin. Gault (1993)
found that analysis of the flush-out material
confirmed that the extravasated material was actu-
ally removed. Most of this study group (86%)
healed without any soft tissue loss at all. The
early referral to a plastic surgeon and treatment of
extravasation injuries are therefore recommended.

Intrathecal route

Leukaemia, lymphoma and other malignant cells
have the ability to penetrate into the central
nervous system (CNS) and circulate within the

cerebral spinal fluid (CSF). This means that some
children require cytotoxic drugs intrathecally via
a lumbar puncture, either as prophylactic or ther-
apeutic treatment, as many of the drugs given
by other routes are unable to cross the blood–
brain barrier in sufficient concentrations. Drugs
for intrathecal use must be reconstituted with
preservative-free diluent to avoid neurotoxicity.

Administration of vinca alkaloids such as
vincristine by the spinal route, rather than intra-
venously, invariably causes death or severe neuro-
logical damage. A total of 23 incidents of inad-
vertent administration of intrathecal vincristine are
known to have occurred in the world. Thirteen of
these incidents are known to have occurred in the
UK (Sims, 2005). Patient safety is a key part of
the government’s clinical governance programme,
which began with the publication of An Organisa-
tion with a Memory (Department of Health, 2001a).
As a result, the government set a target to reduce
the number of patients dying or being paral-
ysed by maladministration of spinal injections to
zero. Two influential reports influenced this target,
these were:

• The Prevention of Intrathecal Medication Errors
(DoH, 2001b);

• The External Inquiry into the Adverse Incident that
occurred at Queen’s Medical Centre, Nottingham, 4
January 2001 (DoH, 2001c).

These reports stated that national guidance should
be issued so that there would be uniform prac-
tice across the country. This should cover every
step in the process of administering intrathecal
chemotherapy. A health service circular was issued
in 2001 (HSC/2001/022) (DoH, 2001e) and subse-
quently updated in 2003 (HSC/2003/010) (DoH,
2003). The key requirements are as follows:

• a written local policy covering all aspects of the
national guidance;

• a register of all trained and competent staff;
• formal induction for all new staff;
• annual review of competence;
• a designated intrathecal prescription chart;
• a designated area for the administration of

intrathecal injections;
• intrathecal chemotherapy should usually only

be administered in working hours;
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• explicit and universal labelling of intravenous
vinca alkaloids;

• designated storage areas for intrathecal
chemotherapy.

Surprisingly the requirements do not include a
statement saying that vinca alkaloids should not
be administered on the same day as intrathecal
medicines. However, protocols have been altered
to ensure that this does not happen (Hollis, 2002;
Medical Research Council, 2006).

In the UK, performing a lumbar puncture is
usually a doctor’s role. Accessing the central
nervous system (CNS) must be conducted as a ster-
ile procedure to minimise the risk of introducing
infection. Before the cytotoxic drugs are injected,
a few drops of cerebral spinal fluid (CSF) are
taken and later tested for the presence of malignant
cells and for infection. An Ommaya reservoir
may be employed to administer intraventricu-
lar chemotherapy in order to facilitate prolonged
CNS-directed therapy for recurrent, refractory or
chronic CNS disease. These reservoirs function
in much the same way as implantable venous
access ports, with a resealable membrane placed
under the scalp. This is attached to a catheter
that passes through a hole in the skull and leads
to the lateral ventricle of the brain. Although a
surgical procedure is required to place the reser-
voir and catheter, many individuals have benefited
from the relief these devices offer in avoiding the
distressing effects of repeated lumbar punctures,
particularly if access is very difficult due to spinal
abnormality, or in children who develop a CSF
leak from repeated puncturing of the meninges,
or who experience severe headaches following the
procedure.

Recent recommendations state that it is prefer-
able for the child to lie flat for at least one hour
after the intrathecal procedure; this allows for
better ventricular distribution of the intrathecal
chemotherapy (Medical Research Council, 2006).
This can prove to be challenging in younger chil-
dren and units with limited space. Children expe-
rience post-lumbar puncture headaches only rarely
in comparison to adults, the incidence and sever-
ity increasing throughout adolescence. Teenagers
and younger children who have previously ex-
perienced headaches are advised to lie flat for
at least two hours following a lumbar puncture,

although each individual will usually discover the
‘optimum’ duration of lying horizontally by trial
and error. Adequate analgesia and a quiet envir-
onment with dimmed lights can reduce the pain
experienced.

Most children find the experience of a lumbar
puncture extremely distressing and in the UK it
is common practice to administer a light general
anaesthetic to help them through this procedure.
Efforts are made to find the most effective, yet
practical anaesthetic approach for each oncology
unit. Entonox® by inhalation can be used for older
children to bring about relief of pain during a
lumbar puncture. This is self-administered ‘on
demand’ and can be very effective if the child is
taught correct use and given support and supervi-
sion throughout the procedure. Children can also
benefit from distraction strategies, and relaxation
techniques may help them to manage this proced-
ure under local anaesthetic.

The intramuscular and subcutaneous
routes

Vesicant drugs are never given by this route.
If at all possible, drugs are administered via
alternative routes. The major exception is prepa-
rations of L-asparaginase which carries a high
risk of anaphylaxis when given intravenously.
The current protocol for treatment of acute
lymphoblastic leukaemia requires that all patients
are given intramuscular injections of pegylated
L-asparaginase (Medical Research Council, 2006).
The Royal College of Paediatricians and Child
Health issued a position statement on the admin-
istration of intramuscular injections in children
(RCPCH, 2002). Although this was made with
reference to the administration of vaccines, it sets
out some useful standards. It is recommended that
all injections are given into the anterolateral thigh,
in infants, and the deltoid muscle in older chil-
dren. The needle should be a minimum of 5/8
of an inch long and over 1 inch in children over
5 years. It is recommended that no more than
2mls of the drug is given in one site (Medical
Research Council, 2006). Ethyl chloride spray or
a local anaesthetic cream can be applied locally
to the area to numb it, but it has been found
that topical anaesthesia is not very effective as
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only the peripheral nerve endings are numbed,
whereas the pain from the injection is usually
from the fluid entering the subcutaneous layer of
tissue. Many of the children receiving intramuscu-
lar injections will be thrombocytopenic and there
is some debate surrounding whether a platelet
transfusion is necessary to support the procedure.
General opinion is that pressure on the injection
site is usually sufficient (Medical Research Council,
2006).
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4 Side Effects of Chemotherapy

Karen Selwood

Introduction

The effects of antineoplastic agents on normal cells
are described as the side effects of therapy. It is
the cells which have a rapid mitotic rate, such
as bone marrow, gastrointestinal mucosa, gonads
and hair follicles, that are most vulnerable to
these side effects. In addition, some chemotherapy
drugs may have a direct effect on organ(s) in the
body and cause toxicity over time. In parallel with
the widespread cellular/tissue damage that results
in site-specific side effects, the child undergoing
chemotherapy may also experience generalised
effects, such as fatigue, anorexia, taste changes,
nausea and vomiting, and pain. In order to ensure
effective care of these children, nurses need to be
knowledgeable about both the treatment and side
effects; they should have skills in assessment, tech-
nical expertise and be able to support the child
and family emotionally throughout the course of
treatment. Symptom management and psychoso-
cial support must be well integrated. Most side
effects are responsive to nursing interventions
which will ultimately have an effect on the comfort,
safety and quality of life of the child. In addition,
effective nursing intervention can reduce recovery
times, prevent serious complications and reduce
prolonged hospitalisation.

Nurses have an important part to play in
the prevention, detection and management of
side effects of chemotherapy. Assessment is the
first step, preceding planning, intervention and
evaluation in the process of providing individual
nursing care; with the care plan reflecting the phys-
iological and emotional aspects of care, within a
multidisciplinary framework. Assessment consists
of the collection of data from a number of differ-
ent sources: observation, measurement, communi-
cation and records (Casey, 1995a). Analysis of these
data can then be expressed as a problem, need
or a nursing diagnosis, resulting in the identifica-
tion of the responses of the child and the family
concerning nursing care as well as their need for
information, support and teaching (Casey, 1995b).

It is essential to involve the child and the family
in all aspects of care. However, parents and other
family members can only take on the role of active
care-givers if they have been fully prepared and
feel supported in this new and seemingly complex
environment. Knowledge about treatment and side
effects is necessary to ensure the active partici-
pation of family members in decision-making
about treatment plans, for example, timing of drug
administration or monitoring of the child’s side
effects. Information needs to be open and honest
and may need to be repeated. Families undergoing
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the stress of coping with a child with cancer often
do not assimilate the facts on first hearing. Teach-
ing and reinforcement need to be a continuous
process using the child’s treatment protocol and
highlighting the anticipated side effects. Written
information does not replace verbal communi-
cation as the family may have previous experi-
ences, both positive and negative, that need to be
discussed and taken into consideration. Ongoing
support and education are crucial (Evans, 1993)
to enable the family to make informed decisions
about care of the child and their part in it (Casey,
1995b). Promoting a realistic view is the best option
as this will foster trust in which a partnership
between the parents and health-care professionals
will develop (Chanock et al., 2006).

The play specialist has an important role
in facilitating the child’s understanding of
chemotherapy as well as assessing their coping and
adaptive mechanisms. Play specialists make use
of various types of play depending on the child’s
needs, age and understanding to provide informa-
tion about hospitalisation and to teach new infor-
mation (Webster, 2000); ‘even very young children
are able to understand the nature and implications
of their disease and treatment’ (Faulkner et al.,
1995, p. 4). For older children and teenagers there
are many published books and resources available
that can facilitate understanding, possibly build-
ing on projects undertaken at school. Approaches
to preparation should be individualised, to encom-
pass cognitive abilities that may not always reflect
age. Cultural issues, past experiences, coping abil-
ities and physiological status also need to be taken
into consideration (Vessey & Mahon, 1990). Parents
are directly involved with the play specialist in
preparing their child for chemotherapy since they
know the child’s strengths and fears as well as
patterns of communication better than anyone else
(Lansdown & Goldman, 1988).

Siblings also benefit from open and honest
information that is clear and age-appropriate.
Involvement in the care of the sick child and an
understanding of treatment may help to resolve
the strain of separation and fantasies about the
hospitalised child (von Essen & Enskär, 2003). Play
specialists will have an important part to play,
alongside ‘sibling groups’ (Simms et al., 2002), in
providing information and offering an opportunity

for siblings to express their feelings and ask ques-
tions of people other than family members.

The side effects of chemotherapy can occur any
time during and after treatment. Site-specific side
effects will be discussed in detail and, where
accompanied by general effects of chemother-
apy, are highlighted. Overall, the discussion that
follows aims to provide a description of prac-
tice, where possible, supported by evidence from a
combination of clinical practice, research and other
published literature.

Gastrointestinal tract

Mucositis

Mucositis is a general term that refers to an inflam-
mation of the mucous membranes throughout
the gastrointestinal tract and is further specified
according to location (Keefe et al., 2004). When
occurring in the oral cavity, it is referred to as stom-
atitis, in the oesophagus as oesophagitis. Gener-
alised mucositis of the intestinal tract is char-
acterised by proctitis, diarrhoea and abdominal
pain. In practice, however, the terms mucositis and
stomatitis are often used interchangeably (Phillips,
2005).

Stomatitis

This occurs due to damage and destruc-
tion of epithelial cells usually 5–7 days post-
administration of chemotherapy. Therapy affects
the oral epithelial cells both directly and indirectly;
directly by interfering with actual cell produc-
tion, maturation and replacement; indirectly due
to bone marrow depression, where neutropenia
and thrombocytopenia increase risks from bleed-
ing and infection. Figure 4.1 illustrates the patho-
physiology of stomatitis.

The prevalence of patients experiencing oral
problems ranges from 30–75 % depending on treat-
ment type (Dodd et al., 2000; Fulton et al., 2002)
although there is limited evidence relating to
children. The agents considered to be the most
stomatoxic are the antimitotic antibiotics and the
antimetabolites, as well as some of the alkylat-
ing agents, particularly in higher doses (Brown
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CHEMOTHERAPY 

ORAL MUCOSA
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Figure 4.1 Direct and indirect effects of chemotherapy affecting the oral mucosa.

& Wingate, 2004). Their effects may be increased
when used in combination.

• Clinical features – pain, swelling, xerosto-
mia, inflammation, ulceration, desquamation of
mucosa (gums and palate), dry and cracked lips,
bleeding.

• Management – the principal objective of oral
hygiene is to maintain the mouth in good condi-
tion, i.e. comfortable, clean, moist and free
of infection and to minimise or prevent oral
complications (Table 4.1).

The nurse has an important role in maintain-
ing oral hygiene, either directly (by providing
oral care) or indirectly (by providing advice

Table 4.1 Aims of oral hygiene

• Achieve and maintain a healthy and clean oral cavity• Prevent the build-up of plaque on oral surfaces, thus helping
to prevent dental caries• Keep the oral mucosa moist• Maintain mucosal integrity and promote healing• Prevent infection• Prevent broken or chapped lips• Promote patient dignity, comfort and well-being• Maintain oral function

Sources: Gibson & Nelson (2000), Glenny (2006).

and opportunities to provide self-care) (Torrance,
1990), or family care, thus contributing to the
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overall comfort of the child and subsequent
improved quality of life. There is certainly no
dispute that regular oral care is essential in reduc-
ing the detrimental effects of a compromised oral
cavity; damage caused by cancer treatments cannot
be avoided but oral care may prevent infections
that cause further damage to the oral tissue. Many
authors, however, suggest that oral care regimes
are often based on tradition, anecdote and subjec-
tive evaluation (Thurgood 1994; Campbell et al.,
1995; Moore, 1995) citing limited published nurs-

ing research as the reason for this. However, it
has also been suggested that even where there is
research supporting practice, this may be ignored
resulting in a theory–practice gap (Peate, 1993).
Nurses must be accountable for the care they
provide and, therefore, research on oral care must
be utilised to inform their practice, as indiscrimi-
nate oral care not only causes physical problems
but may also have psychological ramifications.
Nurses have a pivotal role in deciding which form
of mouth care to provide, including which tools

Algorithm 1

Soft toothbrush and fluoride toothpaste
twice a day for all children regardless

of diagnosis

Pre-assessment indicates
febrile neutropenia?

Baseline oral assessment
indicates deviation

from normal?

Is the child’s diagnosis
included in Table 1?

Daily OAG until neutropenia
resolves

OAG >8

Introduce Algorithm 2

Table 1
High Risk Neuroblastoma
Relapsed ALL
Philadelphia +ve ALL
Allogeneic + Autologous BMT
T-cell NHL
B-cell NHL
High Risk Rhabdomyosarcoma
Infant Ependymoma
Infant ALL
AML
Osteosarcoma
ALL (only whilst receiving anthracyclines or during Capizzi)
Extracranial Rhabdoid Tumours
Ewing’s (only whilst receiving anthracyclines)

Commence on daily OAG and
increase oral hygiene to x3/day

(cleaning sponge 
for babies with no teeth)

Daily OAG until deviation
resolves

Document in patient held record

Continue with daily OAG and
3x/day oral hygiene (cleaning

sponge for babies with no teeth)

YES

YES

YES

YES

NO
YES

Figure 4.2 Prophylactic mouthcare flowchart for the child with a malignancy.
Source: Developed by the mouth care working party at Great Ormond Street Hospital for Children NHS Trust (October 2007).
© Copyright GOSH.
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Algorithm 2

Child’s OAG > 8

Swallow score > 1?

Lips and corners of the mouth score > 1?

Teeth score > 1?

Are scores > 1 in any of the following 
categories:
Tongue, mucous membrane, gingival 
(excluding symptoms of teething)

Is there evidence of oral fungal infection?

Is there evidence of herpes simplex?

• Commence fluid balance chart
• Monitor weight
• Liaise with dietician
• Consider analgesic spray, e.g. 
 benzydamine 0.15% spray

Use white soft paraffin

•  Is a toothbrush in use?
• Is it being used correctly?
• Consider referral to dentist

• Ensure appropriate pain control is 
 prescribed
• Continue gentle cleansing with soft 
 toothbrush & fluoride toothpaste

Is the patient currently
receiving anti-fungals (either

prophylactic or
treatment dose)?

Continue with recommended 
treatment & daily OAG

When brushing:
 • Is there evidence of 
  spontaneous bleeding?
 • Is it intolerable for the 
  child/young person?

Discontinue using toothbrush on gums &
consider:
 • Option 1 – Toothbrush for teeth 
  only & cleaning sponge for gums
 • Option 2 – Cleaning sponge   
  Reintroduce toothbrush when 
  able

YES

NO

NO

NO

NO

NO

YES

YES

YES

YES

YES

NO

Continue

YES

NO

Ensure oral anti fungal agent (e.g. 
fluconazole, itraconazole or 
ketoconazole) is prescribed

YES

Ensure Aciclovir (oral or IV based on clinical 
decision) is prescribed according to BNF for 

Children

Introduce individualised nursing care plan
Consult with medical staff and discuss:
• Pain assessment tool
• Viral/bacterial/fungal swabs
• Analgesia Topical/Systemic
Consider increasing oral hygiene to 3 times a 
day

YES

YES

Figure 4.2 (Continued)

or solution to use and the frequency with which
care is carried out (Krishnasamy, 1995). They there-
fore need knowledge and understanding in order
to initiate appropriate oral care; care that is based
on a sound scientific rationale. Decision-making
may be facilitated by use of two algorithms that
provide a step-by-step approach to the selection
of appropriate oral care. One such framework has
been introduced within a unit (Figure 4.2) and has
the benefits of:

• ensuring that all children receive appropriate
oral care;

• recommending practice that is based on current
research;

• decreasing conflicting information and advice
given to parents as well as other members of
the health-care team;

• increasing confidence and competence of nurs-
ing staff in their decision-making process.

(Gibson & Nelson, 2000)
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An accurate assessment is vital for effective
oral care. Ideally the first assessment should be
completed by a dentist but nurses may need to
undertake this and liaise effectively with their
dental colleagues. Prompt treatment of any dental
disease may reduce oral infections (Collard &
Hunter, 2001).

A thorough assessment is required to:

• provide baseline data of the teeth and gingival
mucosa;

• predict, prevent or minimise oral complications;
• plan effective care;
• evaluate nursing interventions.

(Bryant, 2003)

The oral assessment tool of Eilers et al. (1988)
has been successfully adapted (with the authors’
permission) for use in the paediatric setting
(Gibson & Nelson, 2000) The tool divides oral
status into eight areas, which are then subdivided
into three categories according to the presence
or absence of symptoms (Table 4.2). Assessment
represents the vital ‘first step’ in planning effec-
tive care (Campbell et al., 1995); nursing interven-
tion introduced to prevent, minimise or reverse
changes in the oral cavity can then be individua-
lised and the response to therapy monitored.

There is a great deal of conflicting informa-
tion regarding which oral care regime is the most
appropriate; although a recent evidence-based
review of the literature pertaining to children has
been undertaken and offers recommendations for
practice (Glenny, 2006). Without clear guidance,
nurses are uncertain as to which oral care regimes
they should follow.

Kennedy and Diamond (1997) conclude that the
toothbrush is most effective; a small-headed, soft,
multi-tufted, nylon-bristled toothbrush is efficient
at removing plaque and debris. Use of a toothbrush
is recommended irrespective of platelet count,
although in cases of severe stomatitis the child may
not tolerate its use. In this situation, to minimise
trauma, a foam stick may be introduced. Foam
sticks are ineffective at removing plaque (Pearson,
1996) and therefore their use should be temporary:
however, they may be the most appropriate tool to
use with babies.

There is a general consensus that the use of
fluoridated toothpaste is essential as it strengthens
tooth enamel and decreases the risk of dental caries

(Glenny, 2006). There is less agreement about the
use of a prophylactic antibacterial mouthwash. The
benefits of their use, such as decreased plaque and
mucosal inflammation, are not disputed (Galbraith
et al., 1991), however, there is no conclusion as to
which mouthwash is the best one to use (Table 4.3).

Some groups of patients are at more risk of
candidiasis and will benefit from the use of a
preventative agent. Following a systematic review,
Worthington et al. (2003) recommend the use of
drugsfullyabsorbed(fluconazole,ketoconazoleand
itraconazole) and those partially absorbed (micona-
zole and clotrimoxazole). He also concludes there
is little evidence to support the use of drugs not
absorbed from the gastrointestinal tract.

There are, as yet, no research-based guidelines
indicating the optimum frequency of oral care
regimes and yet the frequency of intervention
is likely to be the key to success (Beck, 1992).
Normal oral care should involve cleaning teeth
at least twice a day, particularly after meals and
at bedtime. Frequency may alter according to
oral assessment and will be increased if there
is evidence of oral stomatitis. In cases of severe
stomatitis care should be continued during the
night, otherwise any progress made during the day
will be negated. Moisturisers should be applied
frequently in order to maintain comfort and lubri-
cate the lips and mucosa. Petroleum jelly seems to
be the most acceptable method of preventing dry
and cracked lips (Campbell, 1987).

The choice of tools or agents used should reflect
current research findings but also consider the
individual needs of the child; there are occasions
when an optimum oral hygiene regime may need
to be sacrificed when balanced against the child’s
general comfort. Alterations in comfort from oral
complications range from mild (from cracked lips)
to severe (due to prolonged stomatitis) resulting
in difficulties in eating and talking. It is import-
ant to assess the amount of pain the child is expe-
riencing to ensure that adequate pain relief is
given either topical or systemically. Oral hygiene
becomes very painful and will only intensify the
problem. Topical mouthwashes provide local relief
but their action is short-lived and they can also
desensitise the mouth.

Care needs to be taken with hot foods or drinks
(Lever et al., 1987). The use of anaesthetic mouth-
washes in children under the age of 12 years is not
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Table 4.2 Oral Assessment Guide for Children and Young People

Category Method of
assessment

1 2 3

Swallow Ask the child to swallow
or observe the swallowing
process. Ask the parent if
there are any notable
changes.

Normal. Without
difficulty

Difficulty in
swallowing

Unable to swallow
at all. Pooling,
dribbling of
secretions

Lips and corner of
mouth

Observe appearance
of tissue

Normal. Smooth,
pink and moist

Dry, cracked or
swollen

Ulcerated or
bleeding

Tongue Observe the appearance
of the tongue using a
pen-torch to illuminate the
oral cavity

Normal. Firm
without fissures
(cracking or
splitting) or
prominent papilla.
Pink and moist

Coated or loss of
papillae with a shiny
appearance with or
without redness
and/or oral Candida

Ulcerated, sloughing
or cracked

Saliva Observe consistency and
quality of saliva

Normal. Thin and
watery

Excess amount of
saliva, drooling

Thick, ropy or
absent

Mucous
membrane

Observe the
appearance of tissue
using a pen-torch to
illuminate the oral
cavity

Normal. Pink and
moist

Reddened or coated
without ulceration
and/or oral Candida

Ulceration and
sloughing, with or
without bleeding

Gingivae Observe the appearance
of tissue using a pen-torch
to illuminate the oral
cavity

Normal. Pink or
coral with a stippled
(dotted) surface.
Gum margins tight
and well defined, no
swelling.

Oedematous with or
without redness,
smooth

Spontaneous
bleeding

Teeth (If no teeth
score 1)

Observe the appearance
of teeth using a pen-torch
to illuminate the oral
cavity

Normal. Clean and
no debris

Plaque or debris in
localised areas

Plaque or debris
generalised along
gum line

Voice Talk and listen to the
child. Ask the parent if
there are any notable
changes

Normal tone and
quality when talking
or crying

Deeper or raspy Difficult to talk, cry
or not talking at all

NB if score >8 introduce pain assessment instrument
Source: Oral assessment guide Adapted from Eilers et al. (1988) by the Mouth Care Working Party at Great Ormond Street
Hospital for Children NHS Trust (2005).
Copyright GOSH (2005)

Table 4.3 Recommendations for oral care

At diagnosis
and during
treatment

• Brush teeth well twice a day using fluoride toothpaste and soft toothbrush.• While in-patient, oral assessment using OAG and score recorded. Frequency of assessment determined
by individual need.• Use the oral assessment tool. If score >8, this means increased risk of oral complications.• Use of additional aids e.g. floss, fluoride tablets and electric toothbrushes – by recommendation of
dental team only. Chlorhexidine is not recommended unless unable to brush teeth, clean mouth with
oral sponges moistened with water or diluted chlorhexidine.

Source: Glenny (2006).
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recommended without supervision as there is the
potential for young children to swallow the mouth-
wash, resulting in problems with swallowing.
Either oral analgesia or intravenous/subcutaneous
opiates may be necessary and there should be a low
threshold before commencing this pain manage-
ment. The use of a pain assessment tool can help
decide on the appropriate analgesia and its subse-
quent effectiveness. Good pain control will enable
the child to perform adequate mouth care and
hopefully maintain a good oral intake, all of which
will assist in the healing process.

Most children are familiar with their parents
helping them with oral care. However, parents may
find having to cope with performing mouth care on
their child an additional stress, particularly when
the child may be experiencing pain or discomfort
related to oral complications. Nursing staff can
offer support and advice to children and parents
at the beginning of treatment and reinforced at
regular intervals. This should be both verbal and
written. The child may be familiar with a tooth-
brush but not other oral care regimes that may
need to be introduced while in hospital. Alongside
the parents, the play specialist would be involved
in preparing the child. Allowing the child to handle
mouth care products, in a non-threatening envi-
ronment, by practising on either a favourite toy,
their parent or a nurse, may help to reduce anxiety
and increase compliance: creativity and imagina-
tion taking central roles.

Preparation for teenagers is also important. They
need information relating to the drugs in their
protocol that may result in oral problems and when
they are most likely to occur. Advice regarding the
oral care regime is required with the teenager being
given the responsibility to undertake this care inde-
pendently, thus maintaining some control. Support
and encouragement may be necessary to ensure
compliance, particularly when pain and discom-
fort are discouraging factors.

The role of the nurse is to facilitate self-care and
family-centred care, as well as educating, advising
or referring children for more specialised dental
assessment or treatment; maximising opportunities
presented for health promotion.

Before discharge, parents need to be aware
of their continued role in maintaining a normal
hygiene regime for the child. Written information
is useful and should identify further problems that

may be experienced (e.g. oral thrush) and indi-
cate the action needed to be taken. Most children
will not need to continue the use of anti-bacterials
or antifungals while at home, however, a written
record of their regime is useful should they need
to be admitted to their shared-care hospital.

Taste alteration

There are 10,000 taste buds situated on the tongue
and oropharynx and these have a high cell
turnover which can be damaged by chemother-
apy. This, with the effect on salivary glands, results
in taste alteration and possibly xerostomia (dry
mouth). The effect varies in individuals depending
on treatment received and is unique to the person
experiencing the changes. This effect can also
be influenced by antibiotic therapy, nausea and
vomiting, oral stomatitis or infection. It can also be
related to the disease process (Sherry, 2002). It can
occur during chemotherapy administration, last a
few hours, several days or even months (Rhodes
et al., 1994). Offering a variety of sweets, e.g. mints
during administration of certain drugs may help
mask some symptoms.

• Clinical features – the child may complain of expe-
riencing different tastes, these may be bitter or
metallic, especially with vincristine, carmustine,
dacarbazine, cisplatin or cyclophosphamide, or
it may seem that everything tastes of card-
board, sawdust or may have no taste at all
(Rhodes et al., 1994; Comeau et al., 2001).
Some children develop an increased thresh-
old for sweet foods; in contrast, some children
develop a complete aversion to some foods
and this may contribute to a loss of appetite
and anorexia. Such aversions may also be a
learned response, associating symptoms, disease
and treatment (Mattes, 1994). Occasionally, the
taste alteration may cause the child to feel
nauseous and vomit, especially if it occurs when
a particular drug is being administered.

• Management – the family should be made aware
of this potential problem in order to help adjust-
ment to what they may perceive as the child
being fussy. The family should be encouraged
to experiment with different foods, cooked in a
variety of ways, in an attempt to tempt the child.
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Serving foods warm will intensify the taste and
the use of gravies or sauces will increase the
moisture level thus facilitating swallowing if
the child’s mouth is dry. In addition, by estab-
lishing what foods the child likes/dislikes, diet
can be planned to maintain adequate nutritional
intake. However, the fact that such likes and
dislikes may alter through the course of treat-
ment will need to be highlighted. Children often
develop a liking for very odd foods, often with
strong tastes (for example, pickled onions, salt
and vinegar crisps and spicy foods).

A dietician should be involved to offer support and
advice to the family and nursing staff during this
time as it is essential to maintain optimal nutrition.
It is essential to stress that this will be a tran-
sient problem and should revert back to normal
when the treatment is completed. Parents have
reported that taste changes appear to be cyclical,
depending on the treatment the child is receiv-
ing (Wall & Gabriel, 1983). Some parents may find
this extremely frustrating, especially if the child
changes his or her mind frequently about what
food is wanted, and tempting the child to eat can
be made even more of a problem. Maintaining oral
care is essential to help offset the taste, keep the
mouth clean from debris and maintain moisture
level.

Nausea and vomiting

Chemotherapy-induced nausea and vomiting are
considered to be among the most adverse of the
side effects (De Boer-Dennert et al., 1997), caus-
ing much distress to the child and the family
(Hockenberry-Eaton & Benner, 1990). Despite new
developments in the use of pharmaceutical agents
and evidence of a wider use of behavioural
techniques aimed at controlling these distressing
symptoms, nausea and vomiting remain significant
problems for some children (Roila et al., 1998). Inci-
dence and severity are related to the emetogenic
potential of the drug. Although ‘league tables’
exist (Table 4.4), there are other variables, such as
anxiety and stress, which may contribute to the
child’s overall experience. The potential to induce
vomiting is a complex interaction between the
chemotherapeutic agent given, the dosage, how it

Table 4.4 Emetic potential of common cytotoxic agents

Low Moderate High

bleomycin amsacrine cisplatin
busulphan carboplatin cyclophosphamide∗

etoposide∗ cytarabine∗ dactinomycin
5-fluoroucil daunorubicin melphalan
methotrexate doxorubicin dacarbazine
mercaptopurine mitozantrone
thioguanine ifosfamide∗

vincristine

Note: ∗dose-related.
Source: Bender et al. (2002).

is administered and the child’s response. It is well
known that individuals vary considerably in their
response to cytotoxic agents (Hogan, 1990) and
that susceptibility in children varies (Ward, 1988),
but what appears to be consistent is the degree to
which these symptoms distress children (Tyc et al.,
1997).

The physiology of nausea and vomiting has been
well reviewed elsewhere (Andrews & Davis, 1993)
and therefore only a summary will be provided here.
Vomiting is believed to be controlled by the vomit-
ing centre, which is localised in the lateral reticular
formation of the medulla oblongata near the respi-
ratory centre. The vomiting centre may be triggered
by a number of pathways (Figure 4.3) including:

• via the chemoreceptor trigger zone (CTZ). This
is situated in the area postrema in the floor of
the fourth ventricle. This is a highly vascular
area of the brain, emetic substances circulat-
ing in the blood or cerebrospinal fluid (CSF)
stimulate the receptors of the CTZ which in turn
stimulate the vomiting centre. Mechanisms of
CTZ communications with the vomiting centre
are not fully understood.

• via the afferent vagal and visceral nerves. These
stimulate the vomiting centre in response to
gastrointestinal irritation, distension or delayed
gastric emptying.

• via the cerebral cortex and limbic system.
These areas are stimulated by all the senses
(particularly smell and taste), anxiety, pain and
increased intracranial pressure. This stimula-
tion is thought to have a direct effect on the
vomiting centre and does not involve the CTZ.
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Figure 4.3 The physiology of nausea and vomiting.
Source: Yasko (1985).

This source of stimuli may be responsible for
anticipatory nausea and vomiting.

• via the vestibulocerebellar afferents. These
afferents are stimulated by rapidly changing
body motions, with signals from the labyrinth
of the inner ear. They are thought to play a
minor role.

• via the sympathetic visceral pathway. Affer-
ents from the gastro-intestinal tract, heart and
kidneys may be stimulated as a result of inflam-
mation, obstruction or distension.

The most likely explanation for chemotherapy-
associated nausea and vomiting is that treatment
causes a release of 5-HT (serotonin) from the ente-
rochromaffin cells of the gut mucosa (Antonarakis
& Hain, 2004). The 5-HT then activates vagal affer-
ent nerve terminals to initiate vomiting and it
may also enter the systemic circulation via the
portal vein where hepatic afferent neurones can be
activated (Hawthorn, 1995). However, it is likely
that there is more than one process involving
more than one transmitter (Dupuis & Nathan,
2003).

Anticipatory nausea and vomiting is more
complex and is thought to result from stimula-
tion received by the vomiting centre from the cere-
bral cortex and the limbic system (Yasko, 1985).
It is described as a classic conditioned response

during which previously neutral stimuli provide
the thoughts, images or reminders that become
the stimulus to recall the previous experience of
chemotherapy administration (Montgomery et al.,
1998), a process illustrated in Figure 4.4.

• Clinical features – nausea, retching and vomit-
ing, frequently described in tandem. However,
they are three separate problems that may
occur in sequence, separately or in combina-
tion. The symptoms may lead to dehydration,
metabolic abnormalities, poor nutritional intake
with resulting weight loss and deterioration
in the general condition of the child (Bender
et al., 2002). A disruption of normal childhood
activities may result. The child may also suffer
from emotional and psychological stress associ-
ated with the vomiting which can lead to non-
compliance and refusal of treatment, especially
in teenagers (Pendergrass, 1998).

• Management – the goal is to minimise the direct
effect of treatment and to facilitate the early
recovery of the child; the distress of the symp-
tom has far-reaching consequences not only
for the child but for the parents, other family
members, nursing and medical staff. It is
suggested that if successful antiemetic therapy
is achieved during the first course of chemother-
apy, then nausea and vomiting may be avoided
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Figure 4.4 Development of anticipatory nausea and vomiting.
Source: Hogan (1990).

and, in practice, this appears to be the case (Tyc
et al., 1997). At any age children can develop
learned behaviours. A negative experience with
the first course of chemotherapy may result in
behaviour that is difficult to reverse (Dupuis
et al., 1999). Children, especially teenagers, may
develop anticipatory vomiting before or during
the administration of chemotherapy if adequate
control is not achieved (Dolgin et al., 1985).
Non-pharmacological methods of controlling
nausea may need to be explored with the
family as these can assist in controlling emesis.
The foundation for symptom control is an
understanding of the various pharmacological
and non-pharmacological interventions that are
available (Keller, 1995). However, the effective-
ness of interventions is rarely observed and
documented methodically and this has resulted
in a failure for ongoing management of these
symptoms to inform ‘best practice’ within the
variety of clinical situations. Added to this is
the subjectiveness of the experience that often

complicates research studies and produces diffi-
cult situations in symptom management.

Nursing management commences with assessment
and this will begin by identifying the child’s previ-
ous experience of nausea or vomiting, highlight-
ing actions that have been successful in the past.
Parameters then to be considered in assessing
symptoms are the frequency, duration and inten-
sity and degree of distress experienced by the child
(Bender et al., 2002). Assessment could significantly
influence the choice of interventions and therefore
enable the nurse to decrease the direct effects of
treatment (Hockenberry-Eaton & Benner, 1990). It
should be an ongoing process that begins with
initial contact and continues throughout subse-
quent admissions (Bender et al., 2002). Overall,
assessment should enable care to be planned and
delivered more effectively as the nurse has infor-
mation that relates to an individual child and his
response to treatment. Various rating scales have
been used in research studies (Rhodes & McDaniel,
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1999; Rhodes et al., 2000), however, their universal
use in practice has yet to be seen, although studies
have shown that children as young as five years
of age can use a rating scale (Zeltzer et al., 1988).
In comparison, there is literature supporting the
complex nature of the ability of children to self-
report their symptoms, particularly in the younger
age group (Abu-Saad, 1993; Gibson, 1994). Studies
are needed that will result in a reliable and valid
instrument to assess nausea and vomiting, qualita-
tively and quantitatively, as well as incorporating
ease of use.

It is essential to include the child and the
family when planning antiemetic intervention and
with knowledge gained through teaching, the
parents can be instrumental in instigating inter-
ventions and undertaking non-pharmacological
approaches.

Pharmacological interventions

The administration of prophylactic antiemetics
before, during and after chemotherapy should
follow an antiemetic protocol or guidelines which
indicate the emetic potential of the drugs with
corresponding chemotherapeutic agents to be
used, allowing for the individual needs of the child
(Dupuis & Nathan, 2003; Schell, 2003). Strict atten-
tion to a protocol will ensure effective management
as knowledge of the antiemetic potential of indi-
vidual drugs will be utilised more fully. As nausea
and vomiting can be a result of different stimuli, a
combination of agents which are synergistic may
be required to achieve control.

Antiemetics are used to block the pathway to
the vomiting centre. The vomiting centre contains
many muscarinic, cholinergic and histamine H1-
receptors; the CTZ is rich in dopamine receptors.
The CTZ responds to chemical stimuli through
the activation of dopamine or serotonin recep-
tors. The majority of currently available antiemet-
ics are dopamine receptor antagonists, even if they
have other properties (Hawthorn, 1995). Recent
studies have identified other agents, those capable
of antagonising 5-hydroxytryptamine (5-HT sero-
tonin), thought to be more important in control-
ling emesis. For classification of antiemetics, see
Table 4.5.

It is a general rule that it is easier to prevent
emesis from occurring rather than to control it once
it has started (Hawthorn, 1995). Where the symp-
tom is predicted, the child and the family should
be informed and antiemetics given prophylacti-
cally; the timing of this will depend on the route of
administration and the latency of the chemother-
apeutic agent. For example, the onset and dura-
tion of emesis following cisplatin are 1–72 hours,
compared to cyclophosphamide, which is 8–24
hours (Hawthorn, 1995). Antiemetics given the
night before chemotherapy, particularly nabilone,
may alleviate anticipatory symptoms.

It is inappropriate to prescribe antiemetics ‘as
required’, nevertheless their successful administra-
tion will depend on the nurse caring for the child
having appropriate knowledge. The antiemetic(s)
prescribed will depend on:

• the emetic potential of all the chemotherapy
agents to be given during the course of treat-
ment;

• the child’s previous response (if this is a subse-
quent course of treatment);

• the experience of the nurse gained previ-
ously in caring for children receiving particular
chemotherapy regimes;

• knowledge of the action of the various anti-
emetics;

• the side effect profile (in some cases an
antiemetic may be chosen for its sedative effect).

The route of administration will need to be
decided. The intravenous route is often consid-
ered to be the most effective as it may be the
only one available in a child who is vomiting. In
some cases oral administration may be selected;
oral ondansetron is as effective as the intravenous
formulation (Cohen et al., 1996). Some children like
the choice but, with respect to cost, the oral route
should be chosen.

Assessment of antiemetic intervention is essen-
tial to monitor effectiveness. In a child who contin-
ues to vomit, alternative antiemetics may be chosen
or a ‘cocktail’ of agents may be effective. The
pharmacist should be involved to provide advice
and support; pharmacists may also be called upon
in the search for information about current stud-
ies of new antiemetics or different approaches to
antiemetics currently in use.
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Table 4.5 Classification of antiemetics

Drugs Site of action Mode Side effects

Substituted benzamides
Metoclopromide

at low doses it antagonises dopamine receptors, but at
high doses it is a 5-HT3 receptor antagonist

IV Oral sedation
diarrhoea
extrapyramidal
reactions

5-HT3 blockers
Ondansetron
Granisteron
Tropisetron

binds to type 3 serotonin antagonist receptor 5-HT3 in
the gastrointestinal tract and central nervous system

headache
dizziness
constipation

Antihistamines
Cyclizine
Promethazine

antagonise the action of histamine at the H1-receptor,
poor as a single agent

IV Oral sedation
dizziness
constipation

Corticosteroids
Dexamethasone

unknown, may act by blocking prostaglandin IV Oral vomiting
anal itching when
given too quickly

Substituted butyrophenone
Domperidone

antagonist of dopamine receptors, also acts at
peripheral sites and does not readily cross the blood –
brain barrier; has direct action on gastric motility

Oral
Suppository

Phenothiazines
Chlorpromazine
Prochloperazine
Levomeprazine

dopamine receptor antagonist block in the CTZ IV Oral sedation
dry mouth
hypotension
extrapyramidal reaction

Cannaboloids
Nabilone

action unknown, relates to central nervous system
depression, may also have as anti-opoid activity

Oral drowsiness
euphoria
hypotension

Benzodiazepine
Lorazepam
Diazepam

may work by blocking cortical pathways to the
vomiting centre, therefore may be useful in anticipatory
vomiting

IV Oral drowsiness
amnesia

Source: Goodin & Cunningham (2002), Dupuis & Nathan (2003), Antonarakis & Hain (2004).

Extrapyramidal reactions

Antiemetics that work by blocking or antago-
nising dopamine receptors have the potential to
cause extrapyramidal side effects. They result from
excessive cholinergic activity in the extrapyramidal
tract of the nervous system as a result of unin-
tentional blockade of the post-synaptic dopamine
receptors by the antiemetic drug, resulting in a
disturbance of normal dopaminergic transmission
causing an inability to coordinate voluntary move-
ment, alterations in muscle tone and the occur-
rence of involuntary movements (Hawthorn, 1991).
The child may experience varying effects: general
restlessness and muscle tremor (irritable legs ‘that
want to keep walking’); limb dystonia (may resem-
ble a seizure); opisthotonus (muscle spasm caus-
ing the back to be arched and the head retracted,
with the muscles of the neck and back very rigid);
or oculogyric crisis (rolling of the eyes together

with laryngeal spasm that can result in respiratory
distress). The effect is more common in children
(Terrin et al., 1984), particularly in higher doses,
with an increased risk related to metoclopramide
(Graham-Pole et al., 1986).

This side effect can be managed by either concur-
rent administration of procyclidine or, following
a reaction, the effect can be reversed with intra-
venous benztropine. However, the rate of inci-
dence and the distressing nature of this side effect
for the child and their parents have resulted
in antiemetics that have extrapyramidal reactions
in their side effect profile becoming unpopular in
practice.

Non-pharmacological interventions

Alternative or complementary methods of control-
ling nausea and vomiting can be explored, to
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be used independently or in conjunction with
antiemetics. Behavioural approaches include:

• hypnosis (Marchioro et al., 2000);
• progressive muscle relaxation (Arakawa, 1997;

Morrow & Roscoe, 1998);
• relaxation with guided imagery (Kwekkeboom

et al., 1998; Van Fleet, 2000);
• systemic desensitisation (Morrow & Roscoe,

1998).

Successful use of these techniques with children
will be related to their involvement and their
feelings of gaining control over a situation in
which they may previously have felt helpless
(Van Fleet, 2000). Non-pharmacological interven-
tions may be more relevant for teenagers and
be successful in managing anticipatory symp-
toms, and as a conditioned response, they may
be more responsive to psychological intervention
(Eckert, 2001).

In younger children simple techniques of distrac-
tion using storytelling may be useful, making the
most of children’s imagination and magical think-
ing. Providing different activities, such as play
and education, can offer structure and focus the
child on something other than the treatment. Also,
acupressure wrist bands have shown some bene-
fit in adults (Shin et al., 2004) and children (Ming
et al., 2002). An understanding of complementary
methods and an awareness of those members of
the multidisciplinary team who can advise, assist
or teach these skills (such as psychologists, play
specialists and teachers) are essential.

Ongoing assessment is necessary in order to
evaluate the various interventions and to antici-
pate further problems. Parents can be relied on to
report their child’s symptoms accurately (Gibson,
1994) and will take on the role of ‘time keeper’ by
prompting the nurse caring for the child in advance
of the antiemetic being due. The parents can also
be involved in recording fluid intake and output,
while also encouraging the child to continue with
oral fluids and diet.

In the situation of the child who continues to
vomit and is unable to tolerate oral intake, it
may be necessary to introduce intravenous fluids
to prevent dehydration and electrolyte imbal-
ance. The dietician may also become involved
to advise on maintaining adequate calorie and
protein intake.

The overall distress caused by these symptoms
can be minimised by adopting a sensitive approach;
maintaining a constant supply of vomit bowls and
providing privacy when children are vomiting. Oral
care is essential, and rinsing the mouth should be
encouraged after each episode of vomiting. This
process will remove debris from the mouth as well
as provide general comfort in terms of taste and
oral freshness. The play specialist and ward teacher
may need to be involved to provide gentle activities
for those children not wanting to ‘face the noise’ of
the playroom. The use of favourite tapes and the
involvement of family members in reading stories
may provide some distraction when the child may
be feeling ‘just awful’.

Before discharge after chemotherapy, some
preparation is necessary, and antiemetics should
be continued. If they need to be given intra-
venously the parents need to have been taught
this skill and to feel confident to undertake this
role. Written information should be provided
to complement that given verbally (Price, 2003).
Community nursing teams must be made aware of
the child’s planned discharge in order to provide
support and care as necessary.

The family should also be aware of the potential
problems from delayed or continued vomiting and
should be given advice about fluid hydration and
the reasons for re-admission. An understanding
that it may also take time to re-establish a normal
eating pattern after chemotherapy may provide
reassurance for a family worrying that the child is
still not eating. In addition, the family needs to be
aware that a constant feeling of nausea or continu-
ous vomiting is not normal and assistance should
be sought if this is a problem.

Anorexia/weight loss

Anorexia is a loss of appetite which usually occurs
as a result of the child’s condition or treatment.
Other factors that may contribute to this symp-
tom are:

• nausea and vomiting;
• mucositis and/or stomatitis;
• altered taste;
• constipation;
• diarrhoea associated with typhlitis or other

infections;
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• pain;
• fatigue;
• metabolic disturbances.

In addition, an emotional response to being diag-
nosed and treated for a life-threatening illness may
result in psychological factors that will need to be
considered; depression can often be accompanied
by a reluctance to eat. Children may be unable to
differentiate between disease, treatment and side
effects, thus contributing to their unwillingness to
eat (Cunningham & Bell, 2000).

Nutritional status has a prognostic effect upon
outcome (Andreyev et al., 1998; Cunningham &
Bell, 2000). Studies have indicated that adequate
nutrition is essential, as children who are well
nourished are better able to resist infection
and tolerate treatment (den Broeder et al., 2000).
Weight loss can be a symptom of anorexia
or present independently, related to infection,
increased metabolism, eating problems or any one
of the problems identified in relation to anorexia.
Although several factors may play a part, the basic
problem is often one of lack of intake of food.

• Clinical features – loss of appetite, lack of desire
to eat, reduced calorie and protein intake, lack
of energy, muscle wasting and low albumin,
and weight loss.

• Management – assessment of anorexia is diffi-
cult as it involves the subjective experience
of how the child is feeling and an objec-
tive measurement of food intake. A range of
assessment techniques is available and includes
physical examination, biochemical investiga-
tions, dietary history and dietary assessment
(Nitenberg & Raynard, 2000; Brown, 2002).

Initial assessment is required to identify any
underlying cause that may be exacerbating the
anorexia or weight loss, as well as providing a
baseline of the child’s nutritional status, eating
habits (that acknowledge cultural influences) and
any problems perceived by the family. Ongoing
assessment includes regular monitoring of weight
in addition to recording intake and output. The
frequency of weighing may vary but most centres
record two or three times a week and thereby
avoid weighing too often, as in the case of mini-
mal weight gain the child may become despon-
dent and more depressed, contributing further

to the anorexia. Weight loss may be one of the
few indications that the child is not receiving
an adequate diet and therefore other methods of
ensuring an adequate nutritional intake may need
to be considered.

Children need good nutrition to maintain their
normal growth and development. The goals of
nutritional support are to maintain this need as
well as to prevent nutritional depletion and to
meet the needs of an increasing demand for nutri-
ents during treatment (Bryant, 2003). When plan-
ning the management of symptoms consider the
following:

• Identify children at risk.
• Undertake clinical assessment, including

dietary history.
• Involve the multidisciplinary team.
• Introduce a nutritional care plan.
• Identify realistic goals.
• Involve the child and the family in all stages

through ongoing education and participation
in care.

The child should be encouraged to eat by being
offered small, frequent meals of appetising foods.
Identifying favourite foods and establishing a
pattern of intake may be helpful. Well-balanced
and nutritional meals should be offered but this
may be difficult as children seem to crave certain
foods, such as hamburgers and crisps, and at times
this is all they will eat. Encouraging food and
drinks that have lots of calories in them (not low
sugar, low fat foods) and adding things like butter
and cream to meals helps increase the calories.
Encouraging the children in the ward to eat their
meals together at a table fosters social interaction
with others and provides some routine to the day.
Allowing teenagers to eat later in the evenings
may encourage food intake but this will rely on
flexible kitchen arrangements. Some centres have
cooking facilities in the ward area where the family
can prepare meals for their child allowing them to
have ‘home-cooked food’ within the ward environ-
ment. Some may also have their own chef or cook
based on the wards who will provide individual
nutritional meals for the child. If this is not pos-
sible, food can usually be brought in from home.
It is important that mealtimes do not become a
battle between the child and their parents. Some
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children may see this as a way of manipulating
their parents or rebelling against their treatment
and thus feel that they are maintaining control.
Similarly, parents may feel that this is one area in
which they can affect the outcome and also have
some control (Panzarella & Duncan, 1993). Explan-
ation is preferable to coercion. Children require
time to express their feelings and may need help
in making sense of their experiences.

Nursing staff will need to be prepared to assist
and encourage children to eat, especially if it is
becoming stressful for parents. Younger children
may be encouraged to eat if they are able to feed
themselves or ‘pretend play’ with food in the play
room. Cooking can be encouraged as a school
activity, if the child feels up to cooking, with the
food being consumed following the activity. This
gives some control back to the child, particularly
in this area of their treatment.

Dieticians must be involved from the begin-
ning of the child’s hospitalisation at the time of
prevention and not just intervention. They can
offer support and advice, consult with the family
regarding food selection, supplements and alterna-
tive means of nutritional support; oral steroids may
be recommended to increase the child’s appetite.
Providing favourite foods and encouraging a child
to eat can be an expensive process for some fami-
lies who may require financial assistance.

Enteral or parenteral feeding is indicated when
the child is unable to meet nutritional needs by
mouth. Enteral feeding, via a nasogastric tube, can
increase nutritional uptake if tolerated well and
the gut is working adequately. It also preserves
the integrity of the intestinal mucosa by keeping
it functional (Nitenberg & Raynard, 2000). When
considered alongside other interventions, nasogas-
tric feeding may be dismissed as being psycholog-
ically traumatic for the child (Holden et al., 1997),
but it has been shown to be accepted by children
and tolerated well, with nutritional benefits (den
Broeder et al., 2000). If nursing staff are negative
about the use of enteral feeding, this attitude may
be conveyed to the child and the family and result
in poor compliance. Preparation for insertion of the
tube is essential and will involve the skills of the
nurse, parent and play specialist. Preparation time
needs to be sufficient without increasing levels of
anxiety. Adequate time needs to be allowed for
parenteral feeding, providing time for the child

to express any worries and question the proce-
dure. Equipment stored for this purpose can be
used for the child to feel the tube and play with
the syringes. Long-term access for enteral feeding
may be needed for some children and this can be
achieved by a gastrostomy usually placed while
the child is anaesthetised. These have been shown
to be effective in maintaining nutritional status and
may be better accepted than a nasogastric tube
(Matthew et al., 1996).

Enteral products can be either complete meal
replacements that will require digestion, or consti-
tute elemental diets which require minimal or
no enzymatic activity prior to absorption (Irwin,
1986). The dietician is responsible for calculating
calorie requirements and for balancing fluid needs.
The feed is introduced gradually and tolerance
assessed daily. Feeding can be given via bolus
feeds or overnight via a feeding pump. If given
via a bolus, the child should be encouraged to
eat a meal first and then receive the enteral feed
as a ‘top-up’. This allows mealtimes to be main-
tained and the child to attempt to eat normally.
Overnight feeds allow the child to eat normally
during the day while providing extra calories at
night. If weight loss or anorexia continues to be
a problem, then enteral feeding may be continued
at home, following the parents’ agreement and a
comprehensive teaching programme.

Long-term use of enteral feeding in infants can
lead to problems with sucking, eating and speech
development (Johnson, 2001). Involvement of the
speech therapist can help to alleviate these poten-
tial problems.

Enteral feeding is cheaper and less invasive than
parenteral nutrition. However, the choice of feed-
ing will be determined by other factors such as:

• nutritional requirements;
• degree of nutritional debilitation;
• disease process;
• timing in relation to treatment;
• a functioning gut;
• resources available.

(Rust et al., 2000)

Total Parenteral Nutrition (TPN) may be indi-
cated and be given via a central venous access
device or very occasionally a peripheral line.
A central venous access device is preferred as
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administration of high glucose concentrations is
required for children to obtain sufficient calories
(Han-Markey, 2000). In addition to glucose, TPN
contains water, fats, carbohydrates, electrolytes,
vitamins and minerals; in some cases the fat (lipid)
component is given separately (Glynn, 2001). It is
not without risks and these include fluid overload,
metabolic, vascular and septic episodes in some
patients (Glynn, 2001). Initially, daily monitoring
of serum glucose is necessary and once stable,
following a period of TPN administration, this may
become less frequent. Lipids may affect liver func-
tion and this must be checked regularly. Nurs-
ing observation will include recording intake and
output, daily urine testing for glucose and regular
recording of weight.

Parenteral feeding is an expensive therapy to
use and ideally must be managed by a nutrition
team (Fawcett, 1995). Other methods, such as
enteral feeding, may need to be considered
before it is implemented, especially if the gut is
functioning. Several days are needed to build
up to full-strength parenteral nutrition for the
child to obtain maximum calories from it, and
for the metabolic adaptation of infused nutrients
(Glynn, 2001). Infusion pumps are used to ensure
a constant rate is delivered. Once established,
TPN is infused over varying time periods with the
ultimate aim of allowing the child some freedom
from the restraining infusion lines. During the
administration of parenteral nutrition the child
should continue to be offered oral fluid and food
to allow oral stimulation. The involvement of a
psychologist may be beneficial in offering advice
on ways to encourage the child to eat.

In summary, when planning interventions the
following should be considered:

• Identify the child’s favourite foods.
• Offer small, frequent meals.
• Encourage dietary supplements.
• Maintain assessment and involvement of the

dietician.
• Manage the side effects of chemotherapy (e.g.

nausea and vomiting) effectively.
• Consider enteral feeding early.
• Introduce TPN where appropriate.

Some children are very reluctant to eat while
they are in hospital as they associate the ward

environment with unpleasant treatments and expe-
riences. Before discharge, the family can be reas-
sured that eating will probably resume once the
child is back at home. As part of a planned
discharge, paediatric community teams need to be
informed in advance of the child’s discharge so
that follow-up care can be arranged. Visits can be
planned to provide ongoing support and encour-
agement to the child and the parents.

Cachexia

This is a syndrome of progressive wasting
associated with anorexia and metabolic alterations
(Capra et al., 2001). It appears to progress with
the disease and may result in profound loss in
body weight and muscle tissue and a decrease in
both functional status and quality of life (Grant
& Rivera, 1995). It is thought to result from an
imbalance between the energy needed by the body
versus the energy available due to reduced intake
alongside biochemical alterations (Nitenberg &
Raynard, 2000).

Lindsey (1986) suggests that children who are
at critical growth periods and receiving aggres-
sive anticancer therapies are even more vulnerable
to developing cachexia. Its cause is unknown, but
there are several hypotheses:

• reduced oral intake and anorexia resulting
from the malignancy or treatment (Picton, 1998;
Nitenberg & Raynard, 2000);

• impaired digestion and absorption (Nitenberg
& Raynard, 2000);

• increased energy expenditure despite a
decreased calorie intake, leading to progressive
wasting (Tisdale, 1997);

• alterations in carbohydrate metabolism, includ-
ing decreased glucose tolerance and normal or
increased fasting blood glucose. Glucose uptake
by the tumour is increased and varies with the
size of the tumour (Tisdale, 1997);

• tumour–host competition for nutrients, with
the aggressive tumour winning over the host
(Bozzetti et al., 1999);

• abnormal lipid metabolism with depletion of fat
reserves (Keller, 1993).

Cachexia cannot be explained as a result of star-
vation alone, but as part of a much more complex
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metabolic disorder (Theologides, 1979), with the
tumour itself clearly inducing profound nutritional
problems (Ward, 2001). Children most at risk are
those who are nutritionally compromised at diag-
nosis; those who have a large tumour burden,
particularly of the abdomen; or those requiring
intensive chemotherapy (Foley et al., 1993).

• Clinical features – weight loss, anorexia, early
satiety, weakness, muscle atrophy, fatigue,
impaired immune function, anaemia, decreased
motor and mental skills, decreased attention
and concentration abilities, muscle wasting and
loss of body fat. It eventually leads to asthenia
and emaciation (Lindsey, 1986).

• Management – this begins with an assessment
which will highlight any contributory factors
that may have a role to play, for example, taste
changes, anorexia, psychological or emotional
responses. It also includes a diet and weight
loss history and this information will influence
the planning of individual interventions. Nutri-
tional support is required to meet the minimal
calorie and protein requirements. The child’s
appetite needs to be increased and weight gain
established. However, reversal of the effects
depends largely on eradication of the cancer
and prevention of the common side effects of
treatment that have a debilitating effect. In some
cases, despite increased calorie intake, the child
may still fail to gain weight.

Nutritional support can be given orally, intra-
venously, or enterally; methods used alone as well
as in combination. Aggressive use of total parenteral
nutrition may be advocated allowing the body to
cope with the chemotherapy (Wesdrop et al., 1983).
The issue of altered body image also needs to be
addressed as this may also have implications for the
child who is unable to eat (Sutton, 1988).

Diarrhoea

Diarrhoea is defined as an abnormal increase
in stool liquidity caused by an impairment of
absorption, secretion and rapid movement of faecal
matter through the intestine (Hogan, 1998). The
mucosal epithelial cells (villi and microvilli) lining
the intestines are characterised by rapid cell divi-
sion and if they are not replaced, the mucosal

cells atrophy and become inflamed. The villi
and microvilli shorten and become eroded and
the inflamed mucosa produces large amounts of
mucus which stimulates accelerated peristalsis.
Malabsorption is also common. This is due not only
to the diarrhoea but also to the direct effect on the
absorptive surface of the intestinal lining. The villi
and microvilli are responsible for both digestion
and absorption of food; when damaged, absorp-
tion of nutrients, water and electrolytes does not
occur (Barton Burke et al., 1991), thus compromis-
ing nutritional status.

The cause of diarrhoea may be multifac-
torial, related to anxiety, a change in diet,
use of nutritional supplements, medication
(frequent antibiotics), infection, site of tumour and
chemotherapy (particularly cisplatinum, cytara-
bine and irontecan) (Hogan, 1998; Cope, 2001).
It can be very distressing and debilitating to the
child, and cause them embarrassment, weight loss
and potential electrolyte imbalance.

• Clinical features – frequent loose stools (which
can be mucousy, bloody and on occasions
contain sections of bowel mucosa), abdominal
cramps, pain, flatus and rectal excoriation. This
may lead to dehydration, fatigue, electrolyte
imbalance, weight loss and malnutrition, and
can also result in typhlitis.

• Management – an assessment of the child’s
normal bowel habits is vital so that the ‘abnor-
mal’ can be recognised promptly. Accurate
records of intake and output are maintained,
noting number, amount, consistency and colour
of stools. An increase in stools alone may not
be a true indicator, it is more important to
note an alteration to the child’s normal habit.
Identifying the cause can be difficult due to
the range of possible contributory factors. A
review of current drugs and the child’s dietary
history should be considered. Specimens should
be sent to the laboratory for investigations vir-
ology, microscopy, culture and sensitivity and
any infection treated.

Pseudomembranous colitis is a rare complication
of antibiotic treatment which is characterised by
proliferation of the bacterium, Clostridium difficile,
in the colon, leading to diarrhoea (Andrejak et al.,
1996). Antibiotics (vancomycin and metronidazole)
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are used for the treatment of this specific problem
(Thielman & Guerrant, 2004). Cryptosporidium
can also cause diarrhoea in the immunocompro-
mised child. This can be transmitted from person
to person through ingestion of contaminated water
or food (Juranek, 1995). This can be treated with
the administration of spiramycin. Antidiarrhoeals
are not recommended when an infection is present
as the toxins would fail to be excreted although
they may be of benefit especially if the diar-
rhoea is related to chemotherapy. Loperamide (an
opioid) decreases intestinal motility and may be of
benefit (Stern & Ippoliti, 2003). Administration of
an antispasmodic agent, such as hyoscine-N-butyl
bromide (Buscopan), may help to relieve the pain
resulting from abdominal cramps.

Fluid balance charts should be maintained,
weight recorded (frequency will depend on the
severity of clinical symptoms) and observations
made for signs of dehydration and electrolyte imbal-
ance which should be treated promptly with intra-
venous fluids and electrolytes as needed. Early and
effective interventions are necessary and short-term
use of parenteral feeding may be required. Diar-
rhoeacanalsoleadtothebreakdownofskinandthus
may increase the risk of opportunistic infections.
Good general hygiene should be reinforced, teach-
ing strict handwashing technique (Gould, 1995)
when handling stools, as well as ensuring that the
rectal area is kept clean and dry and applying barrier
creamsasrequiredtohelppreventexcoriation.Daily
examination of the area enables observation to see
there are no signs of local infection, tissue break-
down or anal fissures. Infection in this area can
occur easily in the immunocompromised child and
can be the cause of much pain and distress. Pain
can be relieved with the use of topical anaesthetic
gels (lignocaine) alongside any systemic analgesics
that may be required.

The importance of reporting episodes of diar-
rhoea must be stressed to the child and the family
to ensure prompt treatment. The parents can be
involved in keeping accurate records of intake and
output;weighingnappiesanddisposingofbedpans.
The child and the family need to be encouraged
to discuss any problems with nursing staff without
feeling embarrassed. For the child, unpredictable
bouts of diarrhoea may result in a feeling of loss
of control and they may choose to withdraw from
social activities with other children (Aitken, 1992).

Diarrhoea can interfere with the activities and
general lifestyle of the child and family, requiring
support and understanding (Hogan, 1998).

Constipation

Constipation is defined as a decrease in the
frequency of the passage of hard stool caused
by either a complete or incomplete action of the
bowels. There is a tendency for dry stools to accu-
mulate in the descending colon where fluid absorp-
tion continues, thus dehydrating the stool even
further (Cope, 2001). Considerable discomfort may
be experienced from straining and may result in
anal tears which may become infected, leading to
abscess formation.

Constipation divides into three categories:
primary, resulting from external factors, such as a
lack of exercise, poor diet lacking in fibre and the
failure to allow sufficient time for defecation (with
children in hospital a lack of privacy resulting in
embarrassment can also be a cause); secondary,
resulting from pathological changes, such as spinal
cord compression, intestinal obstruction or elec-
trolyte imbalance; or iatrogenic, following admin-
istration of medications, such as opioids, vinca
alkaloids (as a result of autonomic neuropathy)
and antiemetics such as ondansetron (Smith, 2001).

• Clinical features – passage of irregular, infre-
quent hard stools usually accompanied by pain
and discomfort. There may be nausea, abdom-
inal distension with decreased bowel sounds
and a decreased appetite.

• Management – prevention is the best manage-
ment of constipation. Educating the child and
the family on the causes and prevention is vital.
Dietary advice regarding a nutritional well-
balanced diet with plenty of fibre and fluids
should be stressed but may not always be possi-
ble with a child who is unable to eat. Exercise
should be encouraged as this appears to stimu-
late the bowel and may be beneficial in helping
prevent constipation although this can be diffi-
cult if the child is debilitated. Ensuring that the
child has privacy even from his or her parents
when using the toilet or bedpan may help them
to maintain normal bowel habits. It is important
to acknowledge the child’s embarrassment and
be sensitive to individual needs.
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Assessment of normal bowel habits is vital, as
is the identification of any of the risks that may
predispose the child to constipation. Ideally an
assessment tool would be of benefit, however,
there is not a validated tool available in paedi-
atric oncology at the moment. The family needs to
be encouraged to report any signs of constipation,
such as irregular bowel actions, abdominal pain
or a decreased appetite so that early interventions
can be commenced if needed. Children and espe-
cially teenagers need to understand the importance
of discussing their bowel habits and informing
parents or nursing staff when they are experienc-
ing difficulties. Some teenagers may find this diffi-
cult, although they may have developed a good
relationship with one member of staff and may be
encouraged to confide in them.

Accurate records need to be kept of the number
and consistency of stools as well as dietary intake.
Observation would include inspection of the anal
area as well as noting any complaints of abdominal
pain and difficulties with bowel movements.

If necessary, stool softeners/laxatives should be
administered and their effectiveness monitored.
These should be given prophylactically with the
administration of opioids or vinca alkaloids (some-
times it is necessary to use both softeners and stim-
ulants depending on the cause and the severity
of the problem). Ongoing assessment is required
in order to regulate symptoms and avoid diar-
rhoea. Very occasionally, suppositories or enemas
are required but these should be used with great
care in the neutropenic child as there is a risk of
trauma to the anal area resulting in anal fissures,
infection and bleeding which can be a particular
problem in the child who is thrombocytopenic.
Some units do not use suppositories or enemas for
this reason.

Trauma caused by the child straining to pass
a constipated stool can be relieved with topical
anaesthetic (lignocaine) applied to the rectal area.

Typhlitis

This is a necrotising colitis which is usually
localised in the caecum and commonly occurs
in association with prolonged neutropenia and
broad-spectrum antimicrobial therapy. Bacterial

invasion of the mucosa of the bowel may progress
from inflammation to full thickness infarction
and perforation. It occurs most frequently from
Clostridium septicum and Gram-negative organ-
isms, especially Pseudomonas aeruginosa (Gorbach,
1998; Gorschluter et al., 2001) (Figure 4.5).

• Clinical features – pain, usually in the right
lower quadrant that can be ‘colicky’ or constant,
pyrexia, neutropenia, ascites, altered bowel
habits, nausea and vomiting. Shock can occur.

• Management – symptoms are identified through
close observation and an understanding of this
complication and the associated risk factors.
Imaging of the abdomen particularly ultra-
sound or CT scan which shows thickening of
the bowel wall has been of benefit to establish
appropriate diagnosis (Schlatter et al., 2002). The
extent of thickening is also thought to relate to
the prognosis of the patient (Cartoni et al., 2001).

Loss of bowel integrity due to chemotherapy

Invasion of bowel mucosa by bacteria
(facilitated by a decrease in neutrophil count)

Inflammation of mucosa

Necrosis of the layers of the bowel

Bowel perforation

Sepsis

Shock

Figure 4.5 Pathological process of typhlitis.

Initial management is usually medical and consists
of the following:
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• nil by mouth;
• nasogastric tube;
• broad-spectrum antibiotics;
• intravenous fluids and electrolytes if required;
• pain relief.

Surgical resection of the necrotic bowel may
be indicated if there is persistent gastrointesti-
nal bleeding, perforation or deterioration in the
child’s overall condition (Jain et al., 2000; Schlatter
et al., 2002). In the past, there has been some
discrepancy concerning the role of granulocyte
colony stimulating factors (G-CSF) in the treatment
of typhlitis. Vlasveld et al. (1990) hypothesised
that G-CSF may augment typhlitis by stimulat-
ing cytokines and thus potentially bacterial toxins,
making the situation worse. However, in more
recent literature, G-CSF has successfully been
used to hasten neutrophil recovery with antibi-
otics in children with typhlitis (Gomez et al., 1998;
Picardi et al., 1999; Sayfan et al., 1999; Schlatter
et al., 2002).

Typhlitis can be a major complication of
chemotherapy and it can have considerable mortal-
ity but this can vary from less than 20 % to as high
as 45 % (Gomez et al., 1998; Jain et al., 2000; Cartoni
et al., 2001). Nursing care needs to be supportive,
to monitor changes in the child and their response
to the treatment; and to work closely with medical
colleagues in giving optimum care to the child. The
family will be under considerable stress in coping
with the child’s malignancy as well as a serious
complication and will need support and informa-
tion to help them to deal with this. Awareness
of the needs of the child is vital. Both the child
and the family will need frequent explanations and
to be involved in care as appropriate, to enable
them to cope with this illness and its complications
(Kinrade, 1988; King, 2002).

Haematological problems

Chemotherapy destroys or damages the stem cells
in the bone marrow. This results in neutropenia,
thrombocytopenia and anaemia (see Table 4.6 for
normal blood cell values in infancy and child-
hood). The point at which this occurs following
chemotherapy depends on the lifespan of the circu-
lating cells.

Anaemia

Anaemia is a reduction in the concentration of
haemoglobin due to the number of circulating red
cells (Montague, 2005). The lifespan of red blood
cells is 120 days.

• Clinical features – pallor, fatigue, dizziness,
dyspnoea, headache, sweating, irritability,
tachycardia, tachypnoea or anorexia. Some
younger children are able to adapt with mini-
mal symptoms but if they feel cold or are reluc-
tant to eat, this may be a sign of anaemia. It can
also impact on the child’s quality of life limiting
the activities they can participate in. Adoles-
cents, specifically, can experience potentially
debilitating symptoms such as fatigue, dysp-
noea and weakness with the resulting decrease
in activity impacting quality of life.

• Management – transfusion of red blood cells is
a supportive intervention which may be used
when the child’s haemoglobin falls below 7
g/dl, or if they are symptomatic.

If blood transfusions are carried out electively,
it makes it easier for the transfusion service to
provide specific requirements and avoids the need
for ‘emergency bloods’. Cross-matching of blood
is important to help to prevent reactions. Many
units transfuse cytomegalovirus (CMV) negative
blood products to prevent CMV infection in the
immunocompromised child although all blood is
now leucodepleted at source, which will also help
reduce the transmission of CMV. Occasionally,
children are found to be CMV positive, in which
case it is not required. Leucodepletion is also
thought to reduce the potential risk of Creutzfeldt-
Jakob disease (vCJD).

Packed cells are normally used for children.
This allows the required concentration of red cells
to be given in smaller volumes which may help
prevent circulatory overload. The child should be
monitored closely during transfusions for allergic
reactions.

Febrile reactions

In the case of non-haemolytic febrile transfu-
sion reactions (NHFTR), antibodies in the child’s
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Table 4.6 Normal blood count values in childhood

Age Hb (g/dl) WBC (×10/l) Neutrophils (×10/l) Lymphocytes (×10/l) Monocytes (×10/l)

Birth 14.9–23.7 10–26 2.7–14.4 2.0–7.3 1–1.9
2 weeks 13.4–19.8 6–21 1.8–5.4 2.8–7.3 0.1–1.7
2 months 9.4–13.0 6–18 1.2–7.5 3–13.5 0.1–1.7
6 months 11.1–14.1 6–17.5 1.0–8.5 4–13.5 0.2–1.2
1 year 11.3–14.1 6–17.5 1.5–8.5 4–10.5 0.2–1.2
2–6 years 11.5–13.5 5–17 1.5–8.5 1.5–9.5 0.2–1.2
6–12 years 11.5–15.5 4.5–14.5 1.5–8.0 1.5–7 0.2–1.0
12–18 years 12.0–16.0 4.5–13 1.8–8.0 1.2–6.5 0.2–0.8

Source: Adapted from Hinchliffe (1992).

plasma react against transfused leukocytes in the
blood and this tends to occur after multiple trans-
fusions (Higgins, 2000).

• Clinical features – shivering (usually 30–60
minutes after the transfusion is commenced),
tachycardia, fever.

• Management – the transfusion should be slowed
or stopped and paracetamol given. The child’s
condition should be monitored and the child
should be kept warm.

• Prevention – administering paracetamol before
the transfusion may help alleviate this reaction.
As blood is also leukocyte depleted, this should
help prevent NHFTR (Gibson et al., 2004).

Allergic reactions

In this case, the child has antibodies which react
with proteins in the transfused blood components
(Higgins, 2000).

• Clinical features – urticaria and itching within
minutes of transfusion.

• Management – transfusions should be slowed
and chlorpheniramine given. If no further
symptoms, the transfusion should be contin-
ued. If repeated reactions, chlorpheniramine
should be given 30 minutes before the transfu-
sion and the child should be watched very care-
fully. Children receiving treatment for cancer
are often on regular steroid treatment. It is
therefore best to avoid giving steroids at other
times as much as possible. It seems that a simple
antipyretic is now thought to be as effective as

hydrocortisone and, in some cases, chlorpheni-
ramine (McClelland, 1996).

For the management of anaphylaxis, see Chapter 5.
In cases of severe anaemia, blood may need to be

administered over a longer time span than usual so
as not to compromise the cardiovascular system.
It is important to remember, however, that blood
can stay out of the fridge for a maximum of four
hours.

Some children and families find the concept of
blood transfusion difficult. They may be aware
of the potential risks associated with blood-borne
diseases, such as HIV, hepatitis B and vCJD and the
impact on their child. Reassurance about testing
and about how the blood is prepared is therefore
vital. In some cases families prefer the bag to be
covered while blood is infusing as it seems to give
them more confidence, especially if they do not
like the sight of blood.

Erythropoesis-stimulating factors may also be
used. Erythropoietin (EPO) is an endogenous
growth factor that controls the body’s response to
anaemia by regulating the proliferation, matura-
tion and differentiation of red blood cells (Spivak,
1994). Recombinant human EPO is now available
and it has been shown to be a safe and effect-
ive treatment for anaemia in paediatrics, however,
the evidence is limited and more clinical trials are
needed (Porter et al., 1996; León et al., 1998; Feusner
& Hastings, 2002). It is also perceived as expen-
sive, however, blood shortages often occur and
donors are decreasing so other forms of correct-
ing anaemia will need to be considered in the
future. The use of EPO may also help in families



Side Effects of Chemotherapy 57

who are Jehovah’s Witnesses. At the moment the
child usually becomes a ward of court to allow
life-saving measures to be taken if necessary such
as blood product transfusion. The use of EPO to
correct or prevent anaemia may alleviate the need
for blood transfusions and the controversy this
may bring (Estrin et al., 1997).

Thrombocytopenia

After chemotherapy, the number of circulating
platelets falls with the associated risk of bleeding.
Platelets have a short lifespan, lasting between 8
and 11 days (Lowis et al., 2004).

• Clinical features – petechiae, purpura, bruising,
bleeding (especially from the nose and gums)
and menorrhagia.

• Management – the prevention of bleeding is
important and the child and the family should
be taught how to observe for signs of low
platelets in which case they might need to have
their blood count checked. Prevention of trauma
to susceptible areas is helpful, for example, the
use of a soft toothbrush or foam sticks for mouth
care will help lessen trauma to the gums. It may
be necessary to discourage children from activ-
ities such as roller blading until their platelet
count recovers. The use of progesterone may
be recommended in young women with menor-
rhagia to suppress menstrual bleeding.

Transfusion of platelets may be necessary to
sustain the child until his own platelet produc-
tion recovers, but this will depend on local policy.
Some units will only transfuse platelets if the child
is symptomatic or about to undergo an invasive
procedure but, in general, in the absence of bleed-
ing, platelets are given if the blood count is less
than 10′ 109/l. In some cases, because transfused
platelets have a short lifespan, they are given
routinely before a procedure, e.g. a lumbar punc-
ture to ensure that there is an adequate number of
platelets circulating.

If the child receives platelets and has a fever,
infection, hepatosplenomegaly, antiplatelet anti-
bodies or alloimmunisation, their effectiveness may
be decreased (British Committee for Standards in
Haematology, 2003). As with blood transfusions,

there is the potential for reactions and this increases
the more transfusions the child receives. The
symptoms of a platelet reaction are the same as
for a blood transfusion (see under ‘Anaemia’).
Anaphylactic shock may also occur (see Chapter 5).

To minimise damage, platelets should be filtered
and administered ‘free-flowing’, unless a peri-
staltic infusion pump is used. There has been some
controversy about the use of infusion pumps and
a study carried out by Norville et al. (1994) found
that a peristaltic pump is acceptable because it does
not negatively affect platelet recovery. This is a
useful study as it is clearly safer and more accurate
to use a pump.

Neutropenia

Neutropenia remains a major cause of morbidity in
children with cancer (Hann et al., 1997). The cyto-
toxic effect of chemotherapy increases the child’s
vulnerability to infection because there is a reduc-
tion in circulating white cells. This impairment to
the host’s defences results in an increase both in the
incidence and in the severity of infection (Reigle &
Dienger, 2003).

It is important that the child and the family
understand how to minimise infection and know
the signs to look for. Parents should be advised
to check the child’s temperature at regular inter-
vals and to telephone the hospital if he is febrile.
Individual centres have different guidance but
usually this is one temperature above 38�5�C or two
temperatures of 38�C on two separate occasions,
usually one hour apart. Although it is important
to stress from the outset that parents should be
vigilant, it must be remembered that most bacterial
infections that the child develops will be from his
own skin or gut. The vulnerable areas that parents
need to watch are the peri-anal area, the mouth
and central venous access device sites.

At the same time, the child should lead as normal
a life as possible, so a balance must be negotiated.
Parents often worry about the child catching infec-
tions from school, but the risk of catching bacterial
infections is minimal and unless they are unwell
children do not necessarily need to stay away from
school even when they are neutropenic. It must be
stressed, however, that parents must be contactable
by the school. School teachers may worry about
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the child, because they rarely see children with
cancer. Paediatric oncology outreach nurse special-
ists provide a valuable service in that they are
able to visit schools to make teachers aware of the
potential risks to the child but will also encour-
age teachers to allow the child to mix with their
friends without being over-protective (Larcombe
et al., 1990).

Advice regarding the use of paracetamol or
other antipyretics at home is vital and should be
discouraged until antibiotic treatment is under
way as this may mask a temperature. If pain relief
is required, an alternative, such as codeine, will
need to be found.

• Clinical features – fever may be the only sign
of infection in the neutropenic child, although
some children (especially infants) may present
with no temperature but may have tachycardia
and poor perfusion. Other signs and symptoms
indicating an inflammatory response, such as
erythema, swelling or pain, are absent because
there are no neutrophils to contribute to pus
formation (Freifeld et al., 1997).

• Management – children should be treated for an
infection with antibiotics on presentation with a
fever as there is a risk of the infection progress-
ing rapidly and leading to septic shock (Barber,
2001; Hughes et al., 2002). Before this, a septic
screen should be performed. This will include
the following:

• central line blood cultures (and sometimes
peripheral);

• urine sample;
• stool sample (if diarrhoea is present);
• swabs from any potentially infected area;
• chest X-ray (if the child has respiratory

symptoms).

Antibiotic therapy should be commenced within
30–60 minutes of presentation (Pizzo, 1999). A
variety of antibiotic combinations are used in
individual centres depending on local policy and
local drug resistance patterns. This can be the
use of one, two or three antibiotics to ensure
that the ‘cover’ is adequate prior to the availabil-
ity of blood culture results. The duration of the
course of antibiotic therapy depends on the nature
of the infection, the neutrophil count and the

child’s response (Barber, 2001). Often antibiotics
are stopped when the child has been afebrile for
48 hours unless they have positive blood cultures
when they will be treated according to the microor-
ganism cultured.

Monitoring of vital signs should take a high
priority in acutely unwell neutropenic children
as they are at risk of septic shock not just
on admission but throughout their stay when
neutropenic. Accurate recording assists in evalu-
ating the response to antibiotics. Once antibi-
otics have been commenced, paracetamol can be
administered to help alleviate the temperature.
It is clear that substitution of oral for intra-
venous drugs could be beneficial to the child and
family and this is being developed in some units.
Usually there is a stratification of high- or low-risk
patients.

General criteria for low-risk patients

• clinically well;
• no associated comorbidity;
• low-risk protocols e.g. ALL on maintenance;
• access to a telephone and not living too far away

from emergency facilities.

The child would also need to be able to take and
tolerate oral medication (Vidal et al., 2004).

Some parents and teenagers are taught to give
intravenous antibiotics at home through a central
venous access device, and with the support of
paediatric oncology outreach nurse specialists this
can be a successful way to promote early discharge
with associated advantages for the family. A
study by Hooker (1996) looked at the safety and
desirability of home administration of intravenous
drugs and found that few clinical problems were
encountered and that parents welcomed this
initiative. Wiernikowski et al. (1991) found that
such a programme can be cost-effective in terms
of saving bed spaces. At the same time, parents
should not be persuaded to take their child home
for this purpose.

Most centres now emphasise the need to
avoid foods which are likely to be contaminated
with bacteria, such as re-heated foods or soft
cheeses, unless in the case of bone marrow trans-
plant patients when guidelines are much stricter
(see Chapter 8 for more details). Isolation of
neutropenic patients certainly varies from one unit
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to another. In some cases, children are nursed in
a single room with or without filtered air while
others are nursed on an open ward. There appears
to be no conclusive evidence which will benefit
the child most (Mank & van der Lelie, 2003), but
the psychological disadvantage of isolating chil-
dren must clearly be considered. One solution to
the problem is to isolate children being nursed on
a general medical ward but this is not necessary
on a paediatric oncology ward unless the child is
likely to infect others.

The use of G-CSF for neutropenic children is
now established practice in paediatric oncology
when there is an overwhelming infection. It is,
however, an expensive drug and its use does need
to be justified. G-CSF can reduce the severity and
duration of neutropenia and may allow chemother-
apy to be given in higher doses and at more
frequent intervals (Reigle & Dienger, 2003). It is
given either intravenously or subcutaneously but if
it is given subcutaneously a higher leucocyte count
is seen (Lieschke et al., 1990). There is also some
evidence that if it is given prophylactically follow-
ing chemotherapy, the rate of febrile neutropenia
is reduced (Sung et al., 2004), however, not all chil-
dren will develop a febrile neutropenia and there-
fore it may not be a cost-effective management of
these children.

In the past, leukocyte transfusions have been
used for neutropenic children with documented
infections that are not responding to treatment
but they are not recommended for routine use
(Bishton & Chopra, 2004). The use of leukocyte
transfusions is now limited, due to the increasing
use of G-CSF, as they can increase the risk of reac-
tions to blood products although there may be an
occasional situation when they would still be used,
e.g. prolonged unresponsive febrile neutropenia
(Catalano et al., 1997).

Children who present with a fever but are not
neutropenic need to be investigated as to the
cause and treated appropriately with antibiotics
and analgesia. They are usually assessed on the
oncology unit if they are undergoing treatment to
ensure that there is no underlying problem such
as an infected central venous access device.

Several hospitals may be involved in the care of
the child with cancer and liaison is vital to ensure
all information is available and the same policies
are followed when the child is neutropenic. Paedi-

atric oncology outreach nurse specialists have a
crucial role here in maintaining continuity and
support, and in promoting shared care.

Prophylaxis

There is some controversy about the use of
drugs as prophylaxis for endogenous infections
in the neutropenic child and some units will
elect not to use any prophylaxis as the use of
antimicrobials may encourage resistance (Rogers,
1995). However, they may be used with patients
who are undergoing treatment which may lead
to a prolonged neutropenic episode (Shelton,
2003). Regimes vary according to local policy and
may include oral non-absorbed agents, such as
neomycin, colistin and nystatin, and systemically
absorbed co-trimoxazole and fluroquinolines, such
as ciprofloxacin. Rogers (1995) suggests that each
of these regimes is beneficial in reducing bacte-
rial infections due to Gram-negative rods (e.g.
Escherichia coli, Proteus) because the intestinal
flora is decreased. This may explain the emergence
of resistant Gram-positive bacteria as a cause of
sepsis in neutropenic patients. There are, however,
no antibiotics which can provide cover for these
pathogens and which can be given safely through-
out neutropenia.

There is a variety of agents used in the prophy-
laxis of fungal infections. Nystatin and oral
amphotercin B are used which suppress colonising
yeasts in the intestinal tract but are not absorbed
and therefore offer no systemic protection against
fungal infections (Rogers, 1995). Fluconazole, itra-
conazole and ketoconazole are often used and
although they reduce the risk of candida, they do
not reduce the risk of aspergilliosis (Bohme et al.,
1999). If the child is to receive prophylactic drugs
during the neutropenic phase of his illness, the
issue of compliance should be addressed. The child
and the family should understand why they are
receiving the drugs and how they should be given.

Other attempts to reduce the risk of infection in
neutropenic children include the use of a sterile
diet and protective isolation. Evidence on the effec-
tiveness of these measures is limited. Moody et al.
(2002) found lack of evidence for a neutropenic
diet and suggested there also were deficiencies in
vitamins and minerals for some children. Further



60 Chemotherapy

work is required in this area to establish further
evidence.

The compromised immune system

The child undergoing treatment with chemother-
apy will often have lymphocytes in their blood but
their function will be impaired and the immune
system will not fight infections adequately. They
are therefore at risk of many opportunistic infec-
tions.

Pneumocystis carinii pneumonia (PCP)

Pneumocystis carinii is a fungal organism which
can become an opportunistic infection causing
pneumonia. Many chemotherapy protocols aim
to prevent the development of PCP with the
use of prophylactic cotrimoxazole, although bone
marrow suppression and hypersensitivity may
limit its use (Neville et al., 2002). If this is the case,
either oral dapsone or nebulised pentamadine may
be used (Wilkin & Feinberg, 1999). The incidence
has reduced with the use of various prophylaxis
but it is still seen.

• Clinical features – may be subtle, such as pyrexia,
dyspnoea, non-productive cough. There is a
characteristic chest X-ray which shows diffuse
ground-glass interstitial or perihilar infiltrates
appearing as a white mottled area (Bastow,
2000).

• Management – initial treatment is with high-
dose cotrimoxazole although this has some
unpleasant side effects including vomiting
and headache. High-dose steroids may also
be administered to reduce infection-associated
inflammation and increase oxygenation (Collin
& Ramphal, 1998). If the child does not
respond within 72 hours, other agents such
as intravenous pentamidine may be considered
(Neville et al., 2002).

Viral infections

Viral infections can be potentially fatal in the
immunocompromised child, and the family must

be aware of the danger of contact with these
diseases.

Varicella

Varicella (chickenpox) is an acute and highly infec-
tious disease which is common during childhood.
It is spread by direct contact or droplet infection
and the incidence is at its peak from March to May.
The incubation period is between 10 and 21 days.
The characteristic vesicles usually cover most of
the body, although in mild cases may be less easy
to find. The infectious period is one to two days
before the rash appears and until the vesicles are
dry (around 21 days). This time may be prolonged
in immunosuppressed children, however, and can
be as long as 28 days.

Varicella can cause serious problems for the
immunocompromised child as it carries the risk
of dissemination of the virus to the lungs, brain,
liver or skin (Rogers, 1995). The child’s antibody
status should always be checked at diagnosis. If
they are not immune, such children should receive
passive immunisation with Varicella zoster immune
globulin (VZIG) within seven days of contact with
the disease (Salisbury & Begg, 1996). VZIG may
not prevent the child developing the illness but
it may reduce its severity (Weinstock et al., 2004).
If a second exposure to the disease occurs after
three weeks, VZIG will need to be repeated (Salis-
bury & Begg, 1996). It is extremely important to
isolate the infected child should he need to visit
hospital, and, where possible, to keep visits to a
minimum. Some units do not use VZIG but if the
child has been in contact with chickenpox, a course
of prophylactic aciclovir is administered instead
and has been shown to be as effective (Weinstock
et al., 2004). If the child develops chickenpox, he
is then treated with acyclovir and nursed in strict
isolation, if hospitalised (Hockenberry & Kline,
2002). Very few children die from chickenpox
since acyclovir has become available (Atra et al.,
1993).

Shingles is a reactivation of the varicella zoster
virus – the child must have had chickenpox in the
past and they cannot ‘catch’ shingles although a
child who has not had chickenpox can catch chick-
enpox from someone with shingles and will need
prophylactic management.
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• Clinical features – may be vague and the child
may experience numbness, tingling, itching or
pain before the rash resembling chickenpox
appears. The distribution of the rash usually
follows a single nerve path called a dermatome
(Zamula, 2001).

• Management – this needs to be treated in the
same way as chickenpox.

Although the family must be aware of the poten-
tial dangers of chickenpox, they must not become
over-protective. The child should be encouraged to
attend school and teachers need to be aware of the
potential problems and inform the family if there
is chickenpox in the class or school.

Herpes simplex

Most Herpes simplex infections are due to HSV
type 1 which manifests as oropharyngitis, cold
sores or generalised sepsis. Clinically, the lesions
appear as clear vesicle eruptions in clusters on an
erythematous base but may be nondescript and
atypical in appearance. HSV type 2 infection more
commonly involves the genital area. Treatment is
with oral or intravenous acyclovir (Whitley and
Roizman, 2001). If it is used orally, large doses are
required to maintain high levels as only 20–30 % of
the drug is absorbed. It also has a half-life of 3–3.5
hours which means the drug needs to be given
every 4–6 hours (Whitley, 2002).

Measles

Measles is an acute viral disease and is trans-
mitted by droplet infection. The introduction of
the measles, mumps, rubella (MMR) vaccination
programme in 1988 reduced the incidence of
measles which was (up until that time) a major
cause of mortality in children with cancer. Recent
controversies over the safety of the immunisation
and links with autism have reduced the uptake
of this vaccination and could lead to an increased
incidence of measles in the general population. The
risk, although still minimal, is still present and
measles in the immunocompromised child can lead
to pneumonia and encephalitis.

• Clinical features – there is normally a prodomal
period which lasts 2–4 days before the rash

appears: fever, conjunctivitis, malaise and cold.
Koplik’s spots appear in the mouth and a
maculopapular rash which initially starts at the
hairline and progress down the body. The incu-
bation period is between 6 to 19 days (Richard-
son et al., 2001). Measles is highly infectious
from the prodromal period until four days after
the appearance of the rash which usually takes
2–4 days to appear (Salisbury & Begg, 1996).

• Management – passive immunisation with
human immunoglobulin (HIG) should be given
within six days of exposure to the disease
and if given within 72 hours the virus can be
completely prevented from infecting the indi-
vidual (Stalkup, 2002).

Immunisation

Live vaccines, such as measles, polio, rubella and
BCG, are contraindicated in immunocompromised
children because there is a risk of them develop-
ing the infection (Albano & Pizzo, 1988). Other
immunisations, such as tetanus, diphtheria and
pertussis, are not contraindicated but the response
is often poor and it is best to delay them until at
least six months after treatment is complete (Royal
College of Paediatrics and Child Health, 2002).
This includes any that may have been missed and
in some cases, children may need total revaccina-
tion. Their antibody status should be reviewed at
this point. The influenza vaccine is recommended
annually for all patients, family members and close
contacts or carers (Royal College of Paediatrics and
Child Health, 2002).

Siblings should continue with their immunisa-
tion programme while their immunocompromised
brother or sister is receiving treatment to minimise
the risk of infecting the child with the natural
disease. There is no risk of vaccine strain spread;
however, the inactivated preparation of the polio
vaccine (IPV) should be used to prevent cross-
infection from the oral–faecal route.

Cutaneous side effects
Alopecia

Chemotherapy destroys the rapidly dividing
epithelial cells of the hair follicle reducing hair
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growth on the body and causing alopecia. The
degree of hair loss depends upon the dose, the
route and the nature of the treatment as well as
the child’s health prior to treatment (Randall &
Ream, 2005). Crounse van Scott (1960) found that
at any given time 90 % of human hair follicles are
in the dividing phases of the cell cycle and are
therefore susceptible to the effects of chemother-
apy. Hair loss can be extremely distressing for both
the parents and the child and can have a severe
effect on body image.

All body hair may be affected and hair loss usually
begins 1–2 weeks after commencing chemother-
apy with regrowth 1–2 weeks after the final course
of treatment. It is more severe with drugs that
have a long half-life of active metabolites, such
as doxorubicin, the nitrosoureas and cyclophos-
phamide. Preparation and advice to the child and
the family are very important and should include
referral to wig specialists at an early stage so that
they may be matched to the original colour style
and hair texture. Many children cope well with
a variety of hats and caps that are popular today.

There is very little that can be done to prevent
alopecia. Scalp cooling has been tried in adults and
it is thought to inhibit cellular uptake of a drug
that is temperature-dependent but there are incon-
sistencies in the method, length of time involved
and how much hair is eventually retained (Massey,
2004). Scalp cooling is more effective when certain
drugs are used, for example, daunorubicin (David
& Speechley, 1987; Noble-Adams, 1998) and more
recently the taxane group of drugs (Christodoulou
et al., 2002). There are concerns that because
hypothermia decreases the drug concentration
to the scalp, it may become a sanctuary for
micrometastatic malignant cells (Barton Burke et
al., 1991) although Protiere et al. (2002) have evalu-
ated this risk and found it to be minimal. There
are contraindications to the use of scalp cool-
ing in that it requires specific skills which are
time-consuming, and, more importantly, it can be
unpleasant for the child.

Skin

The child may have problems with their skin,
particularly after high-dose cytarabine, which
causes rashes that may be an irritant and blister.

The following guidelines should be observed:

• Pay careful attention to skin hygiene to ensure
that it is kept clean and free from irritation.

• Apply moisturising cream as skin often
becomes dry during chemotherapy.

• Act promptly when rashes or abnormalities are
seen.

• Ensure that the child wears total sunblock when
outside because the skin becomes more sensi-
tive to sunlight during chemotherapy.

Nephrotoxicity

Certain chemotherapy drugs, e.g. Cispatinum and
methotrexate, can cause direct damage to the renal
cells. To try and prevent problems it is vital the
children have adequate hydration and an adequate
urine output in relation to the fluid administered.

• Clinical features – this is usually first seen in a
deterioration of the renal function tests such as
GFR. Alterations may also be seen in the child’s
renal profile.

• Management – once the renal function begins to
deteriorate, chemotherapy dosages may need to
be reduced, another chemotherapy agent may
be used or the drug may be completely omitted.
There also needs to be care with other nephro-
toxic agents, e.g. aminoglycoside antibiotics, as
they may not be excreted adequately and can
also exacerbate any damage.

Haemorrhagic cystitis

This occurs in 5–10 % of patients receiving
cyclophosphamide and in 20–40 % of patients
receiving ifosfamide (West, 1997). It can occur
immediately, during or after administration, but
can also occur months, possibly years later. The
toxicity appears to be dose-related and happens
when toxic metabolites, in particular acrolein,
come into contact with the bladder wall. Mesna
is oxidised in the plasma to a stable form then
excreted by the kidneys where it is re-activated in
the kidney tubules as needed. This then reacts with
the metabolites in the urine to reduce or eliminate
the toxic effects of these drugs in the bladder with-
out interfering with the anti-tumour effect of the
drugs (Russo, 2000).
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• Clinical features – haematuria (varying from
microscopic to macroscopic), pain, dysuria.

• Management – adequate pre- and post-dose
hydration is essential to prevent haemorrhagic
cystitis, with concurrent mesna in suscepti-
ble patients or those receiving high doses.
Mesna must be in the bladder before cyclophos-
phamide or ifosfamide is administered and
given after the last dose to be most effective
(Russo, 2000). An accurate input and output
chart needs to be maintained with all urine
being tested for blood and results documented.
If haemorrhagic cystitis occurs, the chemother-
apy should be stopped and hydration only
given to dilute the urinary concentration of
the toxin (West, 1997). Pain relief is import-
ant and a large bore catheter may need to be
passed to enable the child to pass the clots or
to allow bladder irrigation if required. Ideally
the platelets should be kept above 109/l to
help decrease blood loss. Occasionally the blad-
der goes into spasm, and medication, such
as oxybutinin, may be required to relieve it.
Surgery may be required for an endoscopy,
evacuation of clots and possible cauterisation of
bleeding points. This can be a traumatic experi-
ence for the child and family and they will need
ongoing support and information.

Cardiac problems

These problems are associated with the anthracy-
cline drugs. Within 24 hours of administration the
child can develop acute arrhythmias, conduction
abnormalities and decreased left ventricular func-
tion, but these are usually transient problems (Balis
et al., 1996). Some children, however, will develop
problems with the minimal amount of treatment.
Most cardiac problems seem to be long term and
are seen after treatment has ceased, characterised
by myocardial cell loss and replacement fibrosis
(Keefe, 2000). However, the anthracyclines appear
to be less cardiotoxic when given as an infusion
rather than a bolus.

• Management – prevention and early detection
of problems are essential. The more chemother-
apy given, the increased potential for prob-
lems. It is important to record cumulative

doses and no more than 550mg/m2 should
be given. During treatment and follow-up,
cardiac echocardiograms should be performed
to observe either left ventricular ejection frac-
tion or fractional shortening as these can indi-
cate potential cardiac problems.

The development of chelating agents (ICRF-
187) administered concurrently may block the
cardiotoxic effects of the anthracyclines. There
is some evidence that ICRF-187 protects against
doxorubicin-induced cardiotoxicity in the short
term (Venturini et al., 1996; Wexler et al., 1996;
Lopez et al., 1998), however, it may have limita-
tions due to its potential side effects and possible
interference with anti-tumour activity (van Dalen
et al., 2005). There is a need for more studies to
establish its efficacy and potential side effects.

Another potential drug which may reduce
cardiotoxic toxicity is liposomal doxorubicin. This
was designed to reduce the cardiotoxicity of
doxorubicin while preserving anti-tumour effi-
cacy. Batist et al. (2001) have shown that there
was a reduction in cardiotoxicity when used with
cyclophosphamide but there has been limited
research in paediatrics.

Respiratory problems

Respiratory problems relate to chemotherapy
regimens that include bleomycin, methotrexate,
cyclophosphamide, carmustine (BCNU) or lomus-
tine (CCNU). Bleomycin is the most common
cause of fibrosis. Initially, there is a decrease in
type I pneumocytes and an increase and redistri-
bution of type II pneumocytes into the alveolar
spaces, leading to pneumonitis. The alveolar septas
become thickened and decrease in number, with
an increase in the amount of collagen secreted by
the interstitial fibroblasts. The use of concomitant
radiotherapy with bleomycin may exacerbate the
problem as does exposure to high-inspired oxygen
concentrations which may be a problem for anaes-
thetics (Limper, 2004).

Prevention or early recognition can be estab-
lished by performing lung function tests and
subsequent withholding of the drug. Once the drug
is stopped, there is usually recovery.
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• Clinical features – dyspnoea, nonproductive
cough and fever which may occur weeks to
years after chemotherapy.

The child and family need to be aware of these
potential problems and of the symptoms they are
looking for especially in later life with the use of
anaesthetics.

Neurological problems

These are seen with the neurotoxic chemotherapy
drugs, especially vincristine, cisplatin and Pacli-
taxel (Postma & Heimans, 2000). The vinca alkoids
bind to microtubules and provide a conduit for
neurotransmission along the nerve axons and thus
there is the potential for problems along these
axons. The effect from these and paclitaxel tends
to occur while the child is receiving chemotherapy
and usually resolves on a reduction or comple-
tion of therapy. Cisplatin-induced neuropathy,
however, occurs after cumulative doses and may
worsen once treatment has stopped, leading to an
impact on quality of life (Siegal & Haim, 1990). The
use of high-dose regimens and various combina-
tions of chemotherapy using more than one neuro-
toxic drug may increase these problems in the
future.

• Clinical features – loss of deep tendon reflexes,
pain in legs, unable to put foot on ground, walk-
ing on toes, drop foot, motor weakness, numb-
ness, tingling fingers, jaw pain and constipation.

• Management – families need to be aware of the
potential problem, so they can report symptoms
at the earliest opportunity and receive appro-
priate support and advice. Analgesia may be
required for pain and they may need input
from the physiotherapy department. The doses
of chemotherapy may need to be decreased
or omitted depending on the severity. Ongo-
ing physiotherapy and rehabilitation may be
required.

Hearing

Hearing problems are related to the chemother-
apy drug cisplatin (and to a lesser extent carbo-

platin). The loss is usually irreversible and affects
high frequency sounds initially (Reddel et al., 1982;
Bertolini et al., 2004) and it increases significantly
with cumulative doses although it can begin soon
after the first dose (Bergeron et al., 2005). There
is a need for routine assessment of hearing before
and during treatment as they can show deterio-
ration in hearing and subsequent modification in
the child’s treatment. Ideally otoacoustic emissions
(OAE) which are low levels of acoustic energy
should be measured in response to auditory stim-
ulation as they tend to change prior to pure-tone
thresholds and problems may be picked up earlier
(Plinkert & Krober, 1991; Cevette et al., 2000).

Fatigue

Fatigue has been recognised for a while as a preva-
lent and distressing symptom of cancer and its
treatment in adults (Stone et al., 2003). In chil-
dren and young people there has been increasing
recognition but there still needs to be a substan-
tial amount of research to establish the impact and
management of this distressing symptom. There
also needs to be an increased awareness by health-
care professionals of this phenomenon so they are
able to recognise and offer help to families.

Hockenberry-Eaton et al. (1999, p. 9) define
fatigue in children as ‘a profound sense of being
tired, or having difficulty with movement such as
arms and legs, or opening eyes which is influenced
by environmental, personal/social and treatment
related factors and can result in difficulties with
play, concentration and negative motions (most
typically anger and sadness)’. A study by Gibson et
al. (2005) found adolescents explaining symptoms
as absolute and complete exhaustion, preventing
normal activity, and leaving them weak, inactive
and unmotivated.

Symptoms can include tiredness, lethargy, poor
sleep, not feeling rested even after sleeping in
excess of 8 hours, lack of concentration and mental
fatigue (Gibson et al., 2005). It can occur during
and after treatment and last for many years post-
chemotherapy, having an impact on the child’s or
young person’s quality of life. It can also foster a
dependence on other family members as they need
assistance to perform daily activities.

Individuals often find various ways of coping
and this can include changing their sleep pattern,
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physical activity, social activities/interactions with
friends and family, correction of anaemia and some
complementary therapies.

Nurses need to have an awareness of fatigue and
the impact it can have on the child’s and family’s
life. Part of a nursing assessment should include
asking about the impact of treatment of their life
away from the hospital and how they are able to
socialise with their peers. This may help recog-
nise potential problems and help plan interven-
tions to try and alleviate them. If possible, this
should be backed up by written information. This
is an area where more work is needed to establish
the way children and families can be supported
through this distressing symptom of their disease
and treatment.

Conclusion

The care of the child undergoing chemotherapy is
both challenging and rewarding for the paediatric
oncology nurse. Knowledge of the actual and the
potential side effects of treatment ensures that the
nurse is able to assess, manage and evaluate care.
The oncology nurse also needs to develop a mature
and professional approach to care, in order to be
able to offer appropriate advice and support to
families.
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5 Oncological Emergencies

Karen Selwood

Introduction

Emergencies can happen at any time during a
child’s presentation, diagnosis and ongoing treat-
ment for a malignancy. The nurse needs to
be observant for changes in the child’s condi-
tion and have an understanding of the poten-
tial problems they may encounter. Prompt early
detection of any problem can help improve the
outcome from the emergency encountered. This
chapter will address some of the common emer-
gencies relating to or resulting from treatment with
chemotherapy.

Septic shock

This is one of the commonest causes of treatment-
related mortality in childhood cancer. It is a
specific clinical syndrome which is characterised
by systemic sepsis with evidence of circulatory
insufficiency and inadequate tissue perfusion (Tan,
2002). The mechanism begins with the prolifer-
ation of micro-organisms at an infection source
which then invade the bloodstream and stimu-
late both endotoxins and exotoxins. These then
have a profound influence on the physiological

mechanisms of the heart, other organs and
vasculature (Annane et al., 2005) (Figure 5.1).

Early diagnosis and intervention are essential to
pre-empt septic shock, but it can develop from
any infectious disease. The onset can be sudden
with no previous signs or symptoms and the
child may present in a collapsed state. The most
common organisms to cause septic shock are
Gram-negative ones, such as Pseudomonas, Kleb-
siella or Escherichia coli (Edwards, 2001; Tan, 2002).
Any proven Gram-negative infection should be
treated with great caution. Gram-positive shock
has increased, however, due to the increased use
of central and indwelling lines (Tan, 2002).

• Clinical features – raised pulse and respira-
tion rate; hypotension or a falling blood pres-
sure; fever, chills; decreased tissue perfusion
with pallor, clammy skin and cool extremities;
mental confusion, apprehension; and oliguria.
In addition, there may be a current history of
skin, urinary or gastrointestinal infection or the
child may recently have had surgery.

• Management – treatment is aimed at optimising
perfusion of the critical vascular beds, partic-
ularly the kidneys, as there can be a risk of
renal failure. The underlying cause needs to be
established and treated (Tan, 2002). Therefore,

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
© 2008 John Wiley & Sons, Ltd



74 Chemotherapy
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Figure 5.1 Events in septic shock: a two-stage process.

a full septic screen is performed and broad-
spectrum antibiotics need to be commenced
promptly.

Supportive care involves the use of oxygen therapy
to maintain adequate oxygenation to all organs;
correction of hypovolaemia with blood, plasma
and fluids as required; and antipyretics to control
the temperature (Bench, 2004). Close observation
of the child is vital as his or her condition can
deteriorate quickly, requiring further support with
intubation and ventilation.

Nursing care comprises:

• ensuring there is reliable venous access;
• observing the child’s general condition care-

fully;
• administering all medications and supportive

measures promptly;
• monitoring temperature, pulse, respiration;
• taking blood pressure frequently;

• monitoring urine output;
• supporting the child and the family during this

critical time;
• keeping the parents informed of what is happen-

ing to their child and of the child’s general condi-
tion in an open, honest and supportive manner.
Parents will need the opportunity to be involved
in care as they feel able and have the opportunity
to voice their anxieties.

The general outcome of septic shock usually relates
to early recognition and speedy intervention espe-
cially in relation to administration of antibiotics
(Natsch et al., 2000; Larché et al., 2003).

Home care

A child can deteriorate very quickly with over-
whelming sepsis. It is therefore necessary to
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stress to families the importance of observing the
neutropenic child at home for any fever. Parents
should also be made aware that they may need
to seek help promptly if they are unhappy about
the child’s general condition, as infection can
occur without fever. Paediatric oncology outreach
nurse specialists and community children’s nurses
have an important part to play in reinforcing the
information parents receive from their oncology
centres.

Written and verbal advice to families on going
home after chemotherapy should include the
following:

• Take the child’s temperature regularly.
• Observe respiratory rate.
• Note if the child’s skin colour changes.
• Note if the child is lethargic or off-colour.

• Ring the hospital for advice on any of the above.
• Call an ambulance if the child collapses.

Disseminated intravascular
coagulation (DIC)

Disseminated intravascular coagulation (DIC) can
be a confusing syndrome because there are several
reasons for its occurrence. It is characterised by
coagulation and haemorrhage occurring simulta-
neously (Figure 5.2).

The management of DIC is particularly chal-
lenging when children have leukaemia because of
the abnormalities in blood formation which are
already present. In fact, children with leukaemia
may present with features of DIC without actu-
ally having the syndrome. This syndrome occurs
when the coagulation process is abnormally acti-
vated (Table 5.1).

Consumption of
platelets and
clotting factors

Secondary
fibrinolysis

Bleeding Ischaemic
tissue
damage

Red blood
cell damage

Fibrin
deposits in 
microcirculation

Trigger
mechanism

Intrinsic coagulation
process

Figure 5.2 Effects of disseminated intravascular coagulation.
Source: Whaley & Wong (1987).



76 Chemotherapy

Table 5.1 DIC: Laboratory findings.

Normal In DIC

Platelets 150–450,000 decreased
Prothrombin
time (PT)

10.5–12.9 sec prolonged

Partial thrombin
time (PTT)∗

24.3–36.3 sec prolonged

Fibrinogen 200–440 mg/100 ml <150 mg/100 ml
FDP >10 <40
Haemoglobin
(Hb)

>40 decreased

Note: ∗A raised PTT, decreased platelet count and decreased
fibrinogen is generally indicative of DIC.
Source: Adapted from Kurtz (1993).

There is over-activity in four main areas:

1. Extensive thrombus formation in greater
amounts than can be neutralised by the body.
There is conversion of fibrinogen to fibrin and
aggregation and destruction of platelets.

2. Fibrinolysis with destruction of clotting factors
and associated haemorrhage.

3. Decreased macrophage clearing function, limit-
ing the removal of activated clotting factors so
that obstruction and eventual necrosis of tissue
occur.

4. Damage and haemolysis of red blood cells.

DIC is a cluster of symptoms, not a disease
and is associated with an underlying condition
such as infection, sepsis or newly diagnosed
or relapsing acute non-lymphoblastic leukaemia,
particularly promyelocytic leukaemia. It occurs
less frequently in disseminated neuroblastoma
and other metastatic solid tumours. It has been
reported that up to 90 % of patients with acute
promyelocytic leukaemia (APML) have haemor-
rhagic complications secondary to DIC (Kwaan
et al., 2001). DIC can also be associated with trans-
fusions or drug reactions and haemorrhage. It is
therefore important to know whether the child has
any allergies.

• Clinical features – oozing at surface injuries; pete-
chiae, purpura; variable degrees of haemor-
rhage from multiple sites; and variable degrees
of circulatory failure and shock.

• Management – the primary management is treat-
ment of the underlying cause and supportive

therapy (Mammen, 2000; Gobel, 2002a). Venous
access (usually in the form of a central line)
is essential to treat these children as they may
require supportive therapy quickly.

Supportive therapy includes broad-spectrum
antibiotics; platelets and fresh frozen plasma (if the
child has mucosal or internal bleeding); and red
cell transfusions to correct anaemia (DeSancho &
Rand, 2001). The use of coagulation factors is not
recommended as they may be contaminated with
activated coagulation factors which may precipi-
tate thrombosis (Levi & Ten Cate, 1999).

The child’s prognosis depends on the severity
of the DIC and the prognosis of the underly-
ing disease. Close observation of these children is
essential, looking for signs of further haemorrhage.
Nursing care includes:

• monitoring for an increased thready pulse and
decreased blood pressure;

• observing for petechiae (especially in less obvi-
ous places such as under the arms);

• discouraging the child from picking their nose
or blowing it too hard;

• packing nasal passages if epistaxis occurs;
• avoiding all venepunctures if possible and

applying firm pressure if they become essential;
• encouraging gentle mouthcare to avoid trauma

to the gums by use of a soft toothbrush or foam
sticks;

• avoiding rectal drugs;
• providing psychological care and support

(symptoms can be frightening, especially for
younger children);

• taking blood samples to monitor U&Es.

Heparin has been used for the treatment of DIC in
children but its usefulness has been debated. It may
be suggested for use in patients with a thrombotic
tendency to prevent the formation of thrombus but
a delicate balance is required to prevent unneces-
sary haemorrhage (Bick, 1998; DeSancho & Rand,
2001). The use of all-trans retinoic acid (ATRA)
for patients with APML initiates cell differentiation
and appears to have some effect on the potential
problems of DIC especially if administered before
initiating treatment (Tallman et al., 2002), although
there is also some evidence that the continued use
of ATRA can improve overall outcome of APML
patients (de Botton et al., 2004).
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Anaphylaxis

This is a severe life-threatening antigen–antibody
response resulting from exposure to a foreign
substance, an allergen. Antibodies are produced
and attach themselves to the mast cells which
remain in the body. Ingestion of subsequent aller-
gens causes a reaction with the mast cells which
can lead to a rapid, complex series of events from
the mediators released in the body. A reaction
occurs which may be exacerbated after each expo-
sure to the allergen (Zanotti & Markman, 2001). It
can be extremely frightening for the child and the
family as well as the nursing staff.

Anaphylaxis is often associated with specific
drugs in paediatric oncology – asparaginase,
etoposide, tenoposide and cisplatin. It can also
occur during or after transfusion of blood products
or administration of antibiotics (most commonly
with second or subsequent doses of antibiotics). It
can occur very quickly and the child’s condition
deteriorates rapidly. It can also occur if a child has
a specific food allergy.

• Clinical features – symptoms of systemic shock
(see ‘Septic shock’ on p. 73), urticaria, itch-
ing, paroxysmal coughing, dyspnoea, wheez-
ing, cyanosis, vomiting and anxiety.

• Management – removal of the causative agent
is vital, therefore stop the transfusion or drug.
Maintain venous access, administer oxygen ther-
apy, give drugs as prescribed (e.g. adrenaline,
chlorpheniramine), give salbutamol by nebuliser
and get expert advice (Chamberlain, 1999).

All staff working within paediatric oncology
should be aware of the potential for children to
have an anaphylactic reaction to chemotherapy
and be aware of local policy on how to deal with
this situation. It is essential that all staff are aware
of the exact location of appropriate drugs so that
they are readily available. Some centres will call the
arrest team if such an episode occurs, to ensure that
medical assistance arrives promptly but this may
not always apply. A record should be kept of reac-
tions, including the cause and the treatment used.

Anaphylaxis is not usually dose-related but
an increased frequency of allergic reactions is
seen with cumulative doses, high doses, intra-

venous administration and single-drug adminis-
tration (Gobel, 2005).

Asparaginase should be given intramuscularly
or subcutaneously in an effort to avoid reactions
but the child may still suffer a delayed reaction.
Some protocols do advocate the use of intravenous
asparaginase and care should be given when it is
administered this way. It is recommended that the
child remains on the ward or in clinic for at least
one hour post-administration so that they can be
observed for any late reaction. It is for this reason
that asparaginase is not given in the commu-
nity setting but should always be administered in
hospital with resuscitation facilities available.

If the child suffers a mild reaction to a drug, it
should be fully documented so that if the drug is
given in the future all staff are made aware. The
decision may be to administer hydrocortisone and
chlorpheniramine ‘cover’ or avoid further adminis-
tration of the allergen. The family should be made
aware of the drug which caused the reaction, so
that they can ensure it is avoided in the future if
appropriate. The family should be given instruc-
tions as to what to do in an emergency (see ‘Septic
shock’ on p. 73).

Acute tumour lysis syndrome (ATLS)

Acute tumour lysis syndrome (ATLS) is a poten-
tially fatal metabolic complication that occurs
as a result of the rapid release of intracellu-
lar metabolites (uric acid, potassium, phosphate)
from the destruction (lysis) of malignant cells
in quantities that exceed the excretory capac-
ity of the kidneys with the initiation of treat-
ment (Jeha, 2001). The metabolic abnormalities that
occur are hyperuricaemia (usually in the early
phase), hyperkalaemia and hyperphosphataemia
with resultant hypocalcaemia; all of which may
occur in isolation or in combination (Baeksgaard
& Sørensen, 2003). Complications typically mani-
fest within 12–72 hours of the start of chemother-
apy (Rheingold & Lange, 2002). The signs and
symptoms observed will be directly related to the
metabolic changes that are occurring (Figure 5.3).
ATLS occurs most commonly in patients who have
a large tumour cell burden that is also extremely
sensitive to chemotherapeutic agents, for example,
B cell lymphoma, T cell leukaemias/lymphomas
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Figure 5.3 Sequence of events in acute tumour lysis syndrome (ATLS).
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and children presenting with a high white cell
count at diagnosis. It may also occur in children
presenting with evidence of renal infiltration at
diagnosis. Although rare, this complication has
been reported with other solid tumours (Jeha, 2001;
Baeksgaard & Sørensen, 2003).

Prevention of ATLS is the main aim; adequate
prehydration and regular metabolic evaluation
being two of the most important features.
Before commencing chemotherapy the child’s renal
function will be established and a baseline blood
pressure and weight recorded. Vigorous hyperhy-
dration is essential and this needs to commence at
least 12–24 hours prior to chemotherapy although
it must be remembered that this can promote cell
lysis. Administration of allopurinol or recombi-
nant urate oxidase also commences at this time
to promote the breakdown of uric acid and thus
reduce urate precipitation in the renal tubules.
A renal ultrasound may be performed to assess
whether there are any infiltrates or problems (such
as renal enlargement) that may compromise renal
function once treatment has commenced.

Liaison with other medical teams that may be
involved in the child’s care is important, espe-
cially the renal service who may provide not only
advice regarding management but also haemodial-
ysis; prior knowledge of the child could save time
at a later stage. If the child has an extremely
high white cell count, leukopheresis may be
considered to attempt to lower the white cell
count before chemotherapy treatment commences.
Although leukopheresis is now rare, it has been
shown to prevent severe ATLS in some patients
(Maurer et al., 1988), but others have found that
in some patients the white cell count only alters
by about 30 % (Cuttner et al., 1983). Leukophere-
sis, therefore, could benefit some patients and
should be considered as a method to reduce the
white cell count if the facility is available (Porcu
et al., 2000). Any child who has the potential
to develop ATLS should only commence treat-
ment when adequate medical cover is available;
commencing chemotherapy in the early hours of
the morning ensures that any major problems
expected would then hopefully occur later in
the day.

Once treatment has started, it is vital to main-
tain an accurate fluid balance, record weight twice
daily and blood pressure at least four hourly,

undertake frequent monitoring of urea, electrolytes
(in particular, potassium, magnesium and urate),
calcium and phosphate, and take action upon any
abnormalities (Jeha, 2001). The frequency of moni-
toring the urea and electrolytes will depend on the
previous results, but may be undertaken every 4–6
hours (this may vary within different units). Urine
output greater than 3 ml/kg/hr is essential, with
frusemide being used to achieve this if oral intake
is poor. Cardiac monitoring may be introduced to
observe for peaked T waves and dysarhythmias
associated with hyperkalaemia.

In relation to the overall management it may take
time to organise the insertion of a central venous
access device, as well as organise haemodialysis. It
is for this reason that some units have introduced
indicators, such as:

• absolute indications for haemodialysis: potas-
sium greater than 5 mmol/l; and/or phosphate
greater than 2.5 mmol/l; pulmonary oedema;
and anuria (ensuring that the bladder is empty,
catheterising the child if needed);

• relative indications for haemodialysis: rapid
rise in potassium, phosphate or urate; oliguria
unresponsive to frusemide; urea greater than
15 mmol/l or creatinine greater than 150 mmol/l.

Medical management requires consideration and
correction of each chemical imbalance, thus
each metabolic abnormality will be addressed
individually.

Hyperuricaemia

Uric acid is the end-product of the metabolism of
purines, which are the building blocks of DNA
and RNA; the purine bases, xanthine and hypox-
anthine, are converted to uric acid by the enzyme,
xanthine oxidase. The kidneys eliminate the great-
est percentage of uric acid from the body with a
small amount being eliminated within the faeces.
The normal blood value is 0.1–0.45 mmol/l.

Urinary pH and urinary uric acid concentration
are the main factors affecting uric acid solubility
in the renal tubules; prolonged dehydration may
be an exacerbating factor (Stucky, 1993). Uric acid
is insoluble in body fluids and therefore small
increases above normal blood value may result
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in uric acid precipitation. The child’s urine needs
to be alkaline to aid solubility and excretion. If
the urine is acidic and there is excessive uric acid
circulating due to the breakdown of tumour cells,
deposits of uric acid crystals can occur in the
kidneys, ureters and bladder leading to renal fail-
ure (Jones et al., 1995). The resulting oliguric renal
failure is known as uric acid nephropathy and is
potentially life-threatening (Jeha, 2001).

• Clinical features – lethargy, nausea and vomiting,
haematuria, renal colic, oliguria, anuria (Jones
et al., 1995; Jeha, 2001).

• Management – aim to decrease uric acid produc-
tion and increase the solubility of uric acid in the
urine. Intravenous hydration commenced prior
to chemotherapy is usually calculated at three
times maintenance hydration. This will aid the
kidneys to excrete the uric acid. Concurrent
administration of the drug allopurinol will help
decrease uric acid levels as allopurinol inhibits
the enzyme xanthine oxidase which is neces-
sary for the production of uric acid, however,
it does not reduce the level of uric acid that is
already present (Jeha, 2001). Recombinant urate
oxidase is also being used to reduce the level
of uric acid although there is a small risk of
anaphylaxis. It works by catalysing the conver-
sion of uric acid into allatonin which is easily
excreted in the urine with less potential for
precipitation (Jeha, 2001). Blood samples of chil-
dren who are on recombinant urate oxidase
need to be kept on ice immediately after collec-
tion, during transport and before analysis as
there continues to be a breakdown of the uric
acid in the sample and results will be incor-
rect (Lim et al., 2003). Maintaining an alka-
line urine may also help excrete the uric acid,
however, there is some debate as to whether
sodium bicarbonate should be included in the
hydration fluid as it may enhance the deposi-
tion of calcium phosphate or xanthine precip-
itation in the renal tubules (Flombaum, 2000;
Baeksgaard & Sørensen, 2003). Ten Harkel et al.
(1998) suggest only using sodium bicarbonate
hydration when plasma levels of uric acid are
increased and discontinuing once normal. Over-
all, alkalisation of urine is not recommended
if the fluid input is adequate (Flombaum,
2000).

If the child develops renal failure, dialysis will
be necessary, preferably haemodialysis as this
achieves a more rapid reduction of plasma uric
acid and prompt correction of any other electrolyte
abnormalities (Jeha, 2001). Within some units the
insertion of a rigid dialysis catheter is selected as a
precaution at the start of prehydration. These lines
are more rigid and have a wider bore; thus are
more suitable for haemodialysis than other types
of central venous access devices.

Hyperkalaemia

Normally 98 % of the body’s potassium is intra-
cellular. However, with ATLS, intracellular potas-
sium is released as the tumour cells are destroyed,
causing an elevation in serum potassium (Cantril &
Haylock, 2004). Dehydration and acidosis may
accentuate the problem as both result in extracellu-
lar shifts of potassium. In addition, as the kidneys
play an important role in maintaining potassium
balance, uric acid nephropathy or calcium deposits
will affect the excretion of potassium and therefore
exacerbate hyperkalaemia. Normal blood value for
potassium is 3.5–5.0 mmol/l.

• Clinical features – muscle weakness, cramps,
confusion, paralysis, nausea, dizziness, ECG
abnormalities (elevated T waves, prolonged PR,
QRS and ST segments and arrhythmias) and
possible cardiac arrest (Cairo & Bishop, 2004).

• Management – includes decreasing potassium
intake, facilitating the shift of extracellular
potassium and aiding excretion. In the presence
of hyperkalaemia, intravenous hydration fluids,
containing no added potassium, will need to
be increased. Urine output may need to be
maintained by use of frusemide. In theory, the
child should not be given any foods containing
potassium (such as bananas, fruit juices, malted
drinks, Marmite, potato crisps, chocolate and
milk). In practice, however, this is rarely an
issue due to a general poor oral intake.

Close monitoring of electrolyte levels during treat-
ment induction is essential. If the potassium level
is increasing then the administration of a potas-
sium binding resin, such as ‘Kayexalate’ (sodium
polystyrene sulfonate), may be indicated (Jeha,
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2001; Gobel, 2002b). This can be given orally or
rectally. However, as it is unpalatable to swallow,
either a nasogastric tube may need to be passed
or the rectal route selected. Once it is mixed, it
becomes quite thick and may need further dilu-
tion to administer via the nasogastric tube or to be
given rectally.

Occasionally calcium gluconate or glucose and
insulin may also be given intravenously to help
shift the extracellular potassium back into the
cells, consequently reducing serum levels, improv-
ing myocardial function and restoring a normal
ECG (Flombaum, 2000). Patterson and Klopovich
(1987) suggest that the child has a cardiac moni-
tor if there are significant ECG changes, however,
nursing staff need to be able to recognise abnor-
malities promptly for this to be of benefit. Salbu-
tamol (either intravenously or nebulised) has also
been used to lower potassium by shifting the extra-
cellular potassium back into the cells (McClure
et al., 1994). However, Mahoney et al. (2005) recog-
nise that the combination of nebulised or inhaled
salbutamol and IV insulin and glucose may be
most effective if the hyperkalaemia is severe.
If the serum potassium continues to rise, then
haemodialysis would be indicated. In some units
haemodialysis is introduced as a first-line measure.

Hyperphosphataemia and
hypocalcaemia

Hyperphosphataemia results from the release of
intracellular phosphate into the blood during
ATLS. This then interacts with the extracellular
calcium causing a precipitation of calcium salts
and subsequent hypocalcaemia (Jones et al., 1995).
Calcium phosphate crystals precipitate in the
microvascular and renal tubules which can lead
to tissue damage and hypocalcaemia. Hypocal-
caemia results from hyperphosphataemia and the
inverse relationship between calcium and phos-
phate (Jones et al., 1995; Cantril & Haylock, 2004).

Normal blood values are:

calcium – infant 1.75–3 mmol/l, child 2–2.6
mmol/l;
phosphate – at 1 year 1.23–2.1 mmol/l, at 2–5
years 1.13–2.20 mmol/l, above 5 years 0.97–1.45
mmol/l.

• Clinical features – usually asymptomatic from
hyperphosphataemia, symptoms are related
to the resulting hypocalcaemia; numbness,
tingling of extremities, irritability, muscle
cramping and seizures, cardiac abnormalities
(prolonged QT interval) and impaired renal
function (Altman, 2001). On physical examina-
tion carpopedal spasm and a positive Chvostek
or Trousseau’s sign may be evident (Stucky,
1993).

• Management – in theory, an increase in phos-
phate intake needs to be avoided by excluding
food items such as bran, hard cheeses, nuts,
dried fruit and vegetables. In practice (due to
general poor oral intake) this is rarely followed.
Administration of aluminium hydroxide orally
will enhance excretion of phosphate in the stool
but it can also precipitate constipation, and
this should be avoided if possible. If they are
used, laxatives should also be prescribed at the
same time. Correction of the high phosphate
should increase the hypocalcaemia. It can be
corrected by intravenous calcium gluconate but
is avoided if possible as it can lead to metastatic
calcifications (Flombaum, 2000).

Nursing implications of ATLS

Nursing staff need to be aware of the children
who may develop ATLS. Preventative measures
can be taken as recommended, with the child
observed closely. Any abnormalities that do occur
need to be reported promptly and action should
be taken to prevent further complications. During
this time the family is going to be under consider-
able stress, initially from the diagnosis and treat-
ment and then from the possible complications.
Frequent explanations should be provided on what
is happening, how it is being managed and the
expected outcome. Preparation should incorporate
the possibility of the child being transferred to
another unit, such as a renal or intensive care
unit. Although such a transfer is usually tempo-
rary, none the less, it will increase the overall
anxiety of the family. They will need support
from all members of the multidisciplinary team
to help them through this difficult period. The
child will also be anxious and frightened and will
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need support and reassurance. During this time
the child will need close observation, numerous
blood tests and some unpleasant procedures. Full
explanations of all of this will help the child and
the family to deal with this situation.

Spinal cord compression

Spinal cord compression can occur at any time
but is often seen at diagnosis, usually relating to
neuroblastoma, Ewing’s sarcoma, non-Hodgkin’s
lymphoma (NHL), Hodgkin’s disease or at relapse
(Lewis et al., 1986). Prolonged compression will
cause irreversible neurological damage with paral-
ysis, sensory loss and sphincter incompetence and
is therefore treated as an emergency (Kelly &
Lange, 1997; Osowski, 2002). It usually occurs
from epidural compression from extension of a
paravertabral tumour through the intervertebral
foramina (Prasad & Schiff, 2005).

• Clinical features – back pain (localised or radi-
ating), weakness, sensory loss, incontinence
secondary to sphincter disturbance although
this is usually a late sign, paralysis.

• Management – diagnosis is confirmed by an MRI
scan which needs to include the whole spine to
exclude potential multiple areas of compression
(Bucholtz, 1999). If there is rapid dysfunction,
then immediate treatment is required as the
prognosis depends on the severity at diagnosis
and the duration of symptoms and time to diag-
nosis. The initial aim of treatment is to relieve
pain and to try and maintain or restore neuro-
logical function. Often intravenous steroids
are administered initially to reduce oedema
while the need for appropriate treatment in the
form of radiotherapy, surgery or chemother-
apy is considered (Bucholtz, 1999). Radiation
therapy is often used to treat compression (see
Part 4). Surgery is considered if the tumour
is not chemotherapy- or radiotherapy-sensitive
(Flounders & Ott, 2003) or may be used to
debulk the tumour while waiting for further
treatment. Chemotherapy has an effect on
certain tumours, particularly neuroblastoma,
NHL, Hodgkin’s disease and Ewing’s sarcoma
(Sanderson et al., 1989; Geetha et al., 1999).

Families will find this a frightening and difficult
time. It is important to keep them informed and
involved in their child’s care and treatment. Special
attention will be required to the skin, and close
monitoring of the child’s bladder and bowel func-
tion. Any changes in function and mobility should
be recorded to allow subtle changes to be noted
and if necessary acted upon (Flounders & Ott,
2003). Assistance may need to be given if the
child is mobile to ensure they can do so safely
and this will need the assistance of physiothera-
pists to assess and plan their ongoing needs. If
and when mobility returns there will need to be a
period of rehabilitation and possibly adaption to
limited mobility and the changes that will bring to
their life.

Conclusion

The treatment and prognosis for children with
cancer continue to change and challenge nurses in
their everyday practice. Early recognition of any
abnormalities, especially any which if acted upon
quickly may improve the outcome for the child, is
vital.
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6 Future Trends

Karen Selwood

Introduction

Developments in chemotherapy treatment have
been matched by progress in nursing practice in
response to the needs of children and their fami-
lies. Intensive, multiple-drug chemotherapy sched-
ules have drastically improved the prognosis of
most childhood malignancies, but have increased
the toxicities experienced by children receiving
treatment. Knowledge of the potential side effects
of chemotherapy regimes, in both the short and
long term, has enabled the design of strategies
aimed at prevention and monitoring, and the
provision of appropriate treatment and support.
This has meant that more children survive the
potentially lethal effects of cytotoxic treatment and
thereby have the best possible chance of surviving
their cancer.

As new treatments are developed, paediatric
oncology nurses face fresh demands upon their
practice. If nurses are to be able to meet the needs
of future patients, they must be involved in discus-
sions about the care those patients may require. All
aspects of paediatric nursing practice, patient and
family care, research, the management of services,
and professional education, must meet the chal-
lenges presented by treatment innovations if the

achievements of the past are to be sustained into
the future.

Rapidly advancing scientific knowledge of
specific tumour types, the genetic basis of cancers,
the behaviour of normal and malignant cells and
the exact mechanisms by which chemotherapy
agents exert their cytotoxic effect are increasingly
influencing treatment developments. As more is
known about prognostic indicators of specific
tumour types and presentations, drug treatments
are becoming more ‘tailored’ to the needs of indi-
viduals.

Treatment strategies continue to be developed
with two interrelated aims:

1. to increase survival from tumours where clas-
sic agents have had limited therapeutic impact;

2. to limit the toxicities of treatment (Lashford,
2004).

The ideal cancer therapy would be one that was
capable of eradicating all malignant cells while caus-
ing no harm to the patient. As yet, this is not
available, and treatment developments are attempt-
ing to improve the efficacy of existing drugs,
alongside development of new agents and innova-
tive approaches to therapy. This chapter explores
future possibilities for progress in treatment
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for childhood cancer, based on current treatment
trends and research activities, and discusses the
possible implications of these for nursing practice.

Treatment strategies

Historically, the major breakthroughs in cancer
treatment occurred when the existing treatment
modalities were, in their turn, introduced. By refin-
ing their use, alone and in combination, their
effectiveness has increased. Two-thirds of chil-
dren with cancer are now cured, and advances
in the treatment of the still-incurable minority are
likely to be on a smaller scale than previously.
It is possible that the limits of existing modal-
ities have been reached and that further refine-
ments in their application will make small steps,
rather than giant leaps forward. Research into new
chemotherapy agents and strategies to optimise
the use of existing drugs continues, but for those
malignancies that are proving largely incurable
despite contemporary therapies, perhaps entirely
different approaches are required, rather than new
drugs. Increased scientific understanding of cellu-
lar biology and the genetic basis of malignant
transformation paves the way for novel treatment
approaches. Some exploit the natural control and
defence mechanisms of the body, whereas others
seek to alter the DNA within cancer cells to ther-
apeutic advantage. Understanding of how cancer
cells survive, thrive and metastasise has enabled
research to focus on creating targeted therapies to
try and minimise harmful side effects. Some of
them will be briefly discussed here.

Targeted approaches

Antibodies are normally produced by B lympho-
cytes in response to an antigenic stimuli that have
an ability to bind to tumour antigens with high
specificity and selectivity (Weiner, 1999). Increased
knowledge of tumour biology and anti-tumour
properties of antibodies resulted in the develop-
ment of monoclonal antibodies. To obtain mono-
clonal antibodies there is a need to immunise
an animal (usually a mouse) and then obtain
immune cells from its spleen and fuse the cell
with a cancer cell to make them immortal, i.e.

they will grow and divide indefinitely (Sanders,
2002). The tumour of the fused cells is called a
hybridoma and these cells secrete monoclonal anti-
bodies. This allows the production of substan-
tial quantities of highly purified material suitable
for clinical use (Weiner, 1999). Monoclonal anti-
bodies are now being designed which recognise
specific antigens, alter activity of the targeted anti-
gen, recruit immune cells to destroy the cells and
initiate apoptosis (Gemmill & Smith Idell, 2003).

Cancer cells secrete growth factors which enable
their continued division and evasion of cell death
(apoptosis). These factors are essential to the cell’s
ability to obtain a blood supply, proliferate, thrive
and metastasise and include vascular endothelial
growth factor (VEGF), epidermal growth factor
(EGF) and its receptor (EGFR) (Capriotti, 2005). In
cancer cells these appear to be overexpressed and
serve as potential targets for treatment (Nam &
Parang, 2003). Proteasome, a molecular complex
that has a role in cell metabolism and regulates
cell death, is also thought to be an appropriate
target as this will block proliferation and induce
self-destruction of the cancer cell (Mitchell, 2003).

Vascular endothelial growth factor (VEGF)

VEGF is necessary for the development of new
blood vessels (angiogenesis) needed for tumour
growth and in the majority of solid tumours
there is an increased expression (Meisheid, 2005).
Genetic mutations such as the loss of the tumour
suppressor gene function (see p. 87) can cause a
decrease in angiogenesis inhibitors and enhance
VEGF secretion (Muehlbauer, 2003). Monoclonal
antibodies can target the VEGF to prevent tumour
receptor binding to epithelial cells stopping the
processs of angiogenesis (Yarbo et al., 2005). With-
out new blood vessels the tumour’s growth is
halted. Bevacizumub (Avastatin) is a monoclonal
antibody directed against VEGF and used in trials
for renal cell carcinoma, non-small cell lung cancer
and metastatic breast cancer.

Epidermal growth factor receptor (EGFR)

EGFR is a gycoprotien on the outside of the cell
membrane that is expressed in cells of epithelial
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origin. It is overexpressed in several tumours
including head and neck, pancreatic, colon, breast.
This can indicate poor prognosis, increased reoccur-
rence and decreased survival (Woodburn, 1999). As
EGFR is increased in tumour cells and is involved
in the signalling pathways that regulate cell divi-
sion, repair, and survival, then if it is inhibited,
tumour growth may be halted (Meisheid, 2005).

About 30 % of women with breast cancer over-
express the HER2 gene located on chromosome
17q21, which is related to a poor prognosis
(Sanders, 2002). Trastuzamub (Herceptin) is a
monoclonal antibody which targets the epitome on
the extracellar domain of the HER2 and blocks the
receptor which inhibits the growth (Weiner, 1999).
As it is able to target specific cells and is also selec-
tive about the cells it interacts with, it also has
minimal side effects (Stebbing et al., 2000).

Tyrosine kinase inhibitors

EGFR has components both outside and inside
cells. The intracellular element contains a signal
transduction enzyme known as tyrosine kinase.
There has been development of EGFR tyrosine
inhibitors which are small molecule compounds
that compete or interact with adenosine triphos-
phate binding sites. Gefitinib is an EGFR-tyrosine
kinase inhibitor which blocks signal transduction
and results in decreased angiogenesis, increased
apoptosis and fewer tendencies for invasion and
metastatic potential and has been used in advanced
non-small cell lung cancer (Yarbo et al., 2005).

Bcr-Abl is a gene present on the Philadelphia chro-
mosome and is a tyrosine kinase oncogene that is
uniquely causative to chronic myeloid leukaemia.
Imatinib mesylate (Glivac) is a non-EGFR tyro-
sine kinase inhibitor that blocks the binding site
of tyrosine kinase which then prevents the trans-
mission of signals needed for cellular proliferation
(Meisheid, 2005). This has been used in trials for the
treatment of Philadelphia-positive chronic myeloid
leukaemia with some success (Gale, 2003).

Proteasome

Proteasome is a macromolecular complex within
all cells essential for metabolism. Inhibition of

proteasome activity causes cell growth inhibition
and cell death and, although not well understood,
apoptosis shows tumour cell selectivity (Veal &
Newell, 2004). Bortezomib is a proteasome inhibitor
which has been developed and shown to be effect-
ive in refractory multiple myeloma (Richardson
et al., 2003). Further work is ongoing and in
particular it is also enhances the apoptotic effect
of conventional chemotherapy agents (ironetecan,
doxorubicin) and radiotherapy which may have
implications for future practice (Mitchell, 2003).

The ongoing research into the targeted therapies
in adults may provide opportunities to discover
more effective treatments for paediatric malignan-
cies in the future, however, there needs to be more
research to support their use in practice (Smith,
2006).

Gene therapy

Gene therapy is the process of transferring selected
genes into a host with the hope of halting or curing
a disease (Robertson & Fritz, 1996). It was initially
seen as a way to treat genetic disorders but now
covers a wide range of diseases including cancer.
It can be used to destroy cancer by correcting a
genetic defect, manipulating genes or both (Rieger,
2001).

A number of mutant oncogenes and fusion tran-
scripts have been identified in childhood cancers
that have an impact on the malignant process but
often there are multiple abnormalities. Correction
of these abnormalities is difficult as correction of
a single deficit may leave multiple pre-malignant
cells still in situ leading only to a transient benefit
(Brenner, 2002).

Another approach is to neutralise transdominant
malignant genes by destroying the function of an
expressed gene (Brenner, 2002). Ribozymes may
be used to destroy transcripts from the unwanted
host cell DNA sequence while leaving the messen-
ger RNA originating from the transgene (Brenner,
2002). Sometimes these can be delivered at the
same time as a corrective gene or they may be
chemically modified and administered as a drug.
At the moment there is still limited use in practice.

Genes are transferred into the patient via a vector
(carrier) which can be a DNA injection or chemicals,
e.g. liposome encapsulation, or viral. Viruses are
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used as they have an innate ability to insert genetic
material into the cytoplasm or genome of a host cell
(Chester & Hull, 2002). A virus that is commonly
used as a vector is adenovirus which is geneti-
cally modified to prevent infection of other cells.
Trials in adults are under way in liver, head and
neck and prostate cancer using adenovirus vectors
for the gene therapy (Chester & Hull, 2002).

Tumour vaccines

Vaccination involves the administration of an agent
that stimulates the immune system to react against
the foreign substances (antigens) of the vaccine. It is
expected that the person will then develop immu-
nity so subsequent exposure to the antigen will
initiate an immune response to destroy the anti-
gen (Muehlbauer & Schwartzentruber, 2003). The
aim of a cancer vaccine is to mobilise the immune
system to attack the cancer cells by targeting and
destroying tumour-associated antigens which are
present on tumour cells. However, the tumour-
associated antigens must be recognised as foreign
by the immune system and then the immune system
needs to respond to the antigen by a prolifera-
tion of T cells. These T cells should then find the
tumour expressing the same antigen and destroy it
(Muehlbauer & Schwartzentruber, 2003).

Clinical trials have been undertaken for a variety
of conditions including melanoma, renal cell carci-
noma, B cell lymphoma, Hodgkin’s lymphoma
and chronic myeloid leukaemia (Dermime et al.,
2002). In malignant melanomas the vaccines aim
to increase specific cellular and humoral responses
(T and B cell responses), enhance dendritic cells’
capacity to prevent antigens to T cells, thus
promoting immune response and promote resis-
tance to local immunosuppressive factors secreted
in melanomas (Demierre et al., 2005a). There have
been no large randomised trials to demonstrate an
overall survival advantage but the use of vaccine
trials is offered to patients in the United States
of America as part of the melanoma guidelines
(NCCN, 2006). Vaccines have relatively few side
effects (fatigue and local inflammatory skin reac-
tions) compared to conventional chemotherapy
(Demierre et al., 2005b). There has been little
research in paediatrics but this may be an area
where further advances may come in the future.

Hormone therapy

Growth of 70–80 % of all breast cancers are stim-
ulated by oestrogen and respond well to treat-
ment that interferes with or blocks the production
of oestrogen (Cancer Research UK, 2005). Tamox-
ifen, which blocks oestrogen receptors within each
cancer cell, thereby preventing circulating oestro-
gens from stimulating their growth, has been
used for many years although it has stimula-
tory effects and may lead to endometrial carci-
noma in a small number of people (Harmer, 2005).
Aromatase inhibitors, a new class of hormone
treatment, work by blocking the conversion of
the enzyme aromatase, found in fatty tissue,
which is the main source of oestrogen in the
post-menopausal women whose ovaries have
stopped functioning. With less oestrogen available
the growth of oestrogen-sensitive cancer cells is
slowed down or stopped and tumour size may
reduce (Harmer, 2005). This specifically has a
use in post-menopausal hormone-sensitive breast
cancer. At the moment there is no evidence that
hormone therapies will have a use in paediatrics,
however, this may change in the future.

Combination therapy

The future of chemotherapy and radiotherapy may
be improved by the addition of any of the above
therapies. Many of the targeted therapies require
a longer treatment period before a true response
can be seen. The combination of conventional treat-
ment and target-based therapy may allow the
initial tumour burden to be reduced while wait-
ing for the effect of the targeted treatment (Nam &
Parang, 2003). It may also allow optimal therapy
as they have different mechanisms of action. This
is another area where research is being undertaken
and may impact the way care is delivered in the
future.

New treatments for cancer – the
nurse’s role

Research into new therapies is a prerequisite
for advances in treatment, but presents many
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challenges. Participation in trials of investiga-
tional treatments may be offered when all known
therapeutic options have been exhausted, when
efforts are usually directed at symptom control and
providing emotional support for families who are
facing the death of their child. Conducting research
within the context of palliative care is challeng-
ing (Ling & Penn, 1995), and can create tensions
within the multidisciplinary team, as some people
perceive any research involving dying patients
as exploitative (Thorpe, 1992). Conflicts may also
arise in relation to what course of action is consid-
ered to be in the best interests of the child if
the parents make decisions that nurses disagree
with (Akers & Bell, 1994). Nurses involved in
trials of potential new treatments play a pivotal
role in the ethical conduct of the research, and
often bear the brunt of such conflicts (Cogliano-
Shutta, 1986). Working with families participating
in investigational drug trials requires knowledge,
open communication, sensitivity and organisa-
tional skills in order to meet the needs of the termi-
nally ill child and his family while fulfilling the
rigorous requirements of clinical research.

Rieger (2001) describes the multifaceted role
of nurses working in clinical trials as: patient
and family education, direct caregiving, accurate
implementation of study procedures and data
collection. The research nurse is in a unique posi-
tion, working with families, medical staff, trial
coordinators (often from the pharmaceutical indus-
try) and other nursing teams. The needs and
perceptions of these groups may be disparate; the
research nurse must maintain good working rela-
tionships with all parties while working effectively
and ethically.

The families of terminally ill children are vulner-
able, and their desire to avoid or delay their child’s
death may make them susceptible to suggestions
that a new treatment strategy may hold a last hope
of cure. It is vital, therefore, that full and frank
discussion regarding what is offered by trial partic-
ipation takes place, and that they are not pressured
into making a decision. The role of the research
nurse as advocate for families is critical (Ocker
& Plank, 2000) to ensure that, whatever decision
is made, when the child eventually dies, it is not
regretted.

Consent to trial participation must be freely
given and informed, and families must be

reassured that a decision not to participate, or
to withdraw, may be made at any time without
having to give a reason, and without fear of prej-
udice regarding their child’s future care (British
Paediatric Association, 1992). Clearly written infor-
mation about the nature of the trial, the alterna-
tives that exist, what participation will involve, and
the possible benefits to the child and to society
should be given in addition to verbal discussion
(Hendrick, 1997). Booklets concerning the conduct
of clinical trials have been produced for adult
patients, and may prove useful for parents and
teenage patients (BACUP, 2004). The consent of
competent minors and the assent of younger chil-
dren to undergo new therapies should be sought,
and reconfirmed throughout the trial, based on
information that is appropriate to their age,
understanding, previous experience and concerns
(Terry & Campbell, 2001).

Withdrawal of children from new agent studies,
due to deteriorating health, toxicity or the wishes
of the family, is a difficult and emotionally charged
event. The family may have perceived, despite
explicit and honest discussion prior to and during
the trial, that the new drug offered a final hope,
which has now faded. It is important to stress
here that participation in research trials does not
preclude excellent symptom management or the
process of psychological support in preparation for
the child’s eventual death, and by ensuring that
the child and family have enjoyed the continued
support and input from the hospital and commu-
nity nursing teams throughout the trial, the transi-
tion to palliative care may be eased.
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Commentary
Haematopoietic Stem Cell Transplantation

Helen Webster

It has been a great pleasure to review the bone
marrow transplant Part of the second edition of
this textbook. First, it has to be pointed out that
anyone working within the area of paediatric
oncology will be familiar with the first edition,
known in many units as ‘The Red Book’. This excel-
lent resource has been well used both as a refer-
ence guide for those in day-to-day clinical practice
and as a more formal reference source for nurses
undertaking academic studies.

Paediatric oncology is one area within health
care where all nurses benefit from being well
informed and educated. This could be said of all
areas of nursing, however, it is well understood
that caring for children within the Stem Cell Trans-
plant (SCT) setting has added stresses and strains
to the already present pressures of working within
the National Health Service. This book not only
addresses the clinical aspects of caring for a child
undergoing SCT but also the complex emotional
and ethical issues that SCT nurses face on a daily
basis.

The SCT section provides nurses with a compre-
hensive background to transplant. It clearly
explains the transplant process and the growth in
the science and supportive care: the path taken
to our present state in the twenty-first century.
This excellent nursing care guidance is presented
in a user-friendly style facilitated by the inclusion

of diagrams and tables. Part 2 will be a valuable
resource for nursing staff already experienced in
paediatric oncology and a good starting point for
new members to the team.

The collection of stem cells is clearly and
comprehensively discussed in Chapter 9, explain-
ing the rationale behind the decision to collect
bone marrow or peripheral blood stem cells. This
chapter briefly mentions umbilical cord stem cell
collection, outlining the process of collection and
the advantages and disadvantages of choosing
cord blood as the source of cells. However, it omits
to include the collection of directed umbilical cord
blood. Some transplant centres recommend the
collection and storage of umbilical cord stem cells
from siblings born into a family where there is
known genetic disease amenable to stem cell trans-
plant. Umbilical cord stem cells can also be stored
from a sibling of a child with an acquired disease
who may require stem cell transplant in the future
(Hows, 2001). As with many areas within health
care, financial considerations have a significant
bearing on practice; the collection and storage of
cord blood are costly. Careful consideration within
each unit as how best to manage and support the
increasing requests from families for cord blood
collections needs to be given. It would be interest-
ing for further work to be carried out in this field
looking at the use of collected directed cord stem
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cells in comparison to the use of unrelated cord
blood, and the associated cost implications.

Chapters 7 and 8 outline the background of SCT
but the main focus of Part 2 is the management of
children undergoing transplant – protective isola-
tion and the associated complications. What stands
out without question in these two chapters is the
focus on nursing care. Many books written with
the title of ‘Nursing’ have an enormous amount
of medical, biological information and are often
tempted away from the basis of the book, that
of a guide for nursing. However, the authors in
Part 2 have maintained the emphasis on nursing
the patient through transplant, not the physiology
behind the procedure. This is not to say that the
disease process is not clearly explained, but the
practicalities of nursing a child in this situation
are the main focus. This approach is what makes
this book such a valuable resource for paediatric
oncology settings.

Overall, the chapters are well referenced
throughout although some of the references might
be considered old, particularly Skinhoj et al. (1987),
referring to HEPA/LAF filtration in combination
with the use of skin and gut decontamination,
now some 20 years old. However, it is important
to point out that no new significant evidence has
come to light since this research was carried out.
The inclusion of this study clearly highlights that
not all ‘old research’ is out-dated, and some just
stands the test of time.

Nutrition has always been an important issue for
children undergoing SCT, it is well recognised that
this is one aspect of caring that the family can have
somecontrolover.However,withtheneedforasafe,
clean diet, some of this control has been taken away,
and the authors approach this topic with sensitivity
and, more importantly, common sense. The chapter
is well referenced, including Sahdev and Botwinick
(2004), which is a significant piece of research
in paediatric SCT, which does, as the authors
suggest, need to be the focus of further study.

The infection screening section is, however,
limited and omits to address the problem of chil-
dren (usually older children) who choose to have a
shower daily. There is some evidence that supports
no risk of line infection from contact with water,
such as showering and swimming as long as a
waterproof occlusive dressing is used to protect
the exit site (Bravery, in press).

The effects of isolation on the child and family
are often overlooked, so it is refreshing to see
this has been given considerable attention. As we
are all aware, the internet is becoming a signif-
icant part of all our lives. Children are intro-
duced to computers as early as pre-school, and
using e-mail and the internet is often part of a
child’s daily routine, providing a source of both
communication and entertainment. The installa-
tion of suitable IT equipment could be an enor-
mous support for a family, especially with the
invention of video messaging, thus families can
keep in touch with extended family and friends
who may live some distance from the centre. The
use of a webcam for transplant families has been a
great success in a unit in the north-west of England,
although the idea of being watched when carry-
ing out nursing procedures or interacting with the
patient was initially a concern for nursing staff,
in reality, families only use the webcam facil-
ity in private. The benefits are twofold, not only
can the family at home see the hospitalised child
but the parent in hospital can see how the rest
of the family at home are managing. Hopefully
this simply installed device can go some way to
addressing parents’ anxieties about hospitalisation,
as described by Darbyshire (1994).

The chapter on complications of stem cell trans-
plant (Chapter 11) is perhaps the most compre-
hensive of all the chapters in terms of physiology
and clinical management. However, the authors
continue to keep the nursing focus throughout.
The information is presented in a clear format,
again with the use of helpful diagrams and bullet
points. For example, the list of signs and symp-
toms and the nursing considerations divide up
this chapter and therefore make it easier for the
reader to comprehend, especially if a novice to
stem cell transplant. For the more advanced or
experienced reader, there are some very useful
references to research in progress that could
guide the reader to investigate the topic further
and possibly influence practice, for example, the
development of cytomegalovirus-specific cytotoxic
T cells.

Chapter 12 deals with discharge planning and
psychological issues for the family post-stem cell
transplant and raises some thought-provoking
issues, where not only the family has to readjust
to getting back to normal and maybe returning
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to work but also forming new relationships with
local nursing and medical teams. This chapter is
comprehensive in the descriptions of the extent
to which the family have to adjust. This chapter
should be recommended to all nurses caring for
a child in the transplant setting as the process of
discharge requires an enormous amount of time
and effort. Chapter 13 discusses the topic of staff
support.

The final chapter (Chapter 14) looks at
further developments, predominantly gene ther-
apy. Although overall this area of transplant is
relatively new, the work as described is encourag-
ing and exciting. Once again, while clearly explain-
ing the process and science behind gene ther-
apy, the authors include very relevant aspects of
nursing care including parental support. The final
sub-heading for this chapter is ‘The Future’; this
discusses some interesting topics to consider for
further research which hopefully would motivate
any reader to explore the topics in more depth.

Part 2 on the stem cell transplant procedure
is an excellent piece of well-researched, clearly
presented work. The approach throughout is holis-
tic, often raising issues that may be overlooked
by many practitioners in this area. The whole text
flows well, each chapter giving a good background
to the subject and focusing on nursing care and
parental support. Throughout, the authors give
sound common-sense suggestions, particularly in
relation to communication within the multidisci-
plinary team. The comment that stands out without

doubt is ‘health care professionals recognising that
they are an expert not the expert’. This comment
is a perfect example of the theme of this Part. The
traditional roles of the nurse and doctor are less
defined now, but this book supports both roles,
giving each a comprehensive understanding of the
clinical and emotional battles for the child and
the family facing stem cell transplant. This second
edition of ‘The Red Book’ will be tattered very soon
through constant use.
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7 Background to the Haematopoietic
Stem Cell Transplant (HSCT)
Procedure

Nikki Bennett-Rees and Sian Hopkins

History

In 1891, bone marrow, in the form of an oral prepa-
ration, was given to treat patients with leukaemia
and disorders where there was a known defec-
tive blood formation (Quine, 1896). This treat-
ment appeared to have little effect on the patient.
However, minimal changes in treatments were
made over the following decades.

In 1937, Shretzenmayr (cited in Treleaven &
Barrett, 1993) treated patients with intramuscular
preparations of bone marrow. This was the first
time the technique of transferring live cells into a
patient had been attempted, and with fair effect.
However, two years later Osgood et al. (1939)
infused bone marrow cells intravenously and, in
1940, there were reports of bone marrow being
injected into the intramedullary space (Santos,
1983). Unfortunately, these first two attempts at
the use of therapeutic doses of bone marrow in
patients with aplastic anaemia were unsuccessful.

As a result of the discovery of atomic energy and
the release of the atomic bomb in the mid-1940s,
there was a revival in research into the effects of an
intensive dose of irradiation on the bone marrow
of survivors in Hiroshima and Nagasaki. Pioneer-
ing work carried out by Jacobson et al. (1950)

and Lorenz et al. (1952) was the forerunner of
today’s successful bone marrow transplants. In
1950, the work of Jacobson et al. demonstrated that
mice whose spleens (a haematopoietic organ for
a mouse) had been shielded from lethal doses of
irradiation, could recover. Their work continued to
demonstrate that infused bone marrow cells could
also provide protection against death. Lorenz et al.
(1952) went on to prove beyond doubt that normal
bone marrow function could be restored to lethally
irradiated mice and guinea-pigs by infusing bone
marrow cells.

With the knowledge that engraftment of bone
marrow cells was a possibility, clinicians made
several attempts in the late 1950s and 1960s to
treat a variety of human disorders. Clinicians were
presented with numerous difficulties because most
of these experimental transplants were carried out
on patients with end-stage disease. Consequently,
patients died either before engraftment could be
established or from a ‘secondary disease’ (Barnes
et al., 1962). This is now recognised as ‘graft versus
host disease’ (GVHD). In addition to these prob-
lems, there was the lack of treatment for life-
threatening viral or fungal infections.

During the 1960s, progress in developing effect-
ive treatments was slow and only approximately

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
© 2008 John Wiley & Sons, Ltd



98 Haematopoietic Stem Cell Transplantation

10 % of patients receiving allogeneic bone marrow
transplant showed clinical improvement (Pegg,
1966). However, the work of Thomas et al. (1957)
on preventing GVHD, and that of Terasaki and
McLelland (1964) on the human leukocyte antigens
(HLA) system, pushed the role of bone marrow
transplant (BMT) into a new era. There was now
increasing success in the treatment of patients with
aplastic anaemia and leukaemia. Meanwhile work
carried out in Holland by De Koning et al. (1969)
led to the successful treatment of infants with
severe combined immunodeficiency syndromes
(SCID), until then, a fatal disorder. In fact, as
Morgan (1993) reports, the first successful HLA-
matched sibling transplants were performed in
1968, on two children with primary immunodefi-
ciency disorders.

By the end of the 1970s progress was such that
BMT became a treatment modality, which had
a measurable success rate for diseases such as
SCID, severe aplastic anaemia and leukaemia. The
1980s saw a vast increase in the number of BMT
centres worldwide. Data banks were set up and
the number and range of diseases treated by BMT
expanded. In the paediatric setting, children with
haemoglobinopathies, such as sickle cell disease
and thalassaemia (Borgna-Pignatti, 1992), and a
variety of ultimately lethal metabolic disorders
(Vellodi et al., 1992; Peters & Steward, 2003) were
able to undergo transplant successfully using HLA
compatible siblings.

During the 1990s there continued to be further
developments in the field of BMT:

• improvement in the technology of HLA typing
enabling more children in whom there is no
matched sibling donor to receive bone marrow
from a matched, or mismatched unrelated
donor.

• the expanded use of prophylactic drug therapy
both before and during the transplant period;

• the continued development of efficacious
antiviral and anti-fungal therapy, thus reducing
both morbidity and mortality;

• the development and increased use of
cytokines and growth factors therefore enhanc-
ing both haematological and immunological
reconstitution;

• the ability to successfully HLA type, harvest,
cryo-preserve and use umbilical cord blood

from newborn infants as a stem cell source for
transplantation;

• the development of gene transfer in the autolo-
gous setting for the treatment of children with
genetic disorders (Jenkins et al., 1994);

• the development of successful mobilisation,
collection of allogeneic and infusion of allo-
geneic and autologous peripheral blood stem
cells (Gray & Shea, 1994; Walker et al., 1994;
Vaux, 1996);

• the development of reduced intensity non-
myeloablative conditioning (RIC) has enabled
SCT in children who already have organ
dysfunction prior to or at the time of transplan-
tation (Amrolia et al., 2000).

Table 7.1 highlights the main advantages and
disadvantages in terms of availability, cost and
accessibility of collecting cells from various
sources. In addition, it shows the difference in rates
of engraftment/GVHD risk, rejection and most
importantly speed of immune reconstitution.

Types of transplant

A stem cell transplant involves harvesting bone
marrow, peripheral blood stem cells or umbilical
cord blood stem cells from a donor and then trans-
fusing (or grafting) these cells into the recipient.
There are three different types of transplant:

1. Autologous marrow/stem cells – these cells are
harvested from the patient (i.e. self) prior to
receiving dose-escalating intensive myeloab-
lative therapy. Autologous cells are gener-
ally used in children with a malignancy such
as a solid tumour, very occasionally, acute
myeloid leukaemia (AML) and in those chil-
dren with a rheumatological disorder. In addi-
tion, autologous cells are being used for children
undergoing gene therapy. The advantage of an
autologous transplant is the lack of GVHD. The
disadvantage is the risk of tumour cells being
present in the harvested marrow; also there will
be no graft versus leukaemia (GVL) effect (an
advantage discussed in detail on p. 159).

2. Allogeneic marrow/peripheral stem cells/umbilical
cord cells – these cells are harvested from
another person who may be related or unre-
lated, matched or mismatched. Ideally, the
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Table 7.1 Advantage and disadvantage of allogeneic stem cells

Donor Unrelated bone
marrow

Unrelated cord
blood

Haploidentical
family PBSC

Availability 10/10 = 50 %
9/10 = 80 %
Ethnic minority = 20 %

> 5/6 = 45 %
>4/6 90 %

>90 %

Access (Re-access) Slow (possible) Fast (no) Immediate (no)
Cost High Moderate Low
Rejection Risk Low High Moderate
Engraftment Moderate Slow Fast
GvHD Risk Moderate Low Low
Immune Reconstitution Moderate Slow Very slow

Table 7.2 PBSCT: a brief history

1909 Documented existence of haematopoietic stem cells by Alexander Maximow (cited by Korbling &
Fleidner, 1996)

1962 Stem cells identified in circulating blood
1965 Flow cell separator introduced (Freireich et al., 1965)
1980s Autologous blood stem cell transplants used for adult patients with chronic myeloid leukaemia

(CML) (Goldman et al., 1988)
1985 Peripheral stem cells shown to reconstitute haematopoietic function in humans (Kessinger et al.,

1986)
1988 Use of cytokines to mobilise stem cells into peripheral circulation
1996 Peripheral stem cells mobilised with growth factors have widely replaced autologous BMT

donor would be an HLA-identical sibling.
Where there is no suitable matched donor, a
parent may be used i.e. a haplo-identical donor.

3. Syngeneic marrow/peripheral stem cells/umbilical
cord cells – these cells are harvested from an
identical twin. These transplants are ideal in
children with an acquired bone marrow fail-
ure, such as aplastic anaemia, as both the donor
and recipient are identical in every aspect and
there will be no risk of the recipient develop-
ing GVHD.

The use of peripheral blood stem cells (PBSC) in
both the autologous and allogeneic setting has
become common practice (Table 7.2). In addition,
successful engraftment using umbilical cord stem
cells both in the sibling and unrelated donor setting
has become another source of stem cells (Wagner
et al., 1992; Gluckman et al., 1997). In the child,
where a suitable donor remains impossible to find,
the use of haplo-identical PBSC continues to be an
option. The donor in the haplo setting is usually a
parent, but could be a sibling, whose HLA typing
matches half the child’s HLA type. While it may

be technically possible to use a young sibling as a
haplo-identical donor, many centres would argue
about the ethics of using underage siblings in such
a high-risk procedure.

Diseases for which haematopoietic
stem cell transplant is a treatment
modality

For a child with a malignancy, the aim of treatment
is to eradicate the malignancy and then ‘rescue’
the child from the life-threatening effects of the
myeloablative therapy (Table 7.3). For the child
with leukaemia, there may be an additional GVL
effect from allogeneic stem cell transplant. Cells
used for transplant can be bone marrow, peripheral
blood stem cells or umbilical cord cells and can be
autologous, allogeneic, matched or mismatched.

For a child with a non-malignant disorder, such
as bone marrow failure or bone marrow dysfunc-
tion, or who requires replacement of a missing
enzyme in an otherwise healthy bone marrow, the
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Table 7.3 Malignant diseases for which stem cell transplant
is a treatment modality

Leukaemia
Acute lymphoblastic leukaemia
Acute myeloid leukaemia
Chronic myeloid leukaemia
Juvenile myelo-monocytic leukaemia
Myelodysplastic syndrome

Lymphomas
Non-Hodgkin’s lymphoma
Hodgkin’s disease

Solid tumours∗

Brain tumours
Ewing’s sarcoma
Primitive neuroectodermal tumour
Retinoblastoma
Rhabdomyosarcoma

Others
Haemophagocytic lymphohistiocytosis (HLH)

Note: ∗Cells used are usually autologous bone marrow or
PBSC.

aim is to remove the malfunctioning marrow and
replace the system with healthy cells, thus restor-
ing a normal functioning haematopoietic system
(Table 7.4). Cells for transplant are used from bone
marrow/peripheral stem cells/umbilical cord cells
and are allogeneic, either matched or mismatched.

The successful outcome of SCT depends on a
variety of factors, such as:

• ability of the underlying malignancy to go into
remission pre-SCT;

• amount of previous therapy (such as
chemotherapy, blood transfusions or enzyme
replacement therapy) the child has undergone;

• tissue-matching of donor;
• age and sex of donor and recipient.

As this field of medicine is continually evolving,
so the results of long-term survival will change.
Table 7.5 provides a current summary of long-term
survival.

Tissue typing

Tissue typing is a key process in the pre-transplant
phase. It is the basis by which the most suit-
able donor for transplant is chosen. Blood is taken

Table 7.4 Non-malignant diseases for which stem cell
transplant is a modality

Acquired marrow failure
Severe aplastic anaemia

Congenital marrow failure
Fanconi’s anaemia
Kostman’s syndrome
Diamond-Blackman anaemia
Schwachman’s syndrome

Genetic/metabolic disorders
Hurler’s syndrome
Maroteaux–Lamy syndrome
Adreno-leukodystrophy
Osteopetrosis

Haemoglobinopathies
Thalassaemia major
Sickle cell disease

Immune disorders
Severe combined immune deficiency
X linked lymphoproliferative disorder
Wiskott-Aldrich syndrome
MHC class II deficiency
CD 40 Ligand deficiency
Chronic Granulomatous disease
Undefined severe immune deficiencies

Rheumatology disorders
Juvenile idiopathic arthritis

from the patient, parents and siblings to estab-
lish HLA type and determine matches within
the family group. Failure to find a match within
the immediate family will necessitate extending
the search to the extended family members and/or
unrelated donors on national and international
registries.

Tissue type refers to a series of polymorphic
proteins found on the surface of almost every cell
in the body. These proteins are known as human
leukocyte antigens (HLA) and are involved in
the cell-to-cell interaction of the immune system.
Tissue type is, in simple terms, a list of these anti-
gens carried on the surface of cells (Ord, 1995). In
SCT, the donor is chosen according to the similar-
ity of their HLA in relation to the patient’s HLA
(Figure 7.1). The HLA system is a major determi-
nant in the success of SCT (Welte, 1994). Before
its introduction in the 1960s, the results of allo-
geneic BMT were very poor. At the time of intro-
ducing HLA, enthusiasm for BMT was falling and
the future of the speciality was in doubt. Today
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Table 7.5 Survival outcomes for children undergoing stem cell transplant

Disease Transplant Long-term survival (%)

Malignant disease
ALL (1st CR) allogeneic 40
AML (1st CR) allogeneic 50
AML (2nd CR) allogeneic 20–50
AML (2nd CR) autologous 40
Myelodysplasia allogeneic 60–70
Neuroblastoma stage IV autologous 30

Non-malignant disease
Aplastic anaemia allogeneic (non-transfused) 80
Aplastic anaemia allogeneic (multiple transfusions) 70
SCIDS/CID allogeneic (sibling) 90
SCIDS/CID allogeneic (haploidentical) 50
SCIDS/CID allogeneic (unrelated donor) 70

Thalassaemia major allogeneic (sibling) 70–75
Inborn errors of metabolism allogeneic Early studies show good

results for some
hereditary metabolic
diseases

Notes: ALL = acute lymphoblastic leukaemia; AML = acute myeloid leukaemia; SCIDS =
severe combined immune deficiency syndrome; CID = combined immune deficiency; CR =
complete remission.
Sources: Fischer et al., 1990; Lucarelli et al., 1990; Chessells et al., 1992; Barrett et al., 1994;
Nesbit et al., 1994.

its impact and development in the field of BMT
are well known. It is, however, only 38 years since
the first BMT using HLA matching was carried out
(Treleaven & Barrett, 1993).

There are over 90 separate HLA antigens that can
form 26 million combinations. Despite this, some
tissue types are fairly common and yet others may
occur only once in a million individuals. Individ-
uals inherit their HLA antigens from their parents
in a Mendelian inheritance in the same way that
eye colour is inherited (Welte, 1994). Certain tissue
types are found in certain ethnic and racial groups
and a matched unrelated donor is more likely
to be found for patients from their own racial
background. HLA genes are found on the short
arm of chromosome 6. Individuals inherit two sets
of antigens: a paternal haplotype and a maternal
haplotype (Figure 7.1). There are two groups of
antigens. Class I antigens (of which at least 17
have been identified) are expressed not only in
leukocytes but also in most nucleated cells in the
body cells (HLA-A, HLA-B and HLA-C are the
ones of prime concern in SCT). In contrast, Class
II antigens are only expressed in a limited range

of cells (B lymphocytes, macrophages, endothe-
lial and dendritic cells except in the placenta and
central nervous system (CNS)). These are known
as the HLA-D region and have been mapped into
five distinct sub-regions: DN, DO, DP, DQ and DR.
In SCT, the HLA-DR is the most important of the
Class II antigens (Roitt & Male, 1996).

The function of the HLA system

The most important role of the HLA system is
reactivity with foreign antigens. The antigen is
processed by being presented to macrophages and
scrutinised by a T cell receptor, which then initi-
ates the appropriate T cell response in order to
rid the body of invading antigens. There are some
T cells, however, which are capable of respond-
ing directly to cells bearing foreign HLA, with-
out prior processing. Methods of identifying the
number of these circulating T cells, such as cyto-
toxic T cell precursor assay (CTLP) and mixed
lymphocyte culture (MLC) are a useful adjunct to
choosing a suitable donor. A high CTLP frequency
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Figure 7.1 Possible combinations of human leukocyte antigens (HLA).

is an indicator that a donor may induce GVHD if
used in transplant.

As well as the major histocompatibility antigens,
there are so-called minor histocompatibility (mH)
loci that encode molecules in recognition and rejec-
tion. Despite their name, these mH loci are strongly
implicated in GVHD, particularly in the setting
of HLA-matched related SCT (Reiser & Martelli,
1995). Minor histocompatible differences are not
routinely assessed in SCT donor recipient pairs.
In the future, matching mH may further reduce
the incidence of GVHD, but in transplants for
leukaemia such minor histocompatibility can be
an advantage in the production of the GVL effect
(Vogelsgang & Hess, 1994).

ABO blood typing

ABO-incompatible marrow grafting can be accom-
plished with little of the haemolytic transfusion
reactions seen in the past. This is due to improved
techniques to remove red blood cells from the
marrow, but if un-manipulated marrow is to
be used, then, as with normal blood transfu-
sions, haemolytic transfusion reactions will occur.
Appropriate blood products need to be compat-
ible with both the donor and recipient in the
early stages of the transplant. The patient and
the family should be informed that following SCT
the patient’s ABO blood type will convert to that
of the donor, and that the time taken for this
varies.

Adult unrelated donors

The birth rate in the industrialised world has been
falling for many years. At present the average
number of children in a family is 1.9. This has
meant that only 30 % of patients needing a SCT
have a suitable donor within their immediate or
extended family (Vowels et al., 1991). The failure
to find a donor within the family group leads
to the search for compatible stem cells from an
unrelated donor. Currently, the use of children as
non-related donors does not occur, for ethical and
moral reasons discussed in Chapter 8 in relation
to sibling donors. Adult donors used for unrelated
transplants volunteer to donate their stem cells
and are required to register with one of the bone
marrow registries that exist throughout the world.

Donor panels

Donor panels arose as a result of the growing need
for a centralised unrelated bone marrow registry
in the 1970s. This need was recognised following
the failure to find suitable donors for individu-
als in a variety of countries at this time. In the
UK, the case of Anthony Nolan, a small boy with
Wiskott Aldrich Syndrome, and the unsuccessful
search for a donor in 1974 led to the formation
of the Anthony Nolan Bone Marrow Registry now
known as the Anthony Nolan Bone Marrow Trust
(ANBMT www.anthonynolan.org.uk). Alongside
the ANBMT are two further registries within the
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UK, the Welsh panel and the Bristol Bone Marrow
Transplant Registry (BBMTR). Similar registries
exist in many countries worldwide. In addition,
umbilical cord banks have been set up and grown
worldwide. Within the UK at present there is one
cord blood bank centre. These registries provide
information that may lead to the identification
of a suitable donor for patients in both national
and international bone marrow units. Through this
collaboration, the pool of potential donors for those
patients for whom a sibling donor cannot be found
on a national register has widened. The people on
the registries are volunteers who have agreed to
enter details of their HLA status onto a central
register. Initially, details of their relevant medi-
cal and social history are recorded and a sample
of blood taken to determine their Class I anti-
gens. Details of these are added to a database
and held until required or the donor becomes too
old to donate. A bone marrow transplant unit
approaches the registry with details of patients
requiring a donor. At this stage, further match-
ing of Class II antigens identifies potential donors
and further tissue typing is undertaken to elicit
the most suitable donors. Those identified as being
the most likely potential donors are then screened
for suitability, using a lengthy selection process
which can take months, and assesses both phys-
ical and mental suitability to donate marrow or
stem cells.

Selection of adult unrelated donors

Due to the complexity of human major histocom-
patibility, approximately 50 % of transplants are
carried out as a result of volunteered matched
unrelated donors. Although the aim of HLA typing
in SCT is to select the donor with the closest possi-
ble match, this may not necessarily identify the
most suitable donor. Other factors that come into
play in donor selection are listed below (see also
Figure 7.2).

• donor age;
• donor/recipient gender;
• cytomegalovirus (CMV) status;
• ethnic group;
• physical and mental health;.
• ABO matching.

Donor choice

1. Matched sibling donor or phenotypic matched donor or
fully matched related cord blood#

2. 10/10 molecular match unrelated donor or 6/6 matched
unrelated cord blood#

3. 1 allelic mismatched unrelated donor or 5/6 matched
family donor < 2/6 mismatched unrelated cord blood#

4. 2 allelic mismatched unrelated donor or 2 allelic
mismatched family donor

Notes: # with neutrophil count dose greater than 3�7 ×107/kg
recipient weight

Options 3 and 4 should only be considered in poor risk
patients for whom alternative treatment is unavailable or has
failed.

Stem Cell Source

1. MSD∗; BM is preferred to PBSC
2. MUD∗; BM is preferred to PBSC
3. MMUD/MMF; PBSC are preferred to BM

Notes: ∗Adult sibling and related donors should be allowed
a choice after non-directive counselling by a physician inde-
pendent of the transplant unit.

Donor preference

Patient Donor
Male Male preferred to female
Female Male preferred to female

CMV status
Positive Positive donor in preference to a negative

donor
Negative Negative donor in preference to a positive

donor

Age Younger donors are preferred to older
donors

ABO Aim for a match in heavily pre-transfused
patients

Figure 7.2 CCLG BMT Group donor selection guidelines.

The age at which volunteers can donate their
marrow/stem cells varies from country to coun-
try. At present the minimum age in the UK for
joining a register is 18 years and the maximum is
40. The maximum age at which a potential donor
can donate marrow/stem cells recommended by
the ANBMT is 56 years (this relatively young
upper age limit is due to the increased risk of a
general anaesthetic in older donors). However, the
upper age limit is higher in donors who are able
to give PBSCs. Ideally, the donor and recipient
should be of the same sex, and this is due to the
risk of GVHD, which is higher in female-to-male
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transplants. Male donors are generally preferred to
avoid sensitisation by pregnancy.

The CMV and Epstein Barr Virus (EBV) status
of donors is of paramount importance. Ideally,
where possible, the CMV status of the donor
and recipient should be matched to reduce the
chance of post-transplant viral reactivation and
disease. Likewise, blood product support during
and after the transplant episode is important, if the
recipient and donor are both CMV negative, then
CMV negative blood and platelet support must be
given. However, if either the donor or recipient
is CMV positive, then the recipient could receive
unscreened products. Donors are also screened for
HIV and hepatitis B and C antibodies.

The ethnic group is also of prime concern in
SCT, as a matched donor is more likely to be
found among the recipient’s own ethnic group.
The majority of unrelated donor volunteers are
Caucasian and this has led to a shortage of poten-
tial donors from ethnic populations. Added to
this, some ethnic groups have cultural and reli-
gious objections to the donation of marrow or
stem cells.

There is also a shortage of male donors, which
may compound the above situation, as the inci-
dence of many of the conditions requiring SCT
in children is higher in males or has an X-linked
inheritance, Wiskott Aldrich Syndrome being one
example. Campaigns to recruit from ethnic groups
and to encourage male donors to come forward
are frequently undertaken by registries in order to
raise awareness and recruit more suitable candi-
dates for donation.

ABO compatibility might take on greater signif-
icance in the future. In heavily transfused patients
such as those with Fanconi’s anaemia, thalassaemia
or severe aplastic anaemia, the aim would be to
have an ABO-compatible donor to reduce the risk
of rejection.

Evaluation of the unrelated adult donor

Donors are required to complete a detailed medi-
cal questionnaire before entry to the registry. The
physical criteria for donation include stringent
assessment of the donor as suitable for general
anaesthetic. Exclusion includes previous medical
history of respiratory disease, cerebrovascular

disease, current pregnancy and back problems.
Exclusion from donation on these grounds is due
to the potential risk to the donor as a result of
the anaesthetic or the process of marrow/stem cell
collection. Once admitted to the registry the poten-
tial donor waits to be called forward to donate their
marrow/stem cells (this may take many years).
Each registry has its own limits as to how many
times a person may donate their marrow/stem
cells. Adult unrelated donors may donate to two
separate recipients with a gap of one year between
donations. Agreement to donate more than twice
is extremely rare due to the increased risk to the
donor of repeated anaesthetics. However, a collec-
tion of T cells from the donor may be collected
in the case of pending rejection four to six weeks
after the initial collection of marrow/stem cells
(Anthony Nolan Bone Marrow Trust, 1996).

Once called for donation, the donor will not only
be assessed physically but also psychologically for
suitability to donate. During this early physical
and psychological assessment written consent is
sought from the donor to proceed with preparation
to donate; although not legally binding, consent
is sought on moral and ethical grounds. Assess-
ment of the donor’s perceptions and attitudes
towards transplant may uncover distortions in the
donor’s concepts of the procedure. Many donors
have no previous experience of hospital and may
have misconceptions of what the procedure entails.
Education about the donation process and poten-
tial complications following donation and general
anaesthetic are given (donors who are not fully
confident in their decision to donate are encour-
aged to withdraw as soon as possible from the
selection process). It is also explained that should
the recipient of the marrow/stem cells die or face
serious complications as a result of the transplant,
the donor is not responsible.

Personal information about the recipient is given
only on request and disclosure of personal details
is kept to a minimum (gender, age-group and
country in which the transplant is to take place).
Strict confidentiality between the two parties is
maintained and contact discouraged throughout
the pre- and immediate transplant period. This
ensures that the privacy of both the donor and
recipient is maintained (Cleaver, 1993).

Receiving a gift of such magnitude as bone
marrow/stem cells without thanking the donor
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is difficult for many families. In such cases cards
and small gifts may be passed on through the
registry to the donor at the time of the trans-
plant. Sometimes the donor and recipient may
meet or make contact months after the transplant
has taken place. Again, the registries offer support
and advice in these situations, to protect both
parties from over-involvement by the other and
to offer support for the emotional response such
a meeting may produce. The preparation of the
related adult donor does not involve the support
and services of the bone marrow registry and is
coordinated by the BMT centre caring for the child.
The physical preparation is similar to that already
described.

Umbilical cord blood (UCB) donors

In the past decade UCB transplants have become
more of an optional source of cells for transplan-
tation in children, with either genetic or malignant
disease. Initial success was with sibling trans-
plants, and with this success worldwide cord blood
banks were set up for the future use of unre-
lated donor allogeneic cord blood transplants. The
parents of the newborn baby donating the cord
blood hand over all rights to the collected blood,
which is stored anonymously, for use by transplant
centres worldwide, to date, there have been over
3,000 such transplants (Wall, 2004). Some advan-
tages of UCB over donor stem cells/marrow is
that all information regarding the cells is available
at the time of the donor search, thereby reduc-
ing the time to transplant. Furthermore, there is
a low level of viral contamination with CMV or
EBV (the two most significant clinically impor-
tant transplant-related viruses). Also it has been
noted that less GVHD occurs, therefore allowing a
greater mismatched donor to be used (4/6 HLA).
For children with rare immune types or those from
ethnic minorities, a UCB transplant could be a
more viable option (Wall, 2004).
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8 Preparation for Bone Marrow
Transplant

Nikki Bennett-Rees, Sian Hopkins and Joanna Stone

The family

While stem cell transplantation (SCT) becomes the
accepted form of treatment for an increasing range
of childhood disorders, the needs of families will
differ greatly depending upon the child’s underly-
ing disease and hence hospital experience. For the
family whose child has a malignancy, the progres-
sion to a SCT may be the natural course of events
or it may be the last hope for cure, following
either a relapse or a disease refractory to treatment.
Such families have experienced chemotherapy and
maybe even radiotherapy. There will be aspects of
SCT which will be very new to them; however,
if the oncology unit is attached to the transplant
unit, the families will know their surroundings and
staff. If the transplant unit is in a referral centre,
these families will have to leave behind everything
which has been familiar and supportive during
previous treatments.

For the family whose child has SCID or severe
aplastic anaemia (SAA), there may be either little
or no hope of cure without a SCT. Such chil-
dren may have had varying experiences ran-
ging from long intensive hospitalisation to minimal
inpatient treatment. Children with metabolic disor-
ders may also have had minimal hospital admis-
sions, but without a SCT may suffer progressive

deterioration, making their quality of life unten-
able (Peters & Steward, 2003).

The life expectancy for children with
haemoglobinopathies has increased dramatically
over the years. Thus, parents have a difficult
decision to make when balancing the chance
of potential cure versus acute and long-term
side effects of SCT (Borgna-Pignatti, 1992). No
matter how much information and knowledge the
family already has, there is still a great deal of
information to be given and discussed at the first
consultation. Specific information will include the
child’s need for a transplant; long-term outlook
with or without the transplant and problems
that might be faced during and after transplant.
Following this initial consultation the parents
should receive a letter detailing all the issues
which were discussed. In addition, at the first
consultation, it is essential that a SCT nurse, as
well as the unit psychologist, is present (Table 8.1).
This serves to build up a relationship between
the family and extended team as well as ensuring
that continuity of information is given. In future,
meetings with either the nurse or psychologist
will be able to provide further answers to queries.

The possibility of parents feeling confused,
frightened and shocked is not uncommon
(Haberman, 1988). It is therefore essential that,
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Table 8.1 Summary of the role of the nurse in giving
information before stem cell transplant

Be included in the initial family/consultant meeting
Have the ability to assess the family’s understanding
Be consistent in giving information appropriate to the

family’s understanding
Be able to discuss levels of family involvement in the care

of their child
Be available to answer questions in the coming weeks
Be able to support the above with written information
Maintain support of the family.

following this consultation, the transplant nurse
has the time to go through what has been
discussed, step by step with the parents. The nurse
is in an ideal position to further this discussion
with the family, as he or she will be caring for both
children and families undergoing SCT, and thus
will be able to answer a wide range of questions. It
is the role of the transplant nurse to deliver infor-
mation and support which is individualised for
each family, ensuring that the information given
is both accurate and paced appropriately (Downs,
1994). In families for whom English is not the
first language or whose ‘medical’ knowledge of
English is limited, it is essential to make use of an
interpreter at this meeting, preferably one who is
attached to the hospital services. Experience has
shown that using a family member as an inter-
preter (especially if a sibling) places too great a
burden on that person; ultimately, it can become
questionable whether all the information is relayed
accurately. While the interpreter is present, it is
important to find out if the family follows any
cultural routines or has special dietary needs to
ensure that these can be met.

For families who are new to the area, a visit
to the transplant unit following the meeting will
help to allay some of their fears of the unknown.
It is often a time when, to relieve the anxieties of
the day, toys and activities for the child can be
discussed. It may be useful to give parents a taped
copy of the first meeting as this will enable them
to go through relevant information in the safety of
their home (Hogbin, 1989). In addition, a specifi-
cally designed information book about transplant,
which includes treatments, side effects, restrictions
and daily routines of the unit, will enhance the
family’s knowledge and understanding. An added

advantage of the book and/or tape is that the
extended family, who may not be allowed to visit,
can feel involved in what is going to happen.
Before admission, the family and the child may
have further appointments at the hospital. These
visits offer an ideal opportunity to consolidate
family knowledge, answer problems as they arise
and give the family time to revisit the unit, thus
making it more familiar. Some families may find
it beneficial to meet another family going through
the SCT process. If possible, this can be arranged
in conjunction with the family to meet some of the
ward and other relevant support staff.

On admission to the unit, usually the day prior
to commencing conditioning therapy, most infor-
mation is given by the nursing staff. It is essen-
tial to confirm what the family’s and the child’s
knowledge of the forthcoming treatment is and to
establish what their immediate needs are. Once
the family has adjusted to the new environment,
the forthcoming treatment can be discussed and
the child’s care planned. This time before trans-
plant is enormously stressful for parents. On top
of the worry about the ‘sick’ child, there will be
worry about the safety of their ‘healthy’ child
donor. In the case of the donor being unrelated,
the added worry concerns the donor’s fitness or,
indeed, whether he or she might change their
mind. Keeping the parents well informed through
each day of conditioning helps to reduce their anxi-
ety. The length of the conditioning regimen and
the timing of moving the child into isolation will
dictate how much additional information needs to
be given in the first few days. Parents should be
given a copy of their child’s conditioning proto-
col. This can then be used to guide the parents’
questions through each stage as well as explaining
each of the individual drugs and their side effects.
In addition, parents will need to understand and
learn about the isolation technique. This will vary
between units but will range from the way to enter
the room, to making a snack for their child.

Clear and consistent explanations of the proce-
dures ahead form an important part of the process
of consent for transplant. Truly informed consent
is both difficult and time-consuming to achieve
but is a useful tool for building a more equitable
relationship with parents and children. In some
units the task of obtaining consent for the trans-
plant procedure has evolved into a collaboration
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between senior medical and nursing staff thereby
giving families a more comprehensive picture of
what may lie ahead.

Negotiation

Generally, once the stem cells have been trans-
fused, parents feel less stressed and are able to
take in much more information. As soon as the
time is right for the parents, discussion as to how
much involvement they are either able or willing
to offer, should be negotiated. Research provides
overwhelming evidence of the benefit of parental
involvement (Gibson, 1989; Taylor & O’Connor,
1989; Cleary, 1992). Thus, for the child to receive
optimum care, he should be nursed in an envi-
ronment which actively promotes the practice of
parental involvement (Casey, 1988). Nurses need
both to recognise and to value the expertise that
the family brings to their sick child, yet it must be
taken into account that not all families will either
want, or indeed be able, to participate in their
child’s care (Casey, 1988). However, whatever the
level of parental involvement, for parents to be
effective in their child’s care, they need appropri-
ate teaching and support. Furthermore, to create
a truly effective partnership with nurses, care for
the child’s needs must be negotiated between the
child, the parents and the nurse, and then evalu-
ated. Some parents will be expert carers in terms
of their child’s ‘medical’ needs, able to perform
tasks ranging from giving oral medicines to intra-
venous medications and caring for the central line.
Others will be novices in dealing with a hospi-
talised child. Whatever the contribution to the
child’s care, it must be valued and regarded posi-
tively. For the child, the parent’s sheer presence
acts both as a support and as a buffer against
the unknown.

Thus, from admission through to discharge, the
daily planning of the child’s care will enable
parents to be involved in the ‘nursing care’ in
which they feel able to participate. Confusion
regarding role negotiation is often the source of
conflict between clinical staff and parents, ulti-
mately leading to substandard care for the child
(Coyne, 1995; Lee, 2004). Much of the confu-
sion can be eliminated by clear negotiation on a
shift-by-shift basis. If this does not happen, staff

may be unable to appreciate that parents may have
days when they feel unable to give their child’s
care or, alternatively, wish to undertake additional
roles.

Support

Both during the time leading up to SCT and
during hospitalisation it is crucially important to
provide support for parents. This can be given
in many ways, but two of the most funda-
mental are staff providing detailed and accu-
rate information and staff being freely available
to parents. The sharing of care between staff
and parents and acceptance by staff that parents
have unique knowledge of their child’s needs
empower parents who may find themselves in an
alien environment.

Support can also be offered at a very practi-
cal level. For example, some parents may find
the financial burden extremely heavy while one
or both is taking time off work, sometimes for
an extended period. In addition to loss of earn-
ings, extra expenses may be incurred, such as extra
child care for siblings, travel costs and accom-
modation fees. Funds may be available through,
for example, the CLIC Sargent Fund for fami-
lies whose child has leukaemia or cancer. For
other families, there are some charitable organ-
isations which may help with travel expenses
and holidays for siblings and families, especially
at discharge. At another level, offering simple
stress-reducing therapies, such as massage and
aromatherapy, on the unit allows parents some
relaxation which again acts as a support. Finally,
recognising the need for parents to have time out
together, while their child is cared for by a member
of staff, is perhaps one of the simplest forms
of support.

Each person’s need for support is unique,
whether it is emotional, financial, practical or
indeed a combination of all these things. The
experienced SCT team should be able to recognise
this and ensure that support is ongoing. If parents
are well supported, they, in turn, will be able to
support their child. The overall effect of this will
help ensure a good atmosphere in the ward, which
has a direct result on the well-being of the child
(Pot Mees, 1989).
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Preparation of children

No matter what role a child plays in the trans-
plant procedure (i.e. as donor, recipient or sibling),
each will have individual needs and concerns. In
order for these to be met, the preparation required
should be both age- and developmentally appro-
priate to that child. This is particularly important
for children where the recipient of bone marrow
does not have a malignant disorder and conse-
quently ‘bone marrow’ and ‘bone marrow trans-
plant’ are entirely new words and/or concepts.
Examples of misconceptions can vary from confus-
ing bone marrow with the ‘marrow bone’ which
comes in tins and is fed to dogs, to the child who
thought his brother was having a ‘bow and arrow’
transplant! Another ‘experienced’ child, having
undergone many surgical procedures for multi-
ple abnormalities, none the less thought that his
umbilical cord cell transplant meant that his ‘belly
button’ was going to be cut open to give blood
in. Words and procedures which are common
everyday experiences to SCT staff are totally new
and often bewildering to many adults, let alone
children.

Ideally, preparation of children should be a
shared family experience rather than an individual
procedure, with family members being facilitated
in the continuous process of information-giving,
questioning and support. Research indicates that
shared preparation enables family members to
better understand the experiences and feelings
each undergoes and they are therefore able to iden-
tify their role in supporting each other. For some
families, however, this may be neither practically
nor emotionally possible. The need or desire for
some individual preparation should be respected
and provided in addition to family preparation.

Psychological preparation of a child
undergoing transplant

The child who is to undergo a SCT may be a baby
with no outside experiences; a child who has had a
previously uneventful life and now needs a trans-
plant to cure an acute illness; or a child who has
had years of treatment. The needs of each child

will be unique. The preparation will be based on
their actual knowledge, and at a level appropriate
and individualised to their needs.

The key to successful preparation is to reduce the
anxiety that results from lack of knowledge. The
play specialist will be able to discover the appro-
priate emphasis and extent of preparation the child
will need pre-SCT. This preparation will be deter-
mined in the main by the child’s age, development,
knowledge and previous hospital experiences, but
the child’s need to know and consequent ability
to cope with stress have to be balanced with the
parents’ wishes. Parents may not wish their child
to be told about certain procedures or issues and
staff must always respect this. For example, ques-
tions from the child may range from length of
stay/isolation, to procedures such as insertion of
NG tubes or finger pricks or to the more complex
issues surrounding death and dying. Staff should
indicate to parents, however, that if the child asks
a direct or specific question an honest answer will
have to be given. It is a delicate area, needing sensi-
tive handling for all parties.

For the younger age group, preparation involv-
ing therapeutic play sessions using ‘models’ (e.g.
teddy bears) with a variety of Hickman® lines,
peripheral lines, nasogastric tubes in situ proves
very successful. The child is able to give medicines
either by mouth or by one of the lines, take blood
samples and change dressings, in the hope that
new and possibly painful procedures will be learnt
and coping strategies acquired. For the older child,
preparation includes the use of books showing
what various treatments look like, and handling
equipment such as Hickman® lines, syringes or
needles as well as giving accurate information.
This should help the child to formulate ques-
tions, and encourage an understanding of why
and how certain procedures will happen. Essen-
tial for all children is the ability to build up a
trusting relationship with the play specialist and
nursing staff. Without this trust, it can be diffi-
cult for the child to believe that he or she is
being told the truth and that there are no hidden
surprises.

For the teenager undergoing SCT the whole
procedure can become exceptionally stressful. In
addition to the causes of stress described earlier,
there may be additional ones linked particularly to
adolescence:
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• sperm banking;
• awareness and resentment at loss of independ-

ence and control;
• consequent dependence on parents and nursing

staff;
• concern about alteration in body image;
• concerns about changes to ‘sexual’ identity.

This last stress factor involves reactions to future
loss of fertility and the repercussions not only of
having someone else’s blood in one’s system but
also possibly the blood of someone of the oppo-
site sex (Wiley et al., 1984; Futerman & Wellisch,
1990). In the ideal setting, teenagers should have
their transplant in units which are able to provide
adequate physical and emotional care to meet
their special needs. Where this is not possible,
access and referral to approriate specialists become
important.

The general nursing preparation for the child
receiving the transplant will need to take into
account age, development, experience and need
(Table 8.2). Bearing this in mind, the methods and
details of nursing will consequently vary for each
child. The following general issues, however, will
need full explanations of what to expect and how
to cope with them.

Table 8.2 General preparation of children
for hospitalisation for stem cell transplant

For previously non-hospitalised children
Central line insertion
Central line dressing
Nasogastric tube
Gastrostomy tube
Mouth care
Hair loss
Concordance with oral medication
Finger pricks
Isolation
Altered body image

For children with experience of hospitalisation
New environment
New staff
New method of nursing
Nasogastric tube
Gastrostomy tube
Finger pricks
Isolation
Altered body image

Physical preparation of the child

Physical preparation of the child before SCT will
show slight variations between clinical units. The
most frequent pre-SCT evaluations are highlighted
here. Much of the physical preparation is under-
taken on an outpatient basis. Information is needed
to assess the child’s health and disease status
before being deemed fit enough for the trans-
plant to proceed. This also serves as a baseline
for measurement of the child’s future growth and
development following the transplant. The process
also monitors the effects of conditioning regimens
and treatment in the long term. The coordination
of physical preparation is usually undertaken by
a transplant coordinator, often a nursing role. The
physical and psychological preparation, if coordi-
nated by the same person, can allow a seamless
preparation period for the child and family. During
this time, the coordinator can introduce members
of the multidisciplinary team with whom the child
is likely to come into contact at a later date. The
child and family can also familiarise themselves
with the hospital, its routines and staff over this
period of time. It offers an opportunity for ques-
tions and concerns to be raised and dealt with as
they arise. Information overload is a threat during
this time, and support through open telephone
access to the coordinator and clear written infor-
mation will be needed to support the plethora of
information given to the family. The presence of a
third party, a named nurse or coordinator, at inter-
views and new investigations can offer support to
the family and can help in the later clarification of
information.

Physical preparation can be stressful and time-
consuming. Fear that one of the many investi-
gations will reveal an obstacle to the transplant
or indicate disease recurrence or progression is
reported by many parents at this time. Support
for the family is vital in a period of intense phys-
ical and psychological activity. In order to save
time and reduce travelling for the family, many
of the physical investigations should take place on
one day. Follow-up calls by the coordinator to the
family after such days can help the family to feel
supported and allow the opportunity to discuss
issues raised. The stress of such days should not
be under-estimated. In response to this, some units
are now offering separate days on which to address
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issues of psychological preparation for the child,
the family and, if applicable, sibling donors.

Physical preparation of the child for stem
cell transplant includes the procedures shown in
Table 8.3.

Fertility issues

The issue of fertility warrants further discussion
in this chapter as children who have undergone
previous chemotherapy may regain some fertility,
with boys retaining spermatogenesis and girls
possibly retaining a small degree of functioning

ova (Sanders et al., 1996). Before the start of the
conditioning regimen it may be possible to collect
semen from older boys and thus retain the hope of
fatherhood for them. For girls, cryopreservation of
ovarian tissue is a possibility although this sadly
remains elusive in clinical practice despite improv-
ing techniques (Grundy et al., 2001).

It is the use of conditioning regimens in SCT that
will render the child sterile. The most likely causes
of such sterility are total body irradiation (TBI) and
the use of cyclophosphamide. It has been shown
that 90 % of males who received TBI are perma-
nently azoospermatic (Sanders et al., 1989). In adult
patients it has been suggested that sperm may be

Table 8.3 Physical preparation of the child for SCT

Medical history and physical examination

• Previous treatment history• Diagnosis treatment history• Identification of other medical problems• Transfusion history• Allergy and immunisation history• Psychological and neurophysiological assessment

Histocompatibility

• Confirmation of HLA and MLC testing and selection of donor• Transfusion support planning• Determination of markers for engraftment (allogeneic patients)

Major organ assessment

• Full blood count, differential and platelets• Electrolyte assessment• Hepatitis screening• Viral assessment (CMV, Herpes simplex, Varicella zoster, Epstein Barr)• Pulmonary function• Cardiac evaluation (ECG, echocardiogram)• Glomerular filtration rate (GFR)• Chest X-ray• Nutritional evaluation• Dental evaluation (teeth with evidence of caries should be extracted before the insertion of new central
lines and should not be undertaken at the same time; this is due to the release of pathogens from the
affected teeth which may be released into the peripheral circulation and may colonise the newly inserted
line)

Tumour/disease evaluation
Central line insertion
PEG gastrostomy insertion
Sperm banking
Cryopreservation of ovarian tissue
Back-up bone marrow harvest
From child (this is collected and stored in case the donated marrow in allogeneic bone marrow transplant
fails to engraft and the child needs ‘rescuing’ from the ablative therapy of conditioning regimens)
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collected up to 30 days after the commencement
of conditioning chemotherapy. The rationale for
this time being that the life expectancy of mature
sperm in the epididymis is 30 days so, in theory,
these sperm will have matured before the onset
of chemotherapy. This extra time may be vital in
adolescent boys in the preparation time for the
collection of sperm. In girls, the damage to ova is
more devastating as females are born with a finite
number of ova and, once damaged, there is no
opportunity for regeneration (Sanders et al., 1996).
By the age of 14 most boys have entered puberty
and may be able to masturbate and ejaculate.
However, raising this subject will require great tact
and diplomacy at a time of family stress (Williams
& Wilson, 1989). Discussion of sperm banking will
need the following areas to be taken into considera-
tion: information, privacy, confidentiality, support
and follow-up (Hopkins, 1991). Discussion with
the young man will need to include why sperm
collection is necessary and this may be difficult
for the family to instigate. Discussion of a young
son’s sexuality at any time is difficult for families;
during preparation for SCT with stress already at
a high level, it may be impossible. After discus-
sion with the parents and the young man, a male
nurse or doctor may be chosen to talk in private
about the issue of sperm donation. This includes
concerns about masturbation (which in some reli-
gions may be a sensitive issue, for example, the
Roman Catholic and Jewish faiths). Masturbation
still has a stigma attached to it in western society
(Hopkins, 1991). Information as to how the sperm
is collected and stored should be discussed, with
attention being paid to the amount of information
given. The ability and comfort of the young man
to comprehend what is discussed should be clues
as to the length of such sessions.

Centres vary in their time limits of sperm stor-
age. Ten years is the average time and this means
that although provision for fatherhood has been
made, even this has a limit. This will have implica-
tions for the future for the young man involved in
deciding when to have a family. Arrangements for
longer storage will need to be considered accord-
ing to age at donation and will require negotiation
with the local sperm bank.

For some boys who undergo SCT, the issue of
sperm banking does not arise due to their age.
Taking an early morning urine sample will show

if there is any sperm present. Should there be no
sperm, it would be pointless for the young boy to
try producing a sample. However, parents should
be informed of their child’s future infertility and
the effect this may have on the family should not
be under-estimated. Although at the time of prepa-
ration for SCT the prime concern of the parents is
the potential cure of their child, issues such as loss
of future grandchildren may have future implica-
tions for some families (Heiney, 1989).

Following preparation and the decision about
sperm donation by the young man, even with
guidance and support, the collection of the sperm
may still be difficult to achieve. Masturbation,
even in a secluded room within the hospital with
sexual stimuli from magazines, may be impossible
(Hopkins, 1991). The specimen can be collected at
home, but needs to be stored within four hours,
making this option difficult. In the event of fail-
ure to obtain a specimen, psychological support
and information on other options available will be
needed by the young man. If collection is success-
ful, he will need information as to how to recover
the sperm at a later stage, and details should be
given about the length of storage time (Kaempfer
et al., 1983).

For girls, this situation is further complicated
by the current lack of technology with which to
collect and preserve ova successfully. Experimen-
tal advances in the collection of ova or sections of
ovaries have yet to prove successful in the clin-
ical setting, but there have been calls for further
ethically sound research in this area (Grundy et al.,
2001). But, for those young women faced with
infertility as a result of conditioning regimens of
SCT, counselling and advice, by trained infertility
counsellors, in order to make clear future options
should be offered prior to the preparation for trans-
plant. Recent research (Sanders et al., 1996) indi-
cates that 5 % of prepubertal girls receiving TBI or
high-dose chemotherapy prior to transplant devel-
oped normal gonadal function.

Conditioning regimens

Prior to stem cells being transfused, the child
will undergo a preparative conditioning regi-
men. Conditioning regimens vary according to
the child’s diagnosis, age, type of transplant and
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any additional research therapies which may be
introduced. The rationale behind conditioning
therapy is:

• to treat any residual disease;
• to make ‘space’ for the donor cells to grow;
• to immunosuppress the child in order to

decrease the risk of graft rejection, in the allo-
geneic setting.

To achieve these three goals the regimens may be:

• full conditioning: comprising a myeloablative
combination of high-dose IV chemotherapy and
high-dose oral chemotherapy with or without
total body irradiation (TBI);

• reduced intensity conditioning (RIC): a number of
non-myeloablative or RIC regimens are used.
One such regimen, a combination of IV fludara-
bine and melphalan, is now widely used in chil-
dren who are physiologically unable to tolerate
the expected toxicities of conventional ablative
conditioning due to significant organ damage
pre-transplant;

• minimal intensity conditioning: a combination of
IV fludarabine, a single fraction of TBI with or
without YTH 24.5/54.2 anti-CD 45 antibodies,
may be given for those children unable to toler-
ate the RIC.

The RIC was initially designed for children unable
to tolerate full myeloblative treatment due to
significant organ damage, such as compromised
airways or severly damaged lungs or gastro-
intestinal (GI) tract, as a result of either infec-
tion or previous toxic therapies. It is now also
widely used in children with immunology disor-
ders where full ablative therapy is not needed
in order to cure their disease (Amrolia et al.,
2000; Veys et al., 2005). It is hoped that future
research will show that less myeloablative thera-
pies will result in low levels of transplant-related
morbidity (TRM) and reduce long-term late effects.
Clearly the risk of using non-myeloablative regi-
mens in the malignant setting is one of relapse
where lingering malignant cells are not sufficiently
destroyed by the conditioning chemotherapy (Veys
& Rao, 2004). Further immunosuppression may
be required, particularly with the use of either
unrelated or haploidentical donors and this is
usually achieved using antithymic globulin (ATG)

or more commonly a monoclonal antibody such
as Alemtuzumab (Campath 1H). Table 8.4 outlines
the most common combinations of therapies used.

Table 8.4 The most common combinations of therapy used
in conditioning regimens

Drug therapy Type of stem
cell transplant

Disease

High-dose
melphalan +/−
Oral/IV busulphan

Autograft Solid tumours

Oral/IV
busulphan + IV
cyclophosphamide

Allogeneic Children less than 2
years old and /or with a
non-malignant disease

IV
cyclophosphamide
+ TBI

Allogeneic Children more than 2
years old with some
malignant diseases such
as AML, CML and MDS,
non-TBI regimens are
now favoured

Oral/IV
busulphan + IV
cyclophosphamide
+ IV melphalan

Allogeneic Children with JMML and
other paediatric
myelodysplasias

IV fluodarabine +
IV alemtuzumab +
IV melphalan

Allogeneic Children with some
immunology or
metabolic disorders

Due to the large doses of treatment used, any
combination of the therapies in Table 8.4 will result
in the child having some degree of nausea and
vomiting. Vomiting can range from mild to severe.
It is clear that the use of a 5HT3 inhibitor such as
ondansetron is effective in any antiemetic proto-
col. Combining this with dexamethasone seems
to elicit an enhanced antiemetic effect (Dick et al.,
1995). On a few occasions, a third antiemetic such
as cyclizine or metoclopramide may need to be
considered. Although there is little documented
research, experience has shown that babies and
young children appear to tolerate conditioning
very well and are less likely to vomit, but the
degree of nausea they experience is unknown. It
therefore seems reasonable to administer at least
a single-agent antiemetic such as ondansetron, on
a regular basis regardless of the perceived degree
of nausea and/or vomiting. This should continue
through the conditioning regimen. However, while
it is clear that a 5HT3 inhibitor is highly effective as
a chemotherapy-related antiemetic, the causes of
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emetogenicity are multiple in transplant. There-
fore, beyond the conditioning period, a structured
and systematic approach using a cascading proto-
col of different antiemetics is called for rather than
relying on polypharmacy where ‘we throw every-
thing’ at the problem (Gibson & Hopkins, 2005). If
the child’s nausea and vomiting are well controlled
from the outset, anticipatory nausea and vomit-
ing may be averted and both the parents and the
child will feel more in control and better able to
cope. This, in turn, will have a direct effect on staff
morale.

In addition to the nausea and vomiting
and the well-documented general side effects
of chemotherapy, the conditioning drugs have
specific side effects. Cyclophosphamide when
given in high doses can cause haemorrhagic cysti-
tis, although both busulphan and etoposide are
also implicated. This is caused by a metabolite
of the drug acrolein, which is toxic to the blad-
der lining. To counteract this, the child is given
hyperhydration. Nursing staff need to measure
the child’s input/output accurately to ensure that
retention of fluid, containing mesna, which reacts
with the acrolein and reduces its urothelial toxicity,
is not occurring. The child’s urinary output must
be tested for blood, the presence of which indi-
cates further hydration and/or mesna is required.
Continent children should be encouraged to void
every couple of hours to minimise bladder toxic-
ity, while nappy-wearing children need changing
frequently to minimise contact between skin and
excreted cyclophosphamide. For children wearing
nappies, the safest way of testing for blood is to
place a cotton wool ball into each nappy. The wet
cotton wool can then be squeezed on to the multi-
stix. Of note, the presence of excreted mesna in
the urine will cause a false positive of ketones on
urinalysis, due to the mesna in the urine reacting
with the ketone pad on all brands of urine-testing
strips.

It must be noted that occasionally late-onset
haemorrhagic cystitis may occur after engraft-
ment, therefore it is important that urine output
is always observed and tested, while the child
is in hospital. Treatment for haemorrhagic cysti-
tis may include hyperhydration, bladder irriga-
tion and maintaining a high platelet count. Some
success has been found with the short-term use
of oestrogen although the mechanism for this is

unclear. Late-onset haemorrhagic cystitis may have
a viral cause such as adenovirus, CMV or BK virus.

Busulphan is a drug which is available as an
oral or an IV preparation. It has been shown to
be as effective as TBI when combined with high-
dose cyclophosphamide (Lucarelli et al., 1985) in
children without a malignancy or those under 2
years of age who are undergoing rapid develop-
ment and are therefore saved from additional side
effects of radiotherapy. If taken orally, it is essen-
tial that the child is able to take and absorb the
busulphan tablets and if there is any doubt about
the child’s ability to take the dose, a nasogastric
tube must be passed for the duration of the drug
to ensure the correct dose is absorbed. For some
parents, this can be extremely distressing. If the
issue of passing the tube is approached appropri-
ately and the safety measures for the child, parents
and staff are discussed the night before commen-
cing the administration of busulphan, stress levels
can be reduced.

Research studies have shown that oral busul-
phan is significantly better absorbed if given on an
empty stomach. The best regimen is for the child
to be nil by mouth two hours pre- and a half-hour
post-dose. To achieve this, negotiation of dosing
times, within either a 12-hourly or 6-hourly sched-
ule, which suit the child and the parents is essen-
tial to ensure concordance. Extended nil by mouth
times can clearly cause some degree of distress for
both the child and the parent. It appears that busul-
phan is of a moderate emetogenicity. Therefore, it
may be preferable to give an antiemetic such as
ondansetron prior to each dose, particularly with
oral preparations, to avoid having to calculate the
amount of busulphan lost in vomit.

The main side effect of busulphan is that some
children may suffer seizures. On account of the
small chance of seizures occurring it is advis-
able for the child to remain in the unit for
the duration of the course of busulphan. Again,
experience shows that seizures are more likely to
occur in older children, or in children who have
had previous CNS problems, such as seizures or
febrile convulsions. On account of this, it may
be a good policy to give anticonvulsants to high-
risk children for a period of time surrounding
the busulphan course. The decision to give anti-
convulsants is based on an individual clinical
need alongside unit policy. Busulphan also causes
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alteration in skin colour. This is particularly notice-
able in non-Caucasian children, and on the scrotum
of Caucasian boys. For some parents this causes
concern, however, the skin colouring should return
to normal several months post-SCT. A later side
effect associated with high busulphan levels is the
occurrence of veno-occlusive disease (VOD) (Bear-
man, 1995). Nurses play a significant role in the
early detection of VOD by commencing twice-daily
weight and girth measurements at the start of the
busulphan therapy.

Fludarabine, while being highly immunosup-
pressive, is a generally well-tolerated cytotoxic
drug with a low emetogenicity. Given as a short
infusion over several consecutive days, a transient
and self-resolving rise in creatinine in some chil-
dren seems to be the only immediate side effect,
according to anectodotal reports.

Melphalan carries a degree of renal toxicity,
requiring concurrent hyperhydration. It carries
a high emetic potential, requiring appropriate
antiemetic interventions as well as a degree of
generalised gut toxicity frequently causing mucosi-
tis and diarrhoea, both of which can range from
mild to severe.

Total body irradiation (TBI) is the most effec-
tive treatment in reaching sanctuary sites (i.e. the
CNS and testes) in children with a haematologi-
cal malignancy. It is also the single most effective
immunosuppressant therapy. The unpleasant side
effects seen when TBI was given as a single dose
have been greatly decreased since the introduction
of fractionated TBI over 6–8 doses. Most children
tolerate the treatment well and an oral dose of
ondansetron before treatment is usually sufficient.

Alemtuzumab (Campath 1H) is a drug that may
be used in clinical units where children receive
unrelated or haploidentical donor marrow, or stem
cells. A monoclonal antibody is used to eradicate
recipient lymphocytes, thereby reducing the risk
of rejection. However, it also exerts a degree of T
cell depletion on the donated stem cells, thereby
reducing the risk of GVHD (Graft Versus Host
Disease). Generally given over five days, the most
toxic effects occur on day 1, when there is greatest
activity following breakdown of the lymphocytes.
The main side effects are hyperpyrexia, tachycar-
dia, headache and nausea.

If a pre-medication of IV pethidine, chlor-
phenanine, methylprednisolone and metoclopra-

mide as well as paracetamol is given 1.5 hours
pre-alemtuzumab, the toxic effects are reduced.
In some centres administering the methlypred-
nisolone up to 12 hours prior to the alemtuzumab
seems to further reduce the risk of a severe reac-
tion. The paracetamol must be continued 4-hourly
during the infusion to ensure maximum comfort
is achieved. On day 1, the alemtuzumab should
be infused slowly over 8 hours. If this regimen
of pre-medication and infusion is well tolerated,
on the subsequent days the alemtuzumab can be
infused as fast as tolerated, but no faster than
over 2 hours. In addition, if the drug is well toler-
ated, the pre-medication can be weaned down so
that by days 3–4, the child may not need any
pre-medication.

At the start of the conditioning regimen, it is
the nurse’s responsibility to both teach and explain
to the parents the safety aspects of caring for a
child receiving chemotherapy. This will include the
wearing of vinyl gloves when changing nappies,
helping with bedpans and urine bottles or vomit
bowls. The length of time recommended for the
use of gloves is seven days following the last
dose of chemotherapy. However, universal precau-
tions would include the wearing of gloves when in
contact with any body fluids at any time. No matter
which regimen is used, the two most important
aspects for nurses are:

• to be aware of actual and potential side effects
and thus be able to act effectively on that
knowledge;

• to be able to support both the child and parents.

For parents whose child is undergoing chemother-
apy for the first time, this is a new and frightening
experience. Similarly, for parents whose child is
receiving radiotherapy for the first time, the fear of
TBI may be overwhelming and a point of no return,
where they need to continue with the transplant.
Preparation for the conditioning period by rele-
vant members of the health care team is therefore
crucial.

Preparation of a sibling donor

Sibling donor preparation begins once the choice
of donor has been established. It may be that
informed consent from the child has not yet been
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dealt with because up until this point the parents
will have given consent on behalf of the donor.
In the first instance the parents, with the help if
necessary of the unit staff, will need to discuss with
the child, or children, the need to have a blood
sample taken. Preparation should include practi-
cal issues such as blood taking and understand-
ing the need for repeated blood tests. The donor
is a ‘well’ child and may have no understand-
ing of the need to be in hospital having needles
and medicine. There may be children who fear
the truth has not been told. At the same time
the donor should be prepared (if old enough and
with parental consent) for wider issues, such as
the patient developing severe GVHD, rejecting the
marrow or dying. These negative aspects can have
a huge impact on the donor and may result in the
need for ongoing support, possibly from outside
the family. The unit psychologist may well be the
best person to provide continuity of support and
long-term follow-up of the donor. Preparation of
the donor prior to admission must aim to allow
them to accept that whatever the outcome is, it is
not their responsibility. None the less, this must be
balanced with the hope that the healthy marrow
will enable the sibling to undergo transplant safely
with a positive outcome.

Once the admission date for the donor is estab-
lished, being able to address any other worries is
essential. These may range from physical concerns
to emotional fears, depending upon the age and
development of the child. Physical worries may
arise from repeated blood tests, anaesthesia and
the anticipation of post-procedural pain from aspi-
ration sites. The emotional fears in the young child
may include those of separation from family and
home even though only for a short time, to the fear
of having a Hickman line or becoming bald like the
other children on the unit. For the older child the
fear of the bone marrow not being good enough
may be a huge burden. In addition, the donor may
not want to go through with the procedure and
may be feeling guilty and frustrated (Freund &
Siegel, 1986; Lwin, 2000; Parmar et al., 2003). Some
of these fears may be lessened by being made to
feel special and important during the period of
the donor admission. As the donor is generally an
inpatient for only 48 hours, good preparation is
clearly essential. The donor should have a clear
understanding of what bone marrow/stem cells

are, where they come from, and also how they
should expect to feel and look on return to the
ward from the harvest. Being able to address some
of the deeper issues surrounding the fears of the
older donor may be difficult to achieve in such a
short time span.

During the inpatient time the donor is often
made to feel very special and receives a good deal
of attention from their parents. Once discharged,
however, both the parents may become deeply
involved in the care of the child receiving the SCT.
If the donor is the only sibling, the feelings of
isolation will increase as he or she is shut out of
the sibling’s room and away from the attention of
their parents. The sibling donor needs to be given
a gentle and tactful explanation as to why it is not
possible to go into the isolation room. If this child
is to remain a frequent visitor to the unit, contin-
ued work and involvement with the play specialist
will be beneficial (Rollins, 1990).

Ethical use of sibling donors

Thirty per cent of donated stem cells used in SCT
come from family members. Of this, a large propor-
tion comes from siblings. In adult transplants the
sibling donor is often an adult too, and is there-
fore able to understand what is required, give a
degree of informed consent and understand the
implications of donating cells. However, when the
sibling donor is a child, the situation becomes
more complex, particularly from an ethical stance.
Ethics is a branch of moral philosophy, which
aims to enquire into the rights/wrongs of human
actions. It calls professionals to consider everyday
actions and judgements but is not an examina-
tion of what is ‘legal’. Ethical theories describe the
world as it ought to be, rather than as it is. This
is not to say that ethics is purely an academic
ideal: ethical theories provide a framework, which
may contextualise principles of clinical activity.
This framework can provide a basis from which
to examine and clarify values and beliefs in prac-
tice and begin to understand the reasons behind
them (Richardson & Webber, 1995). The use of
ethics in conjunction with moral theory can offer
the experience of examining what has gone before,
evaluating events and aiding decision-making
processes for the future (Brykczynska, 1990).
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An awareness of these issues in an area of
medicine such as SCT where new and experi-
mental treatments are undertaken in an effort to
prevent a child from dying is fundamental. Of all
the members of the multidisciplinary team, nurses
often have the greatest contact with families. They
spend longer periods of time with them and
intense relationships with the child and immediate
family can form. Indeed, it may be the nurse who
first identifies and confronts the ethical and moral
dilemmas related to bone marrow transplant. How
they then deal with these issues in support of the
family will in many cases have an effect on the
final outcome of the situation. If nurses wish to
have a voice that is heard in the growing debate
surrounding paediatric SCT, and hope to be part of
the decision-making process in the future, they first
need to examine and be comfortable with their own
beliefs and values.

Two of the most common ethical issues that
confront nurses in paediatric SCT are informed
consent and the rights of donors, particularly
donors who are children. Ethically, the removal
of bone marrow from consenting adults for some-
one else’s benefit is generally permitted because it
supports the principle of respecting autonomous
choice for individuals choosing to donate and the
risks and harms do not contravene public policy.
Tissue donation is seen as a socially admirable act
that provides hope of a huge improvement in the
quality of life of the recipient (Mumford, 1998).
Brykczynska (1990) states that society expects
organs and tissues to be donated without concern
for the donor. The adult is able to make an
autonomous decision to act altruistically with the
knowledge that the outcome of transplantation
is not always good, but that their marrow may
offer a chance of survival in an otherwise poten-
tially life-threatening situation. Indeed, the high
potential benefits to the recipient and the rela-
tively low risks to the donor may make refusals
to donate morally questionable (McFall v Shrimp,
1978). Nevertheless, to force a bone marrow dona-
tion would harm the ethical values of individual
autonomy, privacy and bodily integrity (Mersel
& Roth, 1978). After all, the cost of the gift of
donating cells can be high and has been identi-
fied as a process that is not without psycholog-
ical and emotional implications (Kinrade, 1987;
Pot Mees, 1989).

Fundamental to the donor in acceptance of bone
marrow donation is respect for the autonomy of
the individual concerned. There is an absolute
requirement for the donor to provide informed
consent to the procedure. Briefly, informed consent
involves a two-part process. First, the patient
consenting to treatment should be fully informed
and understand the benefits and risks of treatment.
This information also needs to include the identi-
fication and discussion of alternatives available to
this proposed treatment. The second part of the
process involves the explicit giving of consent: this
should not be assumed through lack of dissent.
The health-care professional giving this informa-
tion should not use their power or influence to
coerce the potential donor in this decision-making
process.

There has been concern about the ability of
those to donate to give truly free and voluntary
consent (Caplan, 1993). It has been argued that it is
simply not possible for the living donor, even when
competent, to give legitimate consent. There may
be the problem of health-care professionals provid-
ing objective information when they are responsi-
ble for advocating simultaneously for the recipient
and the donor, although this can easily be over-
come by using separate teams. Furthermore, there
is the concern that family members are vulnera-
ble to an extraordinary pressure to ‘volunteer’ to
donate for fear of being blamed for failing to help.
However, this pressure may be legitimate in that it
is formed as a result of the mutual obligations that
exist between family members (Patenaude et al.,
1986). It is highly probable that the process of
donating bone marrow to save the life of a family
member would be saturated with feelings of pres-
sure, from the ill relative, other family members
and internally by the donor. But this does not
seem to be a significant objection to prevent all
bone marrow donations. However, it does high-
light the need for health-care professionals to be
cautious when accepting the consent of a rela-
tive to be harvested, to ensure that the donor is
not acting merely because of coercion, but has a
genuine desire to donate.

What, though, if the donor is below the legal
age of adulthood, as is often the case, when the
recipient is a child? Does he have the right to
informed consent and, if so, is it afforded to him
by adults acting on his behalf? Does he also have
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the right of dissent, that is, does he have the
right to say ‘No’ at any point during the time
before the marrow is collected if he feels has not
been fully informed? The moral position is less
clear when considering the position of children
who are unable to give their consent and exer-
cise their autonomy. An attempt to save a life
is clearly a morally commendable thing to do
that is applauded by society. When it is discov-
ered that a child within the family is a match
for the sick child requiring an SCT, the news is
greeted with relief and joy. A potential lifesaver
has been found close at hand and often the trans-
plant procedure commences without further ado.
But what of the rights of the sibling donor? Chil-
dren may be unable to demonstrate the necessary
understanding to provide their consent, to such an
extent that the issue of child autonomy is much
more complicated. The moral defence of altruism
is no longer relevant, as to force someone to act
altruistically somewhat defeats the nature of gift
giving. Furthermore, gift giving is not as simple
as it may appear. It involves a three-stage process
of giving, receiving and repaying (Mauss, 1967,
cited in Brykczynska, 1990). In donating marrow or
peripheral stem cells, there is no exchange of gifts
but just one person giving to another. In receiving
cells from a sibling, a child can never adequately
repay such a gift, yet how does he or she know
when that debt has been repaid? For the child who
donates, more than a donation of marrow/cells is
involved. Indeed, the survival and future function-
ing of a family are included. Giving such a gift is
accompanied by feelings of responsibility for both
the recipient’s life and possibly death. A young
child is rarely in a position to refuse offering such
a gift to a sick sibling and so the question arises,
when does the responsibility stop?

The moral implications of the use of children as
bone marrow donors can be explored using two
theories that are particularly prevalent in contem-
porary medical ethics: deontology and utilitarian-
ism. The predominant deontological theory is that
proposed by Immanuel Kant whose ultimate moral
principle was to ‘act so that you treat human-
ity, whether in your own person or in that of
another, always as an end and never as a means
only’ (Kant, 1997). Kant’s idea implies that we
must never use people to achieve our purposes,
regardless of how good the purposes may be. With

regards to children being used as donors of bone
marrow, it would appear that we are in danger
of violating this principle. It could be claimed that
the child is being used merely as a means – their
body parts are removed from them in order to
benefit another. For individuals with this strong
viewpoint, bone marrow donation by children who
lack the autonomy to decide for themselves may
be morally impermissible.

For the utilitarian, morality requires that in
deciding what to do we should act so as to
bring about the greatest amount of happiness for
all those affected (Rachels, 1999). The child who
survives, his parents, siblings, friends and relatives
will all be made happier if the bone marrow trans-
plant is successful. In this context, utilitarianism
would support bone marrow donation by minors.
Month (1996) uses this argument and states that the
donor sibling is, in effect, saving the family from
the trauma of losing one of its members, stating
that the loss of a sibling is potentially more harmful
than the physical risks of donation even when the
sibling is too young to have formed an emotional
bond with the recipient. His evidence is based on
psychological research relating to children whose
siblings have died rather than sibling donors of
SCT, so can parallels be drawn? However, adopt-
ing a utilitarian philosophy cannot fully answer
the problems encountered in bone marrow trans-
plantation. Primarily, we need to consider what
the effect will be if clinicians allow the procedure
and it fails. There is a very slight chance that the
donor will die during anaesthetic, and the parents
will face the possible death of two of their children.
More probable is the possibility that the recip-
ient will die during transplantation. The family
subsequently will be surrounded by unhappiness,
and there is a possibility that the sibling donor
will be damaged by the consequences of donating.
Research has shown that the child may feel guilt
that he could not save his sibling and develop a low
sense of self-worth related to feeling that his bone
marrow was inadequate (Mahon & Page, 1995).

With regards to the negative effects on the donor,
it has been proposed that with appropriate infor-
mation and support, the impact on the child can be
reduced and even if the transplant is unsuccessful,
the donor can be left with positive feelings from
the experience of giving and sharing. Furthermore,
even if the transplanted child dies, the parents may
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gain some comfort in the knowledge that they did
all that they could to save their child (Savulescu,
1996). Additionally, a major problem with adopt-
ing the utilitarian approach is that if we are saying
that it is justifiable to harvest a minor for the bene-
fit of his sibling because it maximises happiness,
why stop there? Why not harvest all children for
the benefit of any member of society? Donating
to an unrelated individual who may die with-
out the transplant will increase overall happiness
along the same lines. Furthermore, one of the main
components of utilitarianism is the idea of impar-
tiality (Mill, 1972). In determining the happiness
that is caused, no one’s happiness or unhappiness
is more important than anyone else’s. Adopting
such a principle means that we should ignore the
significance of family relationships. Surely most
people would question whether it was justifiable
to subject a child to harm to save the life of a
person whom he did not know? This is not even
a risk that we impose on consenting adults, so it
surely cannot be the guiding principle in the care
of children. For any moral justification for children
donating their bone marrow to their siblings seems
to be related in some way to the fact that it is
their sibling, and not someone unknown to them.
Whether or not it is morally acceptable to use a
child as a bone marrow donor can be seen to be
somewhat controversial when applying the tradi-
tional principles of contemporary medical ethics.
Why then is bone marrow transplantation between
children a procedure that has become so read-
ily accepted? The importance of the relationship
between family members has been examined to
see whether parents are justified in allowing their
healthy child to be used as a bone marrow donor
(Friedman Ross, 1993).

The nature of the problem of bone marrow dona-
tion between siblings is whether it is right to place
a healthy child at risk for the benefit of an ill child
(Dwyer & Vig, 1995). Parents are called upon to
settle the conflict between the interests of their
two children. They are deprived of the opportu-
nity to take the course of action that serves the best
interests of each of their children and are faced
with the challenge of resolving a situation where
there are competing claims that cannot simultane-
ously be met. Such conflict is common in everyday
family life, where parents are frequently expected
to balance the interests of one child against those

of another. In such instances, parents are required
to solve the conflict by responding to the children’s
competing needs, taking into account the differ-
ence in the urgency of each child’s claims. As a
result of this process, parents frequently deprive
their children of rights and exercise their authority
over their children in ways that would be unac-
ceptable in other contexts. The evolutionary devel-
opment of parents’ rights to raise their children as
they consider best is based on the assumption that
they have natural affections for their children and
a shared interest in promoting each member of the
family’s well-being.

The relationship of the family is seen therefore
as a moral one rather than a biological one (Schoe-
man, 1980). Within the family the child is depend-
ent upon the adult for emotional and material
needs and the adult is dependent on the child
for a unique form of intimacy. This intimate rela-
tionship is suggested as the primary reason why
adults choose to become parents (Schoeman, 1980).
Consequently, parents have a responsibility to
provide opportunities for their children to develop
identity, character and meaning (Schoeman, 1985).
Society predominately considers that it is in the
child’s best interests to live in his or her own family
and so we give the family some flexibility to allow
them to flourish as a functioning, integrated unit.
Thus the family is awarded rights of privacy and
family autonomy. To foster intimacy and trust, the
family requires considerable privacy. This right to
privacy means that parents are entitled to raise
their children without the scrutiny of others in soci-
ety, except in exceptional circumstances. Families
require a wide degree of autonomy to promote the
relationship between the child and the parent that
is essential for the child’s moral development.

It is the concept of ‘family autonomy’ that has
been suggested as forming the moral justification
for bone marrow transplantation between children
(Friedman Ross, 1993). The decision to allow one
child to donate tissue to a sibling is seen as morally
permissible provided there is an ongoing intimate
relationship between the parents and the child.
Schoeman (1980) proposes that important ends are
served by allowing parents the right to decide
important issues for their family members, even
if this is in conflict with the interest of the indi-
vidual family members. The concept of family
autonomy provides the parents with the freedom
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to consider using their healthy child as a bone
marrow donor for their sick child, to promote the
well-being and functioning of their whole family
and to instil in the child the ability to consider the
wider implications of his actions on others. Inter-
ference in family autonomy should be limited to
situations where the family’s actions will cause the
child harm or neglect. Hence, the right to privacy
and family autonomy is not absolute. Nevertheless
serving the interests of a family cannot always be at
the expense of an individual’s self-interests. Fried-
man Ross (1993) believes that family autonomy is
constrained by the principle of respect for persons,
but not respect for the rights of the person. She
suggests that with regards to children, we show
respect for him or her as a person by acting so
that we promote conditions that will help them
to achieve the capacity to act autonomously. She
refers to the Aristotelian concept of flourishing,
and subsequently concludes that parents can allow
their children to be donors so long as they do
not reduce the child’s ability to act autonomously
and they promote the child’s capacity to flour-
ish in other ways. If the donation is inconsis-
tent with respecting the child as a person, parents
should be prevented from allowing it to proceed.
The ascertainable wishes of the child should be
considered.

The role of the nurse in the ethical debate
surrounding sibling donors is complex. Appro-
priate education regarding the issues involved
in marrow donation is a key factor in informed
consent (Downs, 1994). The nurse can be seen as
the family’s advocate in providing for, assessing
and supporting the family and the child in his
decision to donate marrow. The sibling donor will
for a short while be a patient afforded the same
rights as his sick sibling in accordance with the
Children Act (Department of Health, 1989; Scot-
tish Office, 1995; Department of Health and Social
Services, 1995). If a sibling donor should disclose
doubts about donating marrow to his sibling, the
ethical and moral duty of the nurse is to the sibling
donor. Should the child receiving the marrow die,
the nurse has a duty to understand the needs of
the donor and the family by coordinating care and
identifying families at risk.

Nurses need to be aware of the current ethical
decisions concerning paediatric SCT if they are to
support the family in their time of stress and reach

a decision regarding the use of one child to help
another. In addition to the nurse using her skills in
communication, if she is to act as an advocate for
the child and family, she needs to be clear, in her
own mind, about the value of helping the child to
reach informed consent. Nurses should formulate
and be comfortable with their own ethical opin-
ions and be happy to act on them (Vogel-Smith,
1996). The support offered to the sibling donor
incorporates the guidance of child psychologists
and skilled play specialists, in sessions both as a
family and as an individual; to ensure the child is
fully informed of what donation entails, and that
as an individual rather than as a child, they are
happy with the decision to proceed.

Saviour siblings

A donor option, which has been highlighted in
the press in recent times, is the choosing of an
embryo, via in vitro fertilisation, which is both a
tissue match and disease-free (in the case of the sick
child having a genetic disorder) (Alby, 1992). The
cord blood can then be used in an attempt to save
the sick child. Ethicists believe that the concept
of choosing a ‘saviour sibling’ could deprive the
donor infant of the right to autonomy. In addi-
tion it could be argued that the child could be
blamed for not succeeding in his ‘mission’, that is
in the saving of his sibling’s life (Cheema & Mehta,
2004). On the other hand there are debates that to
choose a child/embryo for a specific reason can
be more acceptable a reason than other causes for
which babies may be born. Furthermore it might be
argued that embryo selection for HLA matching to
save a life is more justified than, say, choosing an
embryo for gender selection. In the UK, the author-
ities (HEFA, the Human Embryonic Fertilisation
Authority) have addressed the issues surrounding
‘saviour siblings’ with caution, and have a strict
criteria for selecting embryos to be used as donors:

• The condition of the affected child must be seri-
ous or life-threatening.

• The embryos themselves must be at risk
from the condition which the existing child is
suffering.
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• All other possibilities of treatment and sources
of tissue for the affected child should have been
explored.

• The technique should not be available where
the intended recipient is a parent.

• Only cord blood should be taken.
• Appropriate counselling is a requirement.
• Embryos may not be genetically modified to

provide a tissue match.
(Leather, 2003)

Preparation of non-donor siblings

Initially, all children in a family will have under-
gone blood tests to determine their tissue type and
suitability to act as a donor. For the child who is
not a ‘match’ various feelings may emerge. On the
one hand, there may be great relief in not having to
undergo any further tests. On the other, there may
be feelings of guilt and anger at not being able to
be included in the transplant process (Patenaude
et al., 1979; Eiser, 1993). Furthermore, exclusion
from the physical process means the exclusion of
the ‘healthy’ children from their parents. In cases
where both parents wish to be with their sick child,
siblings are often sent to other family members.
Visiting may then only occur at weekends when
the children may only have minimal access to
their parents. In the two different environments
of hospital and alternative ‘home’, siblings may
well feel a loss of control over what they can do,
and restrictions not previously experienced may
be placed upon them. The joy at being with their
parents at the weekend may be lost if the parents
are too worried or tired to provide the attention
that is needed (Eiser, 1993).

With these issues in mind, the setting up of a
sibling support group can prove enormously bene-
ficial for all the siblings of children undergoing
SCT. This special time given to siblings allows
them to mix with other children in the same posi-
tion, thus enabling them to share their feelings
and act as a support to each other. In addition, it
provides an outlet for possible feelings of frustra-
tion, guilt and anger (Patenaude et al., 1979; Kramer
& Moore, 1983; Freund & Siegel, 1986). Although
the play specialist has a key role in the preparation
and ongoing emotional support of all the children,
it is by no means exclusively his or her role. When

the psychologist, ward nurses and the play special-
ist combine their skills and time to work together,
the emotional needs of both the child undergo-
ing SCT and the siblings will be met (Harding,
1996).
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9 Collection and Infusion of Bone
Marrow, Peripheral Blood Stem
Cells and Umbilical Cord Cells

Nikki Bennett-Rees and Sian Hopkins

Collection of bone marrow

The method of collecting bone marrow from a
donor is an individual procedure that varies from
unit to unit. However, the principles remain the
same for both adult and child donors and these are
described below.

The donor is admitted to hospital the day before
the bone marrow is collected. A routine pre-
operative physical evaluation is carried out in
preparation for an anaesthetic and consent for the
procedure obtained. The collection of bone marrow
is undertaken in an operating theatre using a ster-
ile technique and lasts 30–90 minutes. The donor is
laid in the prone position to allow aspiration from
the posterior iliac crests; in cases of poor collec-
tion from this site the patient may be turned and
the anterior iliac crests and possibly the sternum
used. Epidural anaesthetics have been used in bone
marrow collections, though not in situations where
marrow collection from the iliac crests is likely to
be insufficient and the sternum used.

Two or three skin punctures are made at the
chosen site of collection. The marrow is then

aspirated in 5 ml aliquots using multiple penetra-
tions with the aspiration needle being redirected
to a new area of bone as needed. The aim of using
only two or three skin incisions and stretching the
skin across is to minimise scarring.

The collected marrow is then injected into a
blood transfusion pack containing anticoagulant.
The total amount of bone marrow aspirated varies
in each case and is calculated during the proce-
dure by measuring the number of nucleated cells
in a sample of marrow and estimating the required
amount of bone marrow needed to supply an
adequate number of stem cells to ensure engraft-
ment. The marrow is then filtered through a series
of fine mesh filters in order to remove fat, bone
and fibrin clots. If required within the next 72
hours, the marrow will be stored at 4�C. Longer
periods of storage at this temperature result in
stem cell death. If the marrow is to be trans-
fused after this time (as in the case of autologous
marrow and cord blood), then it will be cryo-
preserved (marrow from unrelated adult donors
should not be cryopreserved except in extreme
circumstances). For effective cryopreservation, the
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cryopreservative, dimethylsulphoxide (DMSO), is
introduced; this involves DMSO being added to
the marrow, which is then frozen in liquid nitro-
gen, liquid nitrogen vapour or mechanical deep
freezers.

The freezing process can have an adverse effect
on the marrow. If frozen too quickly, damage to the
stem cells may occur, ice crystals may form in the
bags and the freezing process acting on different
metabolic processes in the cell may cause disrup-
tion to the cell and result in cell-toxic metabo-
lites forming. Large quantities of marrow may be
divided into smaller bags in order to allow uniform
freezing at a controlled rate; this is also valuable
if one bag is rendered unusable in the freezing
or thawing process as some marrow is still avail-
able for re-infusion. Marrow preserved in this way
can be used up to five years following donation
but the use of DMSO carries some risk for the
patient; this is discussed in the section on transfu-
sion of the marrow.

On completion of the harvest, up to a litre of
bone marrow may have been aspirated from the
adult donor (less from children). In preparation
for this the donor may have given some of their
own blood to replace that lost in the collection
(autologous blood). This is preferred as it reduces
the risk of transfusing white cell antibodies from a
third party. Haemoglobin levels are assessed prior
to discharge and the need for further transfusions
are made on an individual basis.

On return to the ward from the operating theatre
the donor will require the same post-operative
care as any patient after a general anaesthetic.
Other specific post-operative care involves assess-
ing the puncture sites for haemorrhage. If haem-
orrhage occurs it is usually slight and can be
controlled with the application of pressure dress-
ings to the puncture sites. Donors should be made
aware that the skin incisions will result in scarring,
although small and not visible during everyday
life. The dressings covering the puncture sites can
be removed after a few days and left exposed if
the wound is clean and dry.

Discomfort is the most commonly reported side
effect of donating marrow. Following donation,
physical discomfort from the puncture sites may
require oral analgesia for a few days and slight
stiffness may be experienced on walking up stairs
and, for adults, driving is reported to be difficult.

Donors are advised to mobilise as soon as possible
following donation, to prevent severe stiffness. For
young children this is rarely a problem, though
older patients whose bones are denser may find
mobilising quite difficult initially. The donor is
often fit enough to leave hospital the following day
and rarely requires any further medical or nursing
intervention. He or she may, however, feel a little
lethargic as a result of the anaesthetic and should
not return to work or school for a few days follow-
ing the bone marrow collection. If the donor’s
haemoglobin is on the low side, they may receive
an oral iron supplement to take until normal levels
are restored.

On discharge from hospital, advice should be
given on recognising the symptoms of complica-
tions that may need medical attention. Such prob-
lems may include persistent pain and signs of
infection (discharge, pain and fever). Written docu-
mentation of the expected recovery time, signs
and symptoms of complications and the telephone
number of a person to contact, are useful and rein-
force the verbal information given on discharge.

Complications of donation

The long-term sequelae of unrelated adult donors
are not well documented. Most registries maintain
contact and offer support to unrelated adult donors
for a period of time after donation, this may be up
to a year. Details of the welfare of the bone marrow
recipient may be passed on in brief. In exceptional
circumstances, the donor and the recipient may
meet. In such cases both parties receive counselling
to prepare for the emotional effects this may have.
Complications following donation are very rare
but reports exist of physical complications ranging
from haematomas to persistent back problems and
continuing pain from the aspiration sites.

Collection of peripheral blood stem
cells (PBSC)

What are stem cells?

All blood cells are produced in the bone marrow
and released into the peripheral bloodstream as
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required at various stages of maturity. Mature
cells all originate from one cell type, known as
the pluripotent stem cell. These are unlike other
blood cells as they have the ability to repli-
cate in unlimited numbers and can also differ-
entiate into whichever mature cells are required
(Walker et al., 1994) (Figure 9.1). As shown in
Figure 9.1, there are several lines of haematopoi-
etic precursor cells arising from the pluripotent

stem cell. The cells, which are commonly counted
at the time of harvest, are the colony-forming
units, granulocyte–macrophage (CFU-GM) that are
committed to the neutrophil line. Burst-forming
units–erythrocyte (BFU-E) are another indicator of
the presence of haematopoietic stem cells. There
are, however, only 0.1 % of CFU-GM cells circu-
lating at any one time, although 98 % are found
in the bone marrow (Fliedner & Steinbach, 1988).

Figure 9.1 How different white cells develop.
Source: Roberts (1994).
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In order to mobilise stem cells into the peripheral
circulation it is necessary for the child to have a
dose of non-stem-cell toxic chemotherapy, and a
short course of daily colony-stimulating factors.

Mobilisation of PBSC in the autologous
or allogeneic setting

The physical and psychological assessment of the
child undergoing autologous PBSCT is similar to
that previously mentioned. An important aspect is
the indication of normal renal function; this will
be required prior to the high-dose chemotherapy,
as reduced renal function may cause complications
due to the delayed excretion of the cytotoxic drugs
used, especially melphalan.

Stem cells must first be mobilised from the bone
marrow into the peripheral circulation in order to
obtain a good yield. This is usually achieved by
the administration of a non-stem cell toxic drug,
such as IV cyclophosphamide, approximately 10
days before the harvest is anticipated. This induces
a degree of myelosuppression, which, in turn,
encourages new growth of the stem cell popu-
lation. Given alone, this can increase the GFU-
GM population by 10–18 times its previous level
(Korbling, 1993) and BFU-E levels can increase
eight-fold. With the addition of a haematopoietic
growth factor, such as G-CSF, GM-CSF or IL-3, this
can increase to as much as 370 times (Fliedner &
Steinbach, 1988).

A daily injection of growth factor, usually
G-CSF, is given subcutaneously for approximately
10 days commencing the day after the cyclophos-
phamide. There exists some discrepancy between
units at present as to which is the most effective
protocol to use. Although the dose of cyclophos-
phamide is relatively low, many units routinely
give a dose of mesna and a minimum of four
hours post-hydration to prevent the risk of haem-
orrhagic cystitis. An effective antiemetic, such as
metoclopramide/ondansetron ± dexamethasone,
is also recommended to prevent nausea and vomit-
ing. The child will need to be in hospital as a day
case, although some units prefer an overnight stay.
The injection of growth factor can be a daunting
prospect for the child and the family as up to this
point, it has been possible to give most medicines
either by mouth or painlessly through an existing

central line. It must be explained fully that the most
effective way of giving this particular drug is by
subcutaneous injection; there is the advantage that
the child can remain an outpatient or, even better,
have the treatment at home.

There may be a family member willing to learn
the technique of giving the injection but if this is
not an option, it can usually be arranged for a
paediatric community nurse or practice nurse to
administer the G-CSF, thus keeping hospital visits
to a minimum. Some children may prefer such
procedures to be undertaken by nursing staff; and
there are some who trust only themselves. One
such patient refused to let anyone give him any of
his injections. Instead, he preferred to practise on
his favourite toys and an orange, and completed
the full course with the help of some ethyl chlo-
ride spray. Each unit will have its own policy and
regulations for the administration of injections at
home. Often the first injection, if not the first two
or three, will need to be given under supervision
either in hospital, or at home.

For those parents who wish to give the injec-
tions, various booklets and videos available from
drug companies, which produce growth factors,
can enhance education given by nursing staff to
support them in this role. Hospital play specialists
are skilled in helping both parents and children
with these procedures by the use of dolls or
puppets in the play setting. Most families will opt
to have injections given at home, and will indeed
succeed in this, with support and education. The
use of an ethyl chloride spray for the child over 5
years can be of considerable help, and EMLA or
ametop cream is also thought to be of use in some
cases, although there is some doubt about its anaes-
thetic effect below the skin. For some children,
the use of EMLA cream has been seen to be of
psychological benefit. Children may have an insu-
flon inserted, which should last for seven days,
thus reducing the need to have daily needles, in
order to give the GCSF.

Venous access

Approximately 8–10 days following cyclophos-
phamide administration, a full blood count should
show a significant increase in the neutrophil popu-
lation, indicating an appropriate time to commence
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the cell harvest (though approximately 10 % of
the general population will never mobilise enough
stem cells, especially if they have received several
intensive courses of chemotherapy prior to the
stem cell harvest). In order to achieve the cell
harvest, a temporary rigid double lumen leuko-
pheresis line will be inserted under anaesthetic
(Vaux, 1996), as the existing central venous line is
unlikely to be sufficiently rigid or to have a wide
enough bore to withdraw the required amount
of blood volume without collapsing. The tempo-
rary line may be inserted into any of the follow-
ing veins: subclavian, internal jugular or femoral.
If a new line is necessary, the child must have a
full explanation of why it is needed and be well
prepared both for the line itself and a general
anaesthetic.

The related or unrelated donor will have gone
through the same stringent medical and psycho-
logical assessment and preparation as the donor
of bone marrow. In order to mobilise the stem
cells into the peripheral circulation the adult donor
requires a five-day course of subcutaneous growth
factor (GCSF) and the donor’s GP or practice nurse
usually gives this. However, in the case of a parent
being the donor, it may be possible to give the
injection on the ward where their child will be
having treatment. The donor will require a daily
full blood count to ensure that the total white
cell count is rising. While in the neutropenic child
GCSF seems to have few side effects, in the healthy
adult reports of flu-like symptoms with joint pain
are common. Usually a regular dose of parac-
etamol is sufficient to take the aches and pains
away. For the adult donor venous access is usually
through two wide-bore cannulas, one in each ante-
cubital fossa to allow from one site the removing
of blood and through the other arm the return of
the cells which are not needed.

Stem cell collection

Although much of this can be achieved on an
outpatient basis, it can be a frightening procedure
if not fully understood especially as the cell separa-
tor machine is large. At a convenient time prior to
the first collection, the child and the family should
visit the department, see the machine and meet the
nurse or technician who will be involved in the

harvesting process. It is sometimes helpful to see
another patient connected to the machine as rein-
forcement of the explanation and reassurance that
it really is a painless procedure. Ideally, a nurse
and/or play specialist whom the child knows well,
should stay with them for at least the first part of
the collection until the child feels settled. In some
hospitals, the machine may be transported to the
child’s bedside, which may help to reassure them,
but in many units, the machine is in a separate
department, which may be more unsettling. Once
venous access is achieved, the stem cells can be
collected using an apheresis process through a cell
separator machine. This is often a COBE Spectra,
which is the most suitable for use in small children.
The machine removes blood from the child via
the leukopheresis line, spinning it in a centrifuge.
The machine will have been programmed to sepa-
rate the blood into the different layers of red
cells, white cells and platelets in the buffy coat,
and plasma according to density. The buffy coat,
containing the mononuclear cells, is then trans-
ferred into a collection bag while the remaining
blood is returned to the patient. This process takes
2–4 hours to complete and it may be necessary to
repeat it for 2–3 days, although one day is usually
sufficient. It is necessary to prime the lines in
the cell separator machine before commencing the
collection process. A saline solution is usually used
for this but for children weighing less than 30 kg,
it is necessary to prime the machine with blood to
prevent shock developing from the sudden loss of
blood volume. The packed red cells used should be
fully cross-matched, CMV-negative and leukode-
pleted (Vaux, 1996). To prevent blood in the collec-
tion tubing from clotting, an anticoagulant, acid
citrate dextrose (ACD) or heparin, is added, a small
amount of which will be received by the patient
in the return line. The citrate inhibits normal coag-
ulation by binding to ionised serum calcium and
can therefore reduce blood calcium levels result-
ing in hypocalcaemia, also called citrate toxicity
(Hooper & Santas, 1993; Purandare, 1994). The
first signs of hypocalcaemia are often numbness or
tingling of the peripheries, particularly the nose,
ears, fingertips or toes (Walker et al., 1994). This
effect is rapidly reversed at onset with the adminis-
tration of IV calcium gluconate or calcium chloride.
If it is not treated with the onset of symptoms,
the child may complain of painful muscle spasms,



130 Haematopoietic Stem Cell Transplantation

particularly in the hands or feet which may lead
to muscle twitching and convulsions (tetany).
Cardiac arrhythmias may also be present. In some
units, the donor/patient is encouraged to drink
plenty of milk before and during the harvesting
procedure to help boost the calcium levels in the
blood, although this will only have a gradual and
ongoing effect and will not help when levels are
already low. When any of the above symptoms
are noticed, the cell separator machine should be
slowed down to a level tolerated by the patient.

Another side effect, which may be seen during
this procedure, is hypovolaemia, particularly when
the child is first connected to the machine. As
previously mentioned, it is necessary to prime the
lines with blood for low-weight children, and 0.9 %
sodium chloride for older children or adult donors.
Baseline observations of pulse and blood pressure
should be recorded. The platelet count can drop
significantly after apheresis as the platelets may
stick to the apheresis machine and not be returned
to the patient (Hooper & Santas, 1993). A baseline
blood count should be taken prior to apheresis and
a platelet transfusion may be required if the level
is less than 50×109/l.

On completion of each collection, a blood sample
is taken to ascertain the stem cell concentration.
This is usually counted initially by the number
of mononuclear cells or CD-34 antigen-positive
cells, which gives an adequate indication of the
number of stem cells in the collection (CD-34 anti-
gen is found on the surface of early progenitor
cells). Although CD-34 antigen-positive cells do
not measure the pluripotent stem cell, a count
greater than 5×106/kg is said to be adequate for
successful engraftment (Vaux, 1996). The number
of mononuclear cells required for engraftment is
thought to be in the range of 3–108/kg bodyweight
(Vose et al., 1993).

Due to the length of time the procedure takes,
it will be necessary for distraction therapy to be
arranged to relieve the boredom for the child. This
should be planned with the child in advance of the
procedure. Some children may be quite content to
watch a video or play computer games, but some
will prefer interactive board games, which can be
played with parents, the play specialist or a nurse
as available (Hooper & Santas, 1993; Vaux, 1996).
Following completion of the stem cell harvest the
child may either be discharged home for a short

period or may continue immediately with the
conditioning regimen and the re-infusion of cells.
For the adult donor suitable books/videos/music
or even work should be organised before being
attached to the machine. Following the final collec-
tion (depending on the cell dose harvested, there
may be collections on one or two days), the cannula
will be removed and the patient discharged.

Should the conditioning therapy and re-infusion
of cells occur within a few days, the harvested
stem cells need only be refrigerated until the child
is prepared for re-infusion. If the cells are to be
re-infused at a later date, the cells require the
addition of the cryopreservative, DMSO, and be
stored frozen in liquid nitrogen at approximately
−200�C (Vose et al., 1993). Conditioning regimens
vary according to the underlying disease and may
be over one day, i.e. melphalan, or as long as six
days, i.e. BEAM (BCNU, etoposide, melphalan and
cytarabine). This will be one factor, which pre-
determines the need for cryopreservation of the
stem cells prior to re-infusion.

There are significant differences between the use
of peripheral stem cells and bone marrow cells for
transplant purposes, as shown in Table 9.1.

Collection of umbilical cord
blood cells

Worldwide there are many active public donor
cord banks. Usually cord blood is collected from a
‘volunteer’ donor during or after the third stage of
labour after the healthy infant has been delivered
(i.e. cells are collected either before placental sepa-
ration or the placenta is delivered). Opinions vary
as to which of these two occasions allows for the
greatest yield of cells. The collection of cells must
be a painless procedure, which does not interfere
with, or change the delivery of, the infant. The cord
is clamped, cleaned and the umbilical vein is then
cannulated and the sample collected into a blood
transfusion bag containing an anticoagulant. The
sample may then be stored in a refrigerator for
a few days or frozen in DMSO (Apperley, 1994).
Red cell depletion of the UCB is used in some
units, but as the sample is often small (approxi-
mately 100 mls) this is not thought necessary by
all units. Extensive screenings of both the donor
mother and the cord cells are performed prior
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Table 9.1 Comparison of stem cell and bone marrow harvesting

Peripheral stem cells Bone marrow
Harvesting is painless. Harvest site may cause discomfort.
General anaesthetic is required to insert rigid central venous access line. General anaesthetic is required.
Can be collected with the child as an outpatient (in older children who

can cope with collection using peripheral venous cannulation).
A short inpatient admission is necessary.

Stem cell collection may need to be carried out more than once, the
sessions last 2–4 hours.

Bone marrow is harvested in one session, the
session may take up to 2 hours.

Each stem cell collection requires laboratory time and cost; adequate
storage space is essential.

Bone marrow can frequently be re- infused
within 24 hours.

A suitable cell separator machine and trained nurse or a technician are
required, allowing for the treatment of very small children needing
specialist paediatric care.

A fully equipped and staffed operating
theatre is required for a potential of 2 hours.

to any information being released to transplant
centres. In addition to the screening carried out on
other bone marrow/PBSC donors, the cord blood
is also screened for:

• genetic screening, in particular, for famil-
ial inherited haematological/metabolic and
immunological disorders;

• culture for bacterial or fungal contamination;
• total nucleated cell count with differential

including mononuclear cell count and nucleated
red blood cell quantitation (Wall, 2004).

The anonymity of the donor and family in cord
blood banking means that there is only one chance
to obtain cells. Therefore there is no chance of
returning to the donor for extra cells in the case
where the child either fails to engraft, or has low
levels of engraftment. The units of collected cord
cells are cryopreserved and at present may be
stored for up to 10 years.

Issues surrounding umbilical
cord banking

Cord blood banks have been set up and are
successful in finding donors for children in whom
other sources of stem cells have not been avail-
able. Donation of a child’s cord cells to a national
bank is an act of beneficence by the parent to
society as a whole. In donating their child’s cells
parents sign away any later claims that they could
use the cells, should the need arise, for the child
who was the donor. Over the last few years there
has been an increase in the number of private

cord blood banks who will collect, store and save
cells, for a fee, in the event that the child may
develop a disease requiring a stem cell trans-
plant. With the advent of private cord banks there
is the chance that fewer parents will donate to
national banks thereby reducing the numbers of
available cells for both children and adults need-
ing stem cell transplants. As in many areas of
medicine, there are both advantages and disad-
vantages in using umbilical cord blood stem cells
(Table 9.2).

Bone marrow/stem cell infusion

Harvested cells will remain ‘fresh’ at room temper-
ature for at least 72 hours but they should be
infused as soon as both the cells and the recip-
ient are ready. Delays from time of harvest to
infusion occur if the donor is much older and
larger than the recipient or has a different blood
group. In either of these cases the marrow will be
plasma-depleted and the red cells removed respec-
tively. Alternatively, stem cells from an unrelated
donor may undergo a degree of T cell depletion,
however, this seems to be a technique, which is
now seldom used.

The aim of T cell depletion of stem cells is to
remove the cells responsible for causing transplant-
related complications, especially GVHD. In remov-
ing all the T cells, however, the risk of graft rejec-
tion, or indeed the risk of leukaemia relapse, is
increased.

Inevitably, the day on which the harvested cells
are infused is one of mixed emotions for all the
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Table 9.2 Advantages and disadvantages of the use of cord blood

Advantages Disadvantages

Greater availability of stem cells from ethnic minority groups. The donor initially will be unable to donate further cells.
Cord blood less likely to contain viruses. Second transplants are impossible.
Shorter preparation time of patient. Screening for all genetic disorders is impossible at birth.
Banked cord blood reduces the search time for a donor;

practical financial implications are involved.
Little evidence of GvL is shown in UCBT, therefore its use in
children with leukaemia is uncertain.

family. There may be a sense of relief that the cells
have been safely harvested whether from a sibling
or an unrelated donor, while there can be feelings
of both optimism and trepidation about the actual
infusion. If the cells have been freshly harvested
from a sibling, parents will want to spend time
with both the donor and the recipient and may
experience a swing of emotions relating to the situ-
ation of each child. Although the harvested cells
need to be infused as soon as possible, if it is from
a sibling donor both parents and the donor may
need to be given some time to gather themselves
and prepare for the next stage of the infusion itself.

Once the cells arrive on the unit, the recipient,
donor and parents appreciate being able to see the
bag of cells before it is attached to the ‘giving set’.
However, seeing the cells can be something of an
anticlimax as it looks like a normal bag of blood,
or in the case where the red cells are removed, the
cells are a yellowish colour and look like platelets.
Nonetheless, it is not uncommon for the parents
to take a photo of the donor holding the bag of
cells, to record this achievement. In a recent case a
mother had difficulty in pinpointing exactly why
she took photographs, but felt that it marked ‘a
new beginning’.

If the cells have not undergone processing the
child should not require any pre-medication. If
there is an ABO incompatibility or a large volume
of cells, the cells will have been red cell and/or
plasma-depleted. A pre-medication of IV chlor-
phenamine may be given to ensure any risk of
reaction due to the processing is reduced. Depend-
ing upon the volume of the cells to be infused, or
the child’s ability to cope with intravenous fluids,
a diuretic may be necessary. Following this, the
bag of cells can be infused. They can be attached
to a standard blood-giving set and either set at a
free-flow rate or infused via a pump to regulate the
rate. Generally, the child will be ‘specialled’, this

will enable the nurse to record half-hourly read-
ings of temperature, pulse, respiration and blood
pressure, and to ensure there is no line blockage or
leakage of cells due to a faulty infusion set. In addi-
tion, the nurse will be able to both support and act
as a resource for the child and the parents during
this emotional time. On completion of the infusion
the bag should be washed through with 0.9 % IV
sodium chloride to ensure that all the cells have
been infused through the bag and central line. If
the infusion has occurred uneventfully, the record-
ings of vital signs can return to four-hourly.

For patients who are to have bone marrow or
stem cells (peripheral or umbilical cord), which
have been harvested some time ago, both the
procedure on the unit and the nursing implica-
tions are different. The bone marrow or stem cells
will have been cryopreserved in DMSO and prior
to infusion the preserved bags of marrow or stem
cells need to be thawed at 40�C in a large water
bath. Ideally, this process should take place on the
unit in order that time is not wasted in transporta-
tion after the preserved bags have been thawed.
Once the bags are thawed, each bag should be
infused over 15 minutes.

Before thawing the marrow or stem cells, the
child and parents must be prepared. Although
cases of anaphylaxis, cardiac failure and arrhyth-
mias have been documented, these are extremely
rare. Most of the side effects or reactions
occur as a result of the DMSO. These may
include nausea, vomiting, abdominal cramps,
headache, hypo- or hypertension. These side
effects can be minimised by ensuring the child
has a pre-medication of IV hydrocortisone,
chlorphenamine, hyoscine-N-butylbromide and
ondansetron/metoclopramide, 30 minutes prior to
the infusion. In addition, some units recommend
a regimen of hyper-hydration for several hours
post-infusion. As the DMSO is broken down and
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excreted via the lungs, an overwhelming smell
of ‘garlicky-sweet corn’ soon becomes apparent
to everyone except the child who, instead, will
have an extremely unpleasant taste in their mouth.
Eating strong-flavoured sweets, such as mints or
cherry drops, will help to lessen this taste and it
is worth having a good supply ready, out of the
wrapper, before infusing the marrow.

On completion of the infusion, especially follow-
ing frozen bone marrow, the parents and the child
need to be aware of the haemoglobinuria that can
last up to 24 hours following the infusion so that they
do not become worried about bloodstained urine.
This is caused simply by the breakdown of old red
blood cells. If the child feels well enough to drink,
hyper-hydration can be continued orally to prevent
small-clot retention blocking the renal tubules.

The infusion of defrosted cells is generally a
quick procedure and the recording of observations
during the procedure is half-hourly. The child’s
general condition will alert the nurse as to how
they are coping with the DMSO. Regardless of
whether the bone marrow or stem cells are fresh or
preserved, allogeneic or autologous, the family will
generally have mixed feelings after the infusion, as
they may have done prior to it. Although they may
experience relief that the cells have been infused
safely and uneventfully, and the donor child, if
there is one, is well, none the less they may turn
their thoughts to the future and be concerned
about what will happen next. Will, for example,
the new cells engraft successfully or will there
be added complications? Might the disease return
despite the transplant? Such concerns may well be
at the forefront of their minds and the nurse has
a vitally important role at this stage in providing
both emotional and physical support.

Once the cells have been infused, they begin to
migrate to the empty marrow spaces. From the

day of the infusion, i.e. day 0 to approximately
14 days post-infusion, the child is most vulnera-
ble to infection. From day 10 onwards, circulat-
ing neutrophils start appearing and generally, by
day 28, engraftment has occurred with a neutrophil
count greater than 1�0×109/l. Thus, during the first
two weeks post-infusion the child has no function-
ing immunity and the expert assessment and care
given by the transplant nurse, with medical inter-
ventions, should prevent or lessen overwhelming
complications.
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10 Protective Isolation
Nursing issues

Nikki Bennett-Rees and Sian Hopkins

Introduction

The consequences of life-threatening infections
remain the major cause of morbidity and mortal-
ity in patients undergoing SCT. There are three
distinct phases, depending upon the child’s
immune recovery, where they are at risk from the
wide range of microbiological pathogens (Barnes,
1992a, b) (Figure 10.1).

• the neutropenic phase (days 0–21);
• the post-engraftment phase (days 28–100);
• the late phase (day 100 onwards).

Infections during the neutropenic phase are princi-
pally bacterial and/or fungal in origin. However,
viral infections may also cause concurrent compli-
cations during this time. Common viruses during
the neutropenic phase include reactivation of
herpes simplex virus causing oropharyngeal
mucositis, rotavirus, causing profuse diarrhoea,
and respiratory syncytial virus (RSV) causing
upper respiratory tract infection. While RSV may
limit itself to a mild respiratory tract infection, it
can lead to a devastating primary pneumonia that
carries a high mortality rate of around 50 % despite

vigorous antiviral treatment with IV and nebulised
ribavirin. RSV pneumonia is most common early in
transplant pre-engraftment and tends to be season-
ally confined to the spring and winter months.
As well as carrying a high mortality risk, RSV
is also highly contagious and can spread rapidly
through a transplant unit. Because of this, many
centres carry out an NPA (nasal pharyngeal aspi-
rate) on admission. If RSV were detected at this
stage, the procedure would be delayed if at all
possible (Veys & Rao, 2004).

The child will be at most risk during the
neutropenic phase, when a period of physical
isolation is required. In order to prevent exposure
to exogenous sources of infection, many SCT units
advocate the use of laminar air flow (LAF) with or
without the use of high-efficiency particulate air
(HEPA) filtration. The use of these two systems
should remove most bacterial and fungal spores
from the air. For units in cities and where building
work is ongoing, the use of LAF and HEPA
filtration will have an effect on reducing the
risk of infection with aspergillus (Fenelon, 1995).
However, it should be noted that children might
be harbouring pre-existing aspergillus spores
on entry to the unit. Those particularly at risk
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VOD

Acute GVHD Chronic GVHD

Bacteraemia

day 0 day 30 day 60 day 90 day 120 1 yr

Herpes Simplex Virus Varicella Zoster Virus

Pneumococcal
Sepsis

Interstitial Pneumonia
(CMV + Idiopathic)

Disseminated Fungal Infection

Figure 10.1 Sequence of major complications after allogeneic bone marrow transplant from day 0.
Source: Press, Schaller & Thomas, 1986, cited by Groenwald et al., 1992.

are children who have suffered long periods of
neutropenia and/or received prolonged courses
of steroid therapy.

There is no evidence to show that LAF and
HEPA filtration decreases the incidence of fever
post-transplant or, indeed, the occurrence of
acute GVHD. However, in units that combine
LAF/HEPA filtration with skin and gut decon-
tamination regimens, there appears to be a ‘lower
incidence of early infectious’ problems (Skinhoj
et al., 1987).

Infection prophylaxis

The assessment and care needed to prevent infec-
tions during the neutropenic phase are a major
concern for nurses. Infection prophylaxis is aimed
at the prevention of fungal, viral and bacterial
infections. Measures taken to prevent these three
common types of infection in the child undergoing
SCT include:

• use of an air filtration system such as LAF or
HEPA;

• restricting the number of people allowed into
the isolation room;

• encouraging the child to cooperate with
oral medication, diet restrictions, mouth and
skin care.

Although the environment may be protected by
one or both of the filtration systems, there is a need
for additional environmental measures. These will
include a daily cleaning programme: it is suffi-
cient to both ‘damp dust’ the surfaces and clean
the floors using a new cloth and hot water with
an appropriate detergent. Terminal cleaning need
only be carried out on discharge or pre-admission
of a child. Fresh flowers and plants must be
avoided as both are sources of fungal and bacterial
spores and their water is likely to harbour pseudo-
monas (Barnes, 1992a, b).
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Protective isolation

The issue of what constitutes protective precau-
tions varies widely between units, not only
throughout the UK but also throughout 91 SCT
centres in the USA (Poe et al., 1994; Dunleavy,
1996). The type of precautions carried out will
depend upon the physical amenities available and
whether the unit is a dedicated SCT unit, as
opposed to one that is integrated with another
speciality. Exogenous infections come not only
from airborne bacterial and fungal spores but are
also transmitted on the hands and clothes of staff
and parents (Barnes, 1992a, b). There are therefore
some fundamental principles of protective precau-
tions that must be adhered to regardless of unit
specifications:

• scrupulous hand washing and drying (Laison &
Lusk, 1985; Gould, 1991; Fenelon, 1995);

• use of a clean plastic apron on entering an isola-
tion room; the apron must be changed when
soiled (Pinkerton et al., 1994; Fenelon, 1995).

These two simple but essential precautions lay
down the basis for good practice in nursing the
child undergoing BMT. Moreover in the modern
climate of MRSA outbreaks, such measures should
be part of everyday nursing practice in all
areas and specialities. However, it should be
noted that plastic aprons have been found to be
heavily contaminated with bacteria and nurses
should therefore not rely on aprons to protect
their uniforms from contamination (Callaghan,
1998). In addition, water (which is a common
carrier of pseudomonas) and food can transmit
a multitude of infections with potentially seri-
ous implications for the child post-SCT (Barnes,
1992a, b; Fenelon, 1995). The micro-organisms
most commonly responsible for food poisoning are
salmonella, staphylococcus aureus and clostridium
perfringens as well as Escherichia coli and campy-
lobacter (Henry, 1997).

Certain foods have high microbial loads, such
as uncooked foods: soft or raw eggs carry
salmonella; soft cheeses carry listeria; spices carry
bacteria and fungal spores; pepper is associ-
ated with aspergillus; unpeeled fruit and salad
carry pseudomonas; E coli, klebsiella and hepati-
tis A have been isolated in watercress. Cooking

with microwaves is also discouraged as research
has shown that microwave ovens generate more
Gram-positive bacteria than conventional ovens.
Cook-chill foods should also be avoided as they
are associated with both listeria and E coli (Henry,
1997; Sahdev & Botwinick, 2004). Perhaps the most
effective way to protect the child is the use of oral
antibiotics to ensure gut sterilisation and by offer-
ing a sterile diet. Unfortunately, once the food has
been irradiated to render it sterile, it often tastes
unpleasant. Efforts to tempt children to eat such
unappetising food can lead to increasing stress for
parents and the child. In a situation where the
child is already reluctant to take oral medications,
especially when they have severe mucositis, the
pressure to take additional oral antibiotics is too
great. Added to this is the risk of the child develop-
ing resistance to antibiotics. It is therefore recom-
mended that it is sufficient for a transplant diet
to be low microbial which basically involves food
being well-cooked in hygienic conditions and for
the child to finish eating it before it has become
cold (Henry, 1997). As water is a known carrier
of pseudomonas, it is good practice to provide the
child with bottled sterile water or boiled tap water
both for drinking and teeth cleaning although the
use of tap water is controversial. Because mineral
water is not subject to the same level of rigorous
microbiological testing as tap water, it may carry
higher levels of contamination and is therefore not
recommended in transplant (Henry, 1997).

The more difficult infections to eliminate are the
endogenous ones from the child’s own skin and
gut flora. As all children have a central line in
situ, both the entrance site and the handling of
the line present an ideal source for infection. In
addition, with young children who explore with
their fingers, the transference of infection from toys
and scratched ‘bottoms’ to the mouth is a problem
that appears to be irresolvable.

The restrictions necessary to care for the
child under protective precautions must be both
manageable and adhere to safe practice. It would
be of great interest for a national working party to
research this area and produce guidelines on the
amount of protection needed by children under-
going allogeneic SCT. Thus, the implications for
nursing children both pre- and during SCT will
concern anticipating, reducing and treating infec-
tions before they become overwhelming.
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In addition to protective isolation and a clean
diet, the child’s hospital room also needs to be
kept, within reason, free from excessive numbers
of toys, games, DVDs, as they often sit on the
floor/surfaces and collect dust. It helps the child
to have a system whereby toys and games can be
rotated to lessen the boredom. Generally, toys and
games should either be washable, such as Lego®
and Duplo®, or nearly new, as with books and
games. Soft toys that the child may need should
also be new or (in the case of the favourite teddy)
should be washed and tumble-dried: if the soft toy
is placed inside a pillowcase when being tumble-
dried, the rubber nose and glass eyes will remain
intact.

Restrictions on visitors and staff will depend
upon unit policy. Restrictions on the number of
visitors allowed entering the room or, indeed, the
unit may be in place, but also taken into account
will be the age and health of visitors. It should
be mandatory that no one enters the isolation
room if they have a cold, sore throat, cough, have
diarrhoea and/or vomiting, have a cold sore or
conjunctivitis. It may be argued that wearing a
mask will give protection to the child from the
infected person, but greater safety is provided if
people with such afflictions do not enter the room.
None the less, there are units where the wearing
of masks as part of the isolation precautions is the
norm. Again, it may be argued that the benefit
of wearing a mask is heavily outweighed by the
detrimental effect on the well-being of the child.
For example, in one unit the wearing of masks
was abolished when a deaf child who could only
lip-read was admitted for SCT.

There does not appear to be adequate data to
determine absolutely whether siblings should be
allowed to visit. It is believed that school-aged
children are more likely to bring a variety of viral
infections, including chickenpox, and therefore
refusing school-age visitors entry to the isolation
room appears to be a sound precaution. However,
allowing children, especially the patient’s siblings,
into the unit to speak through an intercom link
will both reduce the mystery of the SCT procedure
and help to maintain the sibling relationship. The
balance between the child’s psychological needs
and the increased risk of infection from a variety
of people entering the room (or indeed the unit)
needs to be carefully assessed in the formulation of

the unit policy. Finally, whatever the unit policy,
it should be adhered to in order to prevent inter-
family friction if different ‘rules’ apply to different
families.

Dietary restrictions

Most children undergoing SCT stop eating as
a result of nausea and/or vomiting following
conditioning therapy, mucositis, feeling generally
unwell, or because eating can become an issue
over which they can exercise control in a situation
where otherwise they have little or none. Isola-
tion and dietary restrictions can also play a part in
inadequate intake (Sahdev & Botwinick, 2004). In
addition, alterations in taste and smell (Hanigan
& Walter, 1992) or the onset of GVHD can cause
further nutritional problems. Furthermore, high-
dose chemotherapy and/or radiation damage the
gastrointestinal mucosa resulting in malabsorption
(Sahdev & Botwinick, 2004). Effective nutrition
therefore plays a vital role in the management
of children undergoing stem cell transplantation
and adequate nutritional support is vital both
pre- and post-transplant to maintain target weight
and, indeed, prevent weight loss. There is a belief
that good nutrition may help to lessen the occur-
rence of severe acute GVHD and malnourish-
ment is also associated with higher infection rates
(Gauvreau et al., 1981; Sahdev & Botwinick, 2004).
As discussed earlier, the type of oral diet, whether
sterile or low microbial, will depend on the unit
policy. Irrespective of the policy the child who is
unable to maintain an adequate oral intake will
require nutritional support.

Nutritional support can be achieved either via
enteral tube feeding or through total parenteral
nutrition (TPN) via a central line. Enteral feed-
ing has a vital role to play in nutritional support,
both pre- and post-transplant and in the recov-
ery of the child post-engraftment. During the
first three to four weeks post-transplant, when
the child is at greatest risk of infection, bleed-
ing, oesophageal/oral mucositis as well as nausea,
vomiting and diarrhoea, the passing and use of
a nasogastric tube may exacerbate these prob-
lems. In such situations nutritional support may
be achieved with the use of TPN: it has been
noted that this method is particularly beneficial
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for children under the age of 10 years (Souchon,
1992). However, TPN carries potential risk factors
including infection and fluid overload and recent
studies have suggested that good enteral nutrition
using either nasogastric or gastrostomy feeding
may be beneficial and more cost effective in trans-
plant (Sahdev & Botwinick, 2004). Furthermore,
maintaining a degree of gut motility, even at very
low rates and volume of feed, seems to promote
healing. Clearly insertion of either a nasogas-
tric or gastrostomy tube must occur before either
profound neutropenia or mucositis occurs and
therefore should be discussed as part of the pre-
transplant preparation. It should be noted that the
insertion of nasogastric tubes could cause a great
deal of distress to both parents and children so if
long-term nutritional problems are anticipated, a
gastrostomy may be the preferable alternative.

The aim should be for TPN to be concentrated
and infused over 20 hours to enable the child, if
well, to have a few hours ‘off the lines’. As the
child recovers and the mucositis resolves, so their
appetite will slowly recover. Equally, as the child’s
oral intake improves, the TPN rates and length of
infusion can be decreased, allowing the child more
time ‘off the lines’. Following consultation with
the dietician, food and drinks can be fortified, if
necessary, thus enabling a high calorie intake. By
approximately six weeks post-SCT, most children
will have recovered their sense of taste and, in
addition, when the child is discharged home and
resumes a family life and home cooking, diet and
fluid intake appear to return to normal.

For the child who wants to eat, there are some
dietary restrictions that will have been decided
upon by the unit staff in conjunction with
the microbiologist and dietician. Foods that are
excluded are those with high microbial loads, as
mentioned previously. For children who are able
to continue to eat portions of food, they should be
of the right size to enable them to finish what they
are given. Sometimes this might mean very small
portions served on a small plate. The advantage
of having a diet-cook employed to prepare meals
for children undergoing SCT is that it allows the
children to have some choice and therefore control
over their diet. The cook will be able to discuss
with the children and parents the type of food and
size of portion that will tempt them to eat. Many
children appear to have an increased appetite in

the evening and, in order to boost their calorie
intake and satisfy their needs, it should be possible
to make snacks for the child on the unit. Whatever
the meal or snack, the child, especially if young,
will often want to eat with their fingers. There is no
harm in this as long as the hands are thoroughly
washed and dried before eating.

Mouth care

To ensure that the mouth, skin and espe-
cially the perineum, are kept at their healthiest,
frequent mouth and skin care regimes need to be
commenced on admission. Before admission for
SCT, at one of the outpatient sessions, the child will
have had a full dental assessment to identify and
correct any problems such as dental caries or teeth
that may need extracting. If treatment is needed,
antibiotic cover is given to prevent colonisation of
the central line with dental organisms and treat-
ment given as far from the transplant day as pos-
sible. During the inpatient period the aim of mouth
care is prophylaxis. Mucositis, however (discussed
further in Chapter 11), is almost a universal prob-
lem in patients undergoing SCT; mucositis appears
to be more severe in patients who have been given
methotrexate as part of GVHD prophylaxis.

To help prevent, or at least lessen, the impact of
mucositis, the nurse’s role is to ensure that thor-
ough mouth care is carried out. While the child’s
gums remain healthy and the platelet count is
adequate, the following regimen can be used. Teeth
cleaning using a ‘favourite’ brand of fluoride tooth-
paste with a soft-headed baby toothbrush followed
by a chlorhexidine-based mouthwash with or with-
out a fully absorbed oral antifungal agent to follow
(Beck, 1992). It is good practice to have a new
toothbrush on a daily basis, and for the unit to
provide these toothbrushes. In many units the use
of a once daily dose of the anti-fungal drug itra-
conazole reduces the need to give another anti-
fungal drug following mouth care. For babies with
no teeth, or those children whose mouths are too
painful for a toothbrush, the use of dental sponges
soaked in chlorhexidine replaces the toothbrush.
The use of chlorhexidine mouthwash as an agent
that can reduce the severity of mucositis (Ferretti
et al., 1987) is debatable with no evidence that
it prevents candidiasis (UKCCSG-PONF, 2006).
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Some researchers have found side effects, such as
gingival bleeding and epithelial desquamation, to
limit patient tolerance (Ainomo et al., 1982). To
help prevent dental caries, a once-daily dose of
fluoride has been found to be beneficial (Gordon,
1983; Beck, 1992), particularly in those children
drinking sterile water as opposed to tap water that
contains fluoride. While there are national guide-
lines (UKCCSG-PONF, 2006) to mouth care post-
chemotherapy (see Part 1), many transplant units
have adapted these guidelines to suit the group of
patients being treated.

Skin care

A daily bath or shower promotes skin care. Damp
flannels and sponges encourage the growth of
pseudomonas so the child must be given a new
disposable washcloth at each bath time. The use
of commercial bars or liquid soaps should be
avoided as they can cause further drying of the
skin, which is already affected by the chemo-
radiotherapy used during conditioning. The use of
antimicrobial soaps or lotions on the skin followed
by the use of antibacterial creams to various parts
of the body may be standard practice in some
units. However, it is sufficient to ensure that the
child is bathed daily and their skin kept mois-
turised to prevent drying. To prevent the skin
from becoming dry, oil such as oilatum should
be used in the bath, followed by the application
of an unperfumed moisturiser, such as diprobase,
once the skin is dry. While drying and then apply-
ing the cream, the parent and/or nurse will be
able to observe the child for bruises, spots/rashes,
scratches and the general healthiness of the skin.
Particular attention must be given to children who
still wear nappies to prevent breakdown of the skin
in the nappy area. Nappies must be changed 1–2
hourly (especially during conditioning) to prevent
excreted chemotherapy damaging the skin. With
each nappy change the perineum can be cleaned
using gauze swabs or a disposable cloth, and
water, but if the area looks red and painful the
use of oil (instead of water) for cleaning is more
soothing. Once clean, an effective barrier cream,
such as a mixture of metanium and white soft
paraffin, must be applied. The use of sucralfate
to any broken areas of skin on the perineum has

been shown to be effective in preventing further
damage to the skin. The use of urine bags on
children who have delicate or broken patches of
skin should be avoided to prevent breakdown of
the area. To collect a specimen of urine either place
sterile cotton wool balls in the nappy or leave the
nappy off and sit the child over a potty on the
parent’s or the nurse’s lap and entertain the child
until successful!

Infection screening

Specific care needs to be applied to the central
line exit/entry site. This care generally comprises
cleaning the site with an antiseptic solution, drying
it and then re-dressing with a transparent perme-
able dressing, such as Opsite 3000®. This care
should be maintained weekly unless the dressing
is wet, is falling off or there is a problem with the
entry/exit site looking infected (Maki, 1991).

Screening of stools and urine should be carried
out once or twice per week. Swabs from the nose,
throat and Hickman line exit site as well as any
lesions on the lips, mouth or skin, should also be
taken as indicated. Most children dislike having
their nose and throat swabbed. If children are
taught how to carry out the sampling, they can do
their own at a time when they are ready. Alterna-
tively, if the parents wish to take on this ‘nursing’
role for their child, they too can be taught and can
undertake this procedure.

The effects of isolation

The protective precautions required in caring for
a child undergoing SCT result in the parents and
child being isolated from other members of their
family and friends. In addition, the separation
from previous support networks, including school
friends, as well as the loss of freedom places a
heavy burden on the whole family. It is therefore
essential to work out strategies by which to lessen
the impact of isolation.

To achieve a semblance of normal life, the isola-
tion room should be furnished with a television,
DVD player, radio/cassette player and telephone.
These items alone will help family and friends to
keep in contact with what is happening. Home-
made videos and tapes from family and friends
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can often be a great source of support and amuse-
ment. Personal effects, such as photos, books and
hobbies, for both the child and the parents are
essential items, which must go into the isolation
room. Precisely which items may be taken into
the isolation room will depend on individual unit
policy. Items such as letters, cards and postcards
can be taken out of their envelopes and taken into
the room. However, it is not uncommon for staff to
misinterpret which items may potentially be seen
as an infection risk to the child. If staff are unsure,
the parents may be misinformed or, worse, may
receive conflicting information.

For children of school age a daily visit from
the unit schoolteacher will become routine. School
sessions are planned around the child’s ability to
participate in a session. For babies, similar sessions
with a physiotherapist or occupational therapist
may be appropriate. This is particularly import-
ant in infants with SCID who may have had long
periods of hospitalisation prior to SCT. The work
of the physiotherapist/occupational therapist will
help the infant to reach the normal developmental
milestones (Sims, 2006).

In addition, the use of a play special-
ist/occupational therapist/music therapist/art
therapist/activity worker plays a major role in
ensuring that a ‘normal’ atmosphere is main-
tained for all children in isolation. For example,
music therapy has been shown to meet a range of
psychosocial needs that both the child and family
experience during hospitalisation for SCT (O’Neill
& Pavlicevic, 2003). A variety of activities provide
play and stimulation to achieve developmental
goals by ensuring that the physical, intellectual,
language, emotional and social development of
the child in isolation is maintained or enhanced.
Physical development may be the most difficult to
achieve due to the confines of space. Any activity
which combines exercise and play, such as skit-
tles, mini-snooker and basketball, gives both stim-
ulation and enjoyment, thus helping to lessen the
feelings of boredom and isolation. It is crucial for
play specialists, activity workers and nursing staff
to work well together and for nurses and doctors
to avoid interrupting play/activity sessions with
medical/nursing activities.

Children who are old enough can be encouraged
to write letters to school friends, thus starting up
a communication link, which keeps friends and

family in touch. Parents, especially if one parent
is the main resident carer, can also be encouraged
to keep a diary of life in isolation. This will help
them, when discharged, to re-live their feelings and
describe to the family at home what happened each
day. Some families also encourage siblings and
other family members ‘at home’ to keep a similar
concurrent diary. The respective experiences can
then be joined and shared after discharge. For
parents caring for their child in isolation, life can
become a round of ‘nursing’, entertaining and
washing clothes. To relieve this stress they should
be encouraged to have ‘time out’, especially when
the teacher, play therapist or nurse is with their
child. Families who are able to take turns at
being resident often appear less overwhelmed by
the isolation. Although initially relieved from the
restrictions of isolation and having to manage their
sick child’s day, the parents may remain anxious
about their child when not with them (Darbyshire,
1994). Nonetheless, one of the main feelings for
both children and parents in isolation is the loss
of control. By negotiating the daily schedule for
nursing, play, and education with the parent and
child, and encouraging participation in care and
planning, the family will be able to regain a degree
of control. This, it is hoped, will at least lessen
the feeling of helplessness in such a restrictive
environment (Abramovitz & Senner, 1995).
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11 Complications of Stem Cell
Transplant

Nikki Bennett-Rees and Sian Hopkins

Introduction

The complications described here are those that
most commonly occur in the transplant period,
days 0–100, and therefore include the neutropenic
and post-engraftment phases. Most occur as a
direct result of the ablative chemotherapy and
radiotherapy used in conditioning the child for
transplant. Complications rarely occur in isolation
and signs and symptoms often overlap. The nurse’s
role in the prevention, early detection and manage-
ment of these complications is discussed as they
are often called upon to coordinate the care of these
acutely sick children while offering support and
education to the child and family. Good manage-
ment of these complications has a direct impact on
the successful outcome of SCT.

Mucositis

One of the predictable side effects of SCT is
mucositis. The use of high-dose chemotherapy
agents, such as cyclophosphamide, melphalan
and TBI, gives rise to widespread gastrointestinal
mucosal damage. This damage may be further
compounded by the use of methotrexate in the

prevention of GVHD. Stomatitis first occurs within
7–10 days of conditioning and may last for 14 days
(Kanfer, 1993). It can cause pain, ulcerations lead-
ing to bleeding and infection, taste alterations, and
xerostomia, which inevitably result in poor nutri-
tional intake. This can have physical and psycho-
logical implications for the child. Xerostomia is
often due to TBI; older children may find relief in
sucking chips of ice or sucking ice-lollies or hard
sweets. Small, frequent warm drinks are easier to
swallow than ice-cold ones if stomatitis extends to
the oesophagus, as will frequently be the case.

A quantitative assessment of the oral mucosa
is necessary and provides documentation of the
onset, severity and resolution of mucositis (Zerbe
et al., 1983). An established oral assessment guide
to ensure uniformity of assessment within the unit
should be used (Gibson et al., 2006). Many of
these exist (Beck, 1979; Eilers et al., 1988). These
assessment guides use numerical and descriptive
data to assess the level of stomatitis and the effect
on the patient. In order to be successful the chosen
model should be user-friendly and staff should be
educated to ensure adherence and reliable use.

The loss of mucosal integrity can lead to
infections both locally and systemically. Most
units initiate prophylactic antifungal and antiviral
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agents; with the loss of the ability to swallow, these
may temporarily need to be administered intra-
venously until the mucosa recovers, along with the
establishment of white cell recovery approximately
two weeks following bone marrow stem cell infu-
sion. The treatment of mucositis aims to offer
physical support to the patient and prevention of
complications. The physical risks of stomatitis due
to immunosuppression and infection account for
some of the morbidity associated with SCT patients
(Ezzone et al., 1993) as the loss of the epithelial
lining of the mucosa provides a portal of entry
for micro-organisms into the systemic circulation
and may result in life-threatening infections (Zerbe
et al., 1983).

Psychologically, the loss of comfort from thumb
and dummy sucking can be distressing for small
children and alternative methods of comfort may
be sought by the child, such as holding the dummy,
or alternative comfort measures found (attachment
to soft toys). It is often the case that once the
mucositis subsides the child reverts to the previ-
ous use of dummies and thumbs. Loss of verbal
communication as the mouth becomes too sore
to speak can be distressing for the school-aged
child. Although alternative measures such as writ-
ing may be successful at first, as the child becomes
weaker, these may be abandoned and the use of
nods and shakes of the head for simple questions
may be all that is tolerated. Loss of self-image due
to inability to swallow saliva can distress the older
child who may perceive dribbling and spitting into
tissues embarrassing. The maintenance of privacy
for the child in this instance is paramount.

For the child, pain is likely to be the worst
symptom associated with an ulcerated mucosa
of the gastrointestinal tract and this is often
the first symptom reported by the child before
the visible signs of mucosal damage appear. At
first, pain often occurs with swallowing (due
to mouth breathing) and speaking, progressing to
continuous pain, often requiring the use of opiates
to provide adequate analgesia.

As the mucositis progresses, gastrointestinal
manifestations emerge. Again, pain is often the
first indicator of mucosal ulceration and nausea,
vomiting and diarrhoea commonly occur. Due to
the severity and frequency of diarrhoea, peri-anal
excoriation and ulceration can occur, especially in
small children and babies who wear nappies. The

older child will find frequent diarrhoea and the
dependence on others for toileting embarrassing
and involving altered perceptions of body image.
The recently toilet-trained child may return to
nappy-wearing in protest.

Treatment and nursing implications

Oral hygiene

Oral hygiene, although unable to prevent stom-
atitis, can help lessen its severity and prevent
infection. The method, frequency and evalua-
tion of oral hygiene will vary from unit to
unit. Present practices are currently under review,
and transplant centres may follow those recently
developed in the paediatric oncology setting (see
Chapter 10). However, because practice may at
present be inconsistent, evidence-based guidelines
within SCT units will need to be established. What-
ever the practice is on individual units, there is
little doubt that oral hygiene should be initiated
during the first few days of hospital admission for
the transplant. This allows the child and family
to become familiar with the unit’s chosen meth-
ods and allows the child time to adapt to new
ways of cleaning teeth. The use of play specialists
to familiarise the child with toothbrushes, dental
sponges and mouth inspections should be assessed
on an individual basis. The child’s developmen-
tal stage will be crucial to the success of this
process.

Chlorhexedine mouthwashes can be painful, as
stomatitis and ulceration progress, but the nurse
should encourage adherence and positive rein-
forcement of oral hygiene with the use of sticker
charts, etc. Although a role that parents often
undertake, there may be times when parents
should be encouraged to opt out of doing mouth
care as it becomes more difficult for the child so
as to reduce stress for them. Toothbrushes remove
plaque and food debris from the gum line. Soft-
headed baby toothbrushes are best used by chil-
dren whose platelet and white cell counts are
suppressed. The care of lips and the products used
to prevent drying and cracking, again, varies from
unit to unit, though petroleum jelly is still the most
common lubricant (Ezzone et al., 1993).
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Nausea and vomiting

Nausea and vomiting in the transplant child
are often the result of the chemotherapy and
radiotherapy used in the conditioning of the child.
This is often expected and prophylactic antiemet-
ics should be given in accordance with the unit’s
policy. Following the expected nausea and vomit-
ing associated with the use of radiotherapy or
chemotherapy, these symptoms frequently persist
in the SCT child and can be multi-factorial includ-
ing infection, pain due to mucositis, GVHD (partic-
ularly gut GVHD), veno-occlusive disease, TPN
and swallowing of oral secretions. Multiple-drug
therapy used in transplant including morphine,
antibiotics and immunosuppressive agents such as
ciclosporin are also thought to contribute to the
refractory nausea and vomiting suffered by chil-
dren undergoing SCT. It is clear that the causes
of such prolonged nausea and vomiting remain
elusive in the transplant setting and require further
investigation. Moreover, it is important that the
approach to antiemetic therapy is both struc-
tured and systematic to avoid an erratic polyphar-
macy approach where every possible antiemetic
is thrown at the problem without proper evalu-
ation of their efficacy (Gibson & Hopkins, 2005).
It should be remembered that relief from nausea
and vomiting might also be gained from non-
pharmacological interventions such as guided
imagery or sea bands, although these are sadly
often given a fairly low priority by clinical staff.

Nausea is a subjective feeling which is difficult
for the child to describe and thus difficult to relieve.
Therefore, avoid exposing the child to the smell
of known causes of nausea (e.g. food, perfume).
Intravenous antibiotics are a common cause of
nausea due to the heightened sense of smell follow-
ing chemotherapy and the powerful odour that
these drugs exude. Inform the child of when such
drugs are to be given and allow time for distrac-
tion to take place; some children find smelling
soap or comforters help. Sucking sweets or infus-
ing rather than injecting antibiotics can prevent the
taste distortion that some children experience.

Vomiting during the conditioning period may
be well controlled with 5HT antagonists such as
ondansetron. Persistent vomiting requires other
antiemetic agents and both metoclopramide (both
oral and IV) and cyclizine have been beneficial.

Hyoscine patches and IV lorazepam have also
proved to be effective, particularly in older chil-
dren. Support for the child and family is vital.
Vomiting is distressing for both the child and
family. It can cause further damage to already
fragile oral mucosa and, if the platelet count is
low, bleeding can occur from the membranes and
petechial bleeds may occur especially around the
eyes. The parents and child should be informed
that this might occur. Input/output and fluid
balance must be monitored accurately, as well as
electrolyte balance.

Research into specific nausea and vomiting in
the post-transplant child continues. The antiemetic
flow guidelines are currently under review (see
Figure 11.1 on p. 146). Table 11.1 presents the drugs
used to combat nausea and vomiting.

Diarrhoea

Diarrhoea is a common early symptom of mucosal
ulceration of the lower gastrointestinal tract. This
can be particularly distressing particularly for the
older child who may become incontinent if it is
severe. Careful IV fluid replacement to prevent
fluid and electrolyte depletion is paramount. The
greatest risk to the child is infection due to loss
of mucosal integrity and damage to the peri-anal
skin area as a result of frequent diarrhoea.
Routine stool specimens will isolate pathogens
and allow the early instigation of treatment.
The collection of these stool specimens is often
combined in the surveillance screening undertaken
during the pancytopenic phase following SCT and
reports of abdominal pain, fever and abdomi-
nal tenderness should be investigated rigorously.
Common viruses that cause protracted diarrhoea
are rotavirus, adenovirus, astrovirus and small
round cell virus. Scrupulous hand washing is vital
to prevent spreading these viruses to other chil-
dren in the unit.

Alterations in nutritional status

The child and family need to be prepared and
educated for the loss of appetite and slow recov-
ery following SCT. As mucositis progresses and
the child’s oral intake diminishes, reduction in
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nutritional status leading to weight loss will occur,
therefore weighing the child once a day will
give guidance as to when to give additional
dietary support. The recognition of weight loss
has led some units to instigate prophylactic TPN
at an early stage in the transplant (Graham et al.,
1993). However, as discussed earlier, appropri-
ate enteral nutrition via a nasogastric or gastros-
tomy tube offers some advantages over TPN and
should therefore be the first course of nutritional
support. However, if the child is suffering from
severe vomiting and/or diarrhoea, TPN may be
the most sensible short-term solution. On recov-
ery of the child’s white cell count and the reso-
lution of mucositis, poor nutritional intake may
persist. This is commonly because of the refractory

nausea children undergoing transplant seem to
suffer from. The involvement and support of a
dietician will be vital to ensure adequate calorie
intake following SCT. This may involve continu-
ing supportive measures, such as nasogastric tube
feeds or high-energy sip feeds, after discharge from
the transplant unit.

Pain

The child experiences pain during SCT for a vari-
ety of reasons. Veno-occlusive disease, mucositis,
procedures and GVHD can all be a cause of pain.
Adequate evaluation is vital to ensure a successful

• Antiemetics should be prescribed on
the regular side of drug chart before
chemotherapy• Antiemetic failure – 2 hrs of nausea or
vomiting despite change of treatment –
move up to next step• Acute emesis is defined as vomiting
occurring 0 to 24 hours after
chemotherapy• Delayed/prolonged emesis is defined
as vomiting occurring more than 24
hours after chemotherapy

Stomach and small intestine

Blood-borne emetics

Sensory input

Vestibular apparatus

Higher centres

Vomiting centre

Chemotherapy
Opioids
Ipecac

Anticipation
Fear
Memory

5HT
DA

5HT
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muscles

5HT = Serotonin
DA = Dopamine
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Sight
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Vagal afferents

Figure 11.1 Guidelines for use of antiemetics with chemotherapy for bone marrow transplant patients.
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High emetogenic potential

CYCLOPHOSPHAMIDE
MELPHALAN

TBI

Moderate emetogenic potential

BUSULPHAN
TREOSULPHAN

Note:  for autologous
neuroblastoma protocol, discuss
with doctor before administering

Low emetogenic potential

FLUDARABINE
METHOTREXATE
ALEMTUZUMAB

ATG/ALG
CD45 ANTIBODIES

Start 24hrs pre chemo and 
Stop 48hrs after last dose of chemo
Dexamethasone po/iv twice daily
Start on day of chemotherapy for a
maximum  of 15 doses (if required)

Ondansetron

IV 30 mins pre chemo
on D1 of chemo 

then PO twice daily 
for 4 days then stop

DELAYED/PROLONGED NAUSEA AND VOMITING
Metoclopramide 

OR Cyclizine

consider changing to or adding one of the following…
Hyoscine patch, OR  Lorazepam,

OR  Levomepromazine

Consider PRN

Metoclopramide IV/PO
30mins pre chemo

Ondansetron IV

REFRACTORY NAUSEA AND VOMITING

Figure 11.1 (Continued)

outcome with a child in pain; evaluation not only
of the level of the child’s pain but also of the inter-
ventions and assessment applied to treating the
pain. A variety of assessment tools are available
for measuring children’s pain: CHEOPS (McGarth
et al., 1985); the Faces Scale (Wong & Baker, 1988)
and the Eland Color Scale (Eland, 1988). Whichever
instrument is used it must be reliable, provide
consistent information, be user-friendly and be
appropriate for the child’s cognitive level.

The choice of appropriate pain control often
follows the World Health Organization (WHO)
ladder approach to cancer pain (Patterson, 1992).
However, individual unit guidelines vary and the
initial use of analgesics such as paracetamol may
be avoided, as their antipyretic effect may be
perceived as masking the signs of infection. Often,
as the cause of the child’s pain progresses and the
pain worsens, a step-up approach to analgesia is
needed, leading to the use of opiates as effective
control of the child’s pain.

The use of opiates for pain control in SCT
is often necessary, particularly for controlling
the pain associated with mucositis. These drugs
may be administered intravenously or subcu-
taneously according to unit policy. The use
of patient-controlled analgesia pumps (PCA) in

older children provides both adequate pain relief
and some degree of patient control (Gureno &
Reisinger, 1991), an important factor for older chil-
dren during SCT when so much surrounding this
procedure is beyond their control.

Pancytopenia

Following infusion of bone marrow or stem cells
the child will be at considerable risk from both
infectious and haemorrhagic complications. These
two complications are as a result of the myeloab-
lative therapy used in the conditioning regimes of
either chemotherapy alone or chemo-radiotherapy
with, in the allogeneic setting, the use of further
immunosuppressive therapy such as ciclosporin.
Furthermore, the occurrence of GVHD and its
treatment will cause increased immunosuppres-
sion for the child.

Haematological complications

As discussed earlier, the most common haemor-
rhagic problem to occur during the initial pre-
transplant phase is haemorrhagic cystitis caused



Table 11.1 Drugs to combat nausea and vomiting

DRUG DOSE ADVERSE EFFECTS∗ (∗See
BNF for more information)

COMMENTS PREPARATIONS

CYCLIZINE ORAL: – drowsiness
Particularly for emesis of raised
intracranial pressure

Preparations: Tablets 50mg
Injection 50 mg/ml

< 1 year, 1 mg/kg 3 times daily – blurred vision
1–6 years, 12.5 mg 3 times daily – dry mouth
6–12 years, 25 mg 3 times daily – urinary retention

Compatible with diamorphine
for infusion

> 12 years, 50 mg 3 times daily – restlessness
IV: 1mg/kg 3 times daily – insomnia
Subcutaneous: – tachycardia Avoid using Hyoscine
3mg/kg in 24 hours as continuous
infusion

DEXAMETHASONE IV bolus/Oral: – adrenal suppression Give first dose with Injection 8mg/2ml
1–12 years; – gastric irritation Ondansetron, Tablets 500 microgram

2mg0.1mg/kg two–three times daily for
5 days

– osteoporosis 15 mins before chemotherapy

Maximum of 15 doses for each course – weight gain
HYOSCINE
HYDROBROMIDE

Topically: – drowsiness Wash hands after applying and
the skin area after removal

Transdermal

<4 years: – dry mouth Scopaderm patches can be cut Patches 1mg absorbed/72
hours

1/2 of a patch every 72 hours, applied to
a clean, dry, hairless area of skin behind
the ear, avoiding any cuts or irritation

– dizziness Transcop patches cannot be
cut. If half a patch prescribed,
occlude other half with Opsite
or similar dressing (not IV
3000)

>4 years; – blurred vision
Apply one patch every 72 hours – difficulty with micturition

LEVOMEPROMAZINE Oral/IV: – somnolence Particularly for emesis when
all other options exhausted

Tablets 25mg

1–12 years: – asthenia Injection 25mg/ml
0.25mg–1mg/kg three to four times daily
(max 37.5mg per day)

– dry mouth

>12 years: – hypotension
12.5mg–50mg three to four times daily
(max 200mg per day)

– raised ESR



LORAZEPAM Slow IV bolus: - drowsiness For anticipatory nausea and
vomiting start 24 hrs before
chemotherapy

Injection 4mg/ml

0.02–0.04mg/kg every 8 hours - amnesia Maximum 48 hrs supply as
TTO.

Tablets 1mg

Oral: - confusion and ataxia
90 % of IV dose - pain with intravenous

injection
METOCLOPRAMIDE Oral/IV: - extrapyramidal effects Treat dystonic reactions with

IV bolus of BENZTROPINE in
children over 3 years;
(contra-indicated in children
<3 years)

Tablets 10mg

low dose 1–12 years: - hyperprolactinaemia 100 micrograms/kg,
(maximum dose = 2mg)

Oral solution 5mg/5ml
(sugar and colour free,
contains sorbitol)

General antiemetic; - drowsiness In children <3 years use
PROCYCLIDINE

Injection 5mg/ml

100–170 micrograms/kg three times
daily

- restlessness IV bolus 1 month–2 years
500microgram–2mg 2–12
years 2–5mg

This dose can be increased to 200
microgram/kg four times a day.

Reduce dose in renal and
hepatic failure

ONDANSETRON Oral/IV: - constipation Continue for 24 hours after last
chemotherapy dose (48 hours
if drug known to cause
delayed emesis)

Injection 4mg/2ml

5mg/m2 twice daily increasing to three
times a day if necessary

- headache Should only be used for
chemotherapy-induced nausea
and vomiting

8mg/4ml

- transient rise in liver
enzymes

Tablets 4mg, 8mg

- hypersensitivity reactions Melt tablets 4mg, 8mg
Syrup (sugar free) 4mg/5ml
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by the use of high-dose IV cyclophosphamide.
While this is usually an early transplant compli-
cation, late-onset haemorrhagic cystitis has also
been reported. For this reason, a daily urinaly-
sis to observe for microscopic blood should be
carried out. The aetiology of this later haemor-
rhagic cystitis may be the cyclophosphamide but
a viral cause should not be ruled out. Adeno-
virus, CMV and BK viruses, as well as GVHD,
have all been implicated in these cases. Treat-
ment includes hyperhydration and bladder irriga-
tion as well as maintaining adequate platelet and
haemoglobin levels. Some success has been noted
with the use of short-term oestrogen, although the
exact mechanism for this is unclear (Veys & Rao,
2004).

Epistaxis (nosebleeds) is also a common haemor-
rhagic transplant complication. Triggered primar-
ily by a low platelet count, some children seem to
be more susceptible to this and in severe cases may
need an appropriate ENT (ear, nose and throat)
referral. Some relief may be gained from the use of
tranexamic acid and topical application of ice can
also help.

Rectal bleeding can occur, particularly in
conjunction with gut GVHD, and stools should be
observed for evidence of both old and fresh blood.
It should be noted that bleeding could cause a great
deal of distress and panic in both children and
parents, as it can be very frightening to witness.
Reassuring families that this is an expected and
common occurrence as well as prompt assessment
of the child’s cardiovascular status should there-
fore be a priority.

Transfusions of both blood and platelets will be
necessary until the donor marrow becomes fully
engrafted and functional. The level at which the
child will need transfusing will depend on both
the transplant unit’s policy and the child’s condi-
tion. For example, haemoglobin of 8 g/dl or a
platelet count of 20×109/l or less should be trans-
fused. However, a child with an infection, fever or
an existing clotting problem may need to have a
platelet count maintained at 50 × 109/l or higher.
Whatever the unit’s policy regarding the level at
which the child must be transfused, it is essen-
tial that both blood and platelets are irradiated
and of the appropriate CMV status. By irradiating
these two products the lymphocytes within them
will be destroyed and therefore unable to cause an

immune response in the child, thus preventing the
child developing transfusional GVHD.

Cytomegalovirus (CMV), which can be transmit-
ted in blood products, is the main cause of morbid-
ity and death in patients treated with allogeneic
stem cells. In the UK approximately 40–50 % of the
adult population is CMV positive. For the CMV
negative child who receives marrow from a CMV
negative donor, it is essential that CMV negative
products be given. For a child who is CMV posi-
tive or whose donor is CMV positive, the ideal
situation would also be to transfuse CMV negative
products although no additional benefit has been
shown in this situation as in the UK all blood prod-
ucts are leucodepleted, greatly reducing the rate of
CMV complications. If there is a shortage of CMV
negative products the use of a leukocyte filter for
blood or platelet transfusions (the virus is trans-
mitted through leukocytes) will greatly reduce the
risk of transmitting CMV.

Infection

The risk from the wide range of infections occurs at
three distinct phases and coincides with the child’s
haematological and immunological recovery post-
transplant (Wujcik et al., 1994; Veys & Hann, 1997).
The three phases for infection are:

• neutropenic phase;
• post-engraftment phase;
• late phase.

The neutropenic phase lasts approximately 0–21
days post-SCT and occurs during the period of the
gastrointestinal mucositis. The post-engraftment
phase lasts from approximately days 30 to 100
post-SCT. Late-phase infections occur from day
100 and may last until immune recovery occurs
at 1–2 years post-SCT. However, if the child is
treated for chronic GVHD, recovery of T cell func-
tion will be further delayed so the risk of infec-
tion may become a long-term problem. During the
neutropenic phase the child is at risk from a wide
spectrum of infections (Table 11.2). Prophylactic
treatment varies between units, however, the treat-
ment for febrile neutropenia or proven infection
appears to be universally very similar. Once the
child’s axillary temperature reaches the level for
antibiotic commencement (as decided upon by the



Complications of Stem Cell Transplant 151

Table 11.2 Infectious complications post stem cell transplant

Phase Infection Organism

Neutropenic (days 0–21) Gram-positive bacteria Staphylococcus epidermidis
Staphylococcus aureus

Gram-negative bacteria Pseudomonas aeruginosa
Escherichia coli

Fungal Candida albicans
Aspergillus

Viral Herpes simplex (HSV)
Rota virus
Respiratory Syncytial Virus (RSV)

Post-engraftment (days 30–100) Viral Cytomegalovirus (CMV)
Adenovirus, Epstein-Barr virus (EBV)
Pneumoncystis carinii

Late (days 100+) Viral Varicella Zoster (VZV)
Encapsulated bacterial organisms Streptococcus pneumoniae

Haemophilus influenzae

Sources: Barnes (1992a, b), Wujcik et al. (1994), Veys & Hann (1997).

unit but generally 38–38.5�C) a first-line broad-
spectrum antibiotic regimen is commenced which
will cover both Gram-negative and Gram-positive
bacteria. Additional antibiotic, antiviral or antifun-
gal therapy will be commenced according to:

• the child’s clinical condition;
• the child’s response to first-line antibiotics;
• the results of various cultures and X-rays;
• the results of the C-reactive protein level (CRP).

(Barnes, 1992a, b)

Recombinant G-CSF, which is a naturally occurring
hormone, has been included in the drug regime
post-SCT (Singer, 1992), although clear benefit to
the use of growth factors following allogeneic
SCT has yet to be demonstrated. G-CSF is given
intravenously once a day (commencing between
day 1 and day 8 post-transplant, depending upon
the unit) to boost early bone marrow engraft-
ment. An early marrow engraftment reduces the
length of time the child is neutropenic, there-
fore reducing the risk of neutropenic fever and
infections. There is a direct correlation between
the length of time the child is neutropenic and
the acquisition of a fungal infection such as
aspergillus (Barnes, 1992a, b). However, children
receiving stem cells from a haplo-identical donor
do not routinely receive G-CSF. This is largely

because G-CSF promotes neutrophil recovery at
the expense of T cell recovery. Children receiving
haplo-identical transplants are already more likely
to have prolonged T cell depletion and the risk of
viruses becomes too great to delay recovery of T
cells any longer than necessary.

During the post-engraftment phase (days 29–100
post-transplant) the child’s new bone marrow will
start functioning and producing neutrophils, thus
decreasing the risk of bacterial and fungal infec-
tions. However, both cell-mediated and humoral
functions take several months to recover and full
immunity may take at least one year to recover
post-SCT. Furthermore, if the child is receiving
steroids as part of treatment for GVHD, their
immunity will be further compromised, resulting
in an increased risk of developing a viral illness.
The most common viral infection at this stage is
CMV, causing an interstitial pneumonia, which
carries a greater than 50 % mortality rate.

Cytomegalovirus

This may occur as a result of:

• primary infection;
• reactivation of infection if the child was CMV

positive prior to SCT;
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• reactivation, if the child was CMV negative
and received CMV positive donor stem cells or
blood product.

The following may all lead to an increased chance
of developing CMV:

• increased intensity of conditioning regimens;
• the child being CMV positive prior to SCT;
• the donor being CMV positive;
• the child being treated for GVHD.

In children, the incidence of CMV is lower than
in adults. This may be due in part to children and
their sibling donors being younger and therefore
more likely to be CMV negative. Second, the inci-
dence of acute GVHD in children, which increases
the risk of CMV infection, is far less than in adults.
The most likely risk of reactivation of CMV is from
a seropositive donor or recipient (Wingard, 1990).

The signs and symptoms of CMV pneumonitis
include:

• low-grade fever;
• dyspnoea;
• dry cough;
• respiratory failure.

Weekly monitoring of blood by using the Poly-
merase Chain Reaction (PCR) that has the benefits
of being highly sensitive (Cathgomas et al., 1993)
from admission to up to six months post transplant
will allow for early treatments to be put in place.
The diagnosis of CMV pneumonitis needs to be
confirmed to rule out other chest problems such
as pneumocystis carinii pneumonia (PCP). It is
confirmed by the child undergoing a bronchoalve-
olar lavage (BAL) and/or lung biopsy to confirm
the diagnosis. A diagnosis of CMV in the child’s
nasal pharyngeal aspirate (NPA) and/or urine can
be detected on cultures. In addition to CMV pneu-
monitis (although much less common), the child
may also develop a CMV enterocolitis, hepatitis,
chorioretinitis, encephalitis and pancytopenia.

Prophylactic treatment for high-risk children,
who are CMV negative, and received CMV posi-
tive cells or who are themselves CMV positive
is with high-dose IV aciclovir eight-hourly with
IV immunoglobulin to prevent reactivation of the
virus (Schmidt, 1992; Prentice et al., 1997). The
treatment of choice for children who are excreting

CMV in their urine, have positive blood cultures
or who develop CMV pneumonitis is IV ganci-
clovir and IV immunoglobulin (Wingard, 1990). If
this combination is not successful in reducing the
viral load or the myelosuppression of the drug
is too severe, then the ganciclovir can be altered
to IV foscarnet or indeed to a combination of
half-doses of both ganciclovir and foscarnet. The
long-term treatment of CMV with increasing high
doses of antiviral therapy can lead to both antiviral
resistance and toxicity. The toxicity often primar-
ily affects myelopoiesis, resulting in prolonged
neutropenia and further infections.

At present, research is being undertaken into
developing the safety and efficacy of giving chil-
dren CMV-specific cytotoxic T cells (CTLs). The
aim of infusing CMV-specific CTLs is to allow
earlier reconstitution of the child’s viral immu-
nity, with the hope that the more toxic antiviral
drugs (ganciclovir, foscarnet and cidofovir) can be
avoided (Einsele et al., 2002). For children who are
considered at high risk of becoming CMV posi-
tive, CMV-specific CTLs will have been made, pre-
transplant, by using 200 mls of fresh peripheral
blood from the stem cell donor. These cells have, on
the whole, been given to children who continue to
have rising CMV levels despite optimum therapy
(Veys & Rao, 2004). The incidence of CMV infec-
tions has been dramatically reduced due to the use
of both CMV negative and filtered leukodepleted
blood products, along with the improvement of
antiviral therapies.

Adenovirus

In children, adenovirus is the most common cause
of either respiratory or gastrointestinal illness. This
may occur as a result of:

• primary infection
• reactivation of the virus.
This may occur at any time during the transplant
period especially during the first 100 days. Chil-
dren are most at risk of developing adenovirus
because of:

• the donor being a mismatched donor;
• the donor being a haplo-identical donor.

In both these settings there is significant depletion
of the donor T cells from the infused stem cells,



Complications of Stem Cell Transplant 153

furthermore there is a continued need for ongo-
ing immunosuppression that may include steroids.
The signs and symptoms of adenovirus are:

• diarrhoea (often severe);
• fever;
• abnormal liver function (in extreme cases of

fatal hepatitis).

The diagnosis of adenovirus needs to be confirmed
and not mistaken for gastrointestinal GVHD as
the use of steroids to treat GVHD exacerbates the
spread/load of the adenovirus infection. A diag-
nosis of adenovirus in the child’s NPA or stool
can be detected on routine monitoring. Weekly
monitoring of blood for adenovirus using the PCR
method should be set in place from admission
up to six months post transplant. As yet there
is no prophylactic drug therapy to prevent aden-
ovirus. Treatment using one or a combination of
the two IV antiviral drugs ribavirin and cidofovir
has shown very positive results. However, should
the adenovirus become disseminated, these drugs
may provide little benefit, and therefore the treat-
ment in this case would be to reduce or stop
the immunosuppression. Research is being under-
taken to give children with adenovirus, which is
unresponsive to drug therapy, a series of ‘T cell
add back’ using cells taken from the donor at the
time of the initial stem cell donation. The aim of the
T cell add back is to prevent a disseminated aden-
oviraemia by boosting the child’s T cell recovery.

Epstein-Barr Virus (EBV)

EBV is one of the herpes viruses (Human
Herpes Virus 4). EBV typically targets mature
B-lymphocytes and squamous epithelial cells of
the oral cavity, pharynx and genital tract. The
virus inserts itself into the DNA of B lymphocytes
and induces them to proliferate. EBV is a world-
wide human virus and once infected (usually via
close saliva contact), the virus will lie dormant
and the infected individual will be a lifelong
carrier in whom the virus always has the poten-
tial to reactivate. In a healthy individual, EBV
may simply cause a fever or swollen glands, or
indeed no symptoms at all. This is primarily
because cytotoxic and natural killer cells control B

cell proliferation. However, in immunosuppressed
individuals, symptomatic disease, which is often
severe, will occur. Moreover, T cell depletion with
alemtuzumab, ciclosporin and steroid therapy
further exposes the transplant patient to a high risk
of EBV. Signs and symptoms of EBV include fever,
sore throat, enlarged lymph nodes, splenomegaly,
hepatomegaly, nausea and fatigue. Diagnosis of
EBV is usually through blood tests, although nasal
pharyngeal swabs and biopsy of lymph nodes can
be used. Treatment may include the monoclonal
antibody, rituximab. Other antiviral drugs includ-
ing cidofovir, foscarnet and/or ganciclovir have
little or no effect. Infusing cytotoxic T cells (CTLs)
that specifically target EBV has also been used with
some success.

Lymphoproliferative disorder (LPD), which
causes the development of lymphomas which may
be rapid or slow growing, is a serious compli-
cation triggered by a combination of EBV and
immune suppression. Treatment with antiviral
therapy, chemotherapy, immunoglobulin, ritux-
imab and CTLs may be required.

To continue to protect the child from these
common infections, there are a number of prophy-
lactic medications now used both pre-, during and
post-SCT, many of which the child will be required
to take orally (Table 11.3).

The effectiveness of prophylactic therapies
depends upon the concordance of the child. Often,
pre-transplant the child is able to comply, but
unfortunately, as nausea and vomiting followed
by mucositis occurs, adherence weakens. Not only
is the child feeling miserable and ill but adherence
may be the only form of control they have. To
help the child continue with as many oral drugs
as possible in a stress-free manner, the use of a
sticker chart is often recommended. It is also help-
ful to award a sticker for each painful procedure,
such as mouth care, peripheral blood sampling, or
taking oral medications. Once an agreed number
of stickers has been achieved, the child has a ‘dip’
in a treasure chest, which is filled with amusing
novelty toys and games.

Older children will require a different approach
and there is nothing to be achieved by using the
seriousness of their condition to frighten them
into adherence (Blotcky et al., 1985). If treated in
a mature way, and if explanations are provided
with patience and clarity at the commencement of
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Table 11.3 Drug therapy related to infection prophylaxis

Drug therapy Prophylaxis against

Antimicrobials
cotrimoxazole (oral) Pneumocystis carinii pneumonitis
ciprofloxacin (oral) Gram-negative bacterial infections
Antiviral
aciclovir (i.v. /oral) Cytomegalovirus (CMV)

Varicella Zoster virus (VZV)
Palivizumab (IM) Respiratory Syncytial Virus (RSV)

given monthly to ‘high risk’
children (e.g. SCIDS)

Antifungals
itraconazole (oral) Aspergillus
fluconazole (oral) Candida
amphotericin (oral/

inhalation)
Candida, Aspergillus

nystatin (oral) Candida
Others
immunoglobulin (i.v.) To improve post-transplant

immunity reduces the length of
the neutropenic phase

granulocyte colony
stimulating factor

(G-CSF) (i.v.)

treatment and maintained throughout treatment,
adherence should be more realistically achieved.
Hopefully, if the child’s pain and/or nausea
and vomiting are well controlled and he feels
well supported by both parents and staff, the
days when oral medications are missed will be
minimal.

Veno-occlusive disease

Hepatic veno-occlusive disease (VOD) is a major
complication, which can occur in up to 20 % of
children undergoing BMT (McDonald et al., 1984).
VOD is generally associated with the use of alky-
lating agents, particularly busulphan, in the condi-
tioning regimens pre-transplant (Ringden et al.,
1994, cited in Bearman, 1995; Wadleigh et al., 2003).
It is believed that their metabolites damage the
endothelial lining of both the sinusoids and termi-
nal hepatic venoules, leading to necrosis of the
hepatocytes (Bearman, 1995; Wadleigh et al., 2003).
The hepatic veins become increasingly occluded
by cellular debris causing the blood flow from the
liver to back up and the protein-rich fluid content

of the blood to leak out into the peritoneal cavity,
resulting in ascites (Grandt, 1989; Baglin, 1994). As
with GVHD there are some recognised factors to
predict which children may develop VOD, such as
having:

• a mismatch or unrelated donor marrow;
• high doses of busulphan (>16mg/kg);
• a second transplant following on from a failed

first transplant;
• a pre-existing infection during conditioning

therapy;
• a pre-existing chemical or viral hepatitis.

There is little doubt that there is a fine balance
between risking rejection due to low busulphan
levels and risking VOD if the levels are too high.
Recent developments have included the introduc-
tion of IV treosulphan in an attempt to minimise
toxicity. The effect of oral busulphan seems to vary
greatly between patients and IV busulphan is also
becoming more commonplace (Veys & Rao, 2004).
A diagnosis of VOD is usually based on clinical
signs and symptoms and includes:

• unexplained weight gain;
• ascites;
• hepatomegaly;
• increase in bilirubin;
• refractory thrombocytopenia;
• increase in almine amino-transferase (ALT);
• hypoalbuminaemia;
• clotting abnormalities.

Although a Doppler ultrasound may confirm
occlusion of blood vessels and reversal of blood
flow, the findings are often inconsistent and
unhelpful and clinical judgement carries more
weight (Veys & Rao, 2004). The diagnosis of VOD
can range from mild to moderate or severe. Early
onset VOD tends to carry greater morbidity and
mortality risk. The child may not develop all
the symptoms but the more severe the symp-
toms are, the more severe the form of VOD. It
usually occurs within the first three weeks post-
transplant and lasts for approximately 10–14 days
from the onset of the liver dysfunction (McDon-
ald et al., 1985). Jaundice and encephalopathy are
both late signs and symptoms. The diagnosis of
VOD is usually made on clinical grounds and the
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differential diagnosis includes infectious or chem-
ical hepatitis or GVHD of the liver. However, it
is only in VOD that there is unexplained weight
gain and fluid retention (Bearman, 1995). There are
two techniques available to confirm the diagno-
sis of VOD. The first is a non-invasive procedure
using Doppler ultrasound, which shows reversal
of hepatic portal venous flow. Alternatively, a liver
biopsy can be performed. However, as these chil-
dren are usually thrombocytopenic and may also
have clotting abnormalities due to liver dysfunc-
tion, a liver biopsy is not recommended.

The management of the child with VOD is the
joint responsibility of nursing and medical staff.
Early detection and support measures by both
teams may help to decrease the damage to the
liver, the aim being to reverse liver disease rather
than allowing it to prove fatal (Bearman, 1995).
In children who are at high risk of developing
VOD there may be an indication for prophylac-
tic treatment with oral ursodeoxycholic acid or IV
defibriotide. Recent studies suggest that prophy-
laxis with low-dose heparin has not prompted
the desired reduction in the incidence of VOD
and is a practice that has been abandoned in
many transplant centres (Veys & Rao, 2004). Treat-
ment used to be primarily supportive until the
liver function recovered. While supportive care
remains paramount, IV defibriotide has been used
recently to successfully treat VOD (Richardson
et al., 1998). Defibriotide is antithrombolytic, anti-
ischaemic and anti-inflammatory in its action,
but has no systemic anti-coagulant effect that
means the risk of bleeding is minimised (Bearman,
2000).

As defibriotide does not have an immediate
effect, supportive care remains a priority for the
child with VOD. Both intravenous fluid volumes
and sodium content must be restricted to minimise
third spacing (i.e. fluids found outside of the
intravascular space) and maximise renal perfu-
sion. To reduce symptomatic ascites, diuretics
such as IV furosemide and IV spironolactone
can be given. However, to maintain intravascu-
lar volume, IV albumin may need to be given
concurrently. In the event of gross ascites that
is not responding to albumin, diuretics and fluid
restriction, careful paracentesis with intravascular
colloid replacement may need to be performed.
This will remove the peritoneal fluid, thus improv-

ing the child’s respiratory function and ensuring
the child’s comfort (Bearman, 1995). This may avert
the need for mechanical ventilation and an inten-
sive care admission. Antithrombin has been shown
to be useful in some patients and it may also
be wise to counterbalance clotting dysfunction by
administering IV vitamin K over several consecu-
tive days.

In the case of severe VOD in a child whose
condition continues to deteriorate, studies have
shown that the use of recombinant tissue plas-
minogen activator (rtPA) has been successful in a
number of cases (Baglin et al., 1990). However, it
is widely believed that the catastrophic bleeding
this may induce is too hazardous (Veys & Rao,
2004). The outcome for the child with VOD can
range from full recovery to fulminant hepatic fail-
ure and death. Markers for a better prognosis are
later onset, peak bilirubin levels <105 �mols/l and
ALT levels <286 U/l. Unfortunately, the present-
ing signs and symptoms that are a feature of
VOD are also indicative of several possible causes.
Raised liver enzymes are associated with certain
drugs (particularly the imidazole group of drugs
such as itraconazole), lipid toxicity if the child is on
TPN, liver GVHD and cryptosporidium infections
affecting the liver. It is therefore vital that clini-
cians continue to monitor for all possible causes of
liver dysfunction so that appropriate interventions
are instigated.

From a nursing perspective the following should
be in place to address the effects of VOD:

• Ensure twice-daily weight recording and girth
measurement.

• Make an accurate recording of the fluid balance
chart.

• Restrict intravenous and oral fluids.
• Restrict IV sodium chloride.
• Give diuretics, e.g. IV furosemide and IV

spironolactone.
• Administer pain relief, e.g. subcutaneous or IV

morphine.
• Assess the child for petechiae and bleeding.
• Give platelets, albumin and fresh frozen

plasma, as directed.
• Maintain adequate respiratory function for the

child.
• Assist with paracentesis, if required.
• Provide support for the child and family.
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Graft versus host disease (GVHD)

GVHD is a reaction of donor cells to histocompat-
ible differences between the donor and the host
(Witherspoon & Storb, 1993). GVHD was a major
complication in the early days of BMT (Barrett,
1993) and today it continues to be a complication
of allogeneic transplants. This situation is likely to
continue with the increasing use of unrelated and
mismatched donors.

Originally, GVHD was seen as a T cell-mediated
disease, brought about by infiltration of effec-
tor cells into target tissues with their resultant
destruction (Treleaven & Barrett, 1993). It has
now been shown that the situation is far more
complex with involvement of natural killer (NK)
cells, macrophages and cytokines (Witherspoon &
Storb, 1993). Cytokines are produced in response
to the conditioning regime prior to stem cell re-
infusion. The release of inflammatory cytokines
such as tumour necrosis factor (TNF) and inter-
leukin 1 (IL-1) increases the HLA expression and
up-regulates the immune response. This enhances
the recognition of donor histocompatibility by the
donor T cells. The activated T cells proliferate
and secrete cytokines, mainly interleukin 2 (IL-
2), which in turn activates more donor T cells
and mononuclear cells. This is the afferent path-
way of GVHD. The mononuclear cells are induced
to produce IL-2 and TNF, which again stimu-
lates further T cell activity. In this way a positive
feedback loop is initiated amplifying the immune
response and increasing tissue damage. The indi-
vidual contribution of lymphocytes, macrophages
and cytokines in mediating tissue damage during
the efferent phase of GVHD remains unknown
(Veys & Hann, 1997). Furthermore rapidly expand-
ing cells sensitive to GVHD may also express
HLA antigens, which may be up-regulated by
both bacterial and viral infections. This link might
provide the answer to an exacerbation of GVHD
in the face of active adenoviral and CMV infec-
tions (Meyers et al., 1986). The resulting damage is
focused on the rapidly dividing cells of the epithe-
lium, gastrointestinal tract and liver.

Two forms of GVHD are described: acute and
chronic. Acute GVHD (aGVHD) occurs in the
first 100 days following transplant and may range
from a mild and self-limiting or a fatal disorder
(Veys & Hann, 1997). In its mild form, treatment

may be symptomatic, with control of itching and
monitoring of the condition. If the child becomes
systemically unwell or the GVHD progresses, oral
steroids may be added and increased or reduced
as necessary. With progressive GVHD, which has
failed to respond to steroids, other treatment
approaches, including the use of monoclonal anti-
bodies, thalidomide and IL-2 receptor antagonists
have been used. Chronic GVHD (cGVHD) occurs
beyond day 100 of the transplant. It may occur
earlier, in isolation or as a progression of aGVHD.
Chronic GVHD affects more organ systems than
aGVHD and the effects on the child appear to
be similar to autoimmune diseases such as scle-
roderma. The nursing implications for both forms
will be described separately below.

The diagnosis of GVHD is usually clinical,
however, skin, gut or liver biopsy may be used
to confirm diagnosis. Biopsy results, nevertheless,
are not always definitive and need to be put into
context with clinical findings. Biopsies, however,
may rule out a differential diagnoses of drug toxi-
cities, veno-occlusive disease and viral infection
(including CMV colitis and cryptosporidium). Both
individual organ grading and overall GVHD grad-
ing is used (Figure 11.1). Patients with grades III
and IV GVHD have a reduced chance of survival
and grade IV GVHD is generally fatal.

Acute GVHD

There are recognised risk factors used to predict
the severity and occurrence of GVHD:

• mismatched or unrelated donor (increasing
level of HLA mismatch, the greater the risk of
GVHD;

• racial mismatch;
• intense conditioning regimens;
• donor–recipient sex mismatch (increased

GVHD in female donor to male recipient);
• increasing age of donor and recipient;
• infections with DNA viruses (CMV and HSV);
• cytokine administration;
• sunlight (can exacerbate skin GVHD).

Prevention of GVHD is undertaken according to
the perceived risk. At present, a variety of meth-
ods are used to achieve this, involving either T cell
depletion of the donor stem cells prior to infusion
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or the use of ciclosporin plus or minus methotrex-
ate in the patient post stem cell infusion. The
chosen method of GVHD prevention is a matter of
choice for individual units and the chosen methods
applied in response to the specific requirements of
that transplant.

Skin GVHD

Onset is 7–10 days following transplant. Acute
skin GVHD varies in intensity from a mild to
a severe form with desquamation of large areas
of the body. Frequently, the first sign is a rash
or increased redness of the face, neck, including
ears, palms, soles and limbs. This can progress
to a maculopapular rash on the upper and lower
body causing itching and discomfort to the child.
Severe GVHD of the skin can progress to gener-
alised erythroderma and desquamation (taking on
the manifestation of second-degree burns). From
a nursing perspective the following nursing care
should include:

• Educate the parents in the prevention and early
detection of skin GVHD.

• Daily skin care with an emollient bath oil to
maintain skin integrity.

• Encourage the use of skin moisturisers, at least
once a day.

• Assess the skin daily for any rash.
• Symptom control of itching with antihistamines

(small babies may need to wear cotton gloves
to prevent secondary infection). Loose cotton
clothing can help to reduce skin irritation.

• Ensure the child has adequate sun protection
applied correctly; the education of parents on
discharge is vital. During the summer high
factor UVA 5-star sun cream and long-sleeved
shirts and trousers should be worn when
outside, even on cloudy days.

Gastrointestinal GVHD

Onset is 10–21 days following transplant. Gastroin-
testinal GVHD often, but not always, follows skin
GVHD. Presenting signs include diarrhoea with
abdominal cramps, nausea and loss of appetite.
From a nursing perspective the following nursing
care should include:

• Awareness of the gut signs of GVHD is needed
to differentiate mucositis and GVHD (GVHD
stools are green and watery with strands of gut
lining present).

• Assess the amount, colour and consistency of
the stools.

• Maintain an accurate intake/output and fluid
balance.

• Observe the child for dehydration, blood loss
and signs of infection.

• Monitor the electrolyte balance.
• Ensure the peri-anal area is cleaned following

episodes of diarrhoea. Maintain skin integrity
as per unit policy.

• Rest the gut; provide nutrition with TPN.

Further gastrointestinal involvement can lead to
increasing amounts of diarrhoea (stools are often
green with mucus to begin with, becoming increas-
ingly watery with strands of epithelial lining).
As the involvement of the gut progresses, severe
fluid loss, blood loss and bowel perforation may
occur, requiring intensive medical and nursing
care. Severe gut GVHD carries a high incidence of
morbidity and mortality.

Liver GVHD

Onset is 30+ days following transplant, liver
GVHD rarely occurs as an isolated event but
usually as a progression from resolving gut and or
skin GVHD. Liver involvement in GVHD occurs
as a result of the destruction of the hepatic bile
ducts and mucosa (Wujcik et al., 1994). Elevated
liver enzymes, enlarged liver, jaundice and right
upper quadrant pain can be an early indication
of liver GVHD but may be due to ciclosporin,
other drug toxicity or liver infection. From a
nursing perspective the following nursing care
should include:

• Provide analgesia and monitor its effectiveness.
• Position the child on the left side to decrease

liver pressure.
• Provide comfort measures for itching as a result

of jaundice.
• Provide support and comfort to the parents and

the child.

The prevention of aGVHD frequently involves
the use of ciclosporin, possibly combined with
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other drugs, such as oral steroids, methotrexate
or mycophenolate mofetil (MMF). Treatment of
GVHD consists of, in the first instance, topical
steroids for mild skin GVHD to systemic treat-
ment if the child’s skin lesions progress or there is
evidence of gut or liver involvement. Initially oral
steroids, i.e. prednisolone, are started increasing
to high doses of IV methylprednisolone in severe
cases. For steroid refractory GVHD there have been
some good results with the use of monoclonal anti-
bodies such as infliximab and dacluzimab (Veys &
Rao, 2004). The side effects of drug therapies may
compound those already apparent with aGVHD
and these are:

• Increased hirsutism (especially facial hair).
Ensure the child and parents are aware of this
as it may be upsetting for them. The parents
and child should be reassured that this excess
hair will go once the drugs are stopped.

• Hypertension. Monitoring of the child’s blood
pressure should continue on discharge even if
this has not been a problem as an inpatient.
It should be ensured that the community team
is aware of the need to monitor blood pres-
sure. Antihypertensive drugs may be needed to
control this symptom.

• Cushingoid appearance. The child and the family
should be supported during this time. Reassur-
ance should be given that this alteration in body
image is temporary and the child’s appearance
will return to normal once the ciclosporin and
steroids are discontinued.

• Increased risk of infection (particularly fungal and
viral). The child and parents need to understand
the need to be concordant with drug therapies
and to continue observing protective precau-
tions as recommended by the unit.

Hyper-acute graft v host disease

Hyper-acute GVHD is an amplified version of
aGVHD and is most commonly seen in the first
week; in particular, the first 72 hours post-infusion
of stem cells. It is usually seen in children who have
an HLA mismatched donor and manifests itself
as an extreme version of aGVHD. The child will
have sudden onset respiratory problems, includ-
ing de-saturation, fever, skin rashes, diarrhoea and
a raised bilirubin. Treatment is supportive with
oxygen therapy and steroids.

Chronic GVHD

Chronic GVHD (cGVHD) is unusual in children,
however, the risk of occurrence increases with age.
For children under the age of 10 years receiv-
ing a sibling transplant and receiving GVHD
prophylaxis of methotrexate and ciclosporin, the
incidence is as low as 13 % rising to 28 % in adoles-
cents (Sullivan et al., 1991). The reason for the
younger child being at less risk of cGVHD is not
known (Mehta, 2004). Chronic GVHD is defined
as GVHD occurring 100 days post-transplant.
However, clinical and histological features may
occur 30 days post-BMT (Barrett, 1993). It may
occur alone or in conjunction with aGVHD (Atkin-
son, 1991). Risk factors include increased age of
donor, degree of HLA mismatch and previous
aGVHD (Veys & Hann, 1997). The primary feature
of cGVHD is an increase in collagen deposits caus-
ing sclerosis and atrophy of the dermis. More
organs are affected than in aGVHD and clini-
cal signs reflect the organ affected. These may
include joint and muscle contractures, skin colour
changes, malabsorption and liver damage due to
bile duct destruction (Frederick & Hanigan, 1993)
(Table 11.4).

Risk factors for cGVHD

The main risk factor for developing cGVHD
following SCT are:

• a preceding acute GVHD;
• HLA matching between patient and donor;
• age of the donor.

There is some debate as to whether GCSF
mobilised peripheral blood stem cells increase the
incidence of cGVHD (Mehta, 2004). Treatment is
both specific and symptomatic. Alternating oral
steroids and ciclosporin is an effective regimen and
aims to minimise drug-related side effects (Sulli-
van et al., 1991). For those with a poor response
to this regime, thalidomide, MMF (mycopheno-
late mofetil), FK506 (tacrolimus), infliximab and
PUVA (Psoralen ultra violet A radiation) have
been used (Vogelsang & Hess, 1994; Vogelsang
et al., 1996; Greinix et al., 1998; Zecca & Locatelli,
2000). Symptom control is necessary to maintain
the child’s comfort and quality of life. This includes
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Table 11.4 Signs and presenting symptoms of cGVHD

Signs Presenting symptoms

Skin
scleroderma
lichen planus

Red discoloration of the skin, stiffness of connective tissue,
joint contractures.

skin colour Dry white patches on the skin.
alopecia Can be increased or decreased

Sparse, uneven hair – both head and body.
Dry eyes and mouth.

Sicca syndrome White dry patches on oral mucosa, often mistaken for oral
candida.

lichenoid lesions Painful friable mucous membranes (this may also affect the
vagina, oesophagus, external auditory canal).

premature dental decay
mucositis

Dry mouth, difficulty in swallowing, and reduction in saliva

xerostomia Gastrointestinal tract
Malabsorption
anorexia Weight loss, diarrhoea
dysphagia Difficulty in swallowing may be due to narrowing of

oesophagus
Musculoskeletal
muscular atrophy Weakness and wasting painful joints, knees and hips
Lungs
obliterative pulmonary bronchitis Decreased activity tolerance
Liver
bile duct abnormalities Cirrhosis liver failure
Immune system Recurrent encapsulated infections

Sources: Frederick & Hanigan (1993); Barrett (1993).

a multidisciplinary team approach from occupa-
tional therapists and physiotherapists in order to
maintain mobility and prevent contractures.

Due to the low levels of circulating anti-
bodies that are a feature of cGVHD and the
immunosuppressive nature of the treatment, the
risk of viral, bacterial and fungal infections is
increased. Prophylaxis against pneumocystis and
encapsulated organisms is also needed, alongside
continued immunoglobulin replacement therapy
(Barrett, 1993). Response to treatment and the long-
term outlook depend upon the number of organs
involved and the platelet count; thrombocytopenia
less than 50 × 109/l is also an indication of poor
prognosis (Veys & Hann, 1997).

The occurrence of cGVHD can have emotional
as well as physical effects. The child never
becomes well after transplant, leading to depres-
sion and low self-esteem. This can affect all family
members, as the affected child remains dependent
on the parents for both physical and psychological

support. For the sibling donor, extended feelings
of guilt may be shown at having a part to play
in the debilitation of their sibling through dona-
tion. Nursing intervention includes recognising the
family at risk of stress due to caring for a child
with cGVHD and the implementation of support
mechanisms.

GVHD, both acute and chronic, still remains
despite many new approaches, one of the major
obstacles to survival post SCT. However the
absence of GVHD can also pose a problem for
the child with leukaemia, as it is thought that
GVH enhances the graft v leukaemia (GVL) effect
(Munker et al., 2002).

Graft versus leukaemia (GVL)

One of the specific advantages of SCT concerns
the phenomenon of the graft versus leukaemia
(GvL) effect. Following SCT there is a high rise
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in cytokines, including interleukin-2 (IL-2), natu-
ral killer (NK) interferons and tumour necrosis
factor (TNF). This ‘cytokine storm’ is thought to be
responsible for unrestricted cytotoxicity towards
leukaemia cells. On activation, T cells demon-
strate a wide range of cytotoxicity towards tumour
cells. GvL is thought to be the result of minor
donor T cell recognition and elimination of host
leukaemic cells’ histocompatibility antigen differ-
ences on the surface of cells. This phenomenon is
most readily seen in adults with chronic myeloid
leukaemia (CML) both from donor T cells infused
at the time of transplant and with donor T cell infu-
sions following relapse of CML post-transplant. It
may have a role to play in BMT for childhood
leukaemia but the full implications and appropri-
ate use in the clinical setting will be the subject of
further medical research (Caudell & Adams, 1990;
Magarth, 1994; Veys et al., 1994).

Relapse and the role of a second stem cell
transplant

Relapse following SCT or failure of the stem cells
to engraft is a devastating event for the child and
the family, it is, however, a common cause of trans-
plant failure (Sandler & Joyce, 2004; Veys & Rao,
2004). Multiple transplants are not uncommon in
the USA (Magarth, 1994), but are rare in the UK.
Parents will often seek more treatment in the hope
of a cure, however toxicity is considerable. The
decision to undertake a second transplant must
consider many aspects, and no one answer or solu-
tion will be suitable for all children. For children
who relapse within six months of a first transplant,
long-term survival following a second procedure
is less than 10 % and with a treatment mortality
of >60 % (Veys & Rao, 2004). However, for chil-
dren who relapse more than six months after their
first transplant, a second procedure is a possibil-
ity with generally a 20–30 % disease-free survival
(Sandler & Joyce, 2004).

Factors influencing the decision to proceed to a
second transplant are assessed on an individual
basis but may include:

• the availability and potential risks (both psycho-
logical and physical) to the donor;

• the risk of toxicity to the patient in proceeding
with the second transplant;

• the probability of the second transplant being
successful (Prentice et al., 1996).

Therefore the use of reduced intensity condition-
ing, once the child is in remission may offer a better
chance of cure and with minimal organ toxicity.
The aim of the procedure would be to manipulate
the graft and increase the GvL effect by reducing
the GVHD prophylaxis and using T replete stem
cells. Donor registries do allow adult donors to
donate bone marrow or peripheral stem cells twice
and to donate T cells to the patient in light of a
relapse, however, the use of GCSF in unrelated
adult donors is an area of continued debate. The
use of sibling donors in these circumstances is a
more difficult decision, on both moral and prac-
tical grounds. The use of central lines for small
children unable to cope with leukopheresis from
a peripheral cannula may expose these children
to another general anaesthetic. The psychologi-
cal stress involved for this tiny group of sibling
donors is an area where future research needs to
be focused.

Donor lymphocyte infusions (DLI)

For children with chronic myeloid leukaemia who
relapse following SCT the infusion of donor T
lymphocytes may achieve a remission without
having to use further chemotherapy. If there is
neither GVHD nor response, the infusions can be
given at 12-weekly intervals with a larger incre-
ment of cells given at each infusion. One prob-
lem that may arise is the chance of the child
developing marrow aplasia or severe GVHD. To
date there has been little success in using DLI
in children with acute lymphoblastic leukaemia,
however, there may be some hope for chil-
dren with Philadelphia-positive or infant ALL.
Within the acute leukaemias, for DLI to work the
child must be in remission, therefore some prior
chemotherapy to achieve this state is vital (Kolb
et al., 1995; Veys & Rao, 2004).
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12 Discharge Planning and
Psychosocial Issues for the Family

Nikki Bennett-Rees and Sian Hopkins

Discharge planning

The experience of a SCT, for both the child and
the family, takes place over a long period. The
experience begins with the search for a donor and
this may take many months and be emotionally
exhausting for the child and family. Hopes and
expectations are raised and dashed in the search
for and identification of a suitable donor. With the
success of finding a donor, the transplant follows.
This often takes place at a regional transplant
centre, which may be some distance from the home
and away from the support of family and friends.
The extensive medical and nursing support needed
following transfusion of the marrow or stem cells
and in the wait for engraftment requires weeks,
possibly months, of hospitalisation. At last the
child and the family reach the physical criteria
required by the unit to be allowed to go home.
This is the day everyone has been waiting for.
However, the complexities of discharge following
SCT should begin pre-admission. It is crucial to
ensure that the family have a suitable home to
return to, for both them and their child post SCT.
For example, is the home free from damp/animal
infestation and is any building work required or
indeed planned? Has home tuition been set up

so that when the child returns home there are no
delays in continuing with home schooling? If the
family have pets, are they healthy, with vaccina-
tions up to date?

On discharge from a transplant unit parents may
face a myriad of concerns and anxieties related
to treatment, prognosis and changes in their lives
resulting from the transplant experience. Once
home the practicalities of family life need to be
resumed. The financial cost of the transplant often
becomes apparent on discharge, even in coun-
tries with free medical care the cost implications
for families undergoing stem cell transplant are
vast. Usually one parent (often the mother) gives
up a wage or takes a career break during the
transplant period. This loss of income can have
major implications for the family; the financial
costs of a home and family carry on and although
put on hold during the hospitalisation of the
child, they reappear once the family is home. This
may lead to a change to the previous lifestyle of
the family, affecting all its members, particularly
healthy siblings who may lose out on previously
granted treats or pastimes. On discharge there is
a transition from an acute to a chronic phase of
care, requiring an alteration in the coping mechan-
isms demanded of the family and the child. White
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(1994) has identified six major themes of concern
to parents on discharge from the unit:

• the return home;
• working with this;
• changing relationships;
• learning the rules;
• the new norms;
• the uncertain future.

Returning home

The return home is often seen by families as a
mixed blessing. Reporting ‘it’s good to be home,
to be a family again in familiar surroundings and
in charge of our lives again’ but also expressing
concerns about leaving the safety and security of
the unit with the ‘experts on tap’.

Changing relationships

If the transplant has occurred far from home, the
follow-up care may be coordinated at a local paedi-
atric unit. In some cases this might be the original
referring hospital in which the child has been cared
for in the past. If this is the case, relationships
with staff will have been formed and the routines
and environment of the hospital will be familiar to
the child and family. However, for those children
with little or no previous experience of hospital,
for example, children with metabolic disease or
children for whom the follow-up hospital is not
their referring hospital, the involvement of another
hospital can be an added stress. New relationships
will need to be formed with staff of this hospi-
tal and a new philosophy of care learned. Parents
can be helped in this with the support of paedi-
atric community nurses from the shared care or
tertiary hospital. In such cases the family becomes
a teacher, explaining the past experiences of the
child and the practicalities of SCT to new staff.
The potential inexperience of staff in the follow-up
hospital in relation to the field of SCT can lead to
further stress and anxiety for the family.

Learning the rules

Learning the rules of discharge can be a major
component of the discharge experience for parents.

The vulnerability of parents leaving the safety of
the hospital, often perceived as clean and germ-
free, to enter the outside world again can be a
time of fear. Physical care of the child is now their
sole responsibility; monitoring vital signs and the
symptoms of GVHD and choosing when to act on
them is now their responsibility.

New norms

The skills parents have previously learned and
once undertaken in order to care for their child
while sick may need to be relearned prior
to discharge, for instance, the timing and safe
administration of the many oral drugs required
after a transplant and caring for central venous
lines. Skills such as these may have once been
second nature, but now physically and emotion-
ally exhausted following the transplant, parents
may have forgotten how to carry them out; or
tasks may have been performed by staff on the
transplant unit, so leading to loss of confidence.
Staff should not make the assumption that because
parents have successfully carried out such tasks
before, they are capable, willing or confident about
resuming them on discharge. New skills need to
be learned, such as giving naso-gastric feeds. The
monitoring of adequate calorie intake and other
supportive care also needs to be learned by parents
prior to discharge.

The uncertain future

The sense of responsibility for the physical well-
being of the child can lead to unrealistic expec-
tations by parents as to how safe they can make
their home in order to prevent complications and
infections occurring. The extended use of hospital-
based infection precautions, such as methods of
washing clothes, and the adoption of hospital-
type cleaning routines have been reported and
in one case a child’s bedroom was rebuilt as the
old wood was seen by the parents as a poten-
tial infection risk. Reluctance to return the child
to school and the prolonged use of restrictions on
the child’s activities may prevent the child’s rein-
tegration into ‘normal life’. To help these families
make sense of the transplant experience and to help
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in the child’s reintegration to normal life careful
discharge planning is required.

Although a significant event, SCT is a tempo-
rary period in a family’s life. Helping a family
to make sense of this period and return to soci-
ety post-transplant begins before the transplant
and requires a multidisciplinary approach, which
is often coordinated by a nurse. Hare et al. (1989)
suggest that the period and quality of preparation
can have a significant effect on the family’s attitude
towards treatment and recovery. Discharge inter-
views are recommended by some authors (Heiney
et al., 1994; Sormati et al., 1994); these interviews
can act as debriefing sessions for the family and
help them to begin to make sense of the trans-
plant experience. The staff leading the discharge
planning need to acknowledge that the transi-
tion from the acute to the chronic phase of the
SCT and the return to the new norm may not be
smooth. The nurse leading these sessions needs
to be someone the family already knows and
with whom they have a working relationship. This
may be their primary nurse, key worker, social
worker or transplant coordinator. This person will
need to be confident in their ability to coordi-
nate the care of the child and the family’s rein-
tegration to home life. Skilled communication is
called for, as is understanding of the role of the
resources and functions of the multidisciplinary
team. Each family will require careful assessment,
planning and implementation of a care plan as
discharge approaches. The family’s involvement is
paramount to the success of discharge planning.
For those families for whom English is not the
first language, the use of interpreters for both oral
and written information should be considered in
advance and cultural advocates may be necessary
to provide coordinated discharge from hospital.

The child whose post-transplant care is to
be shared with other hospitals and agencies
may require multidisciplinary discharge planning
meetings, in which the anticipated transition can be
discussed openly and supportive measures imple-
mented. Prior to discharge, professionals within
the multidisciplinary team for whom SCT is not
the norm may be apprehensive about receiving the
child into their care. This should be recognised as
a cause of stress to staff and support mechanisms
should be identified for them. Staff in such areas
will need input from the discharging unit about

the precautions and possible complications of SCT.
Such information should include practical advice,
for example, restrictions on diet, immunisation and
sun protection, as well as general advice on phys-
ical and psychological responses to SCT.

At the discharge meetings acceptance of each
other’sareasofresponsibilityandlimitationsshould
be recognised and respected. In both areas a
named link person/key worker would be benefi-
cial, and effective communication systems should
be established before discharge of the family
from the unit. As early discharge from units
may be a feature of the future, due to pressure
on resources and the expansion of transplants
in paediatrics, this situation may become more
frequent. The link person/key worker coordinat-
ing the discharge should be easily contactable by
parents and staff and have a named associate to
cover in their absence. Effective communication
within the unit will help in the continuity of care and
reduce confusion and stress for all those involved.

The first year after transplant has been shown
to be the most stressful in emotional, physical
and psychological terms (Pot Mees, 1989); support
during this period is likely to be the most intense.
As the family adjusts to the new norms, the inten-
sity of involvement by the supportive agencies can
be reduced; naturally there will be some fami-
lies for whom longer-term intervention is needed
due to the physical results of treatment, such as
the side effects of TBI and GVHD, or the psycho-
logical trauma of a difficult or complicated trans-
plant. Long-term support groups for parents have
been used in some centres with beneficial results
(Andrykowski et al., 1995).

For parents, the need is for concrete information
to help them cope with the physical and psycho-
logical care of their child and the knowledge that
their fears and concerns will be acknowledged and
acted upon (White, 1994). As discharge approaches
and the child’s physical health improves, care by
parents can be increased and nursing intervention
slowly withdrawn. ‘Step down’ units or transfer
to a quieter, more distant area of the unit can aid
in the transition to home with less nursing inter-
vention. Responsibility for drug administration by
parents can be implemented with help and support
from staff and the learning (or relearning) of skills,
such as caring for central venous lines and naso-
gastric feeds, undertaken.
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Confidence is needed by both sides that the
recognition of complications post transplant, such
as GVHD, and the required action, are under-
stood and that other carers the child may have,
for example, grandparents, are aware of the need
for precautions such as adequate sun protection
and skin care. Support and reinforcement are once
again vital if parents are to be confident in their
child’s care after discharge. Written information is
needed to support the verbal information given,
with a named person to contact if necessary. This
may be included in a parent information folder
or booklet. Again, consideration for families for
whom English is not the first language needs to
be taken into account. The use of multidisciplinary
outpatient clinics can be of benefit to both families
and staff alike in providing a cohesive transition
to home and the opportunity for parents to talk
over their fears and concerns with the ‘experts’.
For successful transition from hospital to home,
awareness is needed by both the family and the
staff. The family will require information that the
transition from hospital to home may not be as
smooth as they expect. Information about what to
expect, both from their own and the child’s reaction
to returning home, will need to be discussed with
them. Speaking to a family recently discharged
from the unit may help to highlight areas only
apparent to those who have experienced trans-
plant at first hand. Coping mechanisms and strate-
gies for coping with setbacks (both physical and
psychological) will need to be identified. The tran-
sition from hospital to home can be managed well,
allowing the family to reintegrate with support and
education from the multidisciplinary team with the
minimum of trauma.

Finally, as the day for discharge approaches
and the isolation precautions have been reduced,
parents must be given sound discharge advice,
balancing the continued need for the child’s protec-
tion against infection with the need to resume a
‘normal’ life.

Psychosocial effects of stem cell
transplant on the family

Few studies have looked specifically at the expe-
rience that families live through when their child
has had a SCT (Dermatis & Lesko, 1990); most

literature revolves around families whose child
has cancer. However, increasing numbers of chil-
dren who do not have cancer are undergoing SCT.
Clearly this is an area where research is needed
in order to ensure that the transplant episode is
as manageable as possible. Stem cell transplanta-
tion presents many challenges to both children and
their families; it can affect many areas surrounding
quality of life issues from the acute stage through
to long-term recovery. It is on discharge from the
transplant unit that families often realise the full
impact that the transplant has had on their lives.
A change in perspective occurs. The trivia of life
that once seemed important, such as cars break-
ing down and delayed trains, no longer seem as
crucial; one mother described it thus, ‘the small
things don’t matter any more, after this [the trans-
plant] the rest is just not important.’

This change in philosophy can be accompanied
by an alteration in spirituality. This may not take
the form of religion but may be expressed as a
growth in inner strength, conviction and life goals
(Ferrell et al., 1992a, b). If faith was important to the
family before, it may be reinforced by the experi-
ence of transplant. In some cases belief in a greater
being and prayer may have been used during the
transplant and their use be afforded some responsi-
bility for its success; these coping mechanisms may
or may not be continued after discharge (Brack
et al., 1988). The spiritual issues of SCT can also
lead to the question of ‘Why did our child survive
and others die?’, so-called ‘survivor guilt’ (When-
don & Ferrell, 1994). Being aware that other fami-
lies on the unit are not as lucky to be discharged
with a well child may lead parents and children
to ask why they were chosen to survive instead
of others. Survivor guilt has been reported to lead
to feelings of despair in some survivors of SCT
(Ferrell et al., 1992b). The discussion of survivor
guilt is included in the following section looking
at a potentially negative response to SCT, post-
traumatic stress disorder (PTSD).

The perception (by both nurses and the family)
that the transition from hospital to home will
always be smooth is unrealistic and in some cases
may be so difficult as to result in post-traumatic
stress disorder (PTSD) (Heiney et al., 1994). PTSD
is defined as a ‘psychological traumatic event
that is outside the normal range of usual human
experience’. Often used to describe reactions to
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man-made or natural disasters, it can also be used to
describe any overwhelming life-threatening event.
The presentation of PTSD is the development of
a set of characteristic symptoms which include
re-experiencing the event, avoidance, detachment,
physiological arousal and feelings such as anger,
guilt, depression and grief. Factors contributing
to PTSD include decreased social support, the
extent to which the sufferer played a part in the
event and the origin of the stressor. Heiney et al.
(1994) examined PTSD in the aftermath of SCT
in paediatric patients and their families. In this
work she found that seven factors in the transplant
period affected the development of PTSD:

• degree of life threat;
• duration of trauma;
• degree of bereavement and loss;
• displacement from home and family;
• potential for recurrence;
• role of the parent in the trauma;
• exposure to death and destruction.

These issues are discussed briefly below. The trans-
plant, an attempt to prevent death or improve qual-
ity of life, carries a risk of mortality and morbidity
that continues throughout life with the occurrence
of complications, rejection and the fear of relapse
(Sherman et al., 2004). Parents report lying awake
at night worrying what to do if a relapse occurs,
if the graft is lost due to infection, or the uncer-
tain response to transplant. Parents are involved
in their child’s care during transplant and give
consent to the procedure. This involvement and
the witnessing of complications and trauma for
the child can lead to stress and feelings of help-
lessness by parents. The displacement from home
and support networks can lead to feelings of isola-
tion and detachment. In the place of usual support
networks friendships are formed with other
families on the unit. Some of the children in these
families may die during their transplant. This, in
turn, leads parents to face not only the possibility
that their own child may die but also the death
of children whom they know well, an experience
rarely faced by families in twenty-first-century
Western society. The relationships formed with
other families on the unit are especially signifi-
cant during the transplant period. On discharge,
relationships with old friends and neighbours are

resumed and this is taken to be a sign of returning
to normal by others. Families report that the loss of
contact with people with whom they have shared a
common experience is difficult to adjust to, ‘People
who are in the same boat as you are lost’, is how
one mother described this loss of support.

Relationships within the family may also have
altered during the child’s admission. The parent
who stayed in hospital and the sick child may have
almost become a single family. A relationship can
be formed in which each party knows the other
more intensely than before or than other members
of the family know them. The readjustment to
their previous roles within the family can take
both time and energy. In their parent’s absence,
older siblings may have taken on the role of parent
to younger siblings, and fathers may have taken
on roles previously carried out by the mother.
In effect, the parent and child may return to a
household in which the roles they once occupied
have been filled. One mother, after a prolonged
transplant admission, commented that on her
return ‘it was almost as if they didn’t need me
any more’.

The transplant period of separation has also been
described as having a negative effect on marital
relationships and the personality of the parents
(Freund & Seigel, 1986). The transplanted child has
to readjust to being one of the family again, and no
longer the centre of attention. Relationships with
and between siblings will also require adjustment.
Siblings who have been sent to stay with rela-
tives will need to adjust to the family rules again
and a period of conflict may occur as old roles
and domains are regained or adjustments made to
permanent changes to family dynamics. In addi-
tion, for the mother, adjustment to the changed
home environment may be compounded with her
return to work. This can be additionally stressful,
as leaving the child previously in her care can give
rise to feelings of fear and guilt (Pot Mees, 1989).

Once home, many families do adjust to the new
norm and rapidly gain confidence in their child’s
care, instigating changes and moving on from
the hospital. The reintegration to school/college is
one area that may be a significant event for the
family. The point at which the child is allowed
to return to school/college will vary from unit to
unit. Often, once immunosuppressive drugs have
stopped and the immune system is re-established,
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the school/college can be restarted. However, the
fear of infection is one of the main reasons cited
for the delay in restarting school/college and
outbreaks of infections such as chickenpox may
cause the child to be withdrawn from school again.
For the child, adaptation to their peer group can
be stressful. Old friendships will have moved on,
the rules and culture of school/college, as with the
family, will once again have to be relearned and
academic work interrupted by the transplant will
need to be regained. The provision of home tuition
while the child is well but still immunosuppressed
can help to reintroduce academic work. Once this
hurdle has been overcome, confidence in reintro-
ducing other activities usually grows, ‘Once he
started school, it seemed silly not to allow him to
do the other things, we just slowly started them up
again things like football and Cubs, so far there’s
been no problem.’

Following SCT, it can often take a year for the
family to readjust to the experience (Pot Mees,
1989). This experience, which has not been shared
by the family as a whole, will mean that each
member child, the parent who stayed in hospi-
tal, the parent who stayed at home, the sibling
donor, and the sibling who was not a donor, will
all have their own private feelings about the trans-
plant. The year following the transplant will be a
time of upheaval and resettlement for the family
as they re-form. This year can be likened to the
‘golden hour’ in emergency medicine, in that what
happens during that time is vital for the long-term
implications for the family’s health, both as indi-
viduals and as a whole. Planning for the family’s
discharge is a key area of responsibility for the
transplant nurse.
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13 Staff Support in Stem Cell
Transplant Units

Sian Hopkins

Caring for children and their families facing
haematopoetic stem cell transplant, as with other
areas of high-dependency nursing, is stressful.
Some sources of stress are common to nursing as a
profession and others are unique to the speciality.
Common stressors identified within the nursing
profession on a general level include workload,
low morale and dealing with death and dying as
well as the global issues of economic and corpo-
rate restraints which seem to have become the
hallmarks of working within the National Health
Service (NHS) today (Tyler & Ellison, 1994).

Within the paediatric SCT speciality, these
general stressors are compounded by those specific
to this speciality and include working with chil-
dren who may be both acutely and chronically
sick and coping with rapid advances in technol-
ogy and treatments available (Molassiotis & Van
der Akker, 1995). Nurses must also deal with chil-
dren who may face death not simply as a result
of their condition, but paradoxically may die due
to the very treatment given in an attempt to save
their life (Kelly et al., 2000). Patenaude et al. (1979)
summarise the stressors faced by SCT nurses as:

• uncertainty regarding the benefits and
outcomes of the treatment;

• intensity of the emotional involvement with
families and patients;

• ethical dilemmas surrounding SCT;
• interpersonal relationships and communication

between staff and, in some cases, families.

Furthermore, children undergoing SCT often
spend long periods of time on a unit which may
be very distant from home. This, coupled with
stringent isolation and visting restrictions, can
result in families being separated for months at
a time. Consequently, the usual support networks
offered by extended families are often temporar-
ily replaced by members of nursing staff. While
this may be both positive and therapeutic for both
parties, it can be particularly stressful to the nurse
as families form intense relationships in which the
professional boundaries become blurred and this
may contribute to the risk of burnout in staff (Kelly
et al., 2000).

Formation of such intense relationships may lead
to the loss of professional boundaries, in which
each party is unsure of their role (Ruston et al.,
1996; Ford & Turner, 2001). Over-involvement
by the nurse may lead to advocacy giving way
to paternalism. The nurse may lose sight of the
need to involve the parents in the decision-making
process, and in an attempt to protect the family,
make decisions or offer opinions on their behalf.
In some situations, this may occur without the
family’s consent or knowledge. Such situations are
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dangerous for all involved. The parents become
disempowered in the care of their own child and
the nurse takes on a role that cannot be main-
tained (Hawes, 2005). Over-involvement occurs
slowly and is often a two-way process between the
parents and nurse. Indications for such involve-
ment include the refusal of parents to allow nurses
other than the ‘favoured’ nurse to undertake care
of the child, exceptions to ground rules being
demanded from or granted to parents, nurses
coming in when off duty to care for the child
and the formation of an exaggerated sense of
responsibility towards the child’s care (Ruston
et al., 1996).

Strategies to avoid such situations include a unit
culture that is open and honest with both the
family and the staff involved. This includes advo-
cating the belief encompassed in the partnership
model (Casey & Mobbs, 1988; Coyne, 1995) that
families are autonomous and the child’s prime
advocate. In situations of stress, such as SCT, the
parents need to be supported by nurses who recog-
nise their responsibilities and can fulfil their role
within a partnership, demonstrated in the nurse’s
readiness to negotiate care and their ability to
involve the parents in the decision-making process
(McKinnon & Schlucter, 2004). The ability of nurses
to reflect upon their actions and to identify situa-
tions where their professional role may be under
threat by over-involvement is also an essential
aspect of therapeutic boundary setting in SCT.

Patient care issues related to such complexities
as the decision to withdraw from active treatment
are one of the most stressful areas of HSCT nurs-
ing. End-of-life decisions are not uncommon and
issues such as quality of life and benefit versus
risk often provoke a degree of conflict between
individuals and between professional groups
(Forte, 1997; Bowman, 2000). Personal values of
individual practitioners are complicated by an
ever-changing workforce creating an atmosphere
where moral conflict is high (Bowman, 2000). Yet,
in an era characterised by a multidisciplinary
approach, it becomes vital that difficult decisions
should be appropriately negotiated and rigor-
ously inter-professional. Only then can conflict
become transformed into meaningful discussion
and collaboration to provide morally justifiable
and sensitive care (Woolridge and Burrows, 1999;
Masri et al., 2000).

Ethical decision-making in particular seems to lie
primarily within the medical rather than nursing
domain (McAlpine et al., 1997; Ferrand et al, 2003).
A nurse’s lack of involvement in ethical deci-
sions or conflict with medical judgements regard-
ing aggressive or experimental interventions trans-
lates into high levels of emotional and moral
distress causing both occupational and personal
stress (Molassiotis & Van der Aker, 1995; Vogel
Smith, 1996). This is because nurses are forced to
act upon decisions they find morally unaccept-
able (Oberle & Hughes, 2000; Goodman, 2003)
or they feel powerless to translate moral choices
into actions, therby incurring high levels of guilt.
Within the SCT field this guilt can become
particularly potent as nursing staff administer-
ing drugs can often feel culpable for the numer-
ous physical side effects caused by transplant
treatments.

Interpersonal staff conflicts on transplant units
have been identified as one of the main sources
of occupational stress within SCT (Molassiotis &
van der Akker, 1995). As with the partnership
between parent and nurse, similar partnerships are
needed between members of the multidisciplinary
team with each group of health-care profession-
als recognising that they are an expert not the
expert, and respecting their boundaries of profes-
sional responsibility. More collaboration between
the professions requires better awareness and
understanding of the ethical diffficulties faced by
the other. This becomes even more important in the
modern-day health-care system where roles and
responsibilities between nurses and doctors are
becoming increasingly blurred (Melia, 2004). While
the benefits of increased collaboration and commu-
nication between the professions would clearly
improve levels of job satisfaction and decrease
emotional distress, there is clearly an overriding
benefit to be gained for the child and family when
difficult moral decisions need to be made.

Educational needs of nurses in blood
and bone marrow transplant units

Lack of knowledge may initiate feelings of inse-
curity and incompetence, and is compounded by
the few textbooks available on the subject of
paediatric SCT. Nurses caring for the child and
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family are required to be effective in their care
and for this to happen, specialist education is
required. Though education alone cannot create
expert SCT practitioners, Benner (1983) notes that
skilled nursing requires a sound educational base.
The outcome of offering such a foundation means
quicker skill acquisition and safer practice.

Specialist paediatric SCT courses are offered by
some nurse education institutions throughout the
UK. Such courses allow nurses ‘time out’ from
the busy ward environment giving them a valu-
able opportunity for reflection. The work of Benner
(1983) and Schön (1991) identifies the use of struc-
tured reflection as a vehicle for nurses to redis-
cover and explore their practice and enable them to
identify what makes the nurse effective (Benner &
Wrubel, 1989). Such courses also give nurses time
to network with other national centres. Network-
ing allows practitioners to examine and bench-
mark best practices within the field, leading to care
that is consistent and cohesive between different
units. Finally, the application of nursing theories
and examination of relevant research involved in
these courses can enhance the nursing knowledge
of both inexperienced and experienced practition-
ers. Stem cell transplant units need nurses capable
of offering multifaceted and holistic care required
by children and their families. This level of care is
only achievable through rigorous evidence-based
practice that is relevant to the needs of the child
and family.

While theoretical knowledge is evidently of
paramount importance to become an effective
practitioner within the SCT setting, the practical
knowledge required is also vital. This ranges from
the small everyday issues of routines and prac-
tices within individual units to the larger issues of
advances in science and technology.

Newly appointed staff to a SCT unit are
confronted by an overwhelming sea of new prac-
tices and terminology, and even staff experienced
within the speciality may have to deal with rapid
changes in practice. The nurse may consequently
find they change from proficient practitioner or
even expert to novice overnight. The period of
novice may be short-lived as previously learnt
coping mechanisms come into play, but even the
temporary loss of role can give rise to stress
(Benner, 1984) and access to appropriate support
and education becomes paramount.

It is well established that new members of
staff benefit from a period of preceptorship for
a negotiated period of time in order to adapt
to a new clinical area (United Kingdom Central
Council for Nursing, Midwifery and Health Visit-
ing [UKCC, now referred to as the Nursing and
Midwifery Council], 1994). This may then be
extended to formal clinical supervision benefiting
staff in both their professional and personal devel-
opment (Butterworth & Faugier, 1992). However,
it is clear that although a preceptorship period is
vital to support a new nurse in SCT, both newly
qualified nurses and more experienced staff also
benefit from some sort of clinical support role
such as a practice educator or clinical facilita-
tor (Wilkins & Ellis, 2004; Lambert & Glacken,
2005). The presence of an experienced member of
staff who is supernumerary can support the team
through direct bedside education of skills such
as IV therapy. Furthermore, she/he can take over
patient care for a member of staff for a period
of time allowing them some valuable time out to
pursue areas of interest such as shadowing clin-
ical nurse specialists or visiting relevant clinics.
This not only enhances their basic knowledge,
but also gives staff a degree of respite from a
busy and stressful ward environment. Clearly, clin-
ical support must also extend to student nurses
who often require high levels of supervision
within any high-dependency area. Once again, the
presence of a designated clinical support nurse
can enhance the student’s experience, thereby
promoting a positive recruitment and retention
message.
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Gene therapy

Gene therapy is a new treatment option currently
undergoing clinical trials at designated centres
worldwide. Initially conceived as treatment for
hereditary single gene defects, the first human
gene therapy studies were conducted on patients
with ADA deficient severe combined immuno-
deficiency (ADA-SCID) in the early 1990s (Blaese
et al., 1995; Bordignon et al., 1995; Kohn et al., 1995;
Fischer et al., 1997). Most recent studies in X-linked
severe combined immunodeficiency (SCID-X1),
ADA-SCID and X-linked chronic granulomatous
disease (CGD) have shown that haematopoietic
stem cell gene therapy can offer an excellent
immune system and clinical recovery (Cavazzana-
Calvo et al., 2000; Gaspar et al., 2004; Pott et al.,
2006). In some children, the use of low inten-
sity preconditioning, coupled with gene therapy
as used for ADA-SCID and X-CGD, offers consid-
erable hope for many other haematological and
immunological disorders.

What is gene therapy?

Gene therapy involves replacing a defective gene
with a functional, normal gene using recombi-
nant DNA technology. This functional gene then
provides the correct enzyme or protein, conse-
quently eliminating the underlying cause of the
disease. Or sometimes gene therapy can be used to
add a new property to a cell, for example, to make
it sensitive to a drug. There are several approaches
to gene therapy:

• a normal gene is inserted into a non-specific
location of genome;

• an abnormal gene is replaced with a normal
gene through homologous recombination;

• an abnormal gene is repaired through selective
reverse mutation which returns the gene to its
normal function;

• the regulation of a gene can be altered by turn-
ing it on/off.
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Gene therapy prospects for primary
immunodeficiencies

Primary immunodeficiencies (PID) are a group
of disorders in which inherited genetic defects
compromise the child’s immunity (Fischer 2004).
PID disorders have the potential to be corrected by
gene therapy because of their defined molecular
defects. The development of gene therapy has been
driven by established complications, long-term
side effects and mortality following conventional
allogeneic stem cell transplantation, particularly
in the HLA-mismatched setting. Recently, several
studies have shown that gene therapy can have
major beneficial therapeutic effects. However, as
with any new treatment the potential for toxic-
ity needs to be anticipated. In recent years the
genetic basis of almost three-quarters of all PID
has been established. The most severe forms of
PID are known as severe combined immunod-
eficiency (SCID), in which T lymphocyte devel-
opment is compromised. Affected infants often
become seriously unwell in the first few months
of life with opportunistic infections, chronic diar-
rhoea and failure to thrive. Without treatment,
most of these babies will die in the first year of
life. X-linked or SCID-X1 accounts for 50 % of all
SCID cases and occurs in approximately 1 in 50–
100,000 live births. Haematopoeitic stem cell (HSC)
transplantation offers a high survival rate if a well-
matched donor is available (Buckley et al., 1999;
Antoine et al., 2003). However, for the majority of
children, this is not the case, and survival from
mismatched family transplants is significantly
lower and associated with more complications.
This is due to the toxicity arising from the admin-
istration of chemotherapy to achieve adequate
engraftment.

What does the gene therapy process
involve for the child?

In general, gene therapy is an option when a suit-
able well-matched donor is not available, but there
are differences between the various conditions.

The current entry criteria into the gene therapy
trial for patients with SCID are:

• confirmed diagnosis of SCID-X1/ADA-SCID;
• genetic defect identified;
• no matched sibling, matched family or fully

matched unrelated donor;
• ethical approval from GTAC (the Gene Therapy

Advisory Committee).

The basic principle of gene therapy is to introduce
a working gene into bone marrow cells by using
viruses. These viruses have been specially engi-
neered to remove the diseased parts in the labo-
ratory, so that they are unable to grow and infect
other people. They simply carry the new gene into
cells, and are often called ‘vectors’ for this reason.

For the child, gene therapy is a relatively
straightforward procedure which involves taking
bone marrow from the affected child, and then,
under GMP laboratory conditions, manipulating
and correcting these cells in cell cultures. The
treated cells (sometimes called transduced cells)
are returned a few days later by transfusion into
the child via a central venous catheter. As in SCT
these new stem cells find their way to the bone
marrow spaces where they start to produce healthy
immune cells. This is known as somatic gene ther-
apy (Figure 14.1) as altered genetic material is only
present in the child’s own immune system and
cannot be passed on to offspring.

Nursing care for the child and family
undergoing gene therapy

Gene therapy remains a largely experimental and
innovative treatment. It is currently undergoing
clinical trials in children with primary immunode-
ficiencies. At present, only one hospital within the
UK is treating children using this form of therapy.
However, because it is such a rapidly expanding
field, the expertise in caring for these children will
develop, to allow more individualised care path-
ways (i.e to nurse in full or semi-isolation) to be
developed. Children with ADA-SCID or CGD are
nursed in hospital (in the same way as a child
post-allogeneic SCT) for approximately four to six
weeks. But the infant with X-linked SCID will only
be in hospital for four days, however, on discharge
home he will continue to be cared for in semi-
isolation.
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Figure 14.1 Gene therapy.

Physical preparation of the child

The physical preparation of the child undergoing
gene therapy is the same as for the child undergo-
ing allogeneic HSCT. This includes all the initial
tissue typing to eliminate any potential sibling
donor. Psychological preparation may be limited
due to the child’s young age. However, the child
might well benefit from an assessment with either
the unit occupational therapist or physiotherapist,
which will help determine if the child is reach-
ing his milestones, or if he needs some extra input
to achieve normal development. In addition, an
assessment with the play therapist will enable suit-
able toys or activities to be used in order to enable
the child to progress with his expected develop-
mental skills.

Preparation of the family

Preparation of the family begins once a diagnosis
of ADA or X-linked SCID has been established.
The child, any full siblings and parents will be
tissue-typed. If there are no fully matched siblings,
an unrelated donor search will be put in place.
During the time it takes to establish any potential
unrelated donor, the medical team will approach
GTAC (the Gene Therapy Advisory Committee,
which is the regulatory authority for gene therapy
clinical trials) to seek approval for gene therapy. If
the child is accepted onto the trial programme,
the parents will have a joint meeting with both a
consultant in immunology who is involved with
gene therapy, and a consultant in paediatric SCT.
During this meeting both aspects of treatment, i.e.
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gene therapy and conventional SCT, are discussed
with the parents and this information is followed
up with relevant written information. In addition,
the internet can provide a wealth of information
about gene therapy. This information helps parents
to have a greater understanding of both gene ther-
apy, and conventional SCT, and enables them to
formulate questions to bring to hospital consulta-
tions. If the parents’ choice is for their child to
proceed to gene therapy, they will have an appoint-
ment with an independent counsellor to ensure
they fully understand the process of gene therapy.
The counsellors are medical professionals who are
neither involved in the clinical trials, nor work
in the centre undertaking gene therapy. Anecdo-
tal discussion with some parents whose child has
undergone gene therapy highlighted some of the
areas which helped them to decide which treat-
ment option was right for them as:

• percentage of survival following gene therapy is
higher than following a matched unrelated SCT;

• fear of chemotherapy;
• fertility issues for the child;
• shorter hospitalisation with gene therapy;
• safer treatment option, at least in the short term.

As this is such a new treatment option there is
no available data on fertility or endocrine function
for children undergoing gene therapy. Clearly it
may take many years for such information to be
collated, that may also feature in parents’ decision-
making.

Once the decision to proceed to gene therapy has
been confirmed, and the child is clinically stable
and free of infections, the admission to the unit
will be determined by the following:

• availability of the vector to attach the gene;
• laboratory resources to prepare the cells;
• theatre space for the child to have a bone

marrow harvest;
• availability of a bed on the appropriate unit.

While waiting for admission, the child will
continue with his physical work-up, along with the
parents meeting staff who will help them prepare
for their admission and on-going care of their child
(Table 14.1). It is vital that the parents know and
understand about the care their child will need

Table 14.1 General preparation of families for gene therapy

For non-conditioned gene therapy
Hickman® line insertion
Hickman® line dressing
Hospitalisation and isolation

For conditioned gene therapy
Hickman® line insertion
Hickman® line dressing
Back-up bone marrow harvest
Hospitalisation and isolation
Nausea and vomiting
Naso-gastric tube
Mouth care
Hair loss
Finger pricks

to enable them to participate in as much of their
child’s care as they feel able to do.

Care of the child undergoing gene
therapy for X-linked SCID

The child with SCID-X1 undergoing gene therapy
is usually between 6–12 months old, thriving and
free of infection. The inpatient stay is minimal and
much of the care is at home ensuring the child is
kept infection-free and able to continue achieving
his milestones within a recognised timeframe. A
typical hospital care pathway is:

• Sunday – Admit to the ward in a specialist
centre.

• Monday – To theatre for insertion of a Hickman®

line and bone marrow harvest.
• Monday/Tuesday – Discharge home if well.
• Friday – Readmit for infusion of transduced

cells.
• Saturday – Discharge home.

The cell volume to be infused is generally between
60–100 mls and can be infused over 30–45 minues
using a blood-giving set. There should be no need
to give any ‘pre-medication’ prior to infusing the
cells, but it would be wise to have prescribed oral
paracetamol, IV chlorphenanine and IV hydrocor-
tisone in the event that the child has a reaction.
The ongoing care for this child, once discharged,
is shared between the hospital undertaking the
gene therapy and the shared care hospital and
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community nursing team. Initially the child will
be seen weekly by the gene therapy unit progress-
ing to every two, then three, weeks as his immu-
nity begins to improve. Regardless of whether the
child is in hospital or at home they will need
to be cared for in semi-isolation until they have
adequate immune reconstitution (Table 14.2). Once
the child’s CD4 count is greater than 300, all
prophylactic medication, apart from oral penicillin
and IV immunoglobulin, can stop. Similar to chil-
dren having SCT, the penicillin will probably be a
lifelong medication.

Table 14.2 Immune reconstitution post gene therapy

4–6 weeks, natural killer (NK) cells start recovering
12 weeks, T-cells start recovering
6 months, CD4 count should be greater than 300

Care of the child undergoing gene
therapy for ADA-SCID or CGD

For children diagnosed with either ADA-SCID
or CGD, the process is different due to the fact
that they receive Chemotherapy conditioning (for
example, IV melphalan) to help engraftment of the
transduced cells. Prior to gene therapy the chil-
dren with ADA-SCID have a weekly IM injection
of PEG ADA, often for many months. The PEG
ADA improves the child’s immune function, and
it is this immunity that needs to be removed by
giving IV melphalan. In the case of the child with
CGD, it is the diseased neutrophils which need to
be removed with the IV melphalan. As part of the
child’s physical work-up a back-up bone marrow
harvest will be taken approximately six weeks pre-
gene therapy. In the future it is hoped that there
will be no need to store the child’s marrow, but as
gene therapy remains an experimental treatment,
for those children who have melphalan condition-
ing, it is a precaution in the event that the child
fails to recover his own cells.

From admission to the unit for gene therapy,
until discharge, the child will be an inpatient for
aproximately six weeks, and nursed in an isola-
tion room in the same way as the child post SCT.

A typical care pathway for a child having melpha-
lan conditioning is:

• Sunday – Admit to the ward in a specialist
centre

• Monday – Bone marrow harvest
• Tuesday – Rest day
• Wednesday – IV melphalan
• Friday – Reinfuse transduced cells.

As so few children have had this therapy, the nurs-
ing care of the child until count recovery has been
based on the care given to children having autol-
ogous PBSCs. Clearly the melphalan will cause
a degree of side effects similar to, but generally
less severe than, those seen in children following
high dose therapy and autologous rescue for solid
tumours (Table 14.3).

Table 14.3 Side effects seen post-melphalan conditioned
gene therapy

Nausea and vomiting, resulting in weight loss
Mucositis, affecting mouth and gut
Neutropenia, with the potential for life-threatening infections
Potential pancytopenia, requiring red cell and platelet

transfusions
Hair loss

Given these side effects, the nursing/medical
care will revolve around keeping the child
infection-free, pain-free and well nourished.
Should the child require any blood product
support, cells will need to be irradiated and of the
appropriate CMV status. Generally blood counts
are low for up to eight days post-infusion of
cells and recovery occurs between 2-4 weeks post
melphalan.

For the child with ADA-SCID, prophylactic
medication stops when the CD4 count is greater
than 300, which in some cases may take up to two
years. In CGD, the appearance of gene-corrected
cells may occur within three to four weeks. For
the child with CGD, prophylactic medication will
continue until it is judged that immune recon-
stitution is adequate. Children with CGD often
have aspergillus, and it is unknown how long
post immune reconstitution that the child needs to
continue anti-fungal therapy.



178 Haematopoietic Stem Cell Transplantation

Parental support

As numbers of children within the UK undergoing
gene therapy remain small, much of the support
parents receive has been from other parents who
have been through the same treatment. While the
unit multidisciplinary team offers information and
support, parents often feel that a greater under-
standing and family-based support comes from
other parents living through the same treatments
and experiencing isolation. In the years to come
as treatment with gene therapy expands, maybe to
include other diseases, support networks will no
doubt grow. As medical and nursing staff learn
what the future holds for these children, our ability
to support parents and help them face any poten-
tial late effects will be to the same level of expertise
as the support and care given to those families and
children undergoing HSCT.

Risks and side effects of gene therapy

Of a total of 38 children (21 SCID-X1 patients, 11
ADA-SCID patients and 6 X-CGD patients) treated
to date in Europe, three SCID-X1 patients devel-
oped T cell lymphoproliferative disease about
three years after the gene therapy. Two of these

children have been treated and are in remission,
and one child died from a leukaemic relapse.

The development of leukaemia as a result of
gene therapy associated insertional mutagenesis
has raised concerns regarding the toxicity of retro-
viral vector-based gene delivery. These side effects
are now being studied in detail and measures to
prevent such events through alternative vectors are
being developed. Even so, somatic gene therapy
has produced remarkable therapeutic effects. This,
in turn, offers considerable hope for the treatment
of many inherited immunological and haematolog-
ical disorders. It is therefore likely to encourage
rapid progress in terms of technological develop-
ment and clinical efficacy. The use of any new ther-
apy, including gene therapy, ultimately depends
on the balance of risks against those of alterna-
tive treatments. New strategies to overcome toxi-
city issues are likely to establish gene therapy as
an effective treatment regimen for many forms of
PID. The balancing of clinical risk and benefit is
illustrated in Figure 14.2.

As in all types of treatments, especially experi-
mental therapy, long-term follow-up of patients is
vital. The information gained will provide a more
accurate assessment of the benefits of gene ther-
apy over alternative approaches such as allogeneic
stem cell transplantation.

GT

Little or no conditioning
No GvHD
Immediately available
High chance of immune recovery

Risk of leukaemia
Long-term recovery
Unknown problems

Very effective therapy
High chance of immune recovery
Large body of experience

Wait to find donor
GvHD
Short-/Long-term effects of conditioning
Long-term recovery

BMT

Figure 14.2 Balancing clinical risk and benefits.
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The future

Stem cell transplantation is characterised by rapid
developments in treatment and drug therapies so
it is difficult to predict what new innovations will
appear in the next few years. However, while gene
therapy has exposed the speciality to a completely
new technology, it is unlikely to fully replace the
‘traditional’ transplant techniques. Clinicians have
an obligation to reduce the toxicity endured during
the transplant experience and this includes several
unresolved issues such as:

• What is the optimal conditioning regimen?
• What is the optimal cell dose to be infused?
• What is the optimal GVHD prophylaxis?

(Kletzel, 2004)
• What other diseases may gene therapy be

successful in treating?

Some of these issues remain largely within the
medical domain. However, nursing research is
beginning to address the ‘lived experience’ of
stem cell transplantation for both the child and
the family in an attempt to minimise the nega-
tive impact that transplant often carries. For
example:

• treatment of latent and refractory emesis;
• establishing optimal diet restrictions and nutri-

tional support;
• establishing optimal protective isolation and

hygiene techniques;
• examining the issue of post-traumatic stress

disorder in transplant families;
• examining what families experience and the

effect this has on family dynamics.

There is no doubt that rigorous research is required
to address these and other nursing issues. Further-
more, it is imperative that better collaboration
is established between national and international

transplant centres to establish care that is both
consistent and of the highest standard.
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Commentary
General Surgery

Charlie Rogers

Introduction

The role of surgery within the field of paediatric
oncology has changed from being the only treat-
ment available for children with solid tumours to
being an integral part of the child’s total treatment
plan. Chapter 15 gives a very thorough description
of how this has occurred and how surgery now
fits alongside chemotherapy and radiotherapy as a
treatment for childhood cancer.

This commentary identifies how the informa-
tion presented may help the paediatric oncology
nurse in his or her day-to-day practice under the
following headings: diagnosis, continuity of care,
pain and central venous access. It aims to highlight
where practice may differ from that described by
the author and to encourage readers to take up
the challenge of changing and developing practice
when necessary, in order to provide a high stand-
ard of care for their paediatric oncology patients
undergoing surgery.

Diagnosis

The period of diagnosis is particularly stressful
for the child and family. For the parents, there is
uncertainty about what is wrong with their child
and what the future might hold. The child who is

undergoing investigations and sometimes painful
procedures may be distressed and frightened by
what is happening to him. This chapter is very
helpful in that it informs the nurse of the reasons
for and the significance of the biopsy and investiga-
tions involved in making a cancer diagnosis. This
information can help the nurse prepare the child
and family prior to any procedures by explaining
exactly what is going to happen. It is also useful
as a reference for others involved in this process,
such as the play specialist. Such specific informa-
tion can help the nurse answer the child’s/family’s
questions, thus helping to reduce any fear of the
unknown. In practice, the doctor usually informs
the parents about the investigations their child is
to undergo, but does not always have the time to
explain everything in detail.

The more the nurse can understand what the
child and family are experiencing around the
time of diagnosis, where often the prognosis is
also addressed, the more they can support them
through this stage.

Continuity of care

As outlined by the author, a further time when
the child/family require specific psychological
preparation is prior to the planned surgery for the
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excision of the tumour. Very often, this occurs on a
different ward, or even within a different hospital,
where the environment will be unfamiliar to the
child and family.

The author emphasises the importance of good
communication between the oncology and surgi-
cal specialities in order to maintain continuity of
care and, for the family, confidence in both caring
teams. In practice, the doctors liaise with their
surgical colleagues as it is one identified consul-
tant talking to another. It is more of a challenge
for nurses, however, due to the many different
nurses from both specialities involved in caring for
the child. To aid the communication between the
nursing teams, it may be helpful to have an iden-
tified nurse from each team to meet and discuss
any specific nursing or psychosocial issues prior
to surgery. Making time to address an individ-
ual patient’s concerns/issues can help to provide
a smooth transition from the paediatric oncology
unit to the surgical ward.

From a practical viewpoint, for the paediatric
oncology nurse working on a very busy unit, it
may prove difficult finding the time to link up
with the named surgical nurse. It may be more
appropriate for the key worker, as identified by
national guidance in the UK (National Institute
of Health and Clinical Excellence, 2005), to make
this link. The key worker has the responsibility of
liaising with the different care teams involved in
the treatment of the child with cancer and this is
likely to be undertaken by the Paediatric Oncology
Outreach Nurse Specialist (POONS) although this
will vary between paediatric oncology centres. The
key worker could also accompany the child/family
to any outpatient consultations with the surgeon,
thus enabling them to know what information has
been given and answer any questions as necessary.

When addressing the psychological care of the
child/family prior to and during surgery, the
author describes how interventions such as role
play and relaxation techniques can help the child
cope with this stage of treatment. It is also impor-
tant to address any anxiety the child/family may
experience as a result of being cared for in an unfa-
miliar environment. Some families may only have
experience of the paediatric oncology unit and be
anxious about such issues as having to adjust to
unfamiliar nursing and medical staff, being looked
after by nurses not experienced in paediatric oncol-

ogy or having to abide by different ward ‘rules’.
Ways of reducing this anxiety include showing the
child and family around the surgical ward prior
to admission, introducing them to different staff
members and ensuring they understand the ward
‘rules’ and the reasons for them. Talking to surgical
nursing colleagues about the child’s diagnosis and
experiences can help them to understand what the
child and family are going through and identify
their individual needs.

A further challenge for the paediatric oncol-
ogy nurse is to help explain to the child/family
what the surgery involves and what they are
likely to experience. Chapter 15 provides detailed
information about post-operative nursing care and
potential complications resulting from the differ-
ent types of surgery, which is a useful reference
when seeking detailed information. The informa-
tion about specialist surgery and related nurs-
ing care is also helpful for children’s surgical
nurses who are inexperienced in caring for chil-
dren undergoing surgery for cancer.

Pain

The importance of accurately assessing a child’s
pain and providing effective pain relief can never
be underestimated. The author provides a detailed
account of what needs to be addressed when
assessing a child’s pain and emphasises the impor-
tance of discussing pain management options with
the child and family prior to surgery in order to
help allay any fears or misconceptions and identify
individual patient needs. This section encourages
the reader to think about their own practice and
to look at how they could improve the way they
assess and treat the pain experienced by each child
they look after, who is undergoing surgery or a
painful procedure.

In relation to pain assessment tools, there are
several reliable and valid tools available to assist
the nurse in identifying the child’s pain experience
(Twycross et al., 1998). It is not the type of tool
which is crucial, however. What is crucial is that
the tool chosen is used consistently and effectively
by the nurses caring for the child, as part of the
overall pain assessment, and that pain manage-
ment strategies are then altered accordingly so that
any pain experienced is relieved.
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The role of parents in assessing the child’s pain
can be questioned. The author states that parents
have a vital role in interpreting the child’s expe-
rience as they know their child best. This is very
often the case, but for some parents they may be
too stressed to make an accurate assessment or
may have little experience of seeing their child in
pain (Eland, 1985). It is important therefore, for the
nurse to be aware of this and work with the parents
to ascertain how much they would like or feel able
to be involved in their child’s pain assessment. It is
also important to discuss openly with parents what
they feel about their child’s pain and to give them
the opportunity to discuss their concerns. Effective
communication is vital in this situation.

The author emphasises the importance of having
a children’s pain management team to support
the clinical areas in delivering safe and effective
pain management. This can be seen as the gold
standard, yet many hospitals do not have this
service. The challenge, therefore, is for nurses to
look at what resources are available in their area
and to use these to deliver safe and effective pain
management for all children undergoing surgery
for cancer.

Central venous access

Chapter 15 gives an excellent description of the
two different types of central line in common use,
the external catheter and the implantable port, and
the differences between them. This is helpful for
nurses unfamiliar with central lines as, with this
knowledge, they are in a position to explain about
central lines to the child and family, thus helping
them to make an informed choice.

The author highlights the importance of involv-
ing the child and family in deciding which type of
central line the child will have. This is supported
by McInally (2005) and Sanderson (2004). In prac-
tice, it can be questioned whether families are
really given all the information and the time to
make an informed choice. Once a diagnosis has
been made, the medical consultant may be keen to
get a central line in to start treatment and he or she
may not be in a position to explore the different
options available with the family. The challenge for
nurses is to work with the medical staff to ensure
that each family is given the time and the oppor-

tunity to discuss which type of line would be most
appropriate for their child.

It is important to acknowledge that resource
implications may also influence the type of central
line a child receives. For example, a centre may
only be allowed to use Hickman® lines because they
are cheaper to purchase than Portacaths®. However,
as described by the author, there is some clinical
evidence that the risks of infection are greater in
external catheters than in ports and so the additional
cost of treating these infections in a Hickman® line
may actually outweigh the extra cost of the port.
Thus in the long run, a Portacath® may work out
cheaper. The challenge for nurses is to have the
evidence to support this and to take this evidence
to their Trust/hospital in order to ensure that
Portacaths®, as well as Hickman® lines, are available
for their patients, thus allowing them a choice.

A further challenge for nurses is to provide conti-
nuity of care when caring for a central line. As
the author points out, in the absence of national
guidance, robust local policies must be developed
to standardise all aspects of central line care, to
avoid variations in practice that can be confusing
to patients. It would be fairly straightforward to
develop guidelines for one area, such as the paedi-
atric oncology centre (POC), where everyone does
the same and the child and family know what to
expect. What is more challenging is when the child
goes back to their Paediatric Oncology Shared Care
Unit (POSCU) and their central line is treated in
a different way. As long as the care is safe, lack
of continuity may not be a problem. However, it
may cause increased anxiety for the family to see
their child’s central line being cared for in differ-
ent ways, especially if they care for the line them-
selves and have been shown different techniques.
National guidance is needed to overcome these
potential problems.

In relation to complications of central lines,
the author focuses on infection and clot forma-
tion. In practice, for a minority of children the
complications they develop as a result of having
a central line outweigh the benefits of the line
itself. For example, a child who persistently devel-
ops clots within their line may require antico-
agulation therapy such as daily, subcutaneous,
low molecular weight, Heparin injections which
they may find very distressing. It is important for
the nurse to be aware of this and realistic about



186 Surgery

potential complications. How often do we hear a
doctor saying to the child ‘once you have this line,
there will be no more needles’, and then the child
ends up with daily subcutaneous injections? The
challenge, when preparing a child and family for
the insertion of a central line, is to inform them of
the advantages of the line but also of the potential
complications, thus giving them a realistic view.

Conclusion

This chapter gives us plenty of food for thought
about the physical and psychological care needed
by children with cancer undergoing surgery and
how best to provide this care. It gives us a
challenge for the future, which is to continue
to improve collaboration between the surgical
specialists, both medical and nursing, and the
paediatric oncology multi-disciplinary team to

ensure continuity of care for the patient and family
throughout the whole cancer treatment trajectory.
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Introduction

Up until the early years of the twentieth century,
and before the advent, first, of radiotherapy and
then of chemotherapy, surgery was the only treat-
ment available to children with solid tumours.
Complete, radical surgical excision of a malig-
nant tumour held the only chance of cure. This
was only possible in the early stages of localised
disease, when a tumour could easily be detected
and readily accessed by the surgeon. Mortality
rates at surgery were high and cure rates very low,
only around 5 % in Wilms’ tumour, for example,
today one of paediatric oncology’s greatest success
stories.

The history of the treatment of Wilms’ tumour (or
nephroblastoma) illustrates the changing and devel-
oping role of surgery in the treatment of the solid
tumours of childhood. Tumours of the kidney were
first described in medical literature in the early nine-
teenth century. There was a steadily growing recog-
nition that a variety of differently described renal
tumours was actually a single entity, nephroblas-
toma, and this was brought together in a definitive
review by Max Wilms in 1899, of a tumour which
continues to bear his name. The first nephrectomy
carried out on a child with a renal tumour was
performed by Mr Jessop at the General Infirmary at

Leeds in 1877. Excision, with a high surgical mortal-
ity, remainedtheonlytreatmentavailableuntil1915,
when for the first time radiotherapy was given after
surgical excision.

Radiotherapy developed alongside improved
surgical techniques and in the 1940s survival
rates reached around 20 %. Chemotherapy was
first used in the 1950s, with single-agent dacti-
nomycin (actinomycin-D), followed by the addi-
tion of vincristine. By the late 1960s a combina-
tion of surgery, post-operative radiotherapy and
adjuvant chemotherapy had pushed survival rates
to nearly 40 %. As successive clinical trials contin-
ued to refine treatment, and explore the use of
different combination treatments, survival rates
steadily improved, and five-year survival today
is around 80 % (Thoms, 2004). The treatment of
Wilms’ tumour can be seen as a model for the
development of multimodality therapy in child-
hood malignancy as surgery became seen as one
arm of treatment, to be used in association with
radiotherapy and chemotherapy.

As national and international clinical trials began
to look at the treatment of childhood cancer
in a more coordinated way, it became apparent
that paediatric tumours generally demonstrated a
better response to radiotherapy and chemother-
apy than did adult malignancies. The role of
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surgery has changed in response to these devel-
opments. When used in isolation, the primary aim
of surgery had always been complete resection
of a solid tumour. Part of the cost of those cure
rates has been, in some cases, major and muti-
lating surgery, resulting in either loss of func-
tion, or major cosmetic insult, sometimes both.
As radiotherapy techniques have changed and as
multi-agent chemotherapy protocols have proved
effective across a range of diseases, the role of
surgery has developed and become more defined.
Advances in paediatric surgical techniques and
the increasing expertise of the specialist surgeon,
alongside developments in paediatric anaesthesia
have played their part in improving cure rates and
decreasing morbidity in many forms of childhood
malignancy. In the field of general surgery there
have been moves to minimise the late sequelae
of surgical interventions without jeopardising the
hope of further improving cure rates. The question
in surgery has changed from ‘Can it be removed?’
to ‘When should it be removed?’ and even ‘Should
it be removed at all?’ Resection of the primary
tumour is often still required, but the timing of
that resection is frequently delayed, for example, in
hepatic tumours, neuroblastoma, Wilms’ tumour
and soft tissue sarcomas. The preservation of organ
function has become an important principle, while
maintaining the primary need for disease control
(Weiner, 1999).

One of the most important developments in
the treatment of childhood cancer has been the
increased referral of children to specialist cancer
centres (Stiller, 1994). The paediatric surgeons
working in these centres have therefore been able
to develop expertise in their surgical manage-
ment which has contributed to decreased surgical
morbidity. It has also meant the greater integra-
tion of the surgeon into the wider multidisciplinary
team caring for children, young people and their
families. One of the greatest lessons of the recent
past is the importance of the multidisciplinary
approach from the earliest days of diagnosis (Mott
et al., 1997). The collaborative working practices
of the surgeon, the oncologist, the radiologist,
pathologist, and other scientific staff alongside the
wider multidisciplinary team are fundamental to
the delivery of optimal treatment programmes and
paediatric surgery has developed several distinc-
tive roles which will be further explored below.

The challenge of surgical care in
paediatric oncology

The place of surgery in paediatric oncology has
moved from an isolated, often heroic, interven-
tion to an increasingly integrated part of the over-
all management of children with cancer. This can
sometimes lead to difficulties for nurses and fami-
lies when the paediatric oncology patient requires
a specific surgical intervention. The increasing
specialisation of children’s nurses is leading them
to develop skills, knowledge and clinical exper-
tise in particular areas. Paediatric oncology and
paediatric surgery are two specialities in their own
right and it is rare to have nurses whose skills
bridge the two. Children will often move, there-
fore, between the paediatric oncology ward and
the surgical ward. There are particular challenges
here for the nursing teams operating in these
two distinct, frequently geographically distant,
settings. Communication between teams and indi-
viduals caring for these children is of vital impor-
tance in maintaining continuity of care and, for the
family, confidence in both caring teams (Callahan
& De la Cruz, 2004).

Some children will initially be referred to the
paediatric surgeon, either because there is no
suspicion of cancer, or because the child presents
with a number of differential diagnoses, result-
ing from a distended abdomen, for example. As
the likelihood grows that the child has some form
of malignancy, some families may find it diffi-
cult to be on a ward where many children will
be undergoing relatively straightforward surgical
procedures. They will begin to look for further
information and support from the oncology team.
It is at this stage that good liaison is critical to
ensure that the child and the family receive appro-
priate and consistent information as the process of
diagnosis and staging continues. At some point it
will probably be appropriate for the child to be
transferred to the oncology ward and this move
should be negotiated with the family, who may
react in a variety of ways. For some, it will give the
opportunity to be in an environment with other
families in the same position, where they perceive
the expertise to be in treating their child. For others,
however, it may be difficult to leave an area where
they have made relationships with staff and found
support. It may also mean confronting the reality of
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their child’s diagnosis. Denial is a natural element
of many people’s reaction, and being on an ‘ordi-
nary’ ward can reinforce that particular coping
mechanism. Moving on to the oncology ward can
be hard for some families and it may sometimes
be appropriate to delay that move until the family
is ready for it.

The move from an oncology unit to a surgi-
cal ward is likely to take place at a later stage in
the child’s illness, at the time of primary tumour
surgery. The issues involved in this transfer of
care will be further outlined below. However and
whenever the change in clinical setting occurs, the
most important factor for the child and the family
will be good, consistent communication between
them and the wider multidisciplinary team as
surgical interventions play their part along the
patient pathway.

Surgery as a diagnostic tool

In most paediatric solid tumours, tissue analy-
sis is of critical importance, not just in confirm-
ing the pathological diagnosis but also in gaining
further biological information which may indicate
the potential behaviour of the disease. This infor-
mation is increasingly used to modify or intensify
treatment according to a particular child’s progno-
sis. The role of the surgeon is vital in providing the
pathologist with the best possible material in order
to arrive at the most accurate diagnosis, so that
the child may receive optimum treatment. Tissue
diagnosis is a critical component of the prelimi-
nary ‘work-up’ of a child with a solid tumour, and
should be integrated with other investigations. The
child and family will be subjected to a range of
procedures, the aim of which is to determine the
nature of the disease (diagnosis) and evaluate its
spread (staging). Careful planning of the investi-
gations and appropriate preparation of the child
and family require the cooperation and expertise of
all members of the multidisciplinary team (Pinker-
ton et al., 1994). The importance of early referral
of the child to a specialist centre cannot be over-
emphasised and at this stage can help to prevent
unnecessary or repeated investigations.

On first presentation of a child with a suspected
solid tumour, a considerable amount of infor-
mation can be gained without invasive proce-

dures, through accurate history-taking and careful
clinical examination. Determining whether a mass
is palpable, if it is painful, whether it is mobile, if
it has grown quickly or been there for some time
and whether there are enlarged lymph nodes, can
give early indications of a differential diagnosis.
Blood pressure may be raised in a child with an
abdominal mass indicating either a Wilms’ tumour
or neuroblastoma. Phaeochromocytoma can also
produce an elevated blood pressure, but this is
rare in children. Pallor and bruising may indicate
disease in the bone marrow and this would point
towards a diagnosis of neuroblastoma, particu-
larly where the characteristic periorbital bruising
is evident.

Moving on from clinical examination, biological
tumour markers may help to further the process
of diagnosis. These markers are tumour-associated
compounds found in either the serum or the urine
of children with particular malignancies. Exam-
ples are the excretion of urinary catecholamines
and their metabolites in neuroblastoma, Alpha-
fetoprotein (AFP) in the blood of children with
hepatoblastoma, and AFP or beta-human chori-
onic gonadotrophin hormone (� hCG) in germ cell
tumours. Such markers are of clinical significance
at the time of diagnosis and can also be used in the
evaluation of response to therapy. They may assist
in the detection of minimal residual disease follow-
ing apparent complete resection. In follow-up, the
presence of a raised tumour marker may indicate
tumour recurrence before this can be detected clin-
ically.

The information obtained from a child’s history
and clinical examination will be used to determine
the need for further radiological investigation, and
guide the most appropriate imaging techniques. The
growth and development of medical imaging in the
past 25 years have provided a range of methodolo-
gies on which to call. There is now a technique for
most clinical problems and the challenge for the clin-
ician, in consultation with the radiologist, is to iden-
tifythetypeof imagingsuitedtoaparticular tumour,
both at diagnosis and for subsequent follow-up.
Plain X-ray films retain their importance, especially
in the detection of tumours of the chest and bone,
but have been superseded in many respects by more
sophisticated technologies. Ultrasound is of particu-
lar importance in the assessment of abdominal
tumours, and high resolution scanning is required
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in order to obtain comprehensive information on
which to base diagnosis. Computerised tomogra-
phy (CT scanning) and magnetic resonance imag-
ing (MRI) have both played an increasing role in the
documentation of the extent of the primary tumour
and the accurate assessment of tumour response
(Pinkerton et al., 1994). MRI scanning is particu-
larly useful where there is soft tissue involvement,
and also prevents additional unnecessary radiation.
CT and MRI scans are used predominantly in the
evaluation of primary tumours, although they are
also used to detect metastases, most notably chest
metastases by CT scanning. In tumours that meta-
stasise to bone, technetium bone scans are widely
used to detect bony lesions. The use of radioiso-
topes has increased the quality of the informa-
tion available to the clinician looking at the extent
of disease. Within paediatric oncology, the use of
isotope scanning has been particularly important in
neuroblastoma. Metaiodobenzylguanidine (mIBG)
is a compound taken up by tumours of the central
nervous system, and so is a useful imaging agent in
neuroblastoma (and phaeochromocytoma) where,
labelled with radioactive isotopes, it has been shown
to be effective in assessing the extent of disease and
sometimes in locating the primary tumour.

The new technique of Positron Emission Topog-
raphy (PET scanning) has yet to be fully evaluated
in children. In the UK it is now being used in
the follow-up of chlidren with Hodgkin’s disease
and in some difficult to evaluate non-Hodgkin’s
lymphoma.

Scans and imaging provide a great deal of infor-
mation about the nature and spread of a tumour
and the interpretation of such information is both
an art and a science in its own right. The radi-
ologist is an important member of the multidisci-
plinary team in the planning and interpretation of
these investigations. Some of the imaging proce-
dures outlined above, in particular CT and MRI
scanning, involve complex, frightening, sometimes
noisy machinery, and require children to keep still
for considerable lengths of time. For small chil-
dren, this often means sedation and general anaes-
thetic. Input from play specialists in the form of
preparation and distraction can help to reduce the
requirement for such interventions. If scans are
carried out under general anaesthetic other stag-
ing investigations, such as bone marrow aspira-
tion and trephines, or lumbar puncture, should be

carried out at the same time. If appropriate facil-
ities and personnel are available, tumour biopsy
can sometimes be performed under that one anaes-
thetic.

In most types of solid tumour the definitive
diagnosis is usually made on tissue biopsy from
the primary tumour site. Even where diagnosis
is almost certain on the basis of positive tumour
markers and primary tumour imaging (as may
sometimes be the case, for example, in neuro-
blastoma), biopsy will still be required. The accu-
racy of diagnosis in childhood cancer is of critical
importance and can be difficult to make in some
paediatric tumours, which may be poorly differen-
tiated and require sophisticated analysis to arrive
at a positive identification (Parkes et al., 1997). It
is recognised that the more information there is
available on the identification of a disease and the
nature of a paediatric tumour, the more specific
and effective treatment can be. It is not just the
broad diagnosis, for example, Wilms’ tumour,
which is required, but more specific information
regarding the molecular and genetic make-up of
the cells involved which can help the patholo-
gist and the scientists to identify more clearly the
nature of that particular tumour, in that particu-
lar child. Within Wilms’ tumour, for example, it is
necessary to distinguish between favourable histol-
ogy and unfavourable histology (Mitchell et al.,
2000). In rhabdomyosarcoma, the embryonal vari-
ant has a far better prognosis than the alveo-
lar type. In neuroblastoma, the amplification of
the oncogene N-myc is particularly useful as an
indicator of poor prognosis and other significant
biological features are increasingly being recog-
nised (Brown, 2001).

In order to obtain all the information required
about a tumour, a range of tests will be needed.
Histology and immunochemistry can generally be
carried out on fixed samples, but there is an increas-
ing requirement for fresh tissue for cytogenetic and
other biological studies. Many of the specialist tech-
niques needed for the diagnosis of tumours in chil-
dren require specimens to be handled and prepared
in a particular manner. Where fresh biopsy samples
are required by the pathologist and scientist, it is
self-evident that there must be close collaboration
with the surgeon carrying out the biopsy to ensure
they are collected. It is important to make sure that
the quality of the biopsy and the material gained are
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adequate for all the tests required in any particular
tumour type. It is equally important that the tech-
nique used to carry out the biopsy is as safe as possi-
ble and appropriate to the child’s clinical condition.
There has been some disagreement among surgeons
and oncologists on the most appropriate type of
biopsy in certain paediatric solid tumours. The
Surgical Group of the United Kingdom Childhood
Cancer Study Group (UKCCSG), parent organisa-
tion of today’s Children’s Cancer and Leukaemia
Group (CCLG) attempted to define a consensus on
the principles of tumour biopsy (UKCCSG, 1996).
This paper makes the point that the primary role at
biopsy is tomakeadiagnosisasabasis for individual
patient treatment, but that biological research stud-
iesandthestorageof tissuefor futurestudiesarealso
important in furthering the understanding of the
tumoursofchildhoodandadolescence,socontribut-
ing to developments in treatment. When taking
additional samples for current and future research,
parents and patients must always be informed of
the purpose of all tissue which is to be taken, and
give explicit consent for the storage of these samples
(McIntosh et al., 2000; Medical Research Coun-
cil, 2001). The individual trial or study protocols
for the treatment of particular tumours prescribe
certain types of biopsy, which should be carried
out following national or best practice national
guidelines. The different options for biopsy are as
follows:

• No biopsy: This may be appropriate for some germ
cell tumours where a diagnosis can be made
on tumour markers alone. In neuroblastoma,
biopsy is preferred because of the importance
of biological information, but occasionally the
diagnosis will be clear from tumour markers,
primary tumour imaging and bone marrow
aspiration. If a child’s clinical condition is such
that a biopsy would carry undue risk, it is hard
to justify this further intervention. In the case of
some lymphomas, particularly where there is
diffuse disease, examination of ascitic fluid or
pleural effusion may produce sufficient cells for
morphological analysis and immunophenotyp-
ing and so avoid the need for surgical procedures
(Patte, 2004). The current European protocol for
suspected localised Wilms’ tumour allows initial
chemotherapy to be given without histological
confirmation, for fear of the biopsy rupturing

and spreading the tumour, although the recom-
mendation for UK specialists is to carry out a
needle-core biopsy. On rare occasions a medi-
astinal lymphoma may cause life-threatening
obstruction and will require immediate
therapy before a biopsy can be safely attempted.

• Fine needle aspiration cytology (FNAC): In the UK.
this is rarely used, as such biopsies are held to
provide inadequate samples, and lead to diffi-
culties in interpretation. In Europe, however,
this technique is more widely employed as a
less invasive intervention.

• Wide needle core biopsy (e.g. Trucut, Temno): This
is usually a multiple biopsy, ideally under radi-
ological guidance using ultrasound or CT. It
may be used in liver tumours, Wilms’ tumours
and other solid tumours. Increasingly a ‘co-
axial’ technique is being used, where a single
wide-bore needle is inserted into the tumour,
through which a thinner needle-core biopsy
needle can be repeatedly passed, to get multi-
ple biopsies with only a single tumour capsular
puncture.

• Laporascopic/thorascopic biopsy (needle or inci-
sional): These specialised techniques require
considerable clinical expertise, and may be used
where an open, incisional surgical biopsy is
thought to be too invasive. Often described
as minimally invasive surgery (MIS), there is
increasing evidence for the use of such tech-
niques in children, particularly in the biopsy of
intra-abdominal and thoracic lesions for tissue
diagnosis (Spurbeck et al., 2004).

• Open incisional surgical biopsy ± needle cores: This
remains the biopsy of choice for most types
of solid tumours in the UK as it is the least
likely to lead to diagnostic problems caused by
inadequate tissue samples. Certain considera-
tions should, however, be borne in mind when
planning such a biopsy. Skin incisions should
be planned to allow the scar to be excised at
the definitive resection. A deep narrow wedge
is generally preferable to a wide, superficial
biopsy and if the biopsy can include the inter-
face of the tumour with adjacent normal tissue
this is often helpful to the pathologist.

• Complete resection: This may be the only
satisfactory biopsy in some germ cell tumours,
certain cystic renal tumours, and ganglio-
neuroblastoma.
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All these biopsy techniques carry with them
potential risk of complications: bleeding from the
tumour, damage to adjacent organs, or the subse-
quent development of adhesions. Advocates of the
techniques of minimally invasive surgery suggest
that these risks are lessened by their use (Holcomb,
1999). Any form of biopsy is a form of rupture
of the tumour and so brings the theoretical risk
of local spread. The biopsy site should generally
be placed where it can be excised at subsequent
surgical resection. When identifying the type of
biopsy to be carried out, the risks of the proce-
dure should be taken into consideration and every
attempt made to minimise distress to the child. It
should also be remembered, however, that inade-
quate samples may lead to a delay in treatment and
the need for repeat biopsies. The more accurate the
information that can be gained on the nature of the
tumour, the more closely treatment can be tailored
to the need of the individual child. When prepar-
ing a child for biopsy, there are particular anaes-
thetic and surgical risks which should be identified
and managed in order to minimise the risk of the
complications of this procedure (Table 15.1).

Surgery as a treatment modality

For many of the solid tumours of childhood,
surgery remains the definitive and in some cases
still the only treatment in curing the disease. The
timing and the nature of many surgical procedures
have increasingly been refined with developments
in chemotherapy and radiotherapy. In most solid
tumours surgery is a part of a controlled clini-
cal trial or study protocol which aims for the best
chance of cure, while trying to minimise long-term
effects of treatment, by preserving function and
improving cosmetic effect. The primary objective
in treating most solid tumours remains complete
surgical resection and the completeness of removal
of the primary tumour is held to be an important
prognostic factor for many types of malignancy.
The way in which this is attempted will vary
widely, depending on the size, the location and the
nature of the tumour. For some localised tumours,
complete surgical excision remains the best and
most satisfactory option. The greatest changes to
surgical strategy have occurred in those tumours
found to be sensitive to chemotherapy and, to

a lesser extent, radiotherapy. When these other
treatment modalities were first introduced, surgery
remained the first line of treatment. Tumours were
removed where possible and first radiotherapy and
then chemotherapy were used to try to prevent
any recurrence of disease (adjuvant treatment). If a
tumour could not be completely removed, as much
as possible was resected (debulking). Radiotherapy
and chemotherapy were then used to treat residual
disease, with varying degrees of success. Current
approaches to surgical management are gener-
ally more likely to involve pre-operative (neo-
adjuvant) treatment with chemotherapy in order
to shrink the tumour prior to resection.

Developments in chemotherapy have made it
possible to reduce the size of many paediatric
tumours, so facilitating complete tumour resec-
tion with decreased morbidity, and better likeli-
hood of preserving organ function. Chemotherapy
can also help to reduce local invasion by the
tumour and so allow greater preservation of adja-
cent healthy tissue and less risk of damage to
neighbouring organs. With a reduction in size,
there is generally less risk of rupture of the tumour
and because the blood flow to it is reduced, there
is also less risk of haemorrhage. With the use of
pre-operative chemotherapy, tumours that were
unresectable at diagnosis will therefore frequently
become so. In some cases, there will be such a
good response to chemotherapy that the residual
tumour becomes unable to be detected clinically or
radiologically. In such cases surgery may still be
necessary, as there may be residual macroscopic or
microscopic disease apparent only through surgi-
cal exploration. It is important to define the extent
of any remaining disease in order to plan subse-
quent treatment.

The timing of surgical intervention in the over-
all treatment of children with cancer remains
the subject of much study, comparative work
and some disagreement among oncologists and
surgeons. The studies and clinical trials coor-
dinated by the CCLG and on an international
level by the International Society of Paediatric
Oncology (SIOP), and other collaborative groups,
include surgery as part of the overall manage-
ment of children with particular diseases. In some
of these studies one of the trial questions may
be looking at the right time to attempt surgical
excision of the primary tumour. The following is
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Table 15.1 Risk factors prior to surgical tissue biopsy

Physiological
parameters

Potential problems Treatment options

Blood counts Bone marrow suppression:

• Anaemia• Thrombocytopenia• Neutropenia

Transfuse packed red cells if symptomatic, or at
request of anaesthetist/surgeon
Platelet transfusion if < 50×109

Alert to risk of infection

Blood pressure Hypertension due to

• Neuroblastoma• Wilms’ tumour

Antihypertensive agents

Hypotension caused by hypovolaemia secondary
to rupture of tumour

Fluid resuscitation and packed cell transfusion

Renal function Acute obstruction due to tumour Relieve pressure if possible (urinary catheter or
nephrostomy)

Tumour lysis syndrome Manage tumour lysis according to unit protocols

Respiratory function Compromised by large chest mass Close monitoring of respiratory function
Oxygen therapy as required
Early review by intensive care team

Gastrointestinal
function

Acute bowel obstruction caused by abdominal
mass

Nil by mouth and nasogastric tube

Pain Pressure from tumour Analgesia as required

an outline of the role of surgery in the current
management of the more common solid tumours
of childhood and its relation to other treatment
modalities. This will include a brief review of some
ongoing studies and trials.

Wilms’ tumour

Wilms’ tumour, as outlined previously, has been
one of the great success stories of paediatric oncol-
ogy. It has been treated by the three major modal-
ities of surgery, radiotherapy and chemotherapy,
but the challenge remains; how to use them
most effectively, how to continue to increase
survival if possible, and how to reduce the effects
of therapy on children with a good prognosis.
Despite advances in chemotherapy, the surgical
excision of Wilms’ tumour is, and will almost
certainly remain, the treatment of choice. However,
there is considerable debate about the timing of
surgery, particularly in relation to preoperative
chemotherapy (Mitchell, 2004). Historically, the
surgical treatment of Wilms’ tumour has always
been immediate nephrectomy unless the tumour

was either metastatic at presentation, spreading
into the inferior vena cava and thus inoperable,
or bilateral; this remains the approach in North
America. European groups (through SIOP) have
suggested benefits from pre-operative chemother-
apy in reducing the size of the tumour, so that
it becomes more resectable. As well as facilitating
the surgical procedure, this approach may actu-
ally ‘downstage’ a child with Wilms’ tumour, thus
reducing the need for subsequent chemotherapy.
The disadvantages of this approach are that during
the pre-operative chemotherapy there is obviously
less information about the tumour itself. The diag-
nosis may prove to be inaccurate, the histological
features which predict tumour response may be
unclear, and the local extent of spread is unknown.

In all situations, with or without pre-operative
chemotherapy, a child with a Wilms’ tumour will
eventually come to surgical resection. This may
be more complicated if there is intracaval tumour,
where cardiac bypass procedures may be required,
or by extensive bilateral tumour. There is a risk of
renal failure following surgery for bilateral disease,
and on rare occasions, a child may need dialysis, and
subsequent kidney transplant. Because of the fact
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that occasionally Wilms’ tumour can develop in the
remaining kidney of a child who has already had one
kidney removed for a Wilms’ tumour, some Euro-
pean centres are evaluating conservative surgery.
Thisentails removingall thetumourwithoutremov-
ing all the kidney, even in unilateral tumours.

Soft tissue sarcomas

Soft tissue sarcomas are a heterogeneous group
of tumours which arise from a number of differ-
ent epithelial tissues (Carli et al., 2004). The
most common form of soft tissue sarcoma in
childhood and adolescence is the rhabdomyosar-
coma. Treatment strategies have been derived
from multi-institutional clinical trials, on a national
or international basis. These trials have resulted
in more sophisticated use of radiotherapy, more
effective chemotherapy, and have looked at ways
of combining these modalities with surgery to
maximise survival and reduce treatment-related
side effects. The optimal timing and intensity of
each phase of treatment must be planned to take
into account the site of the primary tumour, its
histology, and the potential late effects of treatment
(Carli et al., 2004).

Initial surgical excision should only be attempted
if the tumour can be removed completely, safely
and without mutilation. This is rarely pos-
sible, the main exception being in paratesticular
tumours, which may be completely excised. In
most cases, the initial surgical intervention will be
a biopsy, with delayed surgical excision following
shrinkage of the tumour by chemotherapy, and
possibly radiotherapy. Chemotherapy is used both
as treatment for possible systemic disease and to
optimise local therapy, particularly with regard to
organ conservation where possible, for example,
in tumours of the bladder. The timing of delayed
surgery is determined by response to treatment,
and by the study design of particular treatment
protocols and is obviously dependent on the loca-
tion, the size and the extent of the tumour. Where
resection is incomplete, or is not possible due to
the site of the tumour, the child may go on to
have further adjuvant treatment. Occasionally, the
response to chemotherapy and radiotherapy may
be inadequate to the extent that the child will
require a mutilating procedure, such as amputa-
tion or pelvic exenteration, but such an outcome
is increasingly unusual. Soft tissue sarcomas in
different sites require variable methods of local
control which can be summarised according to
general principles (Table 15.2).

Table 15.2 Local control in soft tissue sarcomas

Site Usual strategies of local disease control

Orbit Primary chemotherapy
Radiotherapy if incomplete response
Surgery rare

Parameningeal – Head and
neck

Primary chemotherapy

Radiotherapy commonly used
Surgery if considered resectable, complex techniques often required

Non- parameningeal – Head
and neck

Primary chemotherapy

Surgery if considered resectable, complex techniques often required
Radiotherapy as 2nd line treatment

Bladder and prostate Primary chemotherapy
Surgery if considered resectable, may be mutilating
Radiotherapy if unresectable or residual disease

Paratesticular Immediate surgery
Adjuvant chemotherapy

Limbs Primary chemotherapy
Occasionally immediate surgery, otherwise surgery for local control
Radiotherapy if unresectable or residual disease
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Advances in the pathological diagnosis of soft
tissue sarcomas have identified a range of differ-
ent sarcomas, such as the peripheral primitive
neuroectodermal tumours, which respond in a
similar way to rhabdomyosarcoma and are treated
using the same strategies. Other types of rare
soft tissue sarcoma are paediatric variants of
adult tumours, for example, synovial sarcoma and
fibrosarcoma. They are frequently less sensitive
to chemotherapy and surgical management plays
a more important role, with radiotherapy where
resection is incomplete.

Neuroblastoma

Neuroblastoma is a malignant tumour derived
from the sympathetic nervous system. It is the most
common extracranial solid tumour in children,
with a median age at presentation of 2 years old
(Pearson & Pinkerton, 2004). Surgery is extremely
important in the management of neuroblastoma,
but the timing and strategy for resection are depen-
dent on a number of factors, including the stage of
the disease at presentation. There is now an inter-
nationally accepted International Neuroblastoma
Staging System (INSS) which has been critical in
allowing collaborative research and the compari-
son of studies and treatment trials in this particu-
larly complex disease (Brodeur et al., 1993):

1. Stage 1: Localised tumour with complete gross
excision

2. Stage 2a: Localised tumour with incomplete
gross excision

3. Stage 2b: Localised tumour with incomplete
gross excision and ipsilateral nodal involve-
ment (on same side as tumour only)

4. Stage 3: Localised unilateral tumour which is
unresectable, or crosses the midline with or
without regional lymph node involvement; or
localised unilateral tumour with contralateral
regional lymph node involvement (other side
from tumour); or midline tumour with bilat-
eral extension by infiltration or by lymph node
involvement

5. Stage 4: Any primary tumour with dissem-
ination to distant lymph nodes, bone, bone
marrow, liver, skin and/or other organs

6. Stage 4S: (Infants under 1 year old only)
Localised primary tumour with dissemination
limited to skin, liver and/or bone marrow.

Classification and staging are further complicated
in neuroblastoma by the increased understand-
ing of the molecular pathology of this particular
disease, which has led to a recognition of features
which have an impact on the clinical outcome of
treatment. In particular, amplification of the onco-
gene MYCN is recognised as being associated with
a particularly poor outlook (Brown, 2001). There
is growing international recognition of the need to
develop a classification system that would employ
molecular pathology in the further stratification
of patients into more clearly defined risk groups
(Pearson & Pinkerton, 2004). In neuroblastoma,
above all there is a need to improve survival in the
poor risk groups, and a recognition that there are
patients who are over-treated, and perhaps some
patients who do not actually require treatment
at all.

Surgery remains the initial, and often the only,
treatment for non-metastatic, resectable tumours
(Stages 1 and 2). It is now generally accepted that
this includes patients staged as 2b after surgery if
the histology is good. The current large collabora-
tive European Neuroblastoma Study uses surgery
alone with most Stage 1 and 2 tumours. If Stage 2
patients have MYCN amplification, then they
are treated on high-risk neuroblastoma protocols,
which includes intensive chemotherapy (Pearson
& Pinkerton, 2004).

The standard treatment for patients with Stage 3
disease is to have pre-operative chemotherapy
to shrink the tumour enough to proceed to
complete surgical excision. Recent studies suggest
that complete surgical resection is in itself a good
prognostic factor. It is suggested that in the future,
patients with good prognosis Stage 3 disease in
whom complete surgical resection is possible may
have no other treatment. On the other hand, if
patients in this group are found to have MYCN
amplification, their treatment will be intensified by
the use of high-risk protocols.

The outlook for children with Stage 4 disease,
over the age of 1 year, remains poor. There is
a common treatment strategy across a number
of collaborative groups; initial chemotherapy is
followed by attempted surgical excision of the
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primary tumour. Maximal surgical resction is the
aim, as it appears that this might have prog-
nostic significance. Surgery is followed by high
dose chemotherapy with peripheral blood stem cell
(PBSC) rescue. This is then usually followed by
local irradiation, and in some cases a course of
cis-retinoic acid to promote differentiation of the
tumour (Pearson & Pinkerton, 2004).

Infants have a much better prognosis than older
children, although the outcome in any individual
child is hard to predict. In Stage 4S disease, some
tumours will regress spontaneously, in others it
will progress, and may require active treatment.
The role for surgery is unproven, as localised
tumours may require less aggressive treatment in
infants than in children over the age of 1. One of
the aims of current infant studies is to ensure that
they do not receive unnessary treatment, including
surgery, that is more dangerous to them than the
tumour itself.

Liver tumours

Most primary liver tumours in children are malig-
nant, the most common being hepatoblastoma,
followed by hepatocellular carcinoma. The aim of
surgical treatment is complete tumour resection,
but this can be a high-risk procedure and less
than 50 % of tumours are resectable at diagnosis
(Shafford & Pritchard, 2004). The increased use
of aggressive pre-operative chemotherapy regi-
mens, usually containing cisplatin and doxoru-
bicin, means that in over 70 % of children there
is enough shrinkage or necrosis of the tumour to
allow for complete resection (Reynolds, 1999). It
should be noted that alongside developments in
chemotherapy there have been technical advances
in liver surgery which have helped to make
resection an attainable goal in more cases (Vos,
1995). Resectability depends on the location of the
tumour, and its vascular supply. The usual types
of resection are right or left full or partial lobec-
tomy. In children, the liver has a great capac-
ity for regeneration, and in some cases a triseg-
mentectomy may be carried out, which takes out
the left medial lobe, as well as all of the right
lobe. Where is not a possibility, either because all
four segments of the liver are affected, or if the
tumour involves the hilum of the liver, complete

tumour removal is only possible if liver transplan-
tation is carried out. As results of liver transplant
for malignancy have improved, this is increas-
ingly considered as an option, carried out only in
a quaternary treatment centre (Otte et al., 2004).
Survival rates for children with hepatoblastoma
treated by liver transplant have improved, and are
now between 60 and 80 % (Shafford & Pritchard,
2004). In some centres, living related donors are
used. The advantage of this procedure is that
transplant can be scheduled to fit in with the
chemotherapy regimen.

Germ cell tumours

Germ cell tumours originate in embryonic cell divi-
sion and arise from the pluripotent germ cell popu-
lation which in foetal life migrate from the yolk sac
endoderm to the genital ridge where they popu-
late the developing testis or ovary. The tumour
may occur in the ovary or the testis, but may
also be found in distant sites due to the aberrant
migration of cells along the gonadal ridge, which,
in the developing embryo, lies adjacent to the
vertebral column. This explains why, in children,
about two-thirds of tumours occur outside gonadal
sites, most commonly in the sacrococcygeal area,
in the retroperineum, the mediastinum, the neck
and the pineal region of the brain (Mann, 2004).
Germ cell tumours are classified according to the
degree of differentiation of the cells that make
up the tumour, and there is considerable differ-
ence in the treatment of the different types of
tumour, which range from the well-differentiated
teratoma, to the completely undifferentiated
embryonal carcinoma (Mann, 2004). Malignant
germ cell tumours in children develop in cells
that show differentiation towards either the yolk
sac, and these cells produce alpha-fetoprotein
(AFP) or the placenta; these cells produce beta-
human chorionic gonadotrophin (�hCG). These
tumour markers are extremely useful in the
initial diagnosis, and subsequent monitoring of
disease.

Surgery has a clear role in the management
of most of germ cell tumours (GCT), but only
extracranial tumours will be considered here.
When a GCT is suggested by initial investigation
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and imaging, a complete surgical excision is
performed wherever that is possible; this should
always preserve major organs in the first instance.
If imaging suggests that complete excision is
not possible, a biopsy should be carried out.
Further treatment then depends on the histol-
ogy, the site, and the stage. The broad princi-
ples of management are surgical resection for
localised disease, chemotherapy for metastatic or
residual disease and neoadjuvant chemotherapy
with delayed surgical excision where tumours are
initially unresectable (Rescorla, 1999). Within these
broad principles are different considerations to
take into account in the different types of tumour.

Testicular tumours are resected by inguinal
orchidectomy, with high ligation of the spermatic
cord. In most cases, surgical excision alone is likely
to be curative, although the majority of tumours
are malignant, mostly yolk sac tumours which
produce AFP. Boys with malignant disease are
therefore followed up closely after surgery, with
monitoring of AFP. Those patients who develop
raised AFP, or clinical evidence of residual disease,
or relapse, are treated by chemotherapy, with
excellent results.

Ovarian tumours make up about a third of
GCTs in children, with a peak in early adoles-
cence. Yolk sac tumours are more common and
AFP is again a useful marker. In localised disease,
unilateral salpingo-oophorectomy may be curative
without the need for radiotherapy or chemother-
apy. However, this is a tumour which responds
well to chemotherapy, and where there is exten-
sive disease, chemotherapy can be used to avoid
the need for extensive surgery such as bilateral
oophorectomy or hysterectomy.

Sacrococcygeal tumours make up 40 % of all
GCTs, and around half of these are present at birth,
the majority of them benign mature or immature
teratomas (Mann, 2004). High AFP levels in normal
neonates means that this is a poor indicator of
malignancy in this age group. Complete surgical
resection is curative in most cases, although this
may be difficult, as it must include removal of the
coccyx, while avoiding damage to the lumbar sacral
plexus. Complete excision of malignant teratomas
is more difficult, and as these tumours are very
responsive to chemotherapy, delayed surgical exci-
sion is preferred. Mediastinal germ cell tumours
can be very bulky at presentation, possibly with

significant respiratory compromise, in which case
treatment is a matter of urgency. Measurement of
serum markers, showing raised AFP or �hCG, may
be enough evidence on which to make a diagno-
sis where an attempt at surgical excision, or even
a biopsy, would carry too high a risk. Effective
chemotherapy can shrink most of these tumours
to a size where later surgical resection is possible.

Non-Hodgkin’s lymphoma

The primary role for surgery in non-Hodgkin’s
lymphoma (NHL) is restricted to biopsy for tissue
diagnosis, although this may be provided by bone
marrow, ascitic fluid or pleural effusion cytology.
NHL responds well to chemotherapy and there is
therefore no role for initial debulking of abdominal
disease, or attempted resection of the tumour, as
happened in the past. Such intervention can cause
unnecessary morbidity with no therapeutic effect
(Patte, 2004).

Occasionally, T cell NHL can present with
rapidly progressing upper airway obstruction,
which may require an emergency tracheostomy.
In general, however, this disease will respond so
quickly to the initiation of treatment that such an
invasive procedure will be unnecessary. Intesti-
nal NHL may present with bowel obstruction
either because of the mass itself, or because the
mass has become the basis for an intussusception.
Limited resection to relieve the obstruction may be
appropriate, but radical surgery is not indicated,
and biopsy alone followed by chemotherapy may
suffice.

Following chemotherapy for B-cell NHL a resid-
ual mass may require excision, or at least a gener-
ous biopsy, in order to make a final determination
of whether complete or partial remission has been
achieved (Patte, 2004).

Retinoblastoma

Retinoblastoma is the most common eye tumour in
children. It is a tumour of neuro-ectodermal origin
which arises in retinal tissue. Its treatment depends
on the extent of the tumour and is as conservative
as possible, using increasingly sophisticated radio-
therapy techniques and adjuvant chemotherapy.
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The spread of disease at diagnosis is frequently
so extensive that enucleation may be the only
option (Doz et al., 2004). Enucleation is a complex
specialist intervention and requires careful subse-
quent management. The specialised techniques
required in both radiotherapy and surgery require
that retinoblastoma is managed in quarternary
treatment centres with the required expertise and
resources. By this centralisation children receive
the expert care they require, and families receive
appropriate support in dealing with surgery and
its effects. When children require chemotherapy,
however, this may be delivered more locally.

Surgical treatment of metastases

The most common site of metastases in paediatric
solid tumours, both at presentation and at relapse,
is the lung. If control of the primary tumour can
be achieved, then surgical treatment of metastases
may be attempted, and has produced good results.
This is one of the areas where minimally invasive
surgery, using thorascopic techniques, has been
used successfully. It is suggested, however, that
this technique should not be used in patients with
metastatic osteosarcoma, as radiological imaging
can underestimate the number of lesions present
(Spurbeck et al., 2004). In these patients open
thoractomy should be the procedure of choice, and
is still frequently used for other metastatic lesions.
Bilateral metastases can either be removed in a
single procedure, through a median sternotomy
approach, or by staged lateral thoracotomies a few
weeks apart. The risks of two procedures must be
balanced against the risks of surgical trauma to
both lungs occurring at the same time.

Preparing the child and the family for
surgery

The child undergoing planned surgery for excision
of a tumour requires both psychological and phys-
ical preparation. The change of clinical setting, to
a surgical ward, which happens for many chil-
dren and families requires careful management.
The issue of pain assessment and control should
also be addressed prior to surgery.

Psychological care of the child and the
family

In the early stages after the child’s diagnosis
the parents may experience a sense of numb-
ness and shock precipitated by the sight of their
child appearing acutely ill. Information and advice
given at this time may need to be repeated and
emphasised regularly. When surgical interven-
tion is required, discussions should be held with
the family with both surgeon and the oncologist
present where this is possible. A nurse should also
be present to ensure continuity of information.

The importance of holistic care is now well
recognised (Barnes, 2005). Throughout the child’s
stay, it is important to remember that they are part
of a family unit and that care should include close
family members. Parents should be encouraged to
continue their role in care. Siblings should not be
forgotten as their lives, too, will change dramat-
ically. Everyday routines will be disrupted while
their brother or sister may endure lengthy hospi-
tal stays, intensive treatment and the follow-up
required. Siblings may feel insecure, and left out.
They need particular care and attention from the
time of diagnosis onwards.

Help from the play specialist should be sought
early for the child, brothers and sisters (Dolan,
1993). They may be seen by the child as a non-
threatening member of staff and the playroom
thought of as a ‘safe area’ where only pleas-
ant things happen. Age-appropriate play can be
invaluable in preparation for surgery. Role play
can help to prepare the child for surgery and
the dressing-up box can include uniforms, oxygen
masks, theatre hats, stethoscopes and much of the
paraphernalia of surgery. Coping mechanisms can
be introduced in the form of play, for example,
using play dough to squeeze, or visual imagery
during painful procedures. Relaxation techniques
can be valuable for both the child and the family
and there are many tapes, videos and CDs avail-
able for this purpose.

Despite recent research showing their value,
very few hospitals have a dedicated unit for
teenagers and young people, who may therefore be
nursed on paediatric surgical wards (Smith, 2004).
If possible, teenagers wanting privacy should be
nursed in a single room, preferably with their own
bathroom facilities.
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Pain assessment and control

Pain assessment is pivotal to effective pain
management. It facilitates diagnosis, directs the
choice of which method(s) to employ and enables
monitoring of the effectiveness of particular inter-
ventions (Finley & McGrath, 1998; World Health
Organisation, 1998).

Wherever possible, pain assessment and
management should be discussed during admis-
sion procedures. A pain history allows the nurse
to gain insight into any previous experience of
pain that the child may have encountered, includ-
ing strategies that have or have not been previ-
ously effective. The history can also provide a
behavioural baseline to assist in subsequent pain
assessments and will identify words that the child
and family may use for pain, e.g. poorly, ouch,
hurt (Royal College of Nursing, 1999). This is an
opportunity to discuss the various pain manage-
ment options and should be supported by written
information in the form of parent- or child-friendly
leaflets. This may allay fears and misconceptions
that the child and family may have regarding
pain management and provide information to
support the child’s and family’s ability to give
informed consent.

Pain is a subjective phenomenon; assessment
tools can interpret the subjective experience of pain
into objective, meaningful measures. An appro-
priate assessment tool should be chosen by the
child, family and nurse by taking into account
the child’s developmental stage and ability to use
it. The child’s pain experience can be commu-
nicated using this tool to allow for assessment
of pain and evaluation of management strate-
gies. Where the child is unable to verbalise their
pain, behavioural observational tools can be used.
Recent studies have produced tools suitable for
use with children with special needs (Twycross
et al., 1999). Parents have a vital role in inter-
preting the child’s pain experience as they know
their child best and alongside the nurse’s expe-
rience this can help to translate the child’s self-
report into a meaningful assessment. The Royal
College of Nursing (1999) has developed clinical
guidelines on the recognition and assessment of
acute pain in children; these guidelines provide
recommendations of evidence-based strategies to
support assessment. The National Service Framework

for Children, Young People and Maternity Services:
Standard for Hospital Services published by the Depart-
ment of Health (DoH, 2003) describes the minimum
standard that providers of hospital-based care for
children in the UK should employ when address-
ing chidren’s pain management.

Alongside the expected surgery, there may be
times where the child is subjected to painful
events, e.g. venepuncture or drain removal, there-
fore planning is important to minimise pain occur-
ring around these events. The pain of venepunc-
ture can be managed by use of surface anaesthetics,
e.g. EMLA® (eutectic mixture of local anaesthetics:
prilocaine and lignocaine) or tetracaine 4 % gel.

Entonox® (50 % nitrous oxide and 50 % oxygen)
is an inhaled gas that can provide immediate
and effective analgesia, which may be useful
for short planned procedures such as drain or
catheter removal (Finley, 2001; Duff & Bliss, 2005).
Entonox® is usually self-adminstered via a demand
valve, allowing the child to individually regulate
their own analgesia. Entonox® can promote the
child’s sense of control, which can have a posi-
tive effect on their coping abilities (Hodgkins &
Lander, 1997). The effects of Entonox® are short-
lasting, therefore it is important to also adminis-
ter appropriate analgesia prior to commencing the
procedure, in order to manage any post-procedural
pain or discomfort. In the surgical setting pain
management techniques are often dictated by the
surgery that the child is to undergo, so that oral
analgesia may be appropriate for a minor proce-
dure such as insertion of an indwelling central
venous device, whereas major surgery, such as
tumour resection, requires more complex manage-
ment techniques which may include epidural infu-
sion or intravenous morphine infusion.

Epidural analgesia is achieved by the place-
ment of a fine catheter in the epidural space, into
which local anaesthetic, with or without opioids, is
infused. The resultant band of analgesia over the
wound provides excellent pain relief. Only special-
ist centres can support an epidural service, and not
all patients will be offered post-operative epidural
analgesia, due to specific contraindications.

Infusions of morphine are also effective in manag-
ing severe pain. The manner in which the infusion is
delivered is dependent on the child and their devel-
opmental stage. If a child is receiving a continuous
morphine infusion, regular assessment of the child’s
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pain and condition should be made and the hourly
rate adjusted accordingly, to provide adequate anal-
gesia. Patient-controlled analgesia (PCA) means
that the child can obtain a bolus dose from the
syringe driver as they need it. Children as young as
5 years have been able to effectively use PCA; the
child must be able to understand the concept and
be physically able to use the demand button (Royal
College of Paediatrics and Child Health [RCPCH],
1997). Patients who are unable to use PCA may be
suitable for nurse-controlled analgesia (NCA); this
is where the nurse provides bolus doses according
to the child’s need. With NCA the time between the
availability of the bolus dose is extended, to address
the subjectivity of the pain experience and reduce
unwanted side effects such as over-sedation.

The child with cancer who is undergoing surgery
may present with particularly complex needs.
An individual pain management plan should be
devised for each child taking into account any
previous pain interventions and current pain medi-
cation, their current physiological status including
the haematological picture and the type and site
of surgery.

The aim of post-operative pain management is
to provide ‘child friendly, multimodal pre-emptive
pain and symptom management for all’ (Morton,
2001, p. 13). The analgesic ladder (WHO, 1998)
provides a framework on which to base drug
choice on pain severity, e.g. in mild pain paraceta-
mol is appropriate as a drug of choice whereas in
severe pain a strong opioid, plus paracetamol, and
a non-steroidal anti-inflammatory drug such as
ibuprofen would be a regimen of choice. Advances
in local anaesthetic techniques such as infiltra-
tions and nerve blocks, provide peri- and post-
operative fields of analgesia, which can reduce
the amount of systemic analgesia that a child
may require (Wilson & Doyle, 1998). The anal-
gesic ladder allows for a step-up and step-down
approach to pharmaceutical pain management as
directed by the child’s pain, and their overall post-
operative recovery. Some drugs such as paraceta-
mol and certain non-steroidal anti-inflammatory
drugs are commonly used in the surgical setting,
whereas they may not be appropriate at other
stages in the child’s treatment. This needs to be
carefully explained to the child and family with the
rationale behind each situation, to prevent subse-
quent confusion and inappropriate medication.

Pain management is best provided by using a
holistic approach, where a combination of phar-
macological and non-pharmacological strategies
are employed to improve the child’s pain expe-
rience. Non-pharmacological interventions can be
useful adjuvants in managing surgical pain and
may include play, distraction, positioning and
comfort measures, heat or cold therapy. Regular
assessment of the child will enable the nurse to
judge whether the interventions implemented to
promote pain management are effective.

Every hospital providing children’s surgical
services should have in place a children’s pain
management team, whose role is to support the
clinical areas in delivering safe and effective pain
management and act as a resource to monitor and
improve current approaches, through guideline
development, standard setting, audit and research
(RCPCH, 1997; Royal College of Anaesthetists,
2001).

Physical preparation of the child for a
general anaesthetic

Surgical interventions in children with cancer pose
a significant challenge to both the anaesthetist and
the surgeon. The aim of pre-operative assessment,
preparation and care is to ensure that the child is
in the best possible physical condition to undergo
both the anaesthetic and the surgical procedure.

The type of tumour and the consequences of
therapy may both indicate particular requirements
in anaesthetic care. For example, in the case
of neuroblastoma, the tumour may secrete cate-
cholamines which can cause a rise in blood pres-
sure. Careful monitoring of blood pressure and
the administration of antihypertensive agents may
be necessary. In the case of phaeochromocytoma,
sudden gross hypertension may cause cardiovas-
cular collapse at the time of surgery. Tumours
involving the airway, for example, nasopharyngeal
rhabdomyosarcoma, have the potential to compro-
mise the airway.

Bone marrow suppression, caused either by
the disease or by cytotoxic drugs, can also
cause problems for both the anaesthetist and the
surgeon. For example, children may be throm-
bocytopenic, and so more prone to bleeding, or
neutropenic, and more prone to post-operative
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infections. Some children may require blood or
platelet transfusions prior to surgery. The medi-
cation required by the child with cancer can also
alter anaesthetic management. Steroid therapy can
lead to adrenosuppression and intravenous hydro-
cortisone may be necessary in the peri-operative
and immediate post-operative period. Bleomycin,
in the presence of oxygen therapy, can cause
pulmonary fibrosis and may lead to respiratory
failure. In such cases, minimum oxygen concentra-
tion must be administered to maintain oxygena-
tion. Treatment with anthracyclines can cause
cardiomyopathy and thus compromise cardiac
function; this may require investigation prior to
surgery. Other chemotherapy agents may cause
renal toxicity, and urine and blood tests may
be needed to establish the child’s renal func-
tion, and identify any electrolyte abnormalities
prior to undergoing the procedure, and consequent
anaesthesia.

On admission to the surgical unit, the child will
require similar preparation to that for any child
requiring routine general surgery. Baseline obser-
vations of vital signs and pulse oximetry should be
taken and an accurate height and weight recorded.
Blood tests and other investigations as indicated
above will be carried out and any required correc-
tion made.

In the pre-operative period, details will need to
be given regarding fasting. Traditionally, patients
used to fast from diet and fluids for a mini-
mum of six hours. Research indicates that although
food, including milk, should be avoided for six
hours, clear fluids may be taken up to two hours
pre-operatively (Bates, 1994; Ham, 2005). During
the fasting period the continuation of mouth care
should be encouraged. This maintains the child’s
comfort by keeping the mucosa moist and also
serves to reduce the feeling of thirst.

The theatre team may provide an opportunity
for the child and the family to visit the anaesthetic
room and parts of the theatre suite. Informa-
tion and reassurance given to the family pre-
operatively can be of benefit in the post-operative
period (Edwards, 1998). If it is likely that the child
will require a period of time in the intensive care
unit, then arrangements should be made for the
family to visit this area, to meet the nursing staff
and to familiarise themselves with this potentially
frightening environment.

Parents or carers should be allowed to accom-
pany their child to theatre and, if they wish, provi-
sion should be made for at least one of them to stay
with the child in the anaesthetic room until they
are asleep. Repeated general anaesthetics can lead
to psychological problems due to fear and anxi-
ety for the child. Pre-operative preparation is of
paramount importance, as is a calm, efficient but
welcoming environment in the anaesthetic room
(Kain et al., 1998). Pre-medication is not routinely
used in children, although it may be beneficial
to administer oral midazolam to the extremely
anxious child (Mitchell et al., 1997). If a tumour
is enlarging, it may begin to occupy vital organ
space and this may lead to a mediastinal shift, with
chest tumours or splinting of the diaphragm with
abdominal tumours. This may cause respiratory or
cardiac compromise and in such cases the surgeon
and anaesthetist may not have the luxury of time to
ensure that the child is in optimum health prior to
surgery, due to a developing emergency situation.

At the time of surgery, there are a number of
complications that may arise and may lead to a
need to modify a planned procedure. This may
include rupture of major blood vessels requir-
ing grafting or rupture of the tumour which may
later lead to modification of the treatment regime.
Parents should be kept informed of progress as far
as possible, and thus it is important that they can
be easily located if necessary. A prolonged anaes-
thetic may result in a longer stay in the recovery
area, thus increasing the time the child is away
from the ward. When the condition of the child
allows, the parents should be allowed to stay in the
recovery room with them until transfer is appropri-
ate (Edwards, 1998; Melody, 1999). As the recovery
room can be a frightening place for parents unfa-
miliar with this environment, it is helpful if they
are given information about what they are likely
to see when they visit their child post-operatively.
Once the surgery is complete, it is important that
the surgeon visits and provides a comprehensive
description of the findings and the procedure.

Post-operative nursing care

Recent advances in surgery mean that children
will often require high dependency care from
nurses with advanced skills following surgical
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interventions. Specialised nursing care allows for
a safe and full recovery from the anaesthetic
and surgical procedure. During this post-operative
period the care of the child progresses from a high
level of nurse dependency to a greater empha-
sis on family-centred care which requires nurs-
ing support rather than management. Care should
be tailored to meet the individual needs of the
child and the family. There are general consider-
ations which must be acknowledged to promote
recovery (Table 15.3) and specific care is required
following surgery to particular sites and tumour
types.

O2 therapy

Fluid
maintenance Thoracic epidural

Chest drain

Urethral
catheter

Figure 15.1 Chest surgery.

Surgery to the chest

Surgery to the chest (Figure 15.1) includes the
resection of soft tissue sarcomas such as primi-
tive neuroectodermal tumours (PNET) and chest
metastases where thoracotomy is indicated. The
main post-operative consideration with all chest
surgery is to maximise effective respiration and
oxygenation. In the immediate post-operative
period, this may entail ventilatory support in the
intensive care setting. Within 24 hours the child is
usually transferred to the surgical ward.

Observations of respiration should include rate,
depth, effort and pattern of chest expansion.
Humidified oxygen therapy is administered as
prescribed to maintain acceptable oxygen satu-
ration levels. Any deterioration in condition can
be measured by blood gas analysis. Chest drains
are placed to empty the pleural space of air or
fluid, the presence of which will prohibit full lung
expansion (Brandt et al., 1994). These should be
managed according to local guidelines. Drainage of
air, blood or fluid from the pleural space requires
an air-tight system with gravity or application of
low-flow suction. Chest drains should be observed
for oscillation and/or swinging with respiration.
Blockage of the system may occur due to kinking
of the drainage tube or presence of blood clots.
Any excessive blood loss should be replaced intra-

Table 15.3 Post-operative care considerations

Problem Aim of care Nursing care Family involvement

Potential respiratory
difficulty following
general anaesthetic

Maintain adequate
oxygenation

Maintain airway with appropriate
positioning until fully conscious

Observation of conscious level

Suction as necessary
Care of humidified oxygen therapy
as prescribed
Monitor oxygen saturation
Observe colour, respiratory rate and
effort

May be more aware of change in
child’s colour

Report unequal chest expansion
Encourage early mobilisation and
liaise with physiotherapist

Assist with mobilisation

Administer intravenous antibiotics if
prescribed

Potential bleeding and
hypovolaemic shock

Early detection and
treatment to ensure
haemodynamic
stability

Record vital signs and report if not
within acceptable parameters for age

Give reassurance regarding wounds,
drains, etc



General Surgery 203

Check peripheries for coolness and
mottling. Aim for capillary refill in
less than two seconds
Record wound drainage; report if
excessive and/or fresh blood

Distract child from pulling drains

Give colloids/blood/platelets as
prescribed as per protocol. Note
need for filters or pre-medication

Pain due to surgery Manage pain to
enable comfort and
rest

Care of chosen system according to
local protocols, e.g. epidural, PCA,
continuous morphine infusion

Help with assessment tools

Assess pain score and act
accordingly, noting effectiveness

Give comfort and support

Ensure child is nursed in a
comfortable position with drainage
tubes, catheters, etc. placed safely

Provide personal things from home
e.g. toys, blankets

Promote a restful environment Help with distraction and play
Liaise with play specialists to
provide distraction and relaxation
Consider complementary therapies

Reduced oral intake due
to GI disturbance and
GA

Maintain hydration Maintain nil orally until bowel
sounds return as instructed by
surgeon

Provide mouth care

Care of IV infusion as prescribed Encourage drinks, ice lollies when
allowed

Monitor fluid balance chart and
report any significant imbalance

Do not drink in front of child when
nil orally

Aspirate naso-gastric tube one-four
hourly, depending on drainage, and
replace ml for ml with IV fluids as
prescribed
Administer anti-emetic as prescribed
Monitor hypovolaemia/oedema
Monitor blood sugars if required

Potential deterioration of
renal function

Maintain adequate
urine output

Record urine output, aiming for 0.5
ml/kg/hour

Encourage child to sit on potty/toilet

Care of indwelling catheter. Ensure
taped securely, not kinked, and
observe for haematuria and clots

Help in changing nappies

Assist with blood sampling for U&Es
as requested

Can be taught catheter care

Report if child has not passed urine Give teenager privacy
12 hours post-op
Observe for palpable bladder
Assist with standing/using commode

Reduced oral intake Provide adequate
nutrition

Liaise with dietician regarding
establishing NG feeds or need for
TPN

Continue care of NG feed if familiar

Maintain accurate weight Give suggestions for favourite foods
Encourage oral intake as appropriate
Daily urinalysis and bloods if on
TPN

Potential wound
infection

Promote
infection-free
healing

Remove dressing after 24 hours if
wound not visible

Provide comfort and support during
dressing changes

Complete wound assessment chart Distract child from playing with
dressings and touching wounds
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Table 15.3 (Continued)

Problem Aim of care Nursing care Family involvement

Daily dressing to wound drains
using aseptic technique
Observe wound for any
inflammation and record
temperature four-hourly
Obtain swab for culture if discharging
Administer prescribed antibiotics
Remove wound drains as instructed

Reduced mobility Maintain skin
integrity

Perform pressure area care and
change of position two-four hourly
whilst in bed

Assist with washing, cleaning teeth,
etc

If epidural present, pay particular
attention to heels and bottom

Provide cool, comfortable nightwear

Ensure optimum pain relief to
enable early mobility

Take child for walks using
pushchair/wheelchair

Use appropriate pressure-relieving
aids and moving/handling
equipment e.g. rope ladder, banana
board, etc
Provide assistance with hygiene
needs
Liaise with physiotherapist

Boredom and anxiety Provide reassurance
and stimulation
appropriate to age

Explain all procedures and provide
as much choice as possible with
certain aspects of care

Presence at bedside and involvement
as desired

Provide toys, games, books, music,
etc

Arrange for close friends to visit

Enlist help of play specialist, school
teacher, and psychologist

Have access to telephone

Maintain privacy for teenagers Encourage periods of respite away
from ward

Consider relaxation techniques

venously with colloid. The presence of a chest
drain should not hinder early mobility. With care-
ful handling and positioning of the underwater
seal drain, i.e. below chest level to prevent back-
flow of fluid into the pleural space, the child should
be encouraged to sit out of bed for short periods
the day following surgery.

Thoracotomies are painful incisions, therefore
effective pain management is essential. Thoracic
epidurals with an opioid-local anaesthetic mixture
offer very good pain relief (De Cosmo et al., 2005)
and should be maintained until drain removal
(Ochroch & Gottschalk, 2005). Alternative analge-
sia methods may be employed such as a Patient
Controlled Analgesia System (PCAS) or continu-
ous opioid infusion in combination with regular

oral analgesia. Chest physiotherapy is essential to
prevent the development of respiratory tract infec-
tions. Physiotherapy will help the lungs to re-inflate
effectively but should be planned to coincide with
optimum pain relief. Any concerns over the chest
shouldbeaddressedpromptlywithfull chestexami-
nation, chest X-ray and administration of antibiotics
as indicated. Removal of chest drains are performed
as soon as the surgeon is satisfied the air leak
has resolved, usually 2–3 days post-operatively if
no complications have arisen. An occlusive dress-
ing should be applied and observed for leakage.
Repeat chest X-ray post-removal is indicated and
observation of respiratory rate and effort docu-
mented until medical staff are satisfied that effect-
ive respiratory function has been re-established.
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Surgery to the abdomen

This includes biopsy or resection of Wilms’
tumour (Figure 15.2), neuroblastoma and hepa-
toblastoma (Figure 15.3). Providing the surgery
is relatively complication-free, the post-operative
recovery from a nephrectomy for Wilms’ tumour
can be surprisingly rapid. On return to the ward,
hydration is maintained intravenously until the
child’s oral intake is sufficient. Oral fluids are
usually allowed on the first post-operative day,
followed by a light diet as tolerated. Accurate
documentation of fluid balance is aided by the
presence of a temporary urethral catheter which
will be inserted during surgery. Kidney function
should be monitored by daily blood urea and
electrolyte analysis, noting any significant increase
in urea and creatinine levels. Careful monitoring
of blood pressure and the administration of any
anti-hypertensive medication required should be
continued.

Fluid 
maintenance

Urethral 
catheter

Abdominal 
epidural
Incision and 
wound drain

Figure 15.2 Wilms’ tumour.

Epidural pain relief combined with oral analge-
sia is very effective for abdominal surgery. As with
any surgery, regular observation of the wound
should prevent, or at least, diagnose any infection
quickly. Wound drains require daily aseptic dress-
ings until removal. Every effort should be made
to prevent the child from touching and removing
the clean dressing. Dressings should be performed
when pain relief is at an optimum level, the play
specialist can be enlisted to provide distraction
while this is performed.

Where bilateral nephrectomy is indicated, input
from the nephrology team is sought early. Place-

Nasogastric tube
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maintenance

Urethral 
catheter

Abdominal 
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Abdominal wound 

Figure 15.3 Neuroblastoma and hepatoblastoma.

ment of a peritoneal dialysis catheter can be
performed at the end of surgery. It may be neces-
sary for a permocath to be inserted if haemodial-
ysis is required. The current recommendation
for a child who has had bilateral nephrec-
tomy for Wilms’ tumour is to wait at least one
to two years after completion of chemotherapy
before renal transplantation (Kist-van Hothe et al.,
2005).

Resection of abdominal tumours can lead to a
prolonged paralytic ileus. This may be exacerbated
by chemotherapeutic agents such as vincristine
and opiates such as morphine. The child will there-
fore return from theatre with a nasogastric tube
to drain gastric contents until peristalsis returns. If
drainage is excessive the surgeon may instruct that
the amount is replaced accordingly by intravenous
infusion. If the child was fed nasogastrically pre-
operatively, this should be re-established as soon
as possible. Liaison with the dietician will ensure
that optimum nutrition is provided. If the paralytic
ileus is prolonged and the child is unable to toler-
ate nutrition orally or via nasogastric feeds, this
may indicate a need for total parenteral nutrition
(TPN).

The site of the tumour may indicate the need for
a stoma (either temporary or permanent). Appro-
priate advice from the stoma nurse should be
sought pre-operatively. Correct placement of the
stoma is essential if it is to be accepted by the
child (Borkowski, 1998). A choice of appliances
can be shown and basic care discussed at an early
stage.

Depending on the extent of tumour involvement
of the vascular system, there may be a need to
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graft major blood vessels during surgery. Post-
operative monitoring should therefore include
circulatory observations of the lower limbs. Colour
and temperature of the feet and presence of pedal
pulses should be recorded.

Where surgery has involved the liver, careful
monitoring of clotting factors is required, with the
possible need of parenteral replacement. Hypogly-
caemia may also occur and so blood sugars should
be closely monitored.

Surgery to the pelvis

Surgery to the pelvis (Figure 15.4) includes biopsy
or resection of soft tissue sarcomas such as rhab-
domyosarcoma and PNET, and germ cell tumours.
It may involve the urinary tract and or the repro-
ductive system. Urological nursing often involves
caring for indwelling catheters (urethral or supra-
pubic) and ureteric stents with external drainage.
Bleeding is common and clots may lead to block-
age of the drainage system. To maintain patency,
stents and catheters may need to be flushed
with 10–20mls of normal saline. Securing drainage
tubes with tape helps to prevent dislodgement.
Additional security is provided if the catheter has
been sutured in place at the time of surgery.
Frequently the catheter tip may irritate the blad-
der mucosa, causing bladder spasm. This is very
distressing for the child as it is difficult for them
to localise the site of the discomfort. It can usually
be controlled by the administration of an anti-
cholinergic agent, most commonly oral oxybutynin
(Thompson & Lauvetz, 1976). Other interventions
such as the administration of intra-vesical local

Fluid
maintenance

Abdominal
epidural

Wound drain

Suprapubic
catheter/
ureteric stents

Figure 15.4 Pelvic tumours.

anaesthetics, and the use of muscle relaxants have
been also been shown to be effective (Chiang et al.,
2005).

Removal of the drainage system is performed
on the ward after appropriate analgesia has been
given. Following catheter removal the child should
be monitored until they are passing urine regu-
larly and fluid balance is maintained. Extensive
urinary surgery may necessitate the formation of a
urinary stoma as will be discussed below.

Discharge planning

Discharge from hospital is planned in advance
to enable a smooth transition from the surgical
ward to the community or home. It may warrant a
further change in the clinical setting by, for exam-
ple, transfer back to the medical oncology ward.
Close liaison between all parties should be encour-
aged to ensure that timing for discharge is appro-
priate and occurs when the child is deemed fit
for discharge by parents, nursing staff, surgeons,
oncologists, and the child concerned. The child and
parents are given verbal advice on wound care,
medication and return to activities such as contact
sports and school. A contact number for advice
and queries should also be given. An outpatient
appointment will be made at a combined surgi-
cal/medical oncology clinic, for follow-up assess-
ment of the child. Paediatric oncology outreach
nurse specialists have a vital role in ensuring a
smooth transition from ward to home and a strong
link between the two. They liaise with the surgical
team before the child’s discharge and coordinate
community services. They may visit the family at
home shortly after discharge, or offer telephone
support.

Late effects of surgical treatment

Stoma formation

On rare occasions the surgical treatment for blad-
der tumours is total cystectomy; this will mean
that a urostomy or an ileal conduit will need to
be formed. The psychological preparation of the
child requiring stoma formation should begin as
soon as the surgeon is aware that a cystectomy
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is the treatment of choice. Preparation includes
clear and concise explanations about the care of
the urostomy; it is helpful if the stoma specialist
nurse is introduced at the earliest possible time
(O’Connor, 2005). Extensive bowel resection may
also result in stoma formation with similar princi-
ples of overall management and the need for good,
early preparation where this is possible.

For a very young child or baby, explanation and
teaching should be directed at the family members
who will be performing the care. The older child,
who has more awareness of body image, will
require more direct involvement and counselling
and may benefit from meeting another child with a
stoma (Willis, 1998). After surgery, the programme
of education about the care of the stoma continues,
and dolls or teddies are often useful in demon-
strating procedures. The stoma specialist nurse can
offer support to the child and the family in griev-
ing, and in coming to terms with the child’s altered
body image. Children should be encouraged to
help with their stoma care as soon as is possible, as
familiarity may help lead to a sense of normality.

Bladder neuropathy

Due to the effects of the tumour, surgery or
treatment with chemotherapy or radiotherapy, the
child may have a resultant bladder neuropathy. In
the past, the treatment of choice was continuous
urethral catheterisation. However, this has asso-
ciated complications of urethral erosion, urinary
infections and fears of leakage or disconnection
and the embarrassment of wearing a catheter bag.
In most case, intermittent self-catheterisation (ISC)
is preferred over continuous catheterisation. ISC
is performed throughout the day at regular inter-
vals. The child (or carer) empties the bladder by
the insertion of a catheter which is then immedi-
ately removed; they are taught to do so by nurses
who have themselves undertaken specialised train-
ing. Videos and leaflets are available to rein-
force the advice given by the nurse. The child
is taught the anatomy of the urinary system and
the nurse explains the procedure of ISC, includ-
ing the care and supply of catheters and observes
the child/carer perform ISC. A mirror is often
helpful when identifying the urethral opening in
girls (Winder, 1994). This programme of education

continues until the child/carer is able and confi-
dent to perform ISC on their own, thus leading
to a greater sense of control over the process. ISC
leads to a more normal pattern of bladder empty-
ing and, as a result, can improve the child’s body
image and lifestyle (Edwards et al., 2004).

Fertility

Surgery to the reproductive system necessitating
organ removal may involve a threat to fertility,
which can be compounded by other treatment
modalities. In the very young child this may be
a difficult concept for the parents to cope with
and may be seen as a low priority. In future life,
however, it may be of paramount importance to
the survivor of childhood malignancy who can
barely remember the original illness. Sensitivity in
broaching this subject is important and referral to
a specialist team, which may include a counsel-
lor, psychologist and gynaecologist, may be appro-
priate. Nursing staff should be aware that for
teenagers, infertility may be viewed as a high prior-
ity but embarrassment may prevent them from
discussing it. Opportunities should be provided for
the subject to be discussed and then at the appro-
priate time the various options available can be
considered.

Malabsorption

Resection of large amounts of intestine may lead
to malabsorption resulting in nutritional defi-
ciency. The child may require long-term nutritional
support at home, either through enteral feeding
using modular products or by TPN. Care should
be aimed at providing the required feed at home,
with involvement of the dietician, the general prac-
titioner and local children’s community nursing
teams.

Adhesions

Formation of bowel adhesions due to scar tissue is
a common complication of all abdominal surgery.
The child may present with acute abdominal pain
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and severe dehydration due to persistent vomit-
ing, indicating intestinal obstruction. Intravenous
fluid replacement therapy should be commenced
immediately to prevent hypovolaemic shock and
to correct any fluid and electrolyte imbalance. The
pain experienced may vary in nature from being
described as mild and cramp-like, to severe, contin-
uous and localised. This will depend on the type
of obstruction. If the obstruction does not resolve
with conservative management, by keeping the
child ‘nil by mouth’ and inserting a nasogastric
tube, kept on free drainage, then surgery will be
indicated to divide the adhesions.

Body image

When the surgeon is considering the type of surgi-
cal procedure to be used, attention should be given
to the placement of the incision to minimise the
effect on body image. Scarring cannot be avoided,
but careful planning can reduce the cosmetic insult,
perhaps with a scar placed where it can be covered
by clothing, for example, a ‘bikini-line’ incision, or
an incision in a natural skin crease. Occasionally
future plastic surgery may be needed to reduce
surgical scarring.

Surgery in supportive care

The supportive care aspects of surgery in paedi-
atric oncology are important across all treatment
modalities. Surgeons play a key role in the manage-
ment of the central venous access which is essential
to the management of children and young people
with cancer. As surgeons have become more inte-
grated members of the oncology team, they have
taken an important role in helping to manage some
of the short-term effects of intensive treatment
regimes, for example, the management of gut toxi-
city and colitis following chemotherapy, and the
treatment of abscesses and other lesions caused by
infection.

Central venous access

The introduction and continuing development of
indwelling central venous access devices (CVADs)

have been essential to the advances in treat-
ment seen in paediatric oncology in the past
three decades. The administration of aggres-
sive multidrug chemotherapy protocols, and the
complex supportive care they necessitate, would
be impossible without the availability of robust,
permanent venous access (Dillon, 1999).

There are two types of central line in common
use. The external catheter (Hickman® or Broviac
type) is composed of cuffed silastic tubing,
tunnelled under the skin from the anterior chest
wall into the cephalic subclavian or internal
jugular vein, with the tip lying near the right
atrium. The line is held in position by a dacron
cuff, which encourages the formation of fibrous
tissue ingrowth into the cuff, and has an exter-
nal segment. It may have one or more lumens.
The alternative is a wholly implantable subcuta-
neous port, attached internally to a silastic catheter,
accessed by insertion of a needle; this can be either
a single lumen or a double lumen (which has two
separate ports). In recent years there have been
developments in both types of line arising from
the increased sophistication of both medical tech-
nology and surgical techniques of line placement.
These developments have given rise to a number of
clinical features which should be considered when
choosing the most appropriate line for a particular
child (Table 15.4).

The choice of line will be influenced by a number
of factors, taking into account these different clini-
cal features (McInally, 2005). A child undergoing a
particularly complex or aggressive treatment regi-
men, who is likely to require continuous access
over weeks or even months, would be better with
a dual lumen, external catheter. A child with a
solid tumour, or acute lymphoblastic leukaemia
(ALL), receiving ‘standard’ intermittent chemother-
apy may find an implanted port less restrictive.
Older children and young people, for whom body
image is of particular importance, may also find a
port less intrusive. For some children, particularly
those with a developed needle-phobia, the access-
ing of the port with a needle would be a major
disadvantage. The use of local anaesthetic applica-
tions on ports is, however, very effective and chil-
dren should be assured of this. For some younger
children the process of simply changing dressings
on an external catheter can be distressing, whereas
when the implanted port is not in use, no inter-
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Table 15.4 Comparison of the clinical features of central venous access devices

External catheters (Hickman® or Broviac® type) Implantable ports (Portacath® type)

Designed for continuous use Designed for intermittant use
Regular dressing required Dressing required only when ‘port’ in use
Weekly flushing recommended Flushing once a month recomended
Some restriction on activity (e.g. swimming) and

lifestyle
Less restriction on activity and more
‘normal’ lifestyle

Dislodgement of catheter possible Dislodgement of port rare but separation of
catheter reported

No needle required to access Needle required to access; possible risk of
dislodgement

Extravasation rare Extravasation following needle
dislodgement reported

Significant impact on body image Less impact on body image
Suggested higher infection rate (especially

multi-lumen line)
Suggested lower infection rate

vention is needed. There is some clinical evidence
that the risks of infection are greater in external
catheters than in ports (Dillon, 1999; Squire et al.,
2005). This is probably related to the fact that with
the external device the exit site is a portal of entry
for skin flora, and that the hub by which it is
accessed is inevitably exposed (Shapiro, 1995).

All these factors need to be taken into account
when considering the insertion of a central venous
access device. Children and families should be
involved in the decision-making process, and so
need to be fully informed of the advantages and
disadvantages of each type of device. When clini-
cal condition and treatment plan permit, the child
and the family should be given a choice of what
sort of line they will have.

Historically, external catheters have been more
widely used in paediatric oncology patients, and
this probably remains the case in most centres
within the UK although the audit of cental line use
reported in this chapter dates from 1996 (Tweddle
et al., 1997). Anecdotal and local evidence would
suggest that ports are becoming more widely used,
following a number of studies which demonstrated
that they can be used successfully in children with
leukaemia as well as solid tumours and may offer
certain advantages (Shapiro, 1995). In a number of
centres in the UK as well as in North America, the
implanted port has become the preferred device in
children with ALL, as studies suggest a lower inci-
dence of complications, as well as improvements
in the patient experience (McInally, 2005; Squire

et al., 2005). The lower infection rates reported in
implanted ports appear to be significant. Quality of
life may also be improved, with fewer restrictions
on activity and less maintenance of the catheter.
They appear to offer a more attractive option to
some with a more ‘normal’ lifestyle and minimal
alteration to body image.

The information-giving process is an important
first step in the process of preparing the child
and the family for the insertion of a central line.
They need first to understand what a central line
is and why it is necessary. For children, play can
be very important in this process. Dolls or teddies
with central lines in place can demonstrate the
difference between the types of line (also helpful
to parents!) and help children to become famil-
iar with them. So, too, can seeing other children
with lines in place and the family will often find it
useful to discuss lines with another family and hear
‘first hand’ about their use and the care needed at
home. Information given must clearly be tailored
to the age of the child or young person and the
understanding of the family (McInally, 2005). For
teenagers and young people, offering a choice of
line where this is possible can be helpful in restor-
ing a measure of control in their treatment and it
is therefore of critical importance that they receive
the information they need to help them make the
right choice. Pictures, diagrams, models and the
‘real thing’ may all be helpful in this process.

Before surgery, consideration should be given to
the siting of the catheter, as the impact on physical
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appearance and body image can be minimised
by careful surgical placement (Daniels, 1995). This
also affects ease of access, particularly with inter-
nal ports. Central lines should be inserted by an
experienced surgeon who carries out this proce-
dure on a regular basis, in order to minimise poten-
tial complications (Tweddle et al., 1997). Where it
is possible, line insertion should be carried out
when the child is neither neutropenic nor throm-
bocytopenic, in order to reduce the risks associ-
ated with bleeding, bruising and infection. This is
clearly not always possible, as the child’s clinical
condition and the need for treatment will often
dictate the need for a line. When the child has
a low platelet count, the administration of pre-
and post-operative platelet transfusions will be
required to try to avoid these problems. The issue
of pain control should be discussed before surgery,
in order that it may be effective post-operatively.

Surgical techniques for the insertion and fixa-
tion of central lines have developed alongside
the growing expertise of those carrying out
these procedures. Increased collaboration between
surgeons working in the regional centres treating
children has led to moves towards standardising
these techniques, and formulating national guide-
lines.

There remain at present wide local variations
in the type of line used, the way it is inserted,
the way it is secured, and the different aspects of
subsequent management. While it is hoped that
national guidelines will be established in the future
to address these issues, there are certain basic prin-
ciples essential to good practice in the handling of
central venous access devices. Aseptic technique is
of paramount importance from the time of inser-
tion onwards. The frequency with which lines are
cleaned and dressed subsequent to insertion is a
local variable, as is the type of dressing used. Stud-
ies which have looked at the frequency of early
dislodgement of external lines indicate the import-
ance of a robust method of securing lines in the
early days after insertion, allowing time for the exit
site to heal and the cuff to become established in
situ (Tweddle et al., 1997). The use of a cuff stitch
has been recommended (Weiner et al., 1992). There
is a suggestion that a stitch at the exit site might
also be beneficial, although it has proved to be
difficult to test such aspects of surgical technique
in a controlled, randomised trial.

A variety of dressings are available to cover
the exit site of an external catheter, or a port
when it is accessed. There is no conclusive clinical
evidence as to whether gauze and tape or occlu-
sive film dressings, are superior when it comes to
the securing of lines, or the prevention of infection
(Gillies et al., 2003). Indeed, there is a suggestion
that no dressing at all may be necessary (Bravery
& Hannan, 1997). There is clinical evidence that
chlorhexidine is the most effective antiseptic
when cleaning exit sites (Chaiyakunapruk et al.,
2002).

Catheter hub contamination is recognised as an
important contributory factor to catheter-related
infection; central lines are capped by a variety
of different obdurators and connectors, many of
which aim to provide a closed, needle-free system
for both blood sampling and the administration
of drugs and fluids. These devices were originally
developed with the primary aim of preventing
needle-stick injury, and there has been no convinc-
ing study to show the benefit of such devices
in preventing infection (Flynn, 2000). It should
be remembered that such devices are guaranteed
for only a limited number of punctures, records
need to be kept of this and obdurators changed
on a regular basis. Minimising the number of
times the catheter is accessed, and improving staff
compliance with a sound, aseptic, non-touch tech-
nique can help to reduce the incidence of infection
(Puntis et al., 1991).

There remains considerable discrepancy over the
flushing of central lines when not in use. There
is some evidence that a Hickman® type line only
needs to be flushed once a week with a heparinised
saline solution and indeed there are centres which
do not routinely flush these catheters at all (Twed-
dle et al., 1997). Any instructions for flushing from
the manufacturers of individual devices should be
followed. An implanted port should be flushed
with a heparinised solution once a month, in accor-
dance with manufacturer’s instructions.

Research is still needed to develop evidence-
based practice in all aspects of the management
of central lines to provide evidence on which to
base clinical practice. In the absence of national
guidance, robust local policies must be developed
to standardise all aspects of central line care, to
avoid variations in practice that can be confusing to
patients and practitioners alike. The risk of poten-
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tial complications associated with central venous
lines can be minimised with the development of
a sound policy for handling and training whether
it is aimed at health-care professionals, parents, or
children themselves (Dougherty, 1996).

Once a central line has been inserted, the family
and the child need to be taught how to care for it,
in accordance with such local policy. This teach-
ing needs to be carried out in a standard way,
but at the pace of the individual child or family,
well supported by the nurse caring for them (Pike,
1989). By encouraging them to become involved
with treatment in this way and take on this aspect
of care, the family or the child themselves can
regain some sense of control over the process. This
may be one of the first steps in transferring some
of the child’s care from the hospital setting back
to home. Lines must always be well secured and
many families and the staff caring for them have
devised a range of ‘pockets’ and pouches in which
to keep the line out of the way.

Complications of central venous access

The types of central venous access devices now
common in clinical practice have brought great
benefits to children, but are not themselves without
risk. They bring with them a number of potential
complications which can be divided into two main
categories: infectious and mechanical.

Infectious complications are the most commonly
reported problem with venous access devices
(Dillon, 1999). There are several distinct types of
infection related to central venous catheters. Super-
ficial infections at both the tunnel and the exit site
are often an early complication, although they can
occur at any time during the lifetime of a line.
Infection can also occur at the pocket of an internal
port and is particularly difficult to treat. Catheter-
related infections are frequently signalled by fever
and rigours associated with use of the line and
may be identified by positive blood cultures which
can indicate colonisation. As stated previously,
a number of studies have shown overall lower
rates of infection with internal ports in compari-
son to external catheters (Shapiro, 1995). As this
author points out, however, this may be partly
related to the population of patients in each group.
As external catheters tend to be used in patients

with leukaemia and those undergoing intensive
chemotherapy regimens, they tend to be generally
more at risk of infection associated with prolonged
and profound neutropenia. Other risk factors for
the development of line infections include the
child’s age, and the length of time for which lines
are in use. Gram-positive organisms, particularly
the Staphylococcus species, are the most common
pathogens, followed by Gram-negative organisms
(Das et al., 1997).

There continues to be much debate between clin-
icians and microbiologists about the treatment of
catheter-related infections and the indications for
the removal of an infected catheter. It is frequently
possible to treat catheter-related bacteraemias with
antibiotics, administered through the device; when
a dual lumen device is in place, antibiotics should
be given through alternate lumens, as this ensures
maximal exposure of the pathogens. The persist-
ence of positive blood cultures or the reappear-
ance of a particular organism on more than one
occasion would be reasons to remove the line.
Ongoing studies in the UK and elsewhere are
investigating the best way of using antibiotics
where a line is thought to be infected, evalu-
ating the use of antibiotic ‘locks’ as an alternative
to systemic treatment. Certain organisms, notably
Staphylococcus aureus and species of Candida are
almost impossible to eradicate with antibiotics
alone and removal of the catheter will then
normally be required. When lines are removed
because of infection, an interval should be left
before a new line is inserted, as otherwise it too is
likely to become infected. Any serious infection of
the tunnel of an external line, or the pocket of an
internal port, is likely to lead to its removal.

A number of studies have reported an associa-
tion between infection and the presence of throm-
bus formation. This is thought to result from the
development of a fibrin ‘sheath’ on the catheter
surface, to which organisms such as Staphylococcus
aureus and Candida albicans can adhere (Bagnall-
Reeb & Perry, 2002). This has prompted a number
of studies into the use of thrombolytic agents such
as urokinase to help in clearing infection in central
lines (Ascher et al., 1993). This is now an accepted
intervention in some North American institutions,
but further studies are needed to establish the effi-
cacy of this approach, and it is not widely practised
in the UK.
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Sampling or blood withdrawal problems can
occur in both types of central venous access device,
and may be caused by the formation of a fibrin
sheath, or a clot which acts as a sort of one-way
valve at the catheter tip, or because the tip is
up against the wall of the blood vessel. Repeated
flushing and aspiration of the catheter, change of
position of the child, or the instillation of 5000 units
of urokinase into the catheter may solve this prob-
lem. Thrombolytic therapy, principally the instilla-
tion of urokinase, may help to clear a line that has
become occluded as a result of thrombus forma-
tion. Lines may also become blocked through other
causes, such as lipid clots caused by prolonged
parenteral nutrition; there is some evidence that
they can be cleared with the use of alcohol instilled
in the line. Where precipitation is thought to
have occurred in the line, hydrochloric acid or
sodium bicarbonate may also be used to free a
blocked line. Such interventions should always
take place according to a properly formulated
protocol.

Clot formation is now recognised as a more
widespread problem than had previously been
thought with an increasing recognition of the risk
of venous thrombosis formation at the catheter tip,
and the possibility of subsequent thromboembolic
events. Imaging and an echocardiogram should
therefore be considered to establish the cause of the
occlusion in a blocked catheter, particularly in the
presence of infection. Thrombosis may develop in
the upper extremities and local thrombosis of the
subclavian vein may present with the development
of collateral circulation with prominent superficial
veins over the chest wall and clavicle. Risk factors
for thrombus formation include the type of line
used (larger lumen catheters carry a greater risk),
and the use of medication known to affect coagu-
lation, principally asparaginase.

Nutritional support

Central venous access is required for the admin-
istration of parenteral feeding, but surgeons may
be involved in methods of enteral feeding as well.
Enteral feeding is preferred wherever possible,
as it helps to maintain the integrity and func-
tion of the gastrointestinal tract. When children
require enteral nutritional support, nasogastric

feeding is usually the first option, but when
there is likely to be a long-term feeding require-
ment, or where vomiting is a particular problem,
gastrostomy tubes are increasingly considered.
Gastrostomy feeding tubes can be placed either
endoscopically, or surgically, and the percutaneous
endoscopic gastrostomy (PEG) tube is becoming
more widely used in the oncology setting (Skolin
et al., 2002). PEG tubes can be more appropriate for
young people where body image is a priority; the
visible presence of a nasogastric tube can signifi-
cantly lower self-esteem. Particular care should be
taken of the gastrostomy site as this is a poten-
tial source of infection. The exit site should be
cleaned daily with boiled and cooled water and an
antiseptic ointment should be applied for the first
one to two weeks. It should be observed for early
signs of inflammation and discharge. Carers and
the child should be taught how to care for the PEG
as recommended by the manufacturer. The dieti-
cian will calculate nutritional requirements and
give advice on the appropriate feeding regimen.
Following insertion, when peristalsis has returned,
small bolus feeds given during the day are grad-
ually increased as tolerated. Additional continu-
ous overnight feeds may then be introduced if
appropriate.

Management of infection

The surgeon should be clearly identified as an
important member of the multidisciplinary treat-
ment team in the management of a number of
infectious complications in children with cancer.

Neutropoenic enterocolitis

When children become neutropenic, they are at
risk of infection affecting the whole of the mucosa
of the intestine. Neutropoenic enterocolitis, also
known as typhlitis, is an infectious, and potentially
life-threatening process which is characterised by
a distended abdomen, abdominal pain, and large
loops of inflamed distended bowel. It varies greatly
in severity, and at its worst can lead to a necro-
tising process which can lead to infarction and
perforation of the wall of the bowel. In the face
of profound neutropenia and thrombocytopenia,
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management of this condition will be, where possi-
ble, by the conservative measure of resting the
bowel, to allow healing to take place. On occa-
sion, however, urgent surgical intervention will be
required. An experienced surgeon should, there-
fore, be involved in the child’s management from
the onset of such symptoms and decisions about
treatment taken in close cooperation and consul-
tation with the oncologist. It has been suggested
that the neutropenic patient with abdominal pain
can present the greatest diagnostic challenge a
surgeon can meet, and that although imaging
can be helpful, the most important monitor-
ing of these patients is by physical examination
and constant re-evaluation (Dillon, 1999). Surgi-
cal intervention is indicated in patients with clear
evidence of intestinal perforation, or in severe
cases showing clinical deterioration despite active
medical management, or where there is persistent
gastrointestinal haemorrhage despite correction of
thrombocytopaenia or other clotting abnormalities
(Shamberger et al., 1986). It should be remem-
bered that children undergoing chemotherapy can
develop other ‘surgical’ conditions such as appen-
dicitis, or adhesions with small bowel obstruction,
and this may be very hard to distinguish from
enterocolitis.

Nursing care of these children requires well-
developed clinical assessment skills, alongside an
understanding of the underlying disease process,
so that significant changes are recognised and
reported to other members of the multidisciplinary
team in a timely manner (King, 2002).

Perianal abscess

Local infection in the perianal region is a relatively
common problem during episodes of neutropenia.
Symptoms can include intense pain and discom-
fort, although physical signs may be minimal,
partly because of the lack of neutrophils (Dillon,
1999). There may, however, be induration and
erythema, and in severe cases ulceration may
occur, with the risk of tissue necrosis. Most infec-
tions are caused by a mixture of organisms, with
Pseudomonas aeruginosa frequently involved. In the
majority of cases, treatment is conservative, but
regular observation for tissue necrosis or abscess

formation must be undertaken. In these circum-
stances, surgical intervention may be required.

Pulmonary infections

Pulmonary infections are often seen in chil-
dren undergoing particularly intensive proto-
cols, notably those undergoing myelo-ablative
chemotherapy with stem cell rescue. Fungal infec-
tions such as Aspergillus or Candida can cause
particular complications, and carry a high morbid-
ity and mortality. The surgeon will on occasion be
asked to help in the diagnosis of such infections.
Bronchoscopy and bronchoalveolar lavage is an
effective way of obtaining culture results in many
patients, and this procedure may be carried out
by either a respiratory physician, or a surgeon. If
bronchoscopy findings are negative, then either a
thorascopic or an open lung biopsy may be consid-
ered, and these patients will require appropri-
ate preparation and subsequent care as discussed
above.

Surgery to avoid the complications of
radiotherapy

In the planning of external beam radiotherapy,
consideration is always given to normal tissue
structures and the radiation dose they will receive.
In certain situations there is a role for surgery
in moving certain critical organs to ensure that
they do not receive high doses of radiation with
attendant damage, and repositioning them for the
duration of treatment. Several mechanisms have
been devised, using tissue expanders, for moving
normal bowel out of a radiation field. This has a
particular application in pelvic Ewing’s sarcoma,
where it is necessary to target the tumour with
a high dose of radiation. The technique of ovar-
ian plication has also been developed to ‘hitch’
the ovaries out of the area of pelvic irradiation
(Tait, 1992).

In some children, radiation doses will be deliv-
ered using brachytherapy, where a radio-isotope
is placed within the tumour, or in close proximity
to it, in order to give a continuous, concentrated
dose of radiotherapy. Here the surgeon may be
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required to carry out physical placement under the
guidance of the radiologist.

Future trends in surgery

The continued development of treatment for chil-
dren with cancer in the developed world has
focused on two major aims: to improve cure rates
for the 25 % of children who do not survive, and to
reduce long-term effects of treatment and improve
the quality of life for those who do. Future trends
in surgery, alongside the other primary treatment
modalities, will address these aims in each of the
different areas outlined in this chapter.

As scientific progress continues to be made in the
process of tissue analysis, and the understanding
of tumour biology, so the requirements of tissue
biopsy have become more clear and more precise.
Increased sub-specialisation within the surgical
profession is designed to ensure that children and
young people are referred to centres with appro-
priate expertise in undertaking these procedures,
as has been emphasised by recent national guid-
ance in the UK (National Institute of Health and
Clinical Excellence, 2005).

Minimally invasive surgical techniques are
becoming more widely used in tissue diagno-
sis, and increased experience with such tech-
niques in the hands of identifed surgeons should
lead to reduced risk of complications for children
(Holcomb, 1999). The increased role of surgeons
in the setting up and conduct of clinical trials in
the treatment of paediatric solid tumours has led
to a more defined understanding of the place of
surgery in the overall clinical management of chil-
dren. Treatment will increasingly be tailored to the
nature of the particular tumour in the particular
child. In some cases this may mean a greater role
for surgery in the complete resection of tumours. In
other cases it may mean identifying groups of chil-
dren who should not be operated on, as happened
with non-Hodgkin’s lymphoma, and is now under
review in infants with neuroblastoma.

As surgeons develop further expertise in partic-
ular fields, there will be continued improvements
in surgical techniques, with the hope of increased
collaboration and communication leading to more
standardised procedures based on best clinical
practice.

Technological advances in medicine offer a
number of exciting possibilities in the further
development of surgical techniques. Develop-
ments in the clinical application of new techniques
and technology in both robotics and telemedicine
are being explored in the hope of increasing
their role in particularly complex and demanding
surgery (Bagnall-Reeb & Perry, 2002).

In many types of tumour there have been moves
away from mutilating surgical treatment to more
conservative options, for good reason and with
positive effects. As the late effects of radiother-
apy and chemotherapy and their associated toxi-
cities become more apparent, it may be that the
role of surgery will be re-evaluated, with surgeons
working much more closely as part of the multi-
disciplinary treatment team. The role of surgery in
supportive care will continue to evolve as many
aspects of treatment become more complex, requir-
ing the close involvement of all members of the
multidisciplinary team (Dillon, 1999).

Surgery in many cases can be one of the most
emotionally critical points of treatment for the
child and family. It is a defined and concrete inter-
vention with a clear aim, and often immediate
results. It thus presents an enormous challenge to
nurses working in both the oncology and the surgi-
cal setting to ensure that the child and family are
prepared for and supported through this critical
episode of care.
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Commentary
Neuro-oncology

Jennie Sacree

Brain and spinal tumours account for about
20% of all childhood cancers. They are the
most common solid tumour and the second most
common malignancy. The incidence of central
nervous system (CNS) tumours appears to be
rising in Western industrial countries (McKinney
et al., 1998; Keene et al., 1999), although the reasons
for this remain unclear at present. Improved diag-
nostic imaging may contribute to this, but other
environmental factors – such as exposure to ill-
defined causal agents – may also be responsible.

A second group of children should also be
included here and that is those who have a
secondary CNS tumour following radiotherapy
for a different childhood malignancy – usually
Acute Lymphoblastic Leukaemia (ALL) (Bhatia
et al., 2002).

The diagnosis of a brain tumour in a child
is a devastating blow to any family, one that
precedes a usually long and traumatic journey
through many departments, beginning with scan-
ning/diagnosis though surgery and then further
treatments; chemotherapy or radiotherapy or both,
before a long-term outcome may be more obvi-
ous. That hospital staff need to understand the
processes and treatments these children and their
families may go through on this journey is
as important as understanding the underlying

patho-physiology of the particular tumour in
question.

In summary, Chapter 16 discusses brain tumours,
and is a well-presented, logical account that guides
the reader through the journey a family, and the
staff they come into contact with, are likely to
experience. It starts with incidence, presentation,
location, type, signs and symptoms, and proceeds
through investigations, the role of the multidis-
ciplinary team, pre-, intra- and post-operative
care and complications. It then takes the reader
through a real-life experience of a family and
the cancer journey they undertook. The chapter
continues with further therapies and neurologi-
cal and late-effect sequelae, and finishes with a
positive outlook for neuro-oncology in the future.

The initial section covers location, presenta-
tion and acute management of resultant hydro-
cephalus and increased intracranial pressure. This
is followed by good description of types of tumour
which is comprehensive and clearly set out. The
chapter walks the reader nicely through the inves-
tigations that a child and his family may be
exposed to during their initial admission, radiolog-
ical, blood work, etc. However, there could possi-
bly have been a little more discussion of blood
tumour markers and the significance and levels
likely to be seen in certain tumours.
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MRI and CT scanning are described in some
detail. Maybe the newer forms of MRI could
have been explored a little more here, with three
Tesler scanners and scans becoming more widely
available. These are most likely to be the way
forward, giving a much more focused and expres-
sive picture, especially with the detail they give
in the posterior fossa region and also with small
tumours in eloquent areas. With this newer tech-
nology becoming available, it is hoped this will
give the detailed MRI information in a much
quicker form. At present, a CT scan of the head is
possible in 20 seconds but an MRI takes around 30
minutes. In the next five years the technology to
do MRI scans in a few minutes should be possible.
This will have an important effect on the way we
scan children, and the way we use MRI in place
of CT.

An excellent and concise section on neurologi-
cal observations, which forms an integral part of
the care of a child with a tumour and later post-
operatively, follows.

The section on play could have included a
little more about what the play specialist is able
to do specifically with different age groups and
specific brain tumours, and perhaps the partic-
ular aids they use when the child is being
prepared for radiotherapy and the mask making.
Also a mention could have been made of the
importance of inclusion of the whole family
and siblings in play with the specialist, thus
allowing the whole family to use play to work
through their emotions and worries. Working with
the play therapist will also enable them to be
more aware of the specific worries of their child
who is undergoing the surgery and subsequent
therapy.

Pain post-operatively is addressed, although
perhaps wound pain could have been mentioned,
as pain post-operatively is often more from
the wound than a headache. Oral and non-
opiate medications have a place in post-operative
management and also simple relaxation tech-
niques. The use of alternative therapies proba-
bly has a role within this setting although there
is very little specific research on alternative and
complementary therapies with children and brain
tumours; however, plenty of work in this area has
been carried out with children in oncology (Court-
ney Wolfe Christensen et al., 2006).

Post-operative nursing care and complications
cover all aspects of the post-operative journey and
include:

• Electrolyte imbalance which is most likely to
occur following midline tumour surgery, where
there may be interference of the pituitary gland
by the surgeon.

• Mention of this and of diabetes insipidus
following such surgery is made.

• Post-fossa mutism is a part of ‘Posterior Fossa
Syndrome’ and is briefly mentioned. It can
occur in up to 10% of post-fossa surgery in some
form or another. It is extensively researched
and explored but only briefly mentioned in the
chapter. It is more common in medulloblas-
toma, but is thought to be exacerbated in any
post-fossa tumour surgery where the vermis is
split and manipulated.

The next section describes Jack’s journey. This is
an excellent commentary on what happens in real
time from admission, through surgery and the
post-operative phase, up to the point at which
diagnosis is made histiologically and adjuvant
treatment is being discussed. This will help every-
one understand how rapidly a child and his family
start the ‘brain tumour journey’ and move through
the first phase. It would have been helpful to
conclude the story with an outline of the time
frame of the rest of his therapy, particularly as this
contrasts so sharply with the velocity of the begin-
ning of his journey.

Follow-on therapy is then discussed in some
detail, with excellent sections on chemother-
apy and radiotherapy. Chemotherapy for CNS
tumours is not as well established as in other solid
tumours, such as Wilms’ tumours, and the reasons
for this are discussed within the chapter. This is
an area of marked interest within the discipline
as scientists now understand better how to break
down the blood–brain barrier and allow access of
chemo-agents to the tumour cells (Estlin & Veale,
2003). There is much new work being undertaken
in this area and phase 2 and phase 3 international
trials are now taking place which will take forward
this type of knowledge.

Radiotherapy has been around for much longer
and for a time was the only treatment avail-
able for certain types of tumour, although this is
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now changing with the greater knowledge and
understanding of chemotherapy routes and meth-
ods of working. The specific complications of CNS
radiotherapy are clearly covered.

Some of the final few paragraphs of the chapter
relate to the subject of late effects. This is perhaps
one of the most valid aspects of brain tumour
surgery and adjuvant therapy – how we leave the
child in order for them to continue the rest of their
lives. As more and better therapies become avail-
able and understood, we are treating more patients
and they will have a higher survival rate. This can
only be a good thing if the late effects of the treat-
ment do not outweigh survival. All aspects are
dealt with in detail here.

The closing paragraph of Chapter 16 deals in an
optimistic way with the future of neuro-oncology.
Overall, this chapter presents a timely, informa-
tive and at times thought-provoking overview of
brain tumours, their aetiology, progression, initial
treatment and follow-on therapies.
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16 Neuro-oncology

Lindy May and Beth Ward

Introduction

Rickman Godley undertook the first success-
ful craniotomy for removal of a brain tumour
in 1884; however, the patient died of meningi-
tis 10 days later (Ainsworth, 1989). The proce-
dure of craniotomy was initiated by primitive
man, who used this method in an attempt to
rid ill tribal members of demons. Today, cran-
iotomy/craniectomy still constitutes the primary
therapy for tumour eradication (National Insti-
tute for Health and Clinical Excellence [NICE],
2006) but is often just the starting point
of treatment, which consists of radiotherapy
and/or chemotherapy in addition to surgical
resection.

This chapter will describe some of the main
central nervous system (CNS) tumours found
in children, along with associated present-
ing signs and symptoms; treatment options
will be discussed and pre-operative and post-
operative issues outlined. Discharge planning,
adjuvant therapy and a mention of late effects
will close the chapter. A case study which
highlights the complex pathway a child may
take from diagnosis to treatment has been
included.

Overview of brain tumours

Paediatric brain tumours are the most common
solid tumour found in children under 15 years
of age and the second most common group
of neoplasms. In most populations they repre-
sent 20–25 % of childhood cancers (Rutka &
Kuo, 2004). Historically, these tumours have been
treated with surgery and/or radiotherapy, but
chemotherapy is now routinely used either on
its own or more usually in conjunction with
the above treatment. The use of chemotherapy
for CNS tumours was initially limited by the
belief that drugs needed to cross the blood–
brain barrier to be effective. Many strategies
have been developed in an attempt to circum-
vent the blood–brain barrier or to disrupt it in
order to enhance drug delivery to the target
tumour site within the central nervous system.
These include the use of mannitol and vaso-
active compounds, and administration of very
high doses of chemotherapy. However, more
recent work has suggested that tissue trans-
port is increased in brain tumours and conse-
quently water-soluble chemotherapy agents may
have a greater role than was previously supposed
(Walker, 2004).
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The effect of chemotherapy on intellectual
loss and neural impairments to children treated
with brain tumours is still under investigation,
although a positive developmental outcome has
been reported in very young children treated
with chemotherapy alone (Copeland et al., 1999).
Influencing factors in the treatment protocols
today include the child’s age, the degree of
surgical resection and the histological charac-
teristics of the tumour. While multi-modality
therapy has increased the outcome for many
children with brain tumours, some remain refrac-
tory to current therapeutic modalities. A high
rate of disease control has been achieved for
low grade gliomas, ependymomas, germ cell
tumours and medulloblastomas, but consider-
able therapeutic challenges remain when treat-
ing the remaining groups (Rutka & Kuo, 2004).
Neuro-radiology and in particular MRI scanning,
have been essential aids in advancing treatment,
and surveillance MRI scanning is now a routine
procedure.

Compared with other types of childhood cancer,
improvements in survival of children with CNS
tumours have been modest. However, in the
United Kingdom, for those children who survived
five years following treatment between 1971 and
1995, the probability of them surviving a further
ten years was 89 % (Robertson et al., 1994). Today,
research-based clinical practice aims to improve
these statistics, while caring comprehensively for
the child, with an attempted cure being the objec-
tive. However, along with increased survival for
the child with a brain tumour comes the recogni-
tion of significant long-term consequences of the
treatment, and these include physical, psychoso-
cial, neuropsychological and neuro-cognitive
effects.

Aetiology of brain tumours

Tumours of the brain comprise about one-fifth
of all cancers during childhood, however, there
has been an increase in their incidence in the
past 15 years, of 15 %. This finding may be
due to improved diagnostic services rather than
any real biological changes, for example, small
benign tumours are now being isolated on MRI
scanning. The only known factors that predis-

pose to the development of brain tumours are
certain genetic factors, such as neurofibromatosis
type 1 and 2, tuberous sclerosis and Li-Fraumeni
syndrome (Byrne, 1996). Ionising radiation, includ-
ing exposure in utero, is known to increase the
risk of tumours; further exposures and characteris-
tics include pesticides, and polyomaviruses (Bunin,
2003).

Presentation of brain tumours and acute
management

The variations in presentation exhibited by the
child with a brain tumour are dependent on the
following three factors:

• compression or infiltration of specific areas of
cerebral tissue;

• related cerebral oedema;
• development of raised intracranial pressure.

Depending on the type and location of the tumour,
one or all of the above symptoms may occur.
The diagnosis of a brain tumour is often diffi-
cult to establish in a child, since many of the
signs and symptoms may mimic those of the
more common childhood illnesses. This delay in
diagnosis will frequently lead to anger and/or
guilt on behalf of the parents, and much reas-
surance is required to allay the fears that an
earlier diagnosis might have changed the outlook
(May, 2001).

Signs and symptoms may further vary depend-
ing on the age and development of the child, and
the size and location of the tumour, although most
children will suffer headaches.

Focal neurological signs

Some 50–60 % of childhood brain tumours origi-
nate in the posterior fossa; these include astrocy-
tomas, medulloblastomas and ependymomas. The
remaining 40–50 % are supratentorial and include
optic pathway tumours, hypothalamic tumours,
cranio-pharyngiomas and astrocytomas. Primitive
neuroectodermal tumours (PNETs) can occur at
any site.
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Posterior fossa tumours

The main tumours in the posterior fossa include
PNET (Primitive Neuroectodermal Tumour)
including medulloblastoma, ependymoma and
astrocytomas. Due to the position of these lesions,
children will present with ataxia, headache, and
early morning vomiting and visual disturbance.
Hydrocephalus is common.

Brain stem tumours

These include astrocytomas of varying malignancy
and in addition to the above symptoms, will cause
cranial nerve deficits, in particular, difficulties with
speech and swallowing. Long tract signs can also
occur (Farmer et al., 2001), with disturbance to
motor and sensory neurones connecting the brain
and spine.

Supratentorial cortical tumours

These include astrocytomas, ependymomas, PNET
and many more. They are commonly associated
with hemiparesis, visual disturbances, seizures
and intellectual difficulties.

Supratentorial/mid-line tumours

These include astrocytomas and are commonly
associated with pituitary disturbance, visual
changes and raised intracranial pressure due to
hydrocephalus.

Increased intracranial pressure and
hydrocephalus

If any of the three components in the skull (blood,
brain and cerebrospinal fluid) vary in volume
due to oedema, haemorrhage or hydrocephalus,
the intracranial pressure varies. This results in
an increase in head circumference in the baby
whose skull sutures are not yet fused. In the
child with fused sutures this results in symp-
toms such as headaches, vomiting, papilloedema

and an altered level of consciousness. Tumour
growth can cause a direct volume increase, result-
ing in cerebral oedema and raised intracranial pres-
sure. This is the rationale for the use of corti-
costeroids such as dexamethasone has a valuable
short-term role in the management of these chil-
dren but long-term administration is often asso-
ciated with high levels of morbidity (Glaser &
Buxton, 1997).

Hydrocephalus refers to the progressive dilata-
tion of the ventricles due to production of the
cerebro-spinal fluid (CSF) exceeding its rate of
absorption. A blockage due, for example, to a
tumour, prevents the normal flow of cerebrospinal
fluid and results in hydrocephalus. This is a
frequent symptom of brain tumours in children
and will often be the trigger that prompts admis-
sion to hospital, due to a sudden deteriora-
tion in conscious level. Solid or cystic tumours
can attain considerable size, the effects of which
may be exaggerated by hydrocephalus or cere-
bral oedema. In infancy, non-specific features
are common, including irritability and vomit-
ing, with slowly progressing raised intracranial
pressure; babies may display a tense anterior
fontanelle, downward diversion of the eyes (called
‘sunsetting’) failure to thrive and increasing head
circumference.

Removal of the tumour may resolve the hydro-
cephalus, but an emergency insertion of an external
drainage system for CSF drainage may be required
initially. Alternatively, a third ventriculoscopy
may be an option and is sometimes performed at
the same time as tumour resection, thus eliminat-
ing the need for a shunt. Ventriculostomy involves
passing an endoscope into the third ventricle and
making a hole in the floor, allowing CSF to flow out
into the prepontine cisterns. The success rate for
third ventriculostomy in patients with tumoural
obstructive hydrocephalus is 70 % (Chumas
et al., 2001).

For those children requiring a permanent shunt,
complications of blocking (40 % within the first
year of insertion) and infection (1–10 % risk and far
higher in the neonatal period; Drake et al., 2000)
cause increased morbidity and potential mortal-
ity. Consequently the neuro-oncology nurse must
have an understanding of the mechanics of shunts
and their possible complications. These compli-
cations include infection, blockage, disconnection,
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fracturing or migration of the shunt and very
occasionally, tumour dissemination via the shunt
(Back et al., 2005). Shunt malfunction may mimic
the signs of the brain tumour (such as vomit-
ing, headache and drowsiness) and diagnosis may
well be impossible without a scan. This may
necessitate either sedation or general anaesthe-
sia in the uncooperative child, followed by surgi-
cal replacement of the shunt if required. Chil-
dren presenting with pyrexia and neutropenia
with a shunt placed must have the possibility
of a shunt infection assessed. CSF is taken for
culture only if such an infection is strongly indi-
cated, as introducing infection by sampling is
a risk.

The child with a brain tumour presents addi-
tional concerns when receiving chemotherapy.
The risk of increased intracranial pressure from
hyper-hydration must be balanced against the risk
of chemotherapy side effects due to inadequate
hydration. The presence of a ventricular-peritoneal
shunt for the treatment of hydrocephalus might
be an asset in the presence of hyper-hydration,
assisting in reducing raised intracranial pressure.
Antiemetics with a sedative side effect are often
used with chemotherapy but their benefits must
be balanced against the possibility of ‘missing’
the drowsiness caused by shunt malfunction. Both
parents and nurses must be encouraged to report
subtle changes in a child’s behaviour promptly, so
that appropriate investigations can be instigated as
required.

Tumour types

Astrocytomas

Astrocytomas account for approximately 50 % of
childhood brain tumours and are sub-classified
by grade (1–4, with 1 being the lowest grade) or
histological description such as pilocytic, diffuse,
anaplastic and glioblastoma. The outcome for the
child in terms of morbidity and mortality depends
on both the tumour type and location (Rilliet &
Vernot, 2000). Astrocytomas occur throughout the
central nervous system with presenting symptoms
related to the tumour location. Hydrocephalus

is common due to obstruction of the ventricular
system by the tumour.

Pilocytic astrocytomas can occur in the optic
chiasm and the posterior fossa, the latter when
totally resected, resulting in long-term survival and
probable cure for the child. Low-grade astrocy-
tomas, which are not totally resected due to their
anatomical position, may require further treatment
with low-dose chemotherapy and/or radiother-
apy in the expectation that tumour growth will be
halted or reduced.

Glioblastomas (high-grade gliomas) are highly
malignant and consequently difficult to cure and
the outlook is bleak for the majority of these
children.

Medulloblastoma (primitive
neuroectodermal tumours of the
posterior fossa)

This is a common malignant brain tumour in
children and accounts for 20 % of childhood
brain tumours. The peak incidence is between
the ages of 5 and 8 years with a second peak
in adolescence and young adults with a male
predominance. These tumours are highly malig-
nant, arising from the anterior aspect of the inferior
right vermis and inferior medullary velum. They
may extend through the fourth ventricle to invade
the brain stem and obstructive hydrocephalus is
common. Symptoms of any tumour in the posterior
fossa, including medulloblastoma, are early morn-
ing vomiting, ataxia, headaches and often visual
disturbances.

Medulloblastomas are radiosensitive and
chemosensitive. Initial surgical treatment is under
taken, including the management of hydro-
cephalus. Chemotherapy for children under 3
years old and radiotherapy and/or chemotherapy
for those children over 3 years old are resulting in
improved outcomes for these children.

Prognosis: medulloblastomas respond well to
treatment and treatment regimes are continuing
to improve the prognosis for this tumour group.
These tumours are known to recur, however, and
the presence of spinal metastases at diagnosis
increases this risk and lowers the overall chance of
survival (Koeller & Rushing, 2003).
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Ependymomas

Ependymomas can occur throughout the central
nervous system, but most commonly occur in the
posterior fossa. They are tumours predominantly
of the younger patient with 50 % being under
the age of 5 (Nazer et al., 1990). They arise from
ependymal cells lining the ventricles and are char-
acteristically found in the fourth ventricle. Hydro-
cephalus is common and spinal metastases often
occur. Total surgical resection is often difficult
due to the anatomical position and frequent local
recurrence occurs. The grade of ependymomas
has not been proven to be of prognostic signif-
icance and a ‘watch and wait’ policy will very
occasionally be implemented in a non-metastatic,
totally resected tumour. Following surgical resec-
tion all other children would receive radiother-
apy (if over 3 years old) and chemotherapy
(if under 3).

Prognosis: this is dependent on the degree of
surgical resection and the presence or absence of
metastases.

Brain stem tumours

Symptoms include multiple cranial nerve involve-
ment and occasionally hydrocephalus. The devel-
opment of MRI scanning has allowed better visual-
isation of the brain stem, and although the majority
of brain stem tumours are malignant with a poor
outlook, there are a small number which are cystic,
focal and operable. Clinical controversy contin-
ues over the risks and benefits of biopsy within
the brain stem for purely diagnostic purposes.
Many tumours are difficult to treat and surgery is
limited to the relief of raised intracranial pressure
in some children and tumour resection in a small
and specific minority.

Prognosis: Surgery should be undertaken for
exophytic, low-grade midbrain and medullary
tumours, but not for pontine gliomas due to their
anatomical position. Radiation is curative in the
minority of children with brain stem tumours
and therefore is only palliative in the remainder.
Chemotherapy is given within clinical trials but
the outlook remains poor for most children with
brain stem tumours.

Mid-line tumours

The anatomical site of these tumours, plus their
histological diagnosis, makes the signs and symp-
toms they exhibit very variable, and the treatment
given is based on their histology. Included are
deep-seated tumours, such as craniopharyngiomas,
germ cell tumours, optic pathway, hypothalamic
and pineal tumours. Their symptoms include
endocrine abnormalities, visual disturbances,
cognitive impairment, personality and memory
changes. Although most of these tumours are
benign, their position makes surgical resection
difficult or impossible and radiotherapy and/or
chemotherapy may be the only treatment possi-
ble. Craniopharyngiomas are the most common
of these tumours, accounting for 6–8 % of all
childhood brain tumours. They are difficult to
resect and there is usually significant long-term
endocrine disturbance. Radiotherapy is sometimes
used, as are intracystic radioactive implants and
chemotherapy (such as bleomycin).

Prognosis: a complete surgical resection of these
complex tumours offers the highest chance of cure,
but often results in significant physical and cogni-
tive changes. These tumours are persistent and an
incomplete resection reduces the chances of long-
term survival. The exception is the group of germ
cell tumours, where surgical resection/biopsy is
not warranted for secreting germ cell tumours.

Investigations into brain tumours

CT scan

Computed Tomography (CT) has been the corner-
stone of neurological diagnostic procedures and
continues to be of huge importance (Jaspan, 2004).
The head is scanned in successive layers by narrow
X-ray beams that pass through the skull and
are transmitted or absorbed depending on the
tissue density. The X-rays are converted into light
photons by an array of scintillation crystals (the
‘scanner’). The photons are, in turn, converted to
electrical signals that are stored on a computer.
The information is digitised and manipulated by
the computer and the resulting display image
photographed on Polaroid or standard film or
communicated as images on PACS systems. A CT
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scan will illustrate changes in the location of struc-
tures, abnormalities and displacement of these
structures and changes in tissue density. However,
the definition of structures in the posterior fossa
and spine is limited and the child is subjected to
ionising radiation.

MRI scan

Magnetic Resonance Imaging (MRI) is perhaps a
safer technique than the CT scan since no radiation
is used, and it is becoming more widely available.
MRI provides greater definition than the CT scan,
particularly of the posterior fossa and spine. The
patient is placed in a strong magnetic field and
is then subjected to precise bursts of computer-
programmed radio frequency waves. It is effective
in detecting tumours, tumour necrosis and central
nervous system degeneration. The images received
are extremely accurate in their detail of anatomical
information and the physiology and biochemistry
of living tissue.

The child requiring either a CT scan or MRI may
require sedation if they are unable to lie still for
the required time. This may pose problems for the
child who has raised intracranial pressure and a
general anaesthetic may be safer in these situa-
tions. Involvement of a play specialist if available,
appropriate explanation, the use of photographs of
the scanners, relaxation techniques and diversion
therapy can often result in a successful CT scan
without sedation (Pressdee et al., 1997; de Amorim
e Silva, 2006); but the noise of the equipment
and the length of time required to keep still for
MRI means that most toddlers and young children
will require sedation or anaesthesia. Of note, MRI
can be performed when metal clips are in situ;
however, it is advisable to discuss this with the
radiologist as the image may be distorted.

Neurological assessment

The aim of a neurological assessment is to
determine the following:

• to identify the presence of any central nervous
system dysfunction and hence anticipate further
dysfunction that may be aggravated by surgery;

• to compare existing data to determine any
changes (this may be particularly appropriate
in a child with a brain stem tumour, where
deterioration may be sudden and consequent
treatment should be prompt);

• to detect any life-threatening situations (chil-
dren with secondary hydrocephalus may quite
suddenly reach a level of raised intracranial
pressure which is no longer acceptable and
respiratory arrest will occur if intervention is
not undertaken);

• to provide a baseline profile on which further
care will be based.

Neurological assessment should comprise a recog-
nised coma scale, such as the Glasgow Coma
Scale, or associated coma scales such as the Great
Ormond Street Hospital for Children NHS Trust
Coma Chart (Figure 16.1). The latter was research-
based and utilises one concise chart for all age
groups; it is based on cognitive rather than chrono-
logical age. Coma scales standardise observations
for the assessment of level of consciousness and
the National Paediatric Neuroscience Benchmark-
ing Group devised a commonly agreed coma chart
for children.

Pupillary signs and motor function of the upper
and lower extremities are based on assessment
of eye opening, best verbal response and motor
response. Observations of vital signs must also be
recorded in conjunction with neurological obser-
vations and these may alert the nurse to prob-
lems caused by or in association with a change in
intracranial pressure. Although there is a recog-
nised association of raised intracranial pressure
with bradycardia and hypertension, this is often a
late sign in children. A drowsy or irritable child
with slow pupil reaction should alert the nurse to
a rise in intracranial pressure. Infants and small
babies with tachycardia and a low blood pressure
may be displaying signs of systemic hypovolaemia
following surgery, or their symptoms may be due
to a sudden loss of cerebrospinal fluid resulting
in a reduction in intracranial pressure; neurolog-
ical observations in conjunction with recordings
of vital signs will help ascertain the cause and
necessary treatment to be given. A GCS of 14–15
is normal, but a score of less than 14 should
raise concerns. A GCS of 8 or less indicates resus-
citation is required, including the possibility of



Neuro-oncology 229

Figure 16.1 Coma chart, coma scale and comments chart
Source: From the Great Ormond Street Hospital for Children NHS Trust.
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Figure 16.1 (Continued)
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Figure 16.1 (Continued)
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intubation and ventilation to protect the airway as
a child with reduced conscious level is unable to
protect their airway.

Altered respiratory patterns occur with both
raised and lowered intracranial pressure and
mechanical ventilation may be required for the
patient with reduced respiratory drive, or the
unconscious patient. Hyperpyrexia is not uncom-
mon, due to damage to the hypothalamus (follow-
ing surgery or trauma). The presence of blood in
the CSF is also known to result in pyrexia, the aeti-
ology of which is unknown. Whatever the cause,
pyrexia must be treated promptly, as the result-
ing rise in metabolic rate increases the oxygen
and metabolic requirements of an already compro-
mised brain.

Play therapy

Anthony Oakhill (1988) looked at play specifi-
cally related to children undergoing neurosurgical
procedures and found that:

Research has shown significant stress reduc-
tion in play preparation programmes that
provide giving information, demonstrating
procedures and having the child play with
equipment for the neurosurgical procedure he
is about to undergo. This cognitive, psycholog-
ical approach helps the child acknowledge and
play through his fantasies and misconceptions.

A play specialist is often the best person to discuss
anxieties with a child and discover any precon-
ceptions that may already be present. Play is an
excellent medium through which the child can
display their fears (Lawlor, 2003). The provision
of play therapy is one of the top priorities in
providing for a sick child’s recovery and well-
being (Dix, 2004). Preparation for surgery is essen-
tial and should be performed whenever possible
as it may reduce some of the child’s fears, and
prepare the child for the post-operative period;
children cope better with the anticipated, however
brief the explanation may have been. They have
huge fears of the unknown and many of these fears
are based on fantasy which can be alleviated once
discovered. Play also provides an emotional outlet

for the child and enhances their coping mecha-
nisms, particularly utilising humour (Greenburg,
2005). Play is seen by the multidisciplinary team
as a vital contribution to the child’s recovery since
it promotes normal development in both sickness
and health and provides a comforting sense of
normality which helps the child adjust to a strange
environment (Woon, 2004). Reduction of stress in
patients, parents, doctors and nurses is evident
when a play therapy programme has been estab-
lished (Dugdale, 2002).

The multidisciplinary team

Diagnosis of a brain tumour is often difficult to
establish as many of the presenting symptoms
mimic childhood illnesses, such as malaise and
vomiting. The mean time from onset of clinical
history to diagnosis varies but has been up to 20
weeks, with the involvement of various speciali-
ties before this (Edgeworth et al., 1996). Parental
anxiety and distrust of professionals can conse-
quently occur, and engagement with the family
at the beginning of the information-giving process
can sometimes help diffuse the situation. Parents
also need to express their grief at the loss of their
healthy child and the possible loss to death.

Input from the multidisciplinary team commen-
ces at the time of the child’s admission. Once the
diagnosis of a brain tumour has been confirmed
radiologically, various medical and nursing teams
will need to assess the child. Whichever medical
team the child has been originally referred to, they
will probably require input from multiple sources
over the course of treatment.

The clinical nurse specialist (CNS) may not be
involved until a definite histological diagnosis has
been reached (see below). The anxiety and uncer-
tainty at this early stage of the disease will cause
enormous distress and exhaustion to the family
and the ward nurse can assist by listening to
their worries, answering their questions where
possible and supporting them at this traumatic
time. Anxious parents will result in an anxious
child and appropriate information needs to be
given, including details of procedures and surgery.
Hospitalised sick children will often behave in a
manner younger than their years, and the loca-
tion and effect of the tumour may add to this;
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information, therefore, needs to be appropriate for
the child’s developmental and emotional state and
may need to be repeated to both child and parents.

Pre-operative care

In addition to radiological studies, blood profile
and cross-match will be undertaken, as well as
serum markers for germ cell tumours. Endocrine
advice will be sought if appropriate, as elec-
trolyte imbalance can occur; ophthalmology may
be requested as a baseline for future assessment,
and other members of the multidisciplinary team
may be involved such as physiotherapists and
speech and language therapists.

The child with a newly diagnosed brain tumour
and their family (including siblings) will have been
overwhelmed with information and explanations.
They will also have met many new people at an
exhausting, confusing and very frightening time.
It is, therefore, understandable that explanations
need to be repeated and consistent as the full impli-
cations of diagnosis and prognosis are impossible
to take in at once. The family needs to be encour-
aged to take one step at a time and to involve the
child as and when appropriate (Coyne, 2006).

Consent to surgery is often a traumatic under-
taking and the presence of a nurse alongside the
surgeon can allow reiteration of accurate informa-
tion to the family later. Neurosurgery carries with
it small but real risks of haemorrhage, cerebral
damage and death. Balanced against this is the like-
lihood of death without surgery. Signing the actual
consent form can be highly emotional, with much
discussion as to which parent wishes to sign it. In
addition, the management of pre-operative stress
in parents will have a direct effect on the child’s
stress (McCann & Kain, 2001). A relatively calm
parent will be of optimum support to the child.

Intra-operative care

An increased understanding of the pathophysio-
logy of raised intracranial pressure, and how best
to control this, has been aided by new anaesthetic
agents and various monitoring techniques. The
anaesthetist’s task is often made more difficult by

the position of the child on the operating table
(sitting upright, for example, with the associated
risk of air embolus).

During anaesthesia, controlled ventilation
provides optimum operating conditions for per-
forming craniotomy/craniectomy, by reducing
intracranial pressure. Considerations include the
effect drugs have on cerebral metabolism, cerebral
blood flow, intracranial pressure and vasomotor
tone. Other intra-operative concerns include the
introduction of controlled hypothermia (thus
decreasing cellular metabolism and the need for
oxygen), hyper-ventilation (thus reducing brain
bulk intracranial pressure) and venous air embo-
lus (a potential problem associated with the
sitting position frequently used for posterior fossa
surgery). Surgery may take several hours and
it is the responsibility of the theatre nurse, in
addition to the anaesthetist, to ensure correct
positioning of the child, both to allow access for
surgery and to ensure the patient’s protection and
avoidance of pressure area sores; this includes
positioning of the limbs, protection of the eyes
by closing and covering them, and the usual
attention to theatre protocol, such as the use of
diathermy. The theatre nurse needs to be familiar
with the constantly new and updated neurosur-
gical equipment such as navigation equipment
and endoscopes. Correct assembly, cleaning and
maintenance of this equipment are essential and
involve appropriate training.

The anaesthetist and the neurosurgeon work
closely during surgery. Any sudden haemor-
rhaging must be supported by the anaesthetist
by prompt and appropriate replacement of
blood/blood derivatives. An increase in intracra-
nial pressure must be treated by hyperventilation
or the administration of appropriate drugs such as
mannitol. Any interference with the vital areas of
the brain stem will produce an immediate irreg-
ularity or abnormality in the child’s pulse and
blood pressure; the anaesthetist will report this
reaction immediately to the surgeon, who can then
stop or proceed as appropriate. Should the child’s
condition deteriorate, the anaesthetist will advise
the neurosurgeon while attempting to stabilise
the child’s condition. The theatre nurse can alert
the ward nurse to any difficulties which might
have arisen during surgery, although a detailed
description should also be given by the anaesthetist
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and surgeon. Analgesia should be given at the end
of surgery and before anaesthesia is withdrawn.

Post-operative management

The child will be nursed in the recovery room,
the intensive care unit or the high dependency
paediatric neurosurgical ward, depending on their
condition, the individual hospital’s organisation,
and medical and nursing expertise available.

The objectives of immediate post-operative nurs-
ing management are:

• regular neurological assessment and early
recognition and treatment of raised intracranial
pressure;

• recognition and control of factors which could
result in a rise of intracranial pressure;

• appropriate fluid management;
• recognition of potential complications and

administration of the required intervention;
• safety of the child;
• administration of regular analgesia;
• comfort and support to both the child and

family.

The child is observed closely for the first 24–48
hours following surgery as deterioration can be
rapid and intervention must be prompt. The nurse
works in conjunction with doctors and parents
to provide the best care for the child, recognis-
ing that numerous problems can occur follow-
ing surgery for a brain tumour, including the
following:

1. Airway, breathing and circulation: Respiratory
difficulties may arise due to airway
obstruction or brain stem and cranial nerve
involvement. This is a potential complication
particularly following surgery to the poste-
rior fossa or brain stem. Early identification
of complications and appropriate treatment
must be given and this may include intu-
bation and ventilation if required. Hypo-
volaemia and anaemia may occur following
surgery and fluid/blood products should be
given as required. Cardiac arrhythmias are
rare and are due to brain stem irritation or
electrolyte imbalance, the former for which

there is no treatment and the latter which
requires fluid/electrolyte management.

2. Level of consciousness: Any decrease in level
of consciousness following surgery must
be reported promptly as this may indi-
cate a rise in intracranial pressure due to
cerebral oedema (requiring an increase in
steroids), haemorrhage (which may require
emergency surgery) or hydrocephalus (which
may require emergency surgery). The nurse
must be efficient in assessing the child using
the GCS and initiating emergency referral to
the medical team as required. Neurological
deficits (may be an early and late sign) or
any acute changes in motor or sensory func-
tions or communication should be reported
and documented.

3. Pain: Headache will occur following cran-
iotomy and a pain assessment must be
undertaken. Analgesia is given in line with
local hospital policy for children undergoing
neurosurgery. However, some centres remain
reticent in prescribing opiates to neurosurgi-
cal children as it has been thought in the past
to reduce the level of consciousness and respi-
ratory status. Studies and reviews continue to
debate this issue.

4. Electrolyte imbalance: Electrolyte imbalance is
common following craniotomy, due to
haemodynamic instability, loss of cere-
brospinal fluid, inappropriate antidiuretic
hormone (ADH) or cerebral salt wasting.
Hyponatraemia and hypo-osmolarity are a
potent recipe for cerebral oedema with
associated morbidity and mortality and
careful fluid management is essential in
reducing the likelihood of this occurring.
Hydration is initially maintained via intra-
venous fluids; serum electrolytes and urine
output must be measured and fluid manage-
ment altered accordingly. Diabetes insipidus
must be managed promptly with advice from
an endocrine specialist.

5. Nausea and vomiting: This may have been one
of the child’s presenting symptoms and can
persist following surgery, particularly if the
floor of the fourth ventricle has been involved.
Regular antiemetics should be administered
intravenously and the child’s fluid manage-
ment supported intravenously as required.
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Parenteral nutrition may be required in the
malnourished child who is to commence high-
dose chemotherapy.

6. Seizures: Seizures may occur due to the
underlying cerebral abnormality, surgery, or
because of electrolyte imbalance; hospital
policy for seizure control should be imple-
mented and the underlying cause managed.
Seizures can be distressing and frightening to
both child and family and reassurance and
calm management will be helpful.

7. CSF (Cerebro-Spinal Fluid) leak: Should CSF
leak through the wound, the doctor should
be informed and the wound re-sutured if
necessary to reduce the chance of infection.
A pressure dressing will assist in the ‘sealing’
process.

8. Cranial nerve deficits: Any of the cranial
nerves may be damaged during surgery but
the commonest include irritation/damage to
cranial nerves 9, 10 and 12 following surgery
to the posterior fossa; this will result in
difficulties relating to swallowing (including
secretions), tongue movement and speech;
this may be transient and the child should
be supported during this phase. The speech
and language therapist should be involved
in assessing and managing the child, but
in severe cases, a tracheostomy and gastros-
tomy/peg will be required. Vision may
be affected, with the child complaining of
altered/double vision (cranial nerves 2, 3, 4,
6) and this may be transient; alternate eye
patching in the early post-operative days can
be helpful and a referral to ophthalmology is
recommended if the problem persists.

9. Periocular oedema: This will occur to varying
degrees following frontal craniotomy and the
child’s comfort may be helped by applying
cool packs over the eyes and maintaining the
child in an upright position. Anxiety and fear
are common if both eyes are oedematous and
vision is occluded; family and child support
is paramount.

10. Nutrition and elimination: Attention must be
given to nutrition, but this is not a prior-
ity immediately post surgery. The adminis-
tration of opiates and the fact that the child
is immobile will result in constipation, and
laxatives should be given as early as possible.

The use of steroids will increase the child’s
appetite and intake but further compound
constipation.

11. Comfort and safety: The child may be confused
and disoriented following surgery and cot
sides should be used at all times. Parents
should be encouraged to assist and comfort
their child as early as possible to minimise
distress and fear. They must of course be
aware of their own exhaustion and coping
abilities and encouraged to take regular food
and rest breaks.

Specific supratentorial complications

Following surgery, the child is nursed at a 30 %
head-up tilt to allow for good venous return from
the brain. Correct positioning of the Redivac drains
is necessary to allow for free drainage without
the siphoning effect caused by placing the drain
too low beneath the patient’s head. Occasionally
suction may be applied to the drains to promote
drainage.

Potential cranial nerve dysfunction may result in
defects with eye movements which may be tran-
sient or permanent. Children adapt rapidly to such
changes and should be encouraged and supported.
Diabetes insipidus may occur if the pituitary has
been involved. Seizures and hemiparesis are the
other major areas of concerns; they may be tempo-
rary or permanent.

Specific infratentorial complications

Many children undergoing posterior fossa surgery
are placed in the ‘sitting position’ for surgery,
thus allowing the brain to sit in an anatomi-
cally normal position during surgery; an attempt
is made to nurse these children head up post-
operatively, although this is difficult to achieve in
the agitated toddler. Potential cranial involvement
may be multiple as described above and cerebellar
ataxia is common and can be a long-term difficulty.

Cerebellar mutism/posterior fossa syndrome
occasionally occurs and consists of aphasia
with subsequent dysarthria, emotional lability,
intense irritability, limb weakness and nystagmas
(Steinbok et al., 2003). Although some of the
symptoms resolve spontaneously over time,
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ataxic dysarthia persists in many cases and
has implications for counselling and support of
family and patients.

Long-term concerns: morbidity and
mortality

These include the following and are discussed in
greater detail in the subsequent sections:

• neurological;
• personality changes;
• endocrinological changes;
• change of body image;
• change of family dynamics;
• quality of life;
• long-term prognosis.

The implications of these complications can be
profound and the multidisciplinary team, both in
hospital and in the community, will be closely
involved with the family, working alongside the
liaison nurse/CNS.

Jack’s journey through CNS tumour
treatment

The following patient journey is included to assist
the reader in understanding the complex treatment
for a child with a CNS tumour.

15 May 2005

Six-year-old Jack presented to his local casualty
with a six-week history of progressive ataxia,
early morning headache and vomiting. A CT scan
undertaken revealed a posterior fossa tumour and
hydrocephalus. He was referred urgently to a
neurosurgical centre.

On arrival, Jack’s GCS was 11, he was slow
to rouse and confused. His parents were seen
by the consultant neurosurgeon who explained
Jack would need surgery for his tumour, but
more immediately required surgery to relieve his
hydrocephalus. Dexamethasone was commenced
to reduce cerebral oedema. At 2 a.m. an external
ventricular drain was inserted for CSF drainage.

Jack’s condition was stable on return from theatre
with a GCS of 13.

16 May 2005

Jack continued to improve during the day – his
headaches were less and he commenced diet and
fluids. His parents met again with the neurosur-
geon who again discussed the plans for surgery.
It was explained that tumour diagnosis (histology)
would not be known for several days after surgery.
The play specialist and nurses explained the drain
to Jack and his parents.

16 May 2005

An MRI scan of brain and spine was under-
taken, which Jack managed without sedation after
a session with the play specialist. Surgery for
tumour de-bulking was planned for the following
day. Both parents and Jack were spoken to again in
detail by the neurosurgeon and nurses and mortal-
ity and morbidity of the surgery were discussed
with them. The play specialist prepared Jack for
the days ahead, discussing his fears and learning
about his existing coping strategies.

17 May 2005

Jack underwent a posterior fossa craniotomy for
incomplete removal of tumour. Post-operatively
he was nursed in the high dependency unit of
the neurosurgical ward. His GCS remained stable
at 12 although he was extremely irritable; pain
was controlled with opiates. Intravenous fluids
were administered and Jack was allowed noth-
ing by mouth due to the possibility of cranial
nerve damage altering his gag reflex. His external
ventricular drainage continued. His parents were
encouraged to assist with his nursing care such
as mouth care and turning. Both were resident
on the ward and were spoken to by the neuro-
surgeon who explained that tumour resection had
been incomplete and that further treatment would
be required.
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18 May 2005

An MRI was performed as an indicator of tumour
resection. Jack continued to be irritable and diffi-
cult to console. His parents were encouraged to
care for themselves too, by taking regular breaks
from the ward and resting as needed. Jack’s gag
was tested and he commenced oral fluids with
intravenous fluids titrated accordingly. Analgesia
was continued and Jack’s nursing care organised
around his resting periods as appropriate.

18–23 May 2005

Jack’s condition continued to improve and he
mobilised slowly with assistance from the physio-
therapist. Neck pain is common following poste-
rior fossa craniotomy and analgesia is required
before mobilisation in the early post-operative
days. He tolerated diet and fluids and his intra-
venous fluids were stopped. His external ventric-
ular drain was raised daily to challenge his ability
to cope without it and thus negate the require-
ment of a permanent shunt: many tumours in this
location cause hydrocephalus but normal CSF flow
can sometimes be restored once the tumour ‘block-
age’ has been removed. Jack remained well and his
external ventricular drain was removed on 23 May
with no adverse effects.

24 May 2005

Histology confirmed a medulloblastoma and Jack’s
treatment was discussed at the multidisciplinary
neuro-oncology meeting. His parents were then
spoken to by the neurosurgeon in the presence
of the neuro-oncology CNS. It was explained
that a medulloblastoma was a malignant tumour
and Jack would require radiotherapy and pos-
sibly chemotherapy for the best chance of survival;
although tumour resection was incomplete, the
tumour had not metastasised into his spine which
was a positive sign. His parents were understand-
ably devastated by the news. The ward sister and
CNS spoke to his parents later in the day, listening
to their fears and sadness and explaining the next
steps, which would involve multifaceted care over
a period of time.

Ongoing needs of a child with a brain
tumour

Clinical Nurse Specialist (CNS) role

The care of children with brain tumours is
complicated and extremely challenging, requir-
ing a flexible and responsive approach to the
individual needs of children and their families.
The speciality bridges many disciplines, including
neurosurgery, oncology, clinical oncology (radio-
therapy), endocrinology, neuropsychology, phys-
iotherapy, occupational therapy, play therapy,
speech therapy and dietetics. The pivotal role of
the clinical nurse specialist (CNS) facilitates the
care of these children and their families throughout
multiple treatments and long-term follow-up by
providing constancy and continuity (NICE, 2005).

Information

It is recognised that timely, appropriate informa-
tion is key to families being able to deal more
effectively with the diagnosis of childhood cancer
and that the delivery of this information should
be viewed as a dynamic process, requiring active
participation of both health-care professionals and
families (Greenberg et al., 2004). Having a large
team of professionals involved in the delivery
of information may prove overwhelming and it
is therefore important to identify key profession-
als such as the neurosurgeon, oncologist and
CNC to achieve continuity (Fisher, 1999). It has
been suggested that parents should be the first
targets for information, even when children are
deemed competent in adolescence (Greenberg et
al., 2004). Children will often look to their parents
for information.

Setting the scene

Guidelines support the value of setting the scene
for disclosure of bad news (Baile et al., 2000). A key
step in the delivery of bad news is determining the
family’s perception, comprehension and current
state of mind regarding the medical situation to
date (Baile et al., 2000). Research acknowledges that
nurses are key to this information-gathering and
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the bedside nurse or the CNS is ideally placed
to support this process (Arber & Gallagher, 2003).
At the outset, it is important to clarify informa-
tion that has already been given, bearing in mind
that parents can only assimilate a small amount
of information when in a state of stress and shock
(Freeman et al., 2003).

The family’s viewpoint

It is acknowledged that the diagnosis of a brain
tumour is often difficult to establish, as many of the
symptoms may be non-specific and mimic other
childhood illnesses. The mean time from onset of
clinical history to diagnosis may be up to 20 weeks,
with the involvement of various specialities before
this occurs (Edgeworth et al., 1996). This delay in
diagnosis may cause parents to feel angry, lead-
ing to a mistrust of professionals. It is therefore
essential to engage in the family’s narrative at the
beginning of the information-giving process. At
this time, parents also need to express their grief
at their loss of a healthy child and the possible loss
to death.

Clearly, information relating to central nervous
system tumours is complex and the format should
therefore reflect the individual needs of the family.
Important determinants such as parental educa-
tion, primary language of communication, culture
and social background influence the delivery and
format of this information (Greenberg et al., 2004).
Interpreting services should be employed at the
earliest opportunity as required. As well as being
honest, accurate and open in the imparting of infor-
mation, professionals also need to be sensitive to
how much information the family want to know,
this may be culturally determined.

The family’s principal needs for information
include:

• nature, biology and behaviour of the brain
tumour;

• neuro-anatomy and implications;
• therapeutic interventions;
• radiotherapy;
• chemotherapy;
• clinical trials;
• family organisation;
• potential outcome.

(Greenberg et al., 2004)

It is important that families have written material
supporting the outline of their initial meeting,
to assist their understanding and prompt further
questions and discussion. It is helpful for them to
have a basic understanding of the brain’s function-
ing, which in turn will enable them to comprehend
their child’s symptoms.

Children’s information needs

Brain tumours in children may cause speech and
language disturbance that can range from difficul-
ties with speech production, problems with word
finding and difficulty understanding language.
Information for the child therefore needs to be
timely and the support of a speech and language
therapist should be sought if the child’s abil-
ity to communicate is affected by neurological
impairment.

Information for the child needs to be simple,
truthful and age-appropriate and delivered in
stages, allowing the child to assimilate the ‘next
step’ rather than a view of the overall treat-
ment. Older children, however, are likely to under-
stand the gravity of diagnosis and may ask direct
questions about cure or the possibility of dying
(Greenberg et al., 2004). These questions should
be answered honestly, instilling the reassurance of
hope (i.e. ‘without treatment there is a possibility
that you would die, but we are hoping that treat-
ment will offer cure’).

Siblings

Concerns important to siblings can affect their abil-
ity to adapt to changes posed by the diagnosis
of cancer (Freeman et al., 2003). Siblings require
information to understand what has happened,
why it has happened and support in learning
to cope with changes in their ill brother or
sister (Freeman et al., 2003). Children with a brain
tumour may develop neuro-cognitive deficits and
this may further impact on siblings.

Resources

With the rapid development of Internet accessibil-
ity, inevitably some health information has been
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distributed without regulation (Mazzini & Glode,
2001). Therefore one of the extended roles of the
health professional team is to guide families to
the most appropriate information. However, fami-
lies still prefer hard copy of information to refer
to (Greenberg et al., 2004). There are a number
of books available; some orientated to childhood
cancer and some specifically to brain and spinal
cord tumours.

Parental concerns and stressors

Problems associated with the on-going stress and
insecurity of an unpredictable future can be a
heavy burden on families. As parents struggle
with feelings of despair and fear, followed by
anger and sadness, health professionals must make
allowances for subsequent episodes of unpre-
dictable or irrational behaviour (De Sousa et al.,
2004).

With advancements in treatment for CNS
tumours in the past 20 years, concern has been
voiced that improvements in survival may not
correspond with how well the family’s needs are
met (Freeman et al., 2004). It is also acknowledged
that symptoms from aggressive treatment, the
sequelae of CNS tumours, as well as diagnosis can
have a devastating effect on families (Walker et al.,
2004a). Quality of life studies have found that as
many as 50 % of children with brain tumours have
a high risk of clinically significant emotional or
behavioural problems (Kennedy & Leyland, 1999).
A significant number of parents cite this as a major
stressor in caring for their child (Freeman et al.,
2003). To help address these concerns, the role
of the CNS should encompass an accurate assess-
ment of psychological stressors and reactions
of children and their family members to the
diagnosis of CNS tumours (Hendricks-Ferguson,
2000).

Adjuvant treatment: specifics of
treating a child with a CNS tumour

Developments in the management of children
with central nervous system tumours are multi-
dimensional. Definitive neurosurgical procedures,
together with new radiotherapy techniques and
improved chemotherapy protocols, have all

contributed to an improvement in survival.
Despite this, however, it is acknowledged that
compared with other types of childhood malig-
nancy, these improvements in survival in recent
years have been modest, with most children
surviving their tumour experiencing long-term
neurological sequelae (Walker et al., 2004a).

Corticosteroids

Corticosteroids have a valuable role in the manage-
ment of children with CNS tumours, however,
their administration is often associated with high
levels of morbidity (Glaser & Buxton, 1997). The
rationale for their use is to improve neurological
function by reducing associated brain or spinal
oedema, although the mechanism by which this
occurs remains unknown. Approximately 25 % of
children presenting with CNS tumours will have
clinical features of raised intracranial pressure
(Edgeworth et al., 1996). It is often appropriate to
start corticosteroids while transfer to a neurosur-
gical centre is arranged.

The response to corticosteroids can be dramatic,
with an improvement in signs and symptoms
within as little as 24 hours. Treatment does not,
however, increase survival time or cure rates.
This dramatic improvement often fuels parental
requests for the use of corticosteroids at a later
stage in the child’s care, especially at recurrence.
This, however, requires careful discussion, weigh-
ing up the short-term benefits with adverse side
effects. Severe mood and behavioural changes
associated with corticosteroids can have a major
impact on the child and family and are associ-
ated with a reduction in health-related quality
of life. Insatiable appetite and weight gain can
also be disturbing. Long-term sequelae, such as
proximal myopathy (muscle weakness and wast-
ing) and osteoporosis may compound difficul-
ties during neurological rehabilitation and greatly
affect mobility.

Chemotherapy

The role of radiotherapy to the developing brain
has long been associated with long-term neurolog-
ical sequelae; the younger the child, the greater
the risk of damage. In response to these findings,
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American oncologists in the late 1990s embarked
on protocols, treating children younger than 2
years old with chemotherapy in an attempt to
avoid or delay radiotherapy, therefore sparing the
developing brain (Walker et al., 2004b). However,
administering chemotherapy effectively in the
treatment of CNS tumours poses a number of prob-
lems.

To be effective, chemotherapy must reach its
target. There are many challenges posed in success-
fully treating children with CNS tumours with
chemotherapy, mainly compounded by the limited
drug access to the brain through the protec-
tive mechanism of the CSF and the blood–brain
barrier (the endothelial lining of blood capillar-
ies) (Blaney et al., 2004). To address this, recent
advances in the delivery of chemotherapy agents
have been three-pronged (Blaney et al., 2004)
concentrating on:

• the disruption of the blood–brain barrier with
agents such as mannitol;

• administration of very high-dose intravenous
chemotherapy;

• regional chemotherapy given intrathecally,
intra-arterially and intratumourally.

The side effects of chemotherapy are discussed
elsewhere in this book. Particular side effects perti-
nent to the care of children with CNS tumours
include the following.

Nausea and vomiting

The use of antiemetics that act as serotonin antag-
onists, such as ondansetron, has greatly improved
the management of chemotherapy-related nausea
and vomiting. It is important, however, to moni-
tor the child with a CNS tumour as protracted
vomiting could indicate early signs of raised
intracranial pressure necessitating urgent neuro-
surgical review. It should also be noted that
children with tumours close to the 4th ventri-
cle or brain stem, may be especially vulnerable
to intractable nausea and vomiting and gastric
oesophageal reflux, and will require additional
antiemetic therapy (De Sousa et al., 2004). Particu-
lar care should be taken with children who have
dysphagia (speech and/or swallowing difficulties)

as there will be a high risk of aspiration with
vomiting.

Hydration

Children with hypothalamic or pineal tumours
require careful fluid management, the aim being to
maintain an isovolaemic state, thus avoiding fluid
and electrolyte shifts that may result in cerebral
oedema.

Alopecia

Hair loss may prove particularly distressing for
children with CNS tumours. Initially, hair will be
partially shaved in preparation for surgery and
subsequent hair loss through chemotherapy or
radiotherapy will expose these surgical scars. It is
important that the child and family are reassured
that hair is likely to re-grow in time, but sparse
hair re-growth may be experienced in the area of
the high-dose radiotherapy field, most commonly
the posterior fossa.

Neurotoxicity

Any added neurotoxicity can be devastating to
children with existing neurological impairment
and may significantly affect their mobility. In
the older child, vincristine can cause peripheral
neuropathy, leading to a loss of tendon reflexes,
paraesthesia (tingling) and numbness in the fingers
and toes and a reduction in dorsiflexion (back-
wards flexion of the foot). This can impact greatly
on the child’s ability to mobilise and may result in
them becoming wheelchair-dependent for a period
of time. The younger child meanwhile may present
with ptosis (drooping of the upper eyelid). Any
signs of neurotoxicity is an indication to reduce
drug dose and all these side effects, although debil-
itating, are recoverable.

Ototoxicity

Ototoxicity results in hearing loss that is high
frequency, bilaterally symmetrical and irreversible.
It has been noted that capsulation, especially
when coupled with cranial radiotherapy, can cause
significant ototoxicity (Packer et al., 2003).
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Radiotherapy

Radiotherapy has long been accepted as having a
significant contribution in the treatment of CNS
tumours since Cushings first reported the curative
potential of radiotherapy in the management of
medulloblastoma in 1919 (Kortmann et al., 2004).
Radiation plays an essential role in the manage-
ment of other childhood CNS tumours, especially
when tumours cannot be entirely removed with
surgery or there is a risk of microscopic spread. The
side effects of treatment are discussed elsewhere
in this book, but meanwhile there are a number
of important issues when considering treatment to
the cranial axis and whole CNS.

Treatment planning

Advances in brain tumour imaging, together with
improvements in technology in the planning and
delivery of radiotherapy, have led to childhood
CNS tumours being successfully treated with
conformal radiotherapy (Kirsch & Tarbell, 2004).
Conformal radiotherapy targets and delivers the
radiation dose specifically to the tumour, minimis-
ing the dose to the normal brain tissues, therefore
limiting the long-term side effects of treatment.

Conformal radiation can be delivered by vary-
ing techniques that use high-energy X-rays
(photons), such as three-dimensional (3D) confor-
mal radiation therapy with fixed fields, stereotactic
radiation therapy (SRT) using arc therapy, and
intensity-modulated radiation therapy (IMRT). By
delivering radiation with accurate target identi-
fication in this way, a smaller radiation field is
selected and therefore less normal brain tissue is
treated. 3D conformal radiation therapy can also
limit the dose of radiation to the cochlea, which is
key in the management of medulloblastoma where
significant hearing loss from chemotherapy may be
compounded by radiotherapy (Packer et al., 2003).

Acute reactions

Acute reactions manifest as an exacerbation of the
child’s initial presenting symptoms, i.e. headaches
and seizures. The aetiology of this remains unclear
but may be related to localised cerebral oedema,
causing an elevation of intracranial pressure. These
effects tend to be short-lived, but may cause
child or parent concern that treatment is failing.

Good information and reassurance at the outset of
treatment are therefore required (Guerrero, 2005).
A short course of corticosteroids may be required
to alleviate symptoms. For those children expe-
riencing seizures, serum anti-convulsant levels
should be checked.

Early delayed reactions

Early delayed reactions are described as side
effects occurring either during or, a few months
following radiotherapy (Guerrero, 2005). These
may include a loss of smell (owing to irradiation
to the olfactory centre in the frontal lobes), otitis
externa or media (owing to temporal irradiation)
or irregularities in menstrual cycle (as a result of
pituitary/hypothalamic irradiation).

Nausea and sensitivity to taste and smell

Nausea and vomiting are not a common side effect
of cranial irradiation and therefore a child present-
ing with severe symptoms should be investigated
for signs of raised intracranial pressure. More
commonly children may describe a hypersensitiv-
ity to smells or an altered sense of taste as nausea.
Hypersensitivity to smell is possibly caused by
radiation to the olfactory nerve endings (cranial
nerve 1) in the frontal lobes. Children with altered
taste sensation may describe a ‘metallic’ taste. In
this setting, it is important that children are exam-
ined for early signs of oral candidiasis, especially
when on steroids. Once the aetiology of nausea
is identified, antiemetics should be prescribed and
an early referral to a dietician implemented to
restore nutritional balance and prevent significant
weight loss.

Hair loss

As with chemotherapy, children undergoing
cranial irradiation will experience hair loss, usually
2–3 weeks into treatment. Alopecia is dose-
dependent and therefore some hair loss due to
high-dose fields may be permanent. Children can
wash their hair during treatment but, to minimise
skin irritation, a mild or non-perfumed shampoo
should be used and the hair and scalp should be
patted dry with a soft towel, avoiding the use of
hairdryers.
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Erythema

Erythema is described as flushing of the skin due
to dilatation of the blood capillaries. This is likely
to be the first side effect of cranial irradiation and
precedes alopecia. This may cause some discom-
fort, requiring the application of aqueous cream or
topical hydrocortisone 1 % (Guerrero, 2005).

Somnolence syndrome

Somnolence syndrome is best described as exces-
sive sleep, drowsiness, lethargy and anorexia. The
process by which this occurs is not fully under-
stood, but is thought to be a consequence of
damage to the oligodendrogial cells. One of the
major roles of oligodendrogial cells is the produc-
tion of myelin for neuronal conduction. It is
speculated that radiotherapy leads to a transient
demyelination affecting the neuronal pathway thus
leading to transient fatigue and exhaustion.

Somnolence may be experienced during radio-
therapy or may evolve several weeks after comple-
tion of treatment and is noted as being one of
the worst side effects of cranial irradiation (Guer-
rero, 2005). The severity is dependent on the total
cranial irradiation dose and will therefore vary
from child to child. Somnolence can be very debil-
itating, resulting in severe fatigue and the re-
emergence of initial symptoms, leading to parental
fear and anxiety that the tumour has recurred.
Children may also feel emotionally vulnerable and
tearful at this time and good, supportive nursing
care is essential (Guerrero, 2005). Should the child
have a ventricular-peritoneal shunt in situ for the
treatment of hydrocephalus, excessive drowsiness
may indicate a shunt dysfunction as opposed to
radiation somnolence, and so develop into a neuro-
surgical emergency requiring a shunt revision.

Late effects of CNS tumours and
acute rehabilitation needs

One in 1000 young adults is a cancer survivor,
10–15 % of whom originally had a brain tumour
(Spoudeas & Kirkham, 2004), but it must be
acknowledged that survival alone is not indica-
tive of quality of life (Walker et al., 2004b).
The adverse effects of surgical treatment are

usually apparent soon after surgery; whereas the
effects of chemotherapy and radiotherapy may
take a number of years to evolve. As long-term
survival improves, it is becoming increasingly clear
that many children have permanent neurological,
neurocognitive, endocrinological and neuropsy-
chological deficits (Packer et al., 2003).

Neurological sequelae: seizures

Seizures are reasonably common in children with
brain tumours and may represent the main symp-
tom at diagnosis. The risk of seizures is greatest in
children with supratentorial tumours, increasing
in incidence with age, from 22 % in the younger
child to 68 % in adolescents (De Sousa et al., 2004).
The occurrence is greatest in children with multi-
ple neurological deficits and those children whose
tumours are superficial in the cerebral hemisphere.
It should be noted that there is a potential for
interaction between anti-epileptic drugs and other
medications such as analgesics, anti-inflammatory
drugs and cytotoxic agents which may reduce anti-
convulsant effects (French & Gidal, 2000).

Dysphagia

Both the effects of CNS tumours and subsequent
treatment can affect the child’s ability to feed
(De Sousa et al., 2004). This can include impairment
in mouth closure (cerebral tumours), disturbance
in appetite (diencephalon tumours), co-ordination
with chewing and swallowing (cerebella tumours)
and bulbar palsy (brain stem tumours). Speech and
language therapists and dieticians are the key to
effectively managing dysphagia. It should be noted
that dysphagia may also involve emotional and
behaviour components which need to be addressed
(De Sousa et al., 2004).

Motor deficits

Depending on the site of the brain or spinal
lesion, motor deficits are characterised as spas-
ticity, ataxia, dystonia or other abnormalities of
posture, tone and movement (De Sousa et al., 2004).
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These may lead to marked impairments of func-
tion, affecting daily living and educational activ-
ities such as dressing, feeding, pencil skills and
keyboard skills. Paediatric physiotherapists and
occupational therapists will use a number of differ-
ent approaches that will encourage reacquisition
of lost or deficient skills by encouraging practice
and repetition.

Cranial nerve palsies

Cranial nerve palsies may result from a tumour
arising from the nerves, the dissemination
of an intracranial tumour, raised intracranial
pressure, or may be the result of treatment, i.e.
surgery, chemotherapy or radiotherapy (De Sousa
et al., 2004). Approximately 25 % of children will
present with cranial nerve palsies at diagnosis.
Multiple cranial nerve palsies are common in
children with diffuse brain stem gliomas, mean-
while surgery for brain stem or posterior fossa
tumours can cause residual cranial nerve palsies.
Radiotherapy may lead to damage to the cranial
nerves, although this is a rare, late complication
(De Sousa et al., 2004). Chemotherapy agents such
as vincristine can cause cranial neuropathies, the
facial nerve being most commonly involved.

Visual loss

Tumours affecting the optic nerve can lead to
progressive visual loss, which is described with
reference to the visual fields. Facial weakness may
lead to variable weakness of eye closure which
in turn can lead to the risk of corneal damage.
Impaired eye closure merits diligent eye care; artifi-
cial tears and taping the eyelid closed may prevent
corneal abrasion.

Endocrine side effects

With improvements in survival rates following
therapy for childhood brain tumours, there is a
growing cohort of children surviving their tumour
at risk of late effects (Gleeson & Shalet, 2004). Long-
term endocrine problems in children with brain
tumours can be varied and complex (Spoudeas

& Kirkham, 2004). Many studies have found that
cranial irradiation plays a central role in caus-
ing endocrine dysfunction, but it is impossible
to avoid irradiating the hypothalamic–pituitary
axis in the treatment of children with most brain
tumours (Gleeson & Shalet, 2004). The mechanism
of radiation damage to the endocrine system is not
well known. It may be related to direct injury to
the cells responsible for hormone secretion, injury
to the stroma or to the vascular channels that
transfer hypothalamic hormones to the pituitary.
Meanwhile, endocrine complications are uncom-
mon when CNS tumours are treated with surgery
alone (Anderson, 2003).

The most common problems are short stature
due to both growth hormone deficiency caused by
the effect of cranial irradiation and the effect of
spinal irradiation on vertebral growth. Hypothy-
roidism occurs due to the involvement of the
thyroid gland during spinal irradiation.

Recognition and the prompt management of
associated side effects are essential to prevent
further morbidity and impairment to quality of life
(Gleeson & Shalet, 2004). With both the availabil-
ity of synthetic growth hormone and its demon-
strated ability to minimise growth retardation, and
access to other relevant replacement therapies, it
is essential that children are seen at designated
endocrinology centres from the time of diagno-
sis and at regular intervals thereafter. If replace-
ment therapy is required, its administration can
greatly enhance the child’s general quality of life
(Spoudeas & Kirkham, 2004). Depending on the
effect of radiotherapy on hormone production,
some children may need medical support through-
out puberty and as adults they may require fertility
counselling and treatment; again, highlighting the
need for long-term follow-up facilities.

Effect on intellect and education

Damage to the brain from both the tumour and
treatment can affect cognitive and behavioural
functioning (Savage et al., 2004). Radiotherapy
is the main cause of cognitive dysfunction,
but intrathecal methotrexate and surgery are
also acknowledged to be contributory factors
(Anderson, 2003). Retrospective studies into the
long-term educational performance of children
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treated for CNS tumours demonstrate that the
majority of children experience a decline in their
school performance over time. It is also noted
that a child’s school performance in the first two
years post-treatment is a poor long-term predictor
of their final school performance/attainment. It is
acknowledged that children below the age of 36
months may have the most severe cognitive effects
from brain irradiation, which may be due to incom-
plete myelination of the white matter at the time
of radiation therapy (Kirsch & Tarbell, 2004).

Children who have received craniospinal radio-
therapy often have problems associated with poor
short-term memory and recall. If teachers and/or
parents observe a decline in the ability to keep
pace with peers, it would be necessary to have
a statutory assessment for a ‘Statement of Special
Educational Needs’. An educational Statement
is a legally binding obligation (Department of
Education, 1993; Department of Education and
the Welsh Office, 1994; Education (NI) Order,
1996; Scottish Office, 1996). Where possible, any
special help required by a child (special educa-
tional provision) should be provided within a
mainstream state school alongside children of the
same age.

Rehabilitation needs

If the burden of morbidity for children with CNS
tumours is to be addressed, consideration needs to
be given to meeting not only physical aspects of
rehabilitation, but also those of psychological well-
being. Research has demonstrated that children
experience feelings of isolation from peer groups
and may lack confidence socially. If ignored
in the rehabilitative phase, these psychological
problems can translate into functional difficul-
ties such as poor attendance at school, atten-
tion deficits and overt eating disorders (De Sousa
et al., 2004). It is therefore argued that rehabili-
tation for children with CNS tumours is lifelong
(Walker et al., 2004a).

Currently, there is little evidence on which
to base rehabilitative interventions for children,
however, it is acknowledged that the management
of children with CNS tumours has two main goals:
the return of the child to as normal function as

possible and the reintegration of the child into
family life and society (De Sousa et al., 2004).

The success of rehabilitative interventions
depends on good communication between the
child and family, as well as with the team of profes-
sionals supporting them. Rehabilitation also relies
on the expertise of a team of professionals, and a
concerted approach is required of the multidisci-
plinary team (De Sousa et al., 2004). The timing of
interventions is key, and the initiation of rehabili-
tative measures early in the trajectory of a child’s
treatment needs to be offset by the risk of over-
whelming children and families at diagnosis, a
time when they are particularly vulnerable. Ulti-
mately, co-ordinated, holistic rehabilitative care,
delivered by a committed multidisciplinary team
will contribute to improving the child’s and the
family’s quality of life (De Sousa et al., 2004).

Second malignancy

The main risk to brain tumour survivors is the
development of meningiomas at the edge of
the radiation field or thyroid tumours following
spinal irradiation. As there is a known carcino-
genic potential of megavoltage irradiation and
prolonged TSH stimulation, annual thyroid palpa-
tion and thyroid function tests are routinely carried
out (Spoudeas & Kirkham, 2004).

Discharge planning

Communication across disciplines and agencies
provides continuity; and communication must
exist within and between each multidisciplinary
team (NICE, 2005). It is important that profession-
als are aware that the primary responsibility for the
coordination of care may alter from one subspe-
cialty to the next during the course of treatment.
It is clearly essential that the child and the family
know which team, or which individual, is respon-
sible for co-ordinating care at each stage (NICE,
2005). At discharge, the relevant ward or unit will
follow its individual discharge planning protocol
and the role of the CNS will be to act as a link
in a large multidisciplinary team involving both
hospital and community. This role will also involve
the provision of advice and support to individual
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members of the teams. From the time of diagnosis
the CNS will make contact and remain in commu-
nication with the following people:

• general practitioner (GP);
• health visitor/school nurse;
• paediatric community team;
• local paediatrician/hospital personnel;
• school/Local Education Authority;
• social worker;
• other support agencies/voluntary organisa-

tions.

Relapse and chemotherapy clinical
trials

For many types of CNS tumours, particularly
malignant glioma, disease progression at the
primary site is the most common mode of relapse.
Relapse is described as being more devastating to
families than the original diagnosis, often signi-
fying the loss of optimism associated with initial
treatments (Greenberg et al., 2004). At this time,
the implication of relapse, the child’s neurological
and general health status needs to be assessed and
discussed openly with parents, as this will ulti-
mately influence decision-making (Greenberg et al.,
2004). Available protocols are invariably phase I
and II trials, which may offer prolongation of life,
but sadly rarely cure and therefore the exact nature
of relapse should be clearly defined to facilitate
parental and child decision-making.

The nature of relapse leads many parents to
request second opinions, or urgently seek alterna-
tive treatments via the Internet. It is essential that
parents and children are supported during this
process, at a time of extreme vulnerability. As well
as working collaboratively with families, clinicians
are ethically and legally responsible for ensuring
that the decisions made are in the child’s best inter-
est and, as with all treatment decisions, relapse and
palliative care decisions must be informed choices.
During discussions with parents and children, it is
essential that hope is not completely extinguished,
as this remains essential when coping with devas-
tating news and the possibility of death. Although
the hope of cure is no longer going to be realised,
the focus can be shifted to the hope of good
symptom control.

Relapse: the child

It is widely acknowledged that the burden of
relapse is felt as intensely by children as by parents
(Greenberg et al., 2004). At this time, it may prove
difficult to provide information to children, as
many parents will endeavour to protect them from
the reality of the situation. This has to be care-
fully managed, respecting parental wishes, while
encouraging a degree of openness with the child.

There is clearly great variability in a child’s or
an adolescent’s ability to make decisions and to
participate in decision-making but many children,
given the opportunity, will be able express feelings
and preferences relating to their care. What is key
to this process is good communication and respect-
ing the child’s individuality, which is essential in
effective ethical decision-making.

Palliative care

The speciality of paediatric palliative care has
rapidly developed within the last decade in the
context of the hospice movement, with the first
children’s hospice, Helen House, being opened in
the UK in 1982. A steady growth of children’s
hospices has in turn led to the development of
community hospice teams, enabling children to
be cared for at home. The Association for Chil-
dren with Life-limiting or Terminal Conditions and
Their Families and the Royal College of Paediatrics
and Child Health offer the following definition:

Paediatric palliative care for children and young
people with life-limiting conditions is an active
and total approach to care, embracing phys-
ical, emotional, social and spiritual elements.
It focuses on enhancement of quality of life
for the child and support for the family and
includes the management of distressing symp-
toms, provision of respite and care through
death and bereavement.

(ACT/RCPCH, 2003: 9)

When curative treatment is no longer possible,
families require support from trusted profession-
als, enabling them to make informed choices about
their child’s palliative care. The majority of chil-
dren and families opt to be at home during the
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palliative phase of care and to achieve this, the
following are essential requirements for care:

• partnership in care;
• 24-hour access to expertise in paediatric and

family care;
• 24-hour access to expertise in paediatric pallia-

tive care;
• a trusted professional as a key worker to co-

ordinate care;
• immediate access to hospital.

Symptom management

CNS tumours are the commonest cause of death
in the paediatric oncology population, and stud-
ies have demonstrated that a high incidence of
neurological symptoms can be very distressing to
the child, family and carers. Managing evolving
symptoms can be challenging but these can be
anticipated during the palliative phase of a child’s
care. Symptom guidelines are drawn up reflecting
the site of the tumour, likely signs and symptoms
and a step-wise approach to medication. These
symptoms may include: headache, nausea and
vomiting, progressive disability, visual deteriora-
tion, behavioural changes, seizures and dysphagia.

Considerable responsibility falls to parents when
their child dies at home and strong professional
support is essential. With careful planning and
good team working, symptoms can be predicted
and managed effectively, ensuring that children
die peacefully in an environment where they feel
most secure.

Psychological care

Although some parents may want to ‘protect’ chil-
dren from the knowledge that they are going to die,
it has long been recognised that children who are
terminally ill invariably know. Silence can result
in unnecessary suffering and many fears. With
support, children of a very young age are able to
work through their fears and anxieties, and obtain
a sense of peace. Some children even have the abil-
ity to make their wishes for their death or funeral
known to their family.

Siblings

It is widely acknowledged that siblings benefit in
the long term from being involved in end-of-life
care. At a time when parents are understandably
overwhelmed with grief and preoccupied with
their dying child, siblings are often left to stay with
extended family or friends as measures to protect
them from the reality of death. It is common for
parents to presume that their healthy children are
too young to understand, yet research has demon-
strated that even young children have a concept of
death and some of the protective measures taken
by parents can actually hinder siblings’ bereave-
ment process. If they do not deal with their grief in
childhood, it may interfere with the bereavement
process, resulting in complex problems later in life.

Bereavement follow-up

After bereavement, the CNS service often supports
the family with visits and telephone calls for a
minimum of one year in order to cover all their
personal anniversaries. This support is occasion-
ally required into the second year. A point of
contact is always made available, but it is essen-
tial for the professionals to withdraw, and not
hinder the family’s endeavours to make progress.
Where necessary, families may be referred to
professional bereavement support agencies or
professional counselling services.

The future of neuro-oncology

It is predicted that the management of childhood
brain tumours will change dramatically within the
next few years (Packer & Reddy, 2004). While
current treatments have improved outcomes in
some brain tumours, progress in the manage-
ment of CNS tumours generally has been modest
when compared to advances in other childhood
malignancies (Stiller & Bleyer, 2004). Advances
in surgery, radiotherapy and chemotherapy are
likely to marginally improve survival, and pos-
sibly improve quality of life for long-term
survivors (Packer & Reddy, 2004) but a greater
biological understanding of CNS tumours is key
to the identification of new targets of treatment
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(Walker et al., 2004). As molecular factors underly-
ing CNS tumours are better understood, it is envis-
aged that molecular-targeted therapy will become
a major modality of treatment (Packer & Reddy,
2004).

Research to establish means by which to measure
health-related quality of life (HRQL) is also
essential in the future of neuro-oncology. It is
recommended that this information is discussed
prospectively, with parent and child question-
naires being one way of achieving this. Mean-
while, the question of how the collection and
interpretation of data can impact on the lives
of children and families urgently needs to be
addressed.

The residual disability for children with CNS
tumours is life-long, which clearly impacts greatly
on the child’s and family’s psychological and social
functioning. Coping with disability is not static
or permanent and therefore providing on-going
support is the key to the child and family’s future.
Despite a substantial growth in HRQL studies in
children with cancer, further effort is needed to
investigate how data can inform practitioners of
the lived experience of children and therefore facil-
itate optimal on-going support from childhood and
beyond.
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Commentary
Primary Bone Cancer in Young People

Lin Russell

Only in 2006 were four cancers identified as
‘true’ teenage cancers (O’Dowd, 2006): osteosar-
coma, Ewing’s sarcoma, Hodgkin’s lymphoma and
germ cell tumours. Chapter 17 gives an excellent
introduction to the two commonest primary bone
malignancies.

Both these bone sarcomas most commonly affect
young children and adolescents, whose needs are
complex and hence provide a challenge to those
who care for them. The author gives the reader
an overview of the aetiology, investigative scans,
blood tests and a comprehensive account of varied
tumour protocols. These tumours are mostly
treated with both chemotherapy and surgery, treat-
ments which have many side effects and complica-
tions. These are discussed alongside the particular
psychosocial needs of this client group. A diagno-
sis of cancer is a devastating one, even more so
for a child or adolescent. Any member of a multi-
disciplinary team caring for these young cancer
patients will find this a useful reference guide. It
gives background information on care and informs
the reader of the current health-care policy docu-
ment and strategies which are at the forefront of
contemporary health care. Due to the long treat-
ment protocols these patients undergo and the
need for regular blood tests in between chemother-
apy cycles, many of these will be undertaken in the

primary care setting, so this chapter will also be
of interest to nurses and allied health-care profes-
sionals working within this setting.

Bone sarcomas are rare and often the initial
phase of the cancer journey for both the child
and their family is a long and complex one. This
necessitates joint working both within and across
cancer networks and shared between primary and
secondary care. For at least two decades there
has been a small number of supra-regional units
across the country to treat these rare tumours.
These preceded recommendations from the Chief
Medical Officer (CMO) of Wales aimed at address-
ing deficiencies in the delivery of cancer services
and improving patient outcomes (Calman & Hine,
1995). These recommendations have been imple-
mented across England with the introduction of
cancer centres and cancer units.

Patients with suspected sarcomas should be
referred to a recognised bone cancer centre for
diagnosis and management. These include patients
whose symptoms are increasing, unexplained and
persistent bone pain or tenderness, particularly
at rest (and especially if not in the joint) or
an unexplained limp. These should urgently be
investigated by the primary health professional
(DoH, 2000c). This approach is also supported
by the guidance for children and young people
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with cancer. They advise that persistent symptoms
reported by the child or the parent (as they are
usually the best observer of symptoms), or persis-
tent parental anxiety, is a sufficient reason for refer-
ral, even if the health professional thinks it is most
likely benign (NICE, 2005).

2006 saw the publication of the NICE Guide-
lines for Sarcoma (NICE, 2006) which comple-
ments recommendations made in 2005 to improve
outcomes in children and young people with
cancer (NICE, 2005). The development of the ‘key
worker’ to support and be pivotal in the care path-
way has been one of the most important recom-
mendations from both publications supplementing
the vision for cancer care as outlined in The NHS
Cancer Plan (DoH, 2000b). The author describes
the ways in which informed consent and patient
education are essential and the role of the key
worker is complex and diverse. This role is often
undertaken by the specialist nurse or allied health
professionals who have a wide and diverse range
of skills. It is described how the key worker will:

• have in-depth specialist knowledge about
sarcoma;

• act as an advocate;
• co-ordinate the diagnostic pathway;
• provide continuity;
• ensure the patient can access information and

advice;
• be a core member of the multidisciplinary team;
• liaise with primary care.

The author emphasises the nurse’s role as a key
worker in providing an individual approach to
disseminating information, supporting, listening
and advising.

The cancer trajectory for young people diag-
nosed with a bone tumour is described in this
chapter, and begins at the point of a clinical
diagnosis. The reported delay in diagnosis may
be accounted for by the low index of suspicion
in both the primary and secondary care setting.
Many patients make repeated visits to their general
practitioner (GP) and due to the rarity of these
tumours may be treated with simple analgesia
and rest prior to being referred to a specialist
team. Many young people may present themselves
at their local accident and emergency depart-
ment where they may often see the most junior
doctor and have X-rays interpreted by a non-

specialist radiologist. This, alongside numerous
differential diagnoses including, osteomyelitis and
stress fractures, may account for significant delays
in diagnosis. In 2000, the Department of Health
issued suspected cancer referral guidelines includ-
ing sarcoma. These guidelines were written by
experts in the relative fields and circulated to all
general practitioners to raise awareness and to
encourage early referral (DOH, 2000c).

Once diagnosis has been established, the wide
range of surgical options needs to be carefully
considered. These we learn in the chapter will be
dependent on the size and site of the tumour,
the long-term prognosis and the child’s interests
and hobbies. As alluded to, endoprosthesis is not
conducive to contact sports, football and rugby
for example, but amputation, although a radical
treatment, may in such cases be the treatment of
choice. It is often seen as a failed option. However,
as the author discusses, successful chemother-
apy regimens have resulted in a decrease in
the need for amputation and wider use of limb
salvage.

All surgical treatments have differing problems
and complications, for example, the child with a
good prognosis may achieve a better long-term
functional outcome with few complications and
less need for future operations with an allograft
as opposed to endoprosthesis. However, predict-
ing long-term survival is not easy, those with a
poor prognosis may benefit from a more ‘quick-fix’
option that is achieved by implanting an endo-
prosthesis. Many patients cannot believe they will
survive and this again may influence the type
of surgery they have. The same principle can be
applied to the need to bank sperm. For exam-
ple, a 14-year-old might not be focused on long-
term relationships and wanting children at the
time of diagnosis. We begin to understand the
supportive and informative role the key worker
will take.

The chapter discussed the length of time some
patients undergo treatment, for some up to one
year. This poses numerous ongoing problems for
young people, schooling, peer pressure, physical
body changes and misconceptions, often including
‘can you catch cancer?’ which may lead to loss of
friends and isolation (NICE, 2005).

The government published The NHS Cancer Plan
in 2000 (DoH, 2000b) outlining the vision for cancer
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care for the future. Included in this vision were
the targets to reduce waiting times for patients
accessing cancer services, specifically urgent refer-
ral by the general practitioner to a first appoint-
ment with a cancer specialist within 14 days and
a target of 31 days to the commencement of treat-
ment for children: this was to be mandatory for
all cancers by 2005. These targets have therefore
concentrated the efforts of health-care profession-
als and management alike on improving care for
our client group. The average GP will normally
not see a bone tumour in his working career.
However, it must also be acknowledged that the
patient themselves may delay before seeking medi-
cal assistance. Llewellyn et al. (2004) found that
younger patients who considered themselves to be
at low risk of cancer often mislabelled symptoms
as insignificant. Goyal et al. (2004) also found that
age influenced delay; in this study they compared
children under and over the age of 12, and it
was shown that the older age group demon-
strated longer delay than the younger group. It
was acknowledged, however, that this may be due
to parental reporting of symptoms in the younger
age group, as opposed to self-reporting among the
adolescents in the older group.

Communication skills are key features for
those professionals caring for cancer patients and
services are measured against set standards which
include advanced communication skills. Breaking
bad news is an aspect of patient care which,
if managed badly, can have profound effects.
Buckman (1996) gives a definition of bad news as
‘any news that drastically alters or changes the
person’s view of his or her future’.

Woolley et al. (1989), although a relatively dated
study now, discuss how to break bad news to
parents of children with an illness, and identified
that, even years later, the memory of the discussion
with the doctor about the illness lived on. This was
even the case when patients were satisfied with the
way it was given. This therefore highlights further
what a dramatic effect the process of breaking
bad news can have. Baile et al. (2000) have devel-
oped a step-by-step technique for clinical staff to
follow in supporting patients through this difficult
process.

Training and continuing professional develop-
ment are key factors in maintaining and improv-
ing standards of care. NICE (2006, p. 97) states,

‘Training should be developed and provided for
all members of the core and extended multidisci-
plinary team.’ Supportive information must also
continue to develop and should be provided in a
variety of formats and supported by information
access on line.

The author describes surgical advances made
in the past two decades especially with metal
replacements. Advances in technology have meant
improvements in patients’ function, and a reduc-
tion in complications. The introduction of the
hydroxiapatite collar has significantly reduced
aseptic loosening (Unwin et al., 1996; Grimer,
2005). The new non-invasive grower now reduces
the number of operations, general anaesthet-
ics and hospital admissions for young people.
It can be lengthened in the outpatient setting
by specialist nurses or physiotherapists. In two
specialist centres where these health-care profes-
sionals perform such lengthenings, there is conti-
nuity of care as these nurses will be well known to
the patient, having seen them on numerous occa-
sions throughout their cancer journey.

Future developments will also include further
research into anti-neoplastic drugs, for exam-
ple Imatinib, an agent currently licensed for the
treatment of newly diagnosed chronic myeloid
leukaemia. Imatinib is a protein-tyrosine kinase
inhibitor which may also inhibit the proliferation
of Ewing’s tumour cells mediated by the stem cell
factor/KIT receptor pathway, and sensitises cells
to vincristine and doxorubicin-induced apoptosis
(cell death) (Gonzalez et al., 2005). More studies
need to be carried out to see if the different chro-
mosomal translocations seen in Ewing’s sarcoma
have any influence on prognosis.

Challenges for the future include better provi-
sion of cancer care for children and adolescents. At
present there are seven teenage cancer units across
the country, all funded by the Teenage Cancer
Trust. Transitional care for those entering adult-
hood and moving to adult services is also at the
forefront of current policy (RCN, 2004). The inci-
dence of children’s cancer is on the increase from
15.4 % per 100,000 of the population in 1979 to
19.8 % in 2000 (O’Dowd, 2006), therefore service
provision must also increase.

There has been a rapid growth in cancer nurs-
ing initially as a result of the Calman–Hine
Report (1995) and latterly the improving outcomes



254 Surgery

guidance. Specialist nursing roles have developed
exponentially in both primary and secondary care.
A specialist, as described by Casteldine and McGee
(1998), is someone who focuses their knowledge
and skill on the specific medical and nursing needs
of a particular client group. Sarcoma patients cross
the boundaries of a number of sub-specialties,
orthopaedics, oncology and care of the adolescent,
resulting in a dearth of literature giving the reader
such a broad overview of the patho-physiology
and treatment options.

This chapter provides an excellent reference
guide to enhance the knowledge of both nurses
and other health professionals who will be
supporting this client group throughout their
cancer journey and are fundamental to the delivery
of high quality care.
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17 Primary Bone Cancer in Young
People

Chris Henry

Introduction

Primary malignant bone sarcomas are rare but
account for the second most common cause of
death in young people after brain tumours, and
are the fourth commonest malignancy (Whelan,
2005). They only occasionally occur under the age
of 5 with a peak incidence aged 13–19 years.
The male to female ratio is lower in the younger
age group and higher in young adults, which
may be linked to adolescent growth spurts (Birch,
2005). The two main types that occur in young
people are osteosarcoma and Ewing’s sarcoma,
which are treated with adjuvant chemotherapy
combined with surgery and/or radiotherapy. The
five-year survival rate of 58 % for young people
with osteosarcoma in Europe has not improved
since the 1980s, in spite of advances in molecu-
lar biology (Whelan, 2005). However, progress has
been made in Ewing’s sarcoma with an increase in
five-year survival from less than 50 % in the 1980s
to more than 50 % in the 1990s (Gatta et al., 2005).

Little is known about the cause of primary bone
cancer and therefore few risk factors have been
identified. High doses of irradiation have been
linked to bone cancer but there was no increased
incidence in the survivors of the atomic bomb

in Japan (Piasecki, 1987). Radiation-induced bone
sarcoma is more likely to occur in children as a
complication of cancer treatment. Osteosarcoma
of the jaw was reported to be more common
in workers in the luminous watch dial trade
who frequently pointed the tips of their brushes
contaminated with radioactive material in their
mouths (Souhami & Tobias, 1986). More recently,
the possibility of a viral connection with osteosar-
coma has been considered (Birch, 2005).

The incidence of bone cancer in young people
is low and peaks during adolescence, represent-
ing 10–14 % of cancers in the 13–19 age group.
There has been a significant increase in Ewing’s
sarcoma in the past decade (Birch, 2005). It has
been suggested that there could be a link with the
rapid rate of growth in limb bones at this age and
research has shown that a significant number of
young people with osteosarcoma are taller than
their average peers (Jurgens et al.1992; Craft, 2005).
The site of the tumour in the skeleton may have
a bearing on the prognosis. Patients with distal
tumours appear to have a better outlook than those
with more proximal tumours (Schwartz et al., 1993;
Grimer, 2005). Tumours arising in the pelvic bones
often present at a later stage, as the signs and
symptoms may be less pronounced initially. As a
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result, there may be a larger volume of tumour,
with an increased risk of metastatic spread, making
surgical management more challenging (Hosalkar
& Dormans, 2005).

The highest incidence of osteosarcoma has been
seen in Brazil. There is also a high rate in Italy,
Finland and among Black Americans in the United
States, whereas low incidence occurs in Japan,
India, Hungary and Cuba (Mertens & Bramwell,
1994). Ewing’s sarcoma is rare in Africans, Black
Americans and the Chinese population (Schwartz
et al., 1993; Birch, 2005).

Genetic factors may be significant in both
osteosarcoma and Ewing’s sarcoma. Current
research into the molecular origins of cancer shows
that young people with a history of hereditary
retinoblastoma have an increased risk of develop-
ing osteosarcoma as a second primary tumour, as
both tumours have the same genetic deletion in
the same DNA sequence (Piasecki, 1992; Raymond
et al., 2002). It has also been shown that osteosar-
coma is one of the tumours that can occur in
Li-Fraumeni cancer families. The main features of
these families are soft tissue sarcomas in young
people with the early onset of breast cancer in their
mothers and close relatives, and are due to a TP53
gene germ-line mutation (Porter et al., 1992). The
variation of the incidence of Ewing’s sarcoma with
ethnic origin may also be linked to genetic factors.

A variety of chemotherapy drugs, including
high-dose methotrexate, cisplatin, doxorubicin,
ifosfamide and etoposide, have been shown to be
effective against both osteosarcoma and Ewing’s
sarcoma. Previous studies from the European
Osteosarcoma Intergroup (EOI) have indicated
that dose intensity, that is, the amount of drug
given in a period of time, may be an impor-
tant factor in disease-free survival (Ornadel et al.,
1994). It has been possible to increase the dose
intensity of certain drugs, by the availability of
haemopoetic growth factors, such as granulocyte
colony-stimulating factor (G-CSF), which can
reduce the duration of myelosuppression (Craft,
2005). However, dose intensification has also
shown serious side effects with no significant
improvement in disease-free survival (Craft, 2005).
Preliminary results from a randomised trial for
osteosarcoma completed in 2003 showed no advan-
tage in survival with an increased dose intensity
of 25 % (Whelan, 2005). Neutropenia may cause

delay or reduced doses of chemotherapy and put
young people at risk of severe infections. The use
of G-CSF to enable planned doses of chemother-
apy to be given on time may be associated with
better clinical outcomes (White et al., 2005). Clinical
trials are important to elucidate the most effective
combination of drugs and the optimal length of
treatment.

Primary chemotherapy following diagnosis was
established to allow time for an endoprosthe-
sis to be made, and it has enabled the study
of the efficacy of the drugs on the tumour at
the time of its resection. It is accepted that
90 % necrosis with 10 % or less of viable tumour
present indicates a good response to pre-operative
chemotherapy while more than 10 % of viable
tumour left is considered a poor response (Jurgens
et al., 1992; Hosalkar & Dormans, 2005; Whelan,
2005).

The increasing success of achieving tumour
necrosis through the use of chemotherapy has
resulted in a decrease in the need for amputa-
tion, the wider use of limb conservation surgery
and its subsequent development. Studies show that
limb conservation surgery, using autografts, allo-
grafts or endoprostheses, offers the same chance of
survival as amputation, although there is a small
risk of local recurrence. Although this is a signif-
icant risk factor for survival, it is less important
than the response to chemotherapy (Grimer, 2005).
The use of allografts, however, has been associated
with more complications, especially in relation to
infection, fractures and non-union (Roberts et al.,
1991; Grimer, 2005).

Advances in surgical techniques have had an
important effect on the treatment of young people
with pelvic tumours. Wide local excision with bone
grafting or the insertion of a hemi-pelvic endopros-
thesis is now possible, and this has had a positive
effect on both the function and prognosis of these
patients. Previous treatment by chemotherapy and
local radiotherapy, without surgery, has shown a
greater risk of recurrence.

The treatment of lung metastases in young
people with bone tumours has been improved
by surgery. A metastatectomy via single or bilat-
eral thoracotomies may be combined with further
chemotherapy. Patients free of primary osteosar-
coma with resectable lung metastases have shown
event-free survival of 24 % (Bacci et al., 2002).
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Jurgens et al. (1992) suggest that this is of little
value in patients with Ewing’s sarcoma, as the
presence of metastases is a reflection of resistance
to chemotherapy at other sites.

Types of tumours and their
presentation

Osteosarcoma

Osteosarcoma is the commonest primary bone
tumour in young people, arising in the medullary
cavity, with 91 % in the metaphysis or ends
of long bones, although this pattern changes
with age (Raymond et al., 2002). The common-
est sites affected are the distal femur, proximal
tibia and proximal humerus (Salisbury and Byers,
1994). The tumour mainly consists of malignant
bone-producing cells called osteoblasts, which are
subject to wide variations. These cells invade and
destroy the cortex of the bone, and then find resis-
tance to the outer covering of the bone called
the periosteum. As the tumour continues to grow
within a restricted area, a sun-ray pattern of new
bone is formed. The periosteum responds by laying
down a wedge of bone at the angle where it is
pushed away from the bone. This angle of eleva-
tion is called the Codman’s triangle (Figure 17.1).
Both these phenomena can be seen on plain X-
ray films with the tumour bone sometimes giving
the appearance of cloud-like densities (Wittig et al.,
2002). Occasionally, a non-contiguous lesion may
occur in the same bone as the primary site or in
an adjacent bone. This is called a skip metastasis
(Raymond et al., 2002). A pathological fracture may
occur in 5–10 % of cases. Response to pre-operative
chemotherapy is the most sensitive indicator of
survival.

Ewing’s sarcoma

Ewing’s sarcoma is the fourth commonest primary
bone tumour but the second most common in
young people with 80 % occurring under the age
of 20 years (Ushigome et al., 2002). The tumour
usually arises in the diaphysis or shaft of a long
bone but can also occur in other bones such as
the scapula, pelvis and spine. It consists of round
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Figure 17.1 Osteosarcoma in the distal femur.

cells of unknown aetiology, and has a moth-eaten
appearance on X-ray (Salisbury and Byers, 1994).
Sometimes the periosteum resists the tumour and
demonstrates an ‘onion skin’ layered appearance.
It may also show a Codman’s triangle, although
this is more commonly seen in osteosarcoma.
Ewing’s sarcoma usually spreads into the soft
tissues quicker than in osteosarcoma, and may
be extensive. Unlike osteosarcoma, this tumour is
sensitive to radiotherapy as well as chemotherapy
and, although no longer used as first-line treat-
ment, radiotherapy may be needed following a
marginal excision of the tumour if there is less than
a wide margin or if there is <90 % necrosis.

Young patients may present with a history of
fever and night sweats, especially in disseminated
disease and blood tests may show leucocytosis
and a raised ESR (Ushigome et al., 2002). This,
together with a low level of suspicion and inad-
equate biopsies, has led to a number of misdiag-
noses of osteomyelitis (Tow & Tan, 2005).

Bone marrow aspirates are taken to screen for
bone marrow infiltration. If these are present, high-
risk patients may be considered for very high-dose
chemotherapy with autologous bone marrow or
peripheral blood stem cell support. Although high
response rates have been recorded with the use of
these melphalan-containing regimens, the role of
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very high-dose chemotherapy with bone marrow
rescue is still uncertain and is being evaluated
through clinical trials (Jurgens et al., 1992; Craft,
2005).

Two important prognostic features have
emerged from clinical trials for the treatment of
Ewing’s sarcoma. Metastatic disease at the time of
diagnosis and poor response to initial chemother-
apy show decreased disease-free survival. Other
prognostic factors of less importance at diagnosis
are tumour size of more than 8 cm, site of tumour,
raised levels of lactose dehydrogenase (LDH), a
high white blood cell count and a raised erythro-
cyte sedimentation rate (Schwartz et al., 1993; Salis-
bury & Byers, 1994; Craft, 2005).

Patient history

Young people may first see their doctor after a
minor trauma, which has drawn attention to a
painful area. They may first notice an ache in the
affected part, which increases in severity to become
painful enough to wake them at night. Night pain
should not be dismissed as ‘growing pains’ espe-
cially if it is only in one limb (Wittig et al., 2002).
The pain is usually localised to the tumour but
may radiate elsewhere if it causes pressure on a
nerve, especially in the sacral area of the spine. The
sudden onset of pain may indicate a pathological
fracture.

Because of the rarity of the tumours, a complaint
of discomfort above or below the knee may not be
immediately investigated and may be regarded as
muscular strain from sporting activities. A study
by Grimer and Sneath (1990) showed that, on aver-
age, a young person with osteosarcoma waited six
weeks before consulting a doctor about the initial
pain. It was then a further seven weeks before
a diagnosis was made. With Ewing’s sarcoma,
they waited 21 weeks before deciding to consult a
doctor, and 31 weeks for a diagnosis. The causes
of delay in diagnosis were a low level of suspicion,
inappropriate treatments and failure to detect the
condition from X-rays. Currently, in spite of guide-
lines more recently being widely publicised and
available for doctors regarding the key features
for the early detection of bone tumours, there is
no evidence that this has led to any reduction in
the time delay (Grimer, 2005). Unfortunately delay

may lead to a greater bulk of tumour being present
at diagnosis, which may indicate a poorer progno-
sis (Jurgens et al., 1992).

Swelling is usually present at the tumour site,
this will be firm, warm and tender to touch. If
the tumour is near a joint, there may be limita-
tion and guarding of movement. Other symptoms
may include night sweats and recent weight loss.
Due to the rarity of these tumours, it is recom-
mended that at this stage, when plain X-ray films
indicate a lesion, the young person should be trans-
ferred to a principal bone tumour treatment centre
to ensure speedy and age-appropriate treatment
(National Institute for Health and Clinical Excel-
lence, 2005). The team involved in the surgical
removal of the tumour should perform the biopsy
(Grimer & Sneath, 1990; Wittig et al., 2002).

Staging

Staging of the tumours may be carried out as an
outpatient but if the young person is admitted
to the ward for a few days, nursing staff and, if
appropriate, play specialists will be able to prepare
both patient and family for the various investi-
gations. This ensures that correct information is
given, that it is age-appropriate and adapted to the
young person’s pace and level of understanding
and that they can be introduced to the support of
the bone tumour team. Young people who receive
open information at initial diagnosis have been
shown to be less anxious and depressed and have a
higher self-esteem than those who received it later
(Ishibashi, 2001). Inpatient admission also facili-
tates a thorough assessment of pain and optimum
relief. The use of a non-steroidal anti-inflammatory
drug (NSAID) with paracetamol is effective in
relieving mild to moderate tumour pain, but may
need to be combined with an opiate for the relief
of more severe bone and movement-related pain
(Hanks, 2005).

Young people value an individual approach as
it helps them to keep some control over a new and
very frightening situation. The nurse may play a
key role in disseminating information, while at the
same time supporting, listening and understand-
ing the wide range of emotions that the young
person and family may express. They want to live
and resent the interruption to normal life. They
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may show feelings of anger and feel that their
normal life could be under threat, and may have
difficulty expressing themselves and withdraw or
hide behind anti-social or risk-taking behaviour.
Adolescence is a critical time for young people
to develop a positive sense of self, and this will
be severely challenged by changes in body image,
disruption of social and educational activities, loss
of independence and autonomy and changes in
relationships, especially with peers (Woodgate,
2005). If they do not have the opportunity to talk
about secret fears and anxieties and off-load some
of the emotional burden, they may become isolated
(Peck, 1992).

Sharing information with young people poses
problems of confidentiality, autonomy and truth-
fulness. Young people who have witnessed parents
being taken to a separate room to be given infor-
mation without them may express anger, and not
believe that they have been told the whole truth. It
can be underestimated how well young people are
able to absorb and cope with difficult concepts, and
this ability is reflected in the deep and searching
questions they often ask. Younger children may
misunderstand the cause of their illness and have
difficulty keeping their friends because of the many
myths and taboos about cancer (Ishibashi, 2001).
Play can be a useful way to help them understand
their illness and prepare them for their investi-
gations and has been shown to reduce levels of
distress and increase the young person’s confi-
dence and cooperation (Price & Spence, 2004).
Trust can only be earned by the sharing of accurate
and honest information. One of the most devas-
tating effects of cancer on a young person is the
loss of control over life and body; choices need
to be made available for them to make decisions
about treatments and future management (Peck,
1992; Hokkanen et al., 2004).

The diagnosis of cancer in a young person
presents a crisis for all the members of the imme-
diate and extended family. Parents expect to be
able to look after and protect their children, and
this is challenged by the uncertainty of a life-
threatening disease and its associated treatment
problems (Sloper, 1996). A full assessment of
family and peer relationships, support systems,
coping strategies, education, financial and leisure
needs should be made before implementing the
staging programme. This assessment should be

transcultural in nature, with special attention paid
to existing beliefs and attitudes to cancer. Theo-
ries about the cause of cancer can be significantly
affected by culture, which in turn can influence
the family’s co-operation with the treatment plan
(Sensky, 1996; Ishibashi, 2001). Child-rearing prac-
tices, family dynamics and the role of women
will vary between societies and need consideration
when giving information (Bird & Dearmun, 1995).

Families who have a young person with cancer
are a high-risk group for family dysfunction, due to
the severe stress involved. If family conflict existed
prior to diagnosis, the illness increases the tension,
making the risk of dysfunction more likely (Fried-
man, 1987). Illness can have both negative and
positive effects on the strength and qualities of
relationships, with equally high levels of distress
for both fathers and mothers. Besides the effects
of the illness and treatments, problems relating
to employment, finance and social support place
demands on family resources. Sloper (1996) found
that these additional factors, rather than aspects of
treatment, were more difficult for parents to deal
with. Honest and open communication can help
to prevent isolation and distancing of relationships
within families, and help them to adapt to the
inevitable changes in roles and responsibilities.

Language is another important consideration.
Young people and their families from ethnic
groups may not feel confident about communicat-
ing in English, and this may lead to additional
stress and frustration (Bird & Dearmun, 1995).
In this case, access to interpreters will need to
be arranged. Sometimes another member of the
family is suggested but this is not appropriate.
Careful consideration should be given to who
is chosen, as they are given a heavy burden of
complicated, difficult and emotional information
to impart. Inevitably, they will find this distressing
at times and need support and guidance.

Investigations

Routine investigations can include plain X-rays,
magnetic resonance imaging (MRI), computerised
tomography (CT) of lesion and chest, radionuclide
bone scan of the skeleton, blood tests and biopsy.

MRI scanning will show the extent of the tumour
in the medulla of the bone and soft tissues, and
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must be taken before the biopsy and before any
treatment is commenced as it can be used to assess
cessation of tumour growth following initial doses
of chemotherapy. The MRI scan is also impor-
tant to show the relationship of the tumour to
major nerves and blood vessels, especially the
neurovascular bundle behind the knee. If this is
encased by tumour, then amputation may be the
only surgical option (Wittig et al., 2002). If limb
conservation surgery is advised, these scans are
used by the biomedical engineering unit, together
with measurement films of both affected and unaf-
fected limbs, in the manufacture of custom-made
endoprostheses, allowing for the optimal resection
of the tumour. Although the MRI scan is non-
invasive, young people need to be prepared that
they may feel claustrophobic in the tunnel, it can
be noisy and because the scan can take up to 45
minutes to complete they may experience pain
and stiffness around the tumour site. Considera-
tion should be given to analgesia cover and pain
levels should be assessed prior to the procedure.

The bone scan will show the site of the primary
tumour and will detect or exclude sites of bone
metastases. The presence of distant metastases
in the bone, which is the second most common
site, indicates late stage disease and is associated
with the poorest prognosis (Wittig et al., 2002). A
radioactive marker is given intravenously, three
hours before the scan, which will detect areas
that are metabolically active. These are called ‘hot
spots’ and may indicate the presence of a malig-
nant tumour. Suspected sites should be further
investigated with an MRI scan.

The need for a CT scan of the chest intro-
duces the necessary discussion about the possibil-
ity of metastases and their first line involvement
of the lungs. This may be difficult to approach
before a proven diagnosis is established but young
people will appreciate the explanation, and it can
lead to a discussion about the meaning of malig-
nancy and the reasons for the use of chemother-
apy. Approximately 10–20 % of young people will
have visible lung metastases on their first CT scan
(Jurgens et al., 1992). Unfortunately, the presence of
lung metastases at the time of diagnosis indicates
a poorer prognosis. This increases the need for
support and information about the recent innova-
tions in the successful management of lung metas-
tases, in order to maintain a positive approach

to treatment. Routine blood tests are carried out
including serum alkaline phosphatase (SAP) and
serum lactic dehyrogenase (LDH). A raised SAP
level at diagnosis in osteosarcoma may be one
of the factors relating to poorer survival (Grimer,
2005), but a raised LDH level on its own is of less
importance (Craft, 2005).

The most important investigation is the biopsy;
improperly performed biopsies may cause misdi-
agnosis, amputation and local recurrence and have
a negative impact on survival (Wittig et al., 2002).
The biopsy may be incorrectly sited so that conser-
vative surgery cannot encompass it, or correctly
positioned for surgical incision but in a site caus-
ing muscle contamination (Kemp, 1987). Grimer
and Sneath (1990) found that problems relating
to biopsy were ten times more common if they
were carried out before referral to a tumour treat-
ment centre. Cannon and Dyson (1987) found that
local recurrence of tumour occurred in 38 % of
cases in which the biopsy site could not be excised.
Traditionally, an open biopsy was used to provide
adequate material for histiologic grading, but in
more recent years a Tru-Cut needle core biopsy
has been a popular option (Yang & Damron, 2004).

A review of 208 procedures by Stoker et al.
(1991), showed that a needle biopsy performed by
experienced practitioners was both safe and accu-
rate, causing minimal disturbance to the tumour,
reduction in morbidity and increased the poten-
tial for limb conservation surgery. A needle biopsy
into a bony lesion is a painful procedure and
a local anaesthetic is inadequate; young people
require a general anaesthetic in spite of the associ-
ated risks. They should be warned that following
the biopsy there may be some residual bleeding
into the tumour, causing further swelling, and that
this is not the tumour rapidly increasing. Tissue
samples from the biopsy require complex, expert
analysis and it may be up to two weeks before
the results are available. This waiting period of
uncertainty is very difficult for families who would
benefit from the support of a key worker.

Treatment options

When all the investigations are complete, a deci-
sion has to be made promptly about treatment.
With the rare exception of a low-grade tumour, all
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young people diagnosed with either osteosarcoma
or Ewing’s sarcoma will be referred immediately
to a specialist oncology centre for neoadjuvant
chemotherapy. Treatment will last for a period of
up to nine months. The aim of chemotherapy is
to cause tumour necrosis, reduce the volume of
the tumour and have an immediate effect on any
micrometastases, which might be present (Grimer
& Carter, 1995). Combined with chemotherapy
will be some form of surgical excision, if possi-
ble, generally after two to six cycles of chemother-
apy, depending on the protocol, with radiotherapy
being introduced, if appropriate, in the later phase
of treatment.

This rapid referral for treatment underlines the
importance of adequately preparing young people
and their families before the diagnosis is estab-
lished. Part of this preparation involves discussing
the options for surgery. If the tumour is grow-
ing in close proximity to major blood vessels,
then the possibility of amputation needs to be
mentioned, even if limb conservation surgery is
planned. Failure to mention this will result in
anger and loss of confidence with treatment and
practitioners if amputation becomes a reality, and
does not allow adequate psychological prepara-
tion before surgery. The level of tumour response
to chemotherapy will determine the options for
surgery.

Initially, one of the most upsetting side effects of
chemotherapy treatment for young people is the
inevitable loss of hair, which is closely related to
identity and may be viewed as loss of attractive-
ness. Loss of hair is a constant reminder of a cancer
diagnosis and its visibility may draw negative reac-
tions from society (Kuzbit, 2004). The fact that it is
a temporary loss is of little consolation at this early
stage and ideas about how other young people
have adapted to this major change, such as cutting
hair to a shorter style and the use of caps, hats,
scarves, bandanas and wigs may help to lessen the
impact (for further details, see Chapter 4).

A difficult topic, which needs discussion at this
stage, is the possibility that the young person may
become sub- or infertile following chemotherapy.
This may be embarrassing for young people to talk
about and hard to deal with at such a distress-
ing time but issues of sexuality and fertility are of
particular importance to the adolescent age group
(Kim, 2003). Cisplatin and ifosfamide are two of

the drugs that may cause gonadal damage but if
a young person requires high-dose chemotherapy
with melphalan and busulphan, then the risk of
fertility being challenged is very high. Sperm bank-
ing facilities exist at most oncology centres but they
are not generally adapted for use by young people.
The opportunity to sperm bank is not always
offered to young people on paediatric oncology
wards which lack provision for teenagers (Wallace
& Brougham, 2005). Edge et al. (2006) found that
67 % of young people questioned had been able
to sperm bank but those who were unsuccessful
tended to be younger, with a higher level of anxiety
at time of diagnosis, less understanding about the
issue and had the greater difficulty talking about
fertility.

Young female patients are less susceptible to
the gonadotoxic effects of chemotherapy for bone
cancer and the options if they are pre-pubertal
are currently only experimental (Wallace &
Brougham, 2005). Sexually mature young females
may preserve their fertility by the collection of
mature oocytes although this does not always
lead to success in pregnancy as the cells are
more damaged than if preserved as embryos. This
process requires stimulation of the ovaries which
takes several weeks and not only would cause an
unacceptable delay in starting treatment, but is also
only experimental in young people (Spears, 1994;
Wallace & Brougham, 2005).

If young people require radiotherapy to pelvic
sarcomas as part of their treatment, the temporary
insertion of a ‘spacer’, a fluid-filled bag, to provide
some protection to the gonads, may be used. This
may be removed at the end of treatment. Care-
ful and sensitive discussion about fertility issues
will be needed and in young male patients assess-
ment of sexual maturity, involving discussion with
parents if appropriate, to determine which individ-
uals should be counselled for sperm banking (for
further details, see Chapter 2).

These are very difficult concepts for a young
person to cope with when facing a life-threatening
illness, with so much information having to be
given in such a short time. However, a rapport
built on honesty, sensitivity, empathy, availability
and at times, humour, with the multi-disciplinary
team, will remain a valuable source of continu-
ing support throughout their long and protracted
treatment.
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Limb conservation surgery

Limb conservation surgery involves the wide exci-
sion of tumour bone and adjacent soft tissues.
This bone may be replaced by the insertion of a
metal implant called an endoprosthesis, which in
young people with osteosarcoma often includes a
joint to give adequate clearance from the tumour
(Figure 17.2). An endoprosthesis has the option
of an extendible telescopic section, which allows
equality of growth and will require a minimally
or non-invasive technique to lengthen it; however,
debate exists as to the minimum age at which
they should be used (Jurgens et al., 1992; Piasecki,
1992).

Hydroxyapatite

Extending shaft

Lengthening key

Rotating knee hinge

Figure 17.2 An extending femoral prosthesis.

Endoprostheses are most commonly used to
replace tumours in the proximal and distal femur,
proximal tibia and proximal humerus. In some
instances it may be necessary to replace the whole
femur or humerus. Part of the ileum, including
acetabulum and proximal femur, may be replaced
in pelvic tumours. Alternatively, if the tumour is
above the acetabulum, excision of part of the ileum

and grafting with the patient’s own fibula may be
performed. If the tumour is in the pubic ramus,
scapula or fibula, a local wide excision may be all
that is required.

Tumours in the diaphysis of the bone where
margins of excision do not involve a joint may
be treated surgically without the use of endopros-
theses. These tumours may be excised and bone
transported from another area to be used as bone
graft. For example, the patient’s own fibula may
be used for grafting following excision of a section
of tibia. These autografts are much more success-
ful than allografts, which have problems becoming
incorporated into the host bone and re-achieving
an adequate blood supply (Grimer & Carter,
1995).

Allografts offer a biological reconstruction after
resection of the tumour. They are obtained from
tissue donors; therefore the tissue is dead and
they act as scaffolding (Grimer, 2005). The results
are inconsistent and, although growth plates and
joints may be preserved, there are problems relat-
ing to non-union, fractures, infection and arthritis
(Grimer, 2005; Ramseier et al., 2006).

Pre-operative issues

The timing of surgery between phases of
chemotherapy requires close co-operation between
oncologists and surgeons. Issues of infection and
immunosuppression need to be resolved, so that
the young person is as medically fit as possible to
cope with the procedure and anaesthetic.

Young people may want to discuss fears relating
to the anaesthetic and surgery. They commonly ask
about waking up during surgery; not waking up
at the end; post-operative pain; length of time in
bed and restriction of activities. They are pleased
to be having the tumour removed and a break
from chemotherapy, but often concerned that it
is no longer necessary as their pain has resolved
with chemotherapy and they are more mobile.
They may ask for a picture of the resected tumour
for reassurance. It is important to establish their
expectations of surgery and how they think it
will impact on their lives. Options and choice for
pain management, including the use of a continu-
ous infusion epidural or morphine syringe driver,
should be discussed pre-operatively, together with
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the advantages and disadvantages of each method.
The possibility of urinary retention and how this
may be resolved need to be included.

Concerns may be expressed about the position
and size of the projected scar and a feeling of repul-
sion about having a large amount of metal inserted
is not uncommon initially, especially if a knee joint
is also being replaced. It may be helpful for young
people to be able to handle a similar type of pros-
thesis and show it to friends and family. They need
to be aware that it will set off the alarms at most
airports. Photographs of previous patients, show-
ing scars, appearance and involvement in normal
activities such as riding bikes and swimming, are
helpful in allaying fears and misconceptions.

Cytotoxic drugs may reduce serum calcium,
magnesium and potassium levels and these may
need to be supplemented. Cardiac arrhythmias are
a possible complication of doxorubicin administra-
tion and results of recent echocardiograms should
be available.

Lack of appetite and weight loss may cause
concern, as poor nutritional status is less
favourable to wound healing. Emesis, taste and
smell aberrations, mouth ulcers from chemother-
apy and the psychological effects of cancer, can all
contribute to diminished food intake and conse-
quent malnutrition in both Ewing’s sarcoma and
osteosarcoma (Tebbi & Erpenbeck, 1996). Cancer
treatments can produce physiological changes,
which can cause problems in wound healing. Lack
of protein or vitamin C, reduced calcium and
magnesium levels can all delay the healing process
(Lotti et al., 1998).

Fear of surgery, the anaesthetic and post-
operative pain may also decrease the desire to eat.
It is therefore important to discuss and consider the
use of dietary supplements and to try to provide
a tempting menu suitable to the young person’s
needs. Young patients who have had problems
maintaining weight and taking oral medications
may be given alternative ways of supplementing
nutrition by the insertion of a nasogastric tube or
a gastrostomy peg. Poor intake of food may lead
to conflict with parents, who may relate eating to
a measure of health and feel rejected when food
they have specially prepared is refused. However,
with a welcome break from chemotherapy and
a relief from some of the associated side effects,
appetites usually improve and young people start

to enjoy food again, although taste alterations
may persist.

Post-operative issues and possible
complications

Pain management

The aim of post-operative pain relief is to give
comfort to patients, allowing them to breathe,
cough and move more easily. Multimodal pain
therapy is the most important technique for the
treatment of post-operative pain (Kehlet, 1994).
This can be achieved by combining non-steroidal
anti-inflammatory drugs and opiates.

An individual’s reaction to pain is determined
by past experiences, level of development and
health status (McCready et al., 1991). Studies have
shown that older children are able to think in
more abstract terms and define pain as having both
physical and psychological components (McGrath,
1990). This means that they may be more aware
of feelings of helplessness, anxiety about how long
the pain will last and its significance (Lansdown &
Sokel, 1993). Young people facing surgical removal
of their tumour frequently express fears of possi-
ble unrelieved pain after surgery, especially if they
have experienced complete pain relief since start-
ing chemotherapy.

Opiates may be effectively given via a patient-
controlled analgesia device (PCA) or an epidural.
Morphine is the drug of choice in a PCA, ideally
combined with an antiemetic to prevent nausea.
This form of analgesia has been well evaluated by
young people undergoing orthopaedic surgery, as
it gives them some choice and control over their
relief from pain (Kaufmann Rauen & Ho, 1989).
Studies have shown that young people use less
analgesia post-operatively with a PCA than when
drugs were administered by more conventional
routes. The fact that they are active in control-
ling their pain may enhance the analgesic effect
(McGrath, 1990).

Although effective, some young people dislike
the ‘spaced-out’ feeling of opiates and this can
make them reluctant to use the control. There may
be some loss of pain control at night when they are
asleep if the PCA does not have a background infu-
sion. This can be helped by the use of a long-acting
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non-steroidal anti-inflammatory drug, providing
there is not a history of asthma or gastritis from
chemotherapy.

If surgery has involved the lower limb, young
people may be offered a continuous infusion
epidural as an alternative method of pain control
using less opiate than a PCA. Research has shown
this to be a superior method of relieving post-
operative pain compared to a PCA for overall pain,
pain at rest and for pain with activity (Wu et al.,
2005). This can be very effective and minimise
systemic effects, although potential numbness of
the legs may make neurological checks difficult.
Special attention needs to be paid to areas that may
become sore from pressure, such as the heel, as
sensation may be temporarily impaired.

Culture and gender may have an influence on
perceptions of pain. In Western cultures males are
expected to feel less pain than females, whereas
Jews and Italians may feel less inhibited (Gillies,
1992). Good pre-operative preparation, by giving
information, answering questions, discussing fears
and anxieties and giving the young people permis-
sion to complain of pain, should help to balance
this and contribute to the overall effectiveness of
pain relief.

Young people respond well to the use of a
visual analogue scale as an assessment tool to
discuss what an acceptable level of pain is for
them and to evaluate how effective their anal-
gesia is. Massage can provide not only psycho-
logical support through human contact, but can
mediate the pain response. The quality of touch
is important, and this can help in communicating
with young people who find it difficult to express
their feelings. When they are in pain, massage
hand movements should be lengthened into long,
slow strokes, which can soothe the sensory
nerve endings and block the pain impulse (Day,
1995).

Nausea and vomiting

Nausea and vomiting may occur as a routine reac-
tion to anaesthesia, anxiety and surgery but for the
young person undergoing chemotherapy it holds
more emotion, as a reminder of their ongoing
treatment. Apart from antiemetic drugs, the use
of acupressure wrist bands can be quite effective,
and are usually welcomed by this age group as

an alternative (for further details, see Chapter 3).
Consideration needs to be given to any residual
gastritis from chemotherapy and an H2 antagonis-
tic drug, such as ranitidine, may be indicated to
reduce gastric hyperacidity, and prevent a stress
ulcer occurring, especially if vomiting persists.

Urinary retention

Urinary retention may occur due to the use of an
epidural infusion or intravenous opiates. A urinary
catheter may be required and prophylactic antibi-
otics may be given pre-insertion and post removal.
Gentamycin should not be used as it can affect
the auditory nerve, which may already be compro-
mised through the use of cisplatin. The potential
risk of infection is always a concern in limb conser-
vation surgery, where an endoprosthesis has been
inserted.

Wound healing

Necrosis of the suture line is a potential problem
post-operatively, following lower limb endopros-
thetic replacement surgery. Theatre dressings may
include layers of padding and stretch bandages, in
the form of a pressure dressing, to provide support
and prevent excessive swelling. If the bandages
are too restrictive, however, allowing insufficient
space for the knee to swell, the blood supply over
the knee may be compromised, causing necrosis
of the tissue which, if extensive, may require skin
grafting. Regular neurovascular checks are essen-
tial, and complaints of excessive pain that is diffi-
cult to control may be an indication that dressings
need to be released.

Wound healing may be delayed due to devas-
cularisation of the skin following a wide skin inci-
sion and bony resection (Hockenberry & Lane,
1988; Lotti et al., 1998). This may result in large
blisters forming around the incision, which need
careful management to aid healing and avoid infec-
tion. Wound healing should be complete before
chemotherapy is resumed.

Neurological impairment and position of limb

Limb conservation surgery of more advanced
tumours may involve resection close to the nerves,
especially in the proximal tibia and fibula and
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sometimes the nerve will need to be sacrificed to
gain adequate clearance. This may result in the
inability to dorsiflex the foot, called ‘foot drop’,
which requires the foot and ankle to be kept in a
neutral position using a pillow or wedge, ensuring
that the heel is kept free from pressure. A drop
foot orthosis, inside a shoe, will be required for
long-term support when walking. Careful assess-
ment should be made post-operatively to estab-
lish any impairment in sensation and function,
and measures taken to prevent the associated
risks.

If surgery has replaced the proximal femur, there
is a risk of dislocation of the hip. This can be
prevented by keeping the leg in abduction, either
by suspending it in slings and springs or using
an abduction wedge. A post-operative hip orthosis
may be needed when mobilising for approximately
six weeks, until the muscles are strong enough to
prevent such a dislocation.

Reduced mobility

A temporary reduction in mobility is inevitable
following surgery but weight bearing with support
is allowed in all but unstable procedures. A canvas
splint will help to keep the knee straight until
the quadriceps muscle is strong enough to control
movements of the knee, and a hip orthosis may
need to be worn for a while if muscle was removed
during the hip replacement surgery. The physio-
therapist has an important role in the multidis-
ciplinary team, and will be crucial in the young
person achieving optimal function. Exercise regi-
mens are difficult to maintain when restarting
chemotherapy, and structured goal planning can
be of value to motivate young people and record
their achievement. If an endoprosthetic knee has
been inserted, it is essential to maintain full exten-
sion daily. If the knee becomes fixed in a flexed
position, it will compromise mobility. Initially, a
plaster of Paris back-slab may be required at night
to maintain the position. If optimal function has
not been achieved following completion of cancer
treatment, a period of intense rehabilitation as
an inpatient, with hydrotherapy, achieves good
results. At this stage young people are physically
well, feeling motivated and focused to regain maxi-
mum function.

Infection

Infection will always be the greatest threat to the
successful outcome of endoprosthetic procedures,
and routine intravenous antibiotic cover is given
at the time of surgery. An infection around the
prosthesis is difficult to eradicate, and may lead to
chronic sinus formation and its ultimate removal.
In extreme circumstances, a limb may need to
be amputated (Grimer, 2005). Immunosuppression
and an intravenous central line will add to this
risk, although good practice and early recognition
and treatment of infections will reduce this to a
minimum. Young people need to be aware that
their endoprosthesis will always be at risk from
untreated infections such as tonsillitis, and that
these should be treated promptly. Confusingly, a
limb with an endoprosthesis in will always feel
warmer to touch than the unaffected limb as the
metal will conduct body heat.

A reactive hyperpyrexia may be present post-
operatively as well as a tachycardia, neither of
which are necessarily indicative of an infection;
however, if clinically unwell, an infection in a
central line must always be considered.

Amputation

A young person requiring an amputation of whole
or part of a limb must be one of the most emotive
experiences in orthopaedic surgery. Amputation
at any age is distressing but, although the phys-
ical care is similar, the emotional needs differ
significantly. Special concerns relate to physical
appearance, acceptance by peers and achieving
independence; greater adjustment appears to be
needed by the younger age group (Felder-Puig
et al., 1998).

During adolescence, young people are trying to
cope with accepting normal physical changes to
their bodies. The loss of all or most of body hair
from chemotherapy together with weight loss is
difficult but to lose part of their body is very trau-
matic and will initially lead to low self-esteem.
Amputation holds fear of the unknown and some
verbalise that they could not face life without their
limb, although studies have shown how well they
are able to adapt later (Grimer, 2005; Koopman
et al., 2005). Concerns are expressed about peer
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relationships, swimming, activities, school, careers
and how soon they will get an artificial limb.
These feelings may lead to isolation, unpredictable
behaviour and bouts of anger, which nurses need
to be sensitive to and to be able to provide
emotional support and understanding.

Pre-operative issues

Young people expecting to have an amputation of a
part or whole limb need a great deal of preparation
before surgery both with and separately from their
families. The attitudes of nurses, peers, family and
the whole multidisciplinary team will influence the
way in which young people try to accept and adapt
to their loss, and look positively to the future. They
will need to know the exact level the limb is going
to be removed, otherwise ‘above the knee’ may
mean that literally to them, instead of possibly half
the femur. This would not be obvious until all the
dressings are removed for the first time and could
cause great distress.

One of the first questions asked by young people
and their families is how soon they can be fitted
with an artificial limb. Some are upset that they
will not be able to have it straight away. A plas-
ter cast has to be taken from the stump, after the
swelling has reduced, before the limb can be made.
This will be about six weeks after surgery and
will be arranged at their local limb-fitting centre.
A short period of rehabilitation will then be neces-
sary to learn to walk with it safely and correctly.
This is always difficult to accommodate during
an intensive chemotherapy regimen. It is impor-
tant to discuss this with the young people, within
an understanding of their cultural perceptions,
of how they will be accepted within their peer
group.

The opportunity to visit a limb-fitting depart-
ment should be offered to see a prosthesis and
discuss how the limb will function, and the range
of activities they will be able to do. The staff in
these centres are very understanding about the
young person’s need to look ‘normal’, and will
work hard with them to achieve this, although
while they are growing the prosthesis provided is
fairly basic.

Young people may ask to meet another young
person of a similar age who has previously had an

amputation for cancer at the same level. This can
be very helpful if they are willing to share their
experiences. Ideally, the person should be the same
gender, as there may be questions asked about
sexuality; alternatively, they may ask for this meet-
ing during the rehabilitation phase. Photographs
showing the appearance of a stump, scars and
an artificial limb are useful to have available and
pictures of young amputees cycling, skiing, play-
ing football and girls looking glamorous, or getting
married, all help to promote a positive approach.
All visual and educational material is useful, but
extreme sensitivity is required to know if, when
and how to introduce it. Positive information is
that they can learn to drive earlier at 16 years,
and this often becomes an important goal during
rehabilitation, when it will provide greater inde-
pendence.

Parents and siblings will find this pre-operative
phase very difficult to manage, and may take
longer than the young person to adjust. It is partic-
ularly important that the siblings are involved
at every level, as research has shown that they
have an improved level of adjustment if they have
been given adequate information, allowed to be
involved in the care and have been given special
attention and emotional support (Von Essen &
Enskar, 2003).

Post-operative issues

Pain management

A young person undergoing an amputation may
experience three types of pain: stump pain, painful
phantom limb sensations and emotional pain. If
they are in agreement, the most effective form of
pain control for stump pain is via an epidural
infusion. It would appear that this has the added
advantage of temporarily reducing the severity of
phantom limb sensations. Debate exists as to the
value of commencing analgesia prior to surgery, as
pain in the limb before amputation has been corre-
lated with the incidence and degree of phantom
pain afterwards (Krane & Heller, 1995; Hazelgrove
& Rogers, 2002, Middleton, 2003). Emotional pain
and anxiety are inevitably strong factors influen-
cing the experience of pain, and must be addressed
when trying to achieve control.
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Phantom limb pain

Phantom limb pain (PLP) is a form of neuro-
pathic pain and is the sensory perception that the
missing part of the limb is still there (Middleton,
2003). It is important that young people are able
to distinguish between PLP and stump pain, as
opiates are not effective against the former (Roun-
seville, 1992). Not all phantom limb sensations are
painful and may be described as tingling, throb-
bing, burning, pins and needles, cramping and
stabbing (Hazelgrove & Rogers, 2002). The more
proximal the amputation, the stronger and more
uncomfortable the sensations will be. Stress, anxi-
ety and depression may intensify the sensations
but do not cause them (Rounseville, 1992). Other
factors that may exacerbate the condition are the
weather and muscle spasm. Elevation of the stump,
rest, heat and distraction may give some relief.
Cramping pain may be caused by muscle tension
in the stump, and can be helped by biofeedback
treatment. Burning pain may be helped by drugs
that increase the blood flow, such as vasodilators
(Hazelgrove & Rogers, 2002).

Treatment for PLP may include drugs, transcu-
taneous nerve stimulation (TENS) and the use of
deep relaxation and guided imagery. Tradition-
ally, anticonvulsant drugs such as carbamazepine
and clonazepam were used for the sharp, pier-
cing type of pain, to prevent abnormal signals from
reaching the brain and baclofen for the cramping
or spasm-like sensations. Gabapentin is now the
drug of choice. A tricyclic antidepressant such as
amitryptyline may be used if the sensations cause
insomnia and this may also help to counteract
depression (Rounseville, 1992).

TENS, whereby electrodes are placed on the
surface of the skin and a mild electric current is
administered, has been shown to be of some help
in giving relief from PLP although this has been of
limited use (Hazelgrove & Rogers, 2002). Patients
can alter the frequency, pulse widths and duration
of the machine, and this may help them to feel
more in control and offers an alternative to drugs.

Young people generally respond well to the
idea of deep relaxation and guided imagery, as
these are techniques they can learn to help them-
selves. They can be taught how to relax all the
voluntary muscles and to try warm baths and
massage. By distracting their thoughts away from
the sensations, they may gain complete relief.

Others have found it helpful to pretend to massage
the painful area where the limb should be, or the
collateral limb.

Unfortunately, it may be necessary to try a vari-
ety of different ways to control LPP, but providing
adequate time and support to explore all options,
together with the knowledge that the sensations will
lessen in time, will help young people to achieve
long-term control without the use of medication.

Care of the stump

Swelling of the stump immediately post-
operatively is controlled by the use of pressure
bandaging and elevating the bed. A pillow should
not be placed under the stump as this may cause
hip or knee flexion contractures.

Painful sensations are usually felt in the stump
when the theatre dressings are removed, and these
are exacerbated by the intense feelings of anxiety
at seeing the stump and wound for the first time;
adequate analgesia cover will be required. Ideally
the first dressing should be carried out where there
will be minimal interruption and adequate time
available to give support and information. The
young person’s need for sensitivity and privacy
must be respected at all times.

Spontaneous wound healing and correct stump
bandaging are essential for an artificial limb to be
successfully fitted. The bandages help to mould the
shape of the stump by applying even pressure to
both sides and, when the stump is less sensitive,
these are replaced by a firm elasticated sock called
a ‘Juzo’.

Exercises are required initially for balance if part
of a lower limb has been removed and then to
increase muscle tone and power in the remaining
muscles in preparation for walking with the arti-
ficial limb. Practising this on the ward is the first
stage in adjusting to being seen without a limb by
peers. This can be a very positive experience as
other young people are usually quick to encourage
and praise their efforts.

The Van Nes rotationplasty

This surgical procedure was developed to convert
an above-knee amputation into a more functional
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below-knee amputation, which gives considerable
functional advantage (Lindner et al., 1999; Grimer,
2005). It involves the removal of the tumour from
the distal femur and the attachment of the proximal
tibia after it has been rotated 180 degrees. The ankle
joint functions as the knee joint in the artificial
limb. The foot remains, pointing backwards and
the toes may be electively removed for cosmetic
purposes. The main advantages of this form of
amputation, although uncommon in the United
Kingdom, are a high level of function and lack of
phantom limb sensations. The obvious disadvan-
tage is the unusual appearance of the limb, which
requires a particular form of prosthesis, which the
young person would need immense support and
guidance in accepting (Piasecki, 1992; Wicart et al.,
2005). It is becoming less popular in Europe as
advances in endoprosthetic replacements become
more widely known (Grimer, 2005).

Altered body image

Young people need to be able to socialise with
friends and anything that prevents this happen-
ing will make them stand out from the rest and
could affect their self-esteem (for further details,
see Chapter 4). Physical attractiveness is an impor-
tant factor for acceptance by peers. Race, religion
and cultural background have an important influ-
ence on a young person’s development, and the
attitude of others will affect their own self-image
and self-value (White, 1995).

When young people are diagnosed with a malig-
nant bone tumour, their identity tends to lose
importance as attention is focused on the disease
process. They may feel as though they have
lost control over their body. As they undergo
chemotherapy and surgery, they try to adjust to
considerable alterations in their appearance while
at the same time trying to maintain a positive
self-image (Woodgate, 2005). Young people have
shown that it is extremely important to them to
be kept fully informed about their illness, how it
impacts on their future, and they should be given
the opportunity to make decisions about their own
future (Hokkanen et al., 2004).

Regardless of the type of surgery, a young
person’s body will never be the same again. Scars
and limb shape after surgery are important issues.

Spontaneouswoundhealingwillcontributetoaneat
scar, which will be fairly extensive and need protec-
tion from the sun. In time this will be less noticeable
and massaging cream into the scar tissue will help to
keep it supple. Following conservation surgery the
shape of the limb is usually good once the swelling
has reduced but is not the same, and concern may be
expressed over the wasting and reduction of muscle
tissue. Any residual limp will be noticed and a regu-
lar physiotherapy programme is essential to achieve
maximum function.

When an amputation is the only option, a young
person’s feelings of anger, fear, mutilation and
grief will need to be dealt with, and the reactions
of family, staff, friends and peers to their new
image will be watched closely and will be import-
ant in helping them to regain their confidence and
self-esteem. Mobilising as soon as possible and
becoming independent will have a positive effect.
Personal relationships will always be a worry for
young people but their greatest concern is being
accepted by peers when returning to school or
college. Young people with an altered body image
face a difficult challenge, and a lack of confi-
dence may lead to regressive behaviour and a loss
of academic performance. Support from teaching
staff and, if possible, the school nurse, will be
needed to prevent them from becoming isolated.
Emphasis will need to be placed on their positive
attributes rather than focusing on the illness, and
a flexible approach may be needed to enable them
to remain with peers, although they may not have
reached the same level of achievement.

Discharge planning

Coordinated discharge planning is necessary for
young people undergoing surgery for either limb
preservation or an amputation. It is essential that
oncologists be informed of the discharge date to
enable them to plan post-operative chemotherapy.
Ideally, a few days at home after discharge can be
built into the plan, which will help them to prepare
for the next phase of treatment.

Wound healing should be complete at this stage
but central line care will need to be continued by
the community care team. Communication, with
themandtheoncologyunit followingsurgery,about
ongoing surgical management issues and follow-up
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are important, together with any psychosocial
issues that may have arisen during treatment.

Similar links should be made between other
members of the multidisciplinary teams. Physio-
therapists will arrange for continued therapy in both
the community and oncology unit. Occupational
therapists will liaise about any home alterations
organised to aid mobility and independence. Social
workers and counsellors will discuss work that
needs to be continued, and the medical teams will
exchange information relating to future manage-
ment. Some oncology units have produced shared
carefolders for recording information such as treat-
ment plans and blood test results. The hospital
school may send a progress report to show what
work has been covered. This is especially import-
ant with GCSE course work, and the teachers will
liaise with the home tutor if appropriate.

Information about medication may need to be
given, and precautions that need to be taken to
prevent infection of the endoprosthesis. All young
people want to be fully informed about restric-
tions on activities, in both the short and long term.
Amputees should have been sent to a limb fitting
centre and a resettlement officer, if appropriate,
who can give advice about how, when and where
to learn to drive and what modifications, if any,
will need to be made to a car.

Follow-up surgical appointments are usually
made to accommodate periods between chemother-
apy and neutropenia. Good discharge planning will
ensure safe continuity of care and help to minimise
stress for young people and their families.

Late effects

Metastatic disease

Eighty per cent of young people show no appar-
ent signs of lung metastases at the time of
diagnosis but they may rapidly develop them
within the first year, in spite of chemotherapy and
surgery. This suggests that micrometastases are
present at diagnosis and surgery (Schwartz et al.,
1993). Lindner et al. (1999) evaluated 136 patients
treated for osteosarcoma and found that the extent
of pre-operative necrosis, surgical margins and
tumour volume were the most important prognos-
tic factors.

Adjuvant chemotherapy can contain or reduce
lung metastases, allowing them to be resected.
Young people who develop pulmonary metastases
following chemotherapy have a poorer progno-
sis, although complete resection has been associ-
ated with long-term survival (Lewis, 1996). Other
contributory factors to improved survival include a
small number of metastases and a longer time from
end of treatment to relapse. Additional chemother-
apy using different drugs may be given prior to
the metastasectomy. Young people presenting with
bone metastases in both osteosarcoma and Ewing’s
sarcoma, either at diagnosis or relapse, have a fatal
outcome in spite of therapies (Lewis, 1996).

Local recurrence

Studies have shown that limb conservation surgery
and, in particular, endoprostheses, can be success-
fully used for local control, reducing the need for
amputation (Mertens & Bramwell, 1994; Bacci et al.,
2002). A review of 202 patients in the European
Osteosarcoma Intergroup study showed no signif-
icant difference in survival rates between those
treated surgically by limb conservation and those
treated by primary amputation, although there were
more marginal excisions and associated increases
in local recurrence in those treated conservatively
(Grimer et al., 2002). The significant findings in
this study were that a raised alkaline phosphatase,
tumours of the proximal femur and proximal
humerusandapoorresponsetochemotherapywere
the most significant prognostic factors for a poor
outcome. Interestingly, no patient who had a good
response to chemotherapy in the limb salvage group
developed a local recurrence.

Roberts et al. (1991) found that the incidence of
local recurrence in a review of 133 young patients
treated with distal femoral prostheses was only
slightly higher than that recorded for amputation.
Although the patients with the recurrence subse-
quently had an amputation, the results still showed
that following the insertion of the prosthesis, 88 %
of patients would not require an amputation at five
years. In the same study, infection was shown to
be the major complication, from surgery, a central
line or wound breakdown while on chemotherapy.
Two of these cases required amputation for persist-
ent infection.
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The presence of a pathological fracture in
osteosarcoma has been regarded as a poor prog-
nostic factor and an indication for ablative surgery
(Scully et al., 2002). Two reviews of young people
with pathological fractures from osteosarcoma
showed that although there was a correlation
between local recurrence and the margins of
resection in limb conservation surgery, this did
not affect long-term survival when compared to
patients treated by amputation who had no local
recurrence, however, overall as a group they did
have a decreased rate of survival (Abudu et al.,
1996; Scully et al., 2002). Data from the second EOI
study, which ran from 1986 to 1993, was unable to
show that a pathological fracture was a risk factor
for either survival or local recurrence (Grimer et al.,
2002).

Loosening of endoprostheses

A retrospective study of 1001 endoprostheses used
as replacements for bone tumours showed that
aseptic loosening was the main cause of failure
of the implant requiring revision (Unwin et al.,
1996). The highest failure group due to aseptic loos-
ening was after distal femoral replacements, and
could be related to the amount of bone that was
removed, the age of the patient and the site of
resection. Younger patients with more than 60 % of
bone resection in the distal femoral and proximal
tibial groups were more at risk from loosening.
Interestingly, there were no failures of proximal
femoral replacements with more than 60 % of bone
removed. This could be related to the natural
curve of the femur and the quality of bone in the
medullary canal, which allowed good fixation with
cement.

Recent developments in endoprosthetic design
have mainly focused on the extending mechanism
to lengthen the shaft, with no surgical interven-
tion, to achieve greater growth potential; the rota-
tional element of the knee hinge, the coating of
the prosthesis to prevent tissue reaction to the tita-
nium alloy and the use of calcium hydroxyapatite
ceramics (CHA). The risk of loosening of an endo-
prosthesis has decreased considerably with the use
of calcium hydroxyapatite ceramics (CHA). These
are non-toxic substances, which are biologically
compatible with bone, produce little tissue reaction

and can be used in place of bone grafts (Uchida
et al., 1990). CHA is currently used to coat the end
of the implant and X-rays have shown that the
host bone is able to grow into the CHA and form
a complete union. This significantly reduces the
incidence of loosening by reducing forces on the
cement bone interface (Unwin et al., 1996; Grimer,
2005). However, this solid union is a disadvantage
if the endoprosthesis needs to be replaced.

Leg length inequality

Limb length discrepancy will be inevitable when
the tibial or femoral growth plate or physis is sacri-
ficed. At the skeletal age of 8, it is estimated that
potential growth from the proximal tibial physis is
4 cm and 9 cm from the distal femoral at matu-
rity (Ramseier et al., 2006). Research has shown
that, when skeletally mature, these young people
may be above average height for their age (Earl &
Souhami, 1990). Since the 1970s endoprostheses
with extendable telescopic shafts have been devel-
oped in the United Kingdom, to try to address this.
Although successful, they require surgical length-
ening, approximately 1.5 cm at each operation,
with the potential risk of infection and the trauma
for the young person of further hospitalisation.

The most recent and exciting development in
the UK recently has been the successful use of
a non-invasive endoprostheses with a telescopic
shaft, which is lengthened non-surgically in the
outpatient department. It is currently available
for tumours in the femur and tibia and has
been successfully implanted in young people from
about the age of 8 years. This implant is designed
with a magnetically driven gearbox. Length is
achieved by placing the limb into a circular limb-
extending machine, which generates a spinning
magnetic field. The magnet in the endoprosthesis
captures this motion; it passes through the gear-
box, which turns the screw in the telescopic shaft.
One millimetre of length is gained in 4 minutes.
The average lengthening per session is 4 millime-
tres achieved in 16 minutes. This can take place
in a nurse-led clinic at times to ensure minimal
disruption to the young person’s education. This
method of lengthening prevents the risk of infec-
tion, is completely painless and allows a gentle,
natural rate of growth.
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If the younger patients continue to grow rapidly,
they may require a replacement telescopic shaft
or an adult size replacement at a later stage. It is
possible to replace the telescopic shaft, when fully
extended, to achieve additional growth in both
types of extendible prosthesis. Leg length discrep-
ancy can also be managed in young people who
are tall for their age, by deliberately damaging a
growth plate in the unaffected limb to slow down
the rate of growth. Shortening of the unaffected
limb in this group at maturity can be achieved by
removing a wedge of femur.

Quality of life

One of the long-term disappointments for some
young people with an endoprosthesis is the restric-
tion placed on contact sports, especially if they
were previously in school or county teams. In some
schools great emphasis is placed on sporting abil-
ity, which in turn leads to popularity and peer
acceptance. Fortunately, other sports such as swim-
ming, cycling, golf and badminton are usually
possible.

Realistic careers are another consideration for
young people, depending on the type of surgery
they have had. Education is usually compromised
for a year, either as a deliberate decision or because
of treatment difficulties; but some young people
are able to continue studying and complete course
work, taking exams between courses of chemother-
apy and achieve satisfactory grades. Difficulties
may arise in obtaining health, travel and life insur-
ance, and this reinforces the uncertainty of their
future prognosis. A survey looking at the qual-
ity of life of young people who had osteosarcoma,
at least one year after treatment, showed that the
overwhelming psychological problem was a fear
of tumour recurrence and the possibility of more
treatment (Nirenberg, 1985). However, the survey
also showed that many patients had successfully
completed their education, had careers and some
had started families.

Felder-Puig et al. (1998) reviewed 60 patients
who were diagnosed with bone cancer with
their healthy peers, with varying ages below
30 years, from 1–20 years of treatment. The only
illness-related variable that appeared to affect
psychosocial adjustment was age at diagnosis.

Those patients diagnosed in adolescence had more
problems relating to social well-being than patients
diagnosed at an earlier age or as a young adult.
This may be the result of the impact of the disease
on the developmental tasks of adolescence, which
establish personal identity, sexual and emotional
maturity, independence and autonomy and future
life opportunities (Woodgate, 2005). These patients
appeared to live at home for longer and be less
likely to marry and have children. This may reflect
a strong attachment to and dependence on the
parents. Their level of education was similar but
many had difficulties finding a suitable occupa-
tion, and a number had to change jobs or preferred
careers as a result of treatment. However, in spite
of these changes, patients reported a high level of
job satisfaction.

Koopman et al. (2005) investigated the health-
related quality of life and coping strategies of
young people at 3 and 8 years after the end of
treatment for bone cancer. At 3 years they scored
significantly lower than their healthy peers on
motor functioning and autonomy, but at 8 years,
although motor functioning remained lower, they
scored higher on cognitive and social function-
ing and autonomy. Overall, they found that the
young people adapted well after treatment for
bone cancer, and were not at risk of developing
long-term emotional or social problems.

Infertility

At some stage all young people will have concerns
about their fertility. In general, male fertility is
more likely to be affected, particularly with the use
of high doses of alkylating agents which can cause
dysfunction in spermatogenesis. These drugs are
important in the treatment of bone sarcomas. This
problem is also related to age at time of diagnosis.
Pre-pubertal children are known to tolerate higher
doses of these drugs and may therefore be more
at risk (Jurgens et al., 1992); although girls treated
before puberty appear less likely to have fertil-
ity problems than those treated after (Mosher &
McCarthy, 1998). Young people have success-
fully become parents after completion of treat-
ment even, in some cases, after a hemipelvectomy
and the children have been healthy and normal,
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following uncomplicated pregnancies and deliver-
ies (Nirenberg, 1985). The removal of ovarian tissue
in young females and its re-implantation after cure
are currently experimental, and may be available in
the future (Wallace & Brougham, 2005), although
there has been considerable concern about the
possible risk of cancer cell transmission (Kim,
2003).

The outcome of pregnancies in survivors of
osteosarcoma and Ewing’s sarcoma are compar-
able to the general population and there has been
no increased incidence of birth defects or cancer in
the offspring (Mosher & McCarthy, 1998).

Osteoporosis

During normal health, bone mineral density (BMD)
increases in childhood and adolescence until the
peak bone mass is reached. Any serious disease,
such as primary bone cancer, has the ability to
interfere with this process. Holzer et al. (2003)
reviewed 48 long-term survivors of osteosarcoma
in whom 21 % were found to be osteoporotic
and 48 % osteopenic. The significant factors were
low body weight, early menarche and the type
of endoprosthesis inserted. Patients with endo-
prosthetic replacements in the lower limb and
proximal femur showed lower BMD values than
those with a distal femoral replacement, and lower
than other surgical procedures such as rotation-
plasty and amputation. The difference in body
weight appears to relate to the load on weight-
bearing bones, which will also be affected by
periods of immobilisation known to reduce bone
mass. Young people with osteosarcoma are treated
with high-dose methotrexate which is known to
suppress bone formation by inhibiting osteoblast
production, and has been linked to osteoporosis
in survivors of leukaemia. This was the first study
to look at osteoporosis as a late effect in bone
cancer and the regular measurement of BMD may
be included in long-term follow-up in the future.

Other late effects from the chemotherapy may be
cardiotoxicity from the anthracycline drug doxoru-
bicin, renal tubular deficits from cisplatin and ifos-
famide and auditory impairment from cisplatin
(Mosher & McCarthy, 1998). For other specific late
effects related to chemotherapy, see Chapter 5; and
for those related to radiotherapy, see Chapter 3.

Future trends

Surgery

Seventy-five per cent of malignant bone tumours
in young people occur near the growth plate. Joint-
sparing surgery is evolving as it has been shown
that, to a certain extent, the growth plate, or epiph-
ysis can prevent the spread of the tumour but is
not impenetrable. Joint-sparing endoprostheses are
used, where appropriate, with a specially designed
fixation close to the knee joint but preserving it
(Canadell et al., 1994).

External fixators may be used where the growth
plate can be spared and, if the epiphysis has
not been breached, the external fixator may be
inserted above while the patient is having adju-
vant chemotherapy, and distraction started to
lengthen the metaphysis. Complete resection of
the tumour, with clearance margins, is carried
out when chemotherapy is finished and the area
is grafted. Results so far have not shown any
local recurrence (Canadell et al., 1994). Problems
may occur with infected pin sites, especially when
the patient becomes immunosuppressed but the
advantage of no endoprosthesis and preserved
knee function is considerable.

Muscolo et al. (2005) reviewed 13 patients with
high-grade osteosarcoma who had been treated
with allografts preserving the epiphysis. They
found recurrence in only one case but suggested
that patients should be carefully selected with
regard to a positive response to chemotherapy,
and accurate pre-operative assessment of tumour
extension to the epiphysis. Another advance in
surgery is the excision of the tumour, and the
subsequent irradiation of the tumour bone and
its reinsertion, all in one procedure. Parents and
young people need reassurance that the tumour
cells have been completely killed. A review by
Chen et al. (2005) of 29 patients of which 15 had
received an irradiated autograft for a malignant
bone tumour showed that only one patient had a
local recurrence; the time to relapse was not stated.
The non-union rate was significantly lower than
an allograft, possibly because they were a perfect
anatomical fit. Grimer (2005) suggests that this type
of reconstruction will become more common, espe-
cially where other options are not readily available,
such as the pelvis.
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Research continues into the further development
of the non-invasive extending prosthesis to reduce
the size of the gearbox to enable it to be inserted
into smaller prostheses, as well as its wider devel-
opment for other orthopaedic conditions.

Chemotherapy

Future trends in chemotherapy for bone cancer will
follow evaluation of the data from clinical trials.
Survival rates for osteosarcoma have not signifi-
cantly improved over the past 20 years. The Euro-
pean and American Osteosarcoma Study Group
(EURAMOS), founded in 2001, was formed to try
to improve survival rates by undertaking biolog-
ical studies and conducting large randomised
trials. A new randomised trial has started,
called EURAMOS 1, which aims to optimise the
treatment strategies for resectable osteosarcoma
tumours based on histological response to pre-
operative chemotherapy. This study hopes to show
whether additional treatment with ifosfamide and
etoposide to the current use of cisplatin, doxoru-
bicin and methotrexate will improve event-free
survival in patients who have had a poor response
to pre-operative chemotherapy. It will investigate
whether maintenance therapy, using interferon-
alpha, will improve event-free survival in those
patients who have responded well. In addition,
the trial will record short- and long-term toxicities,
time to disease recurrence, quality of life issues
and measure molecular changes in the blood and
tumour.

Impact of setting

Young people are an age group with their own
unique set of needs. When they are diagnosed
as having cancer, all their developmental tasks
are threatened as they try to adjust to major
changes in their lives (Evans, 1993). These young
people deserve a special understanding, and need
to be cared for by nurses who recognise how
problems may affect their mood, behaviour and
coping (Taylor & Muller, 1995). Young people with
bone tumours should be nursed in age-appropriate
units, with nurses specifically trained to care for
this age group and speciality (Earl & Souhami,

1990). All teenagers interviewed by Burr (1993)
on an adult and a children’s ward stated that
they would like to be cared for with their own
age group. Mulhall et al. (2004) evaluated the
first specialist teenage cancer unit in the country
and found that it provided a supportive bond for
adolescents and their families, that the facilities
were focused on their needs and that the expertise
and availability of an expert team of professionals,
trained in this specialism, were central to creating
an appropriate environment of care.

Gibson et al. (2005) found that young people
wanted an environment that was more like home
with more space and privacy, appetising food, age-
appropriate toys and activities and to be away
from younger children. They also wanted facil-
ities that allowed them to keep in touch with
their friends and have access to their level of
education. The environment for young people is
important for promoting peer support and interac-
tion, although many young people have expressed
a preference for single rooms when they have
been available. The units should be relaxed and
friendly, age-appropriate, supportive and flexible,
with minimal ground rules. Nursing staff should
be empathetic, adaptable and have a good sense of
humour.

Body image and peer group identification are
the developmental tasks that are most affected by
having bone cancer (Nirenberg, 1985). Although
many of the changes are temporary, it is the ‘here
and now’ that is important to young people, and
especially how their peers accept them. Young
people have reported that having treatment for
cancer has made them feel and act differently from
their peers, not only because of the changes to
their body but it has made them more mature
(Nirenberg, 1985). Fedora (1985) found it very help-
ful to meet former patients who had completed
treatment and adjusted to the physical changes.
She also felt that staff should encourage and facil-
itate relationships with other peers, to move the
focus away from being patients, onto supporting
and encouraging others in their progress. This can
be very successful on a mixed surgical unit where
not all the young people have cancer but who have
many other debilitating and distressing conditions.
Woodgate (2005) found that the changing sense of
self in young people was closely linked to their
changing body, and that it was vital for friends
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and family to accept these changes, and respond
to them as if they were the same person.

Good communication skills are needed by all
the team involved in caring for a young person
with cancer. Difficulties may arise if adults and
young people do not identify with each other,
and they will be unable to confide in someone
they do not have a rapport with (Gillies, 1992).
Young people usually welcome a frank and honest
discussion about their condition, and it is impor-
tant that the environment recognises and facil-
itates this, encouraging them to be involved in
decision-making and planning their own care.
Good communication is also required with the
parents, who need to come to terms with the fact
that although their children have a life-threatening
illness, they still need control over their lives and
to remain as independent as possible (Taylor &
Muller, 1995).

Acute illness and the hospitalisation of a young
person put a great strain on all family members,
not least on the siblings. It is important that broth-
ers and sisters share in the care of the sick sibling,
especially if they are unlikely to survive, as it
will help them to adjust to their loss (White,
1995). The diagnosis of cancer revolves around
the sick patient; this means routines are changed
and disruption to family life (von Essen & Enskar,
2003). Issues for siblings may include fear and
uncertainty as to the outcome of the illness, fear
of having the same cancer, jealousy, loneliness and
resentment due to lack of attention and involve-
ment (Craft, 1993). It is important that the holistic
approach to the care of young people with bone
cancer recognises these potential problems in the
well sibling and is able to intervene, where appro-
priate, to help them to feel special and part of
the process in an attempt to prevent or lessen the
potential long-term adverse effects.

The environment should try to generate a sense
of normality, particularly in relation to leisure
and educational needs, offering a wide selection
of activities. The role of education in hospital is
as an important link with normal life (Wilson,
1993). It can provide stimulation, allow expression
of emotions through writing and art and help to
maintain or increase academic progress. Links are
made with the patient’s own school to ensure conti-
nuity of work and identify any weak areas that
may be helped. The one-to-one tuition available

in the larger hospital schools can be invaluable
in helping young people with learning difficul-
ties. Young people with bone cancer, who have
opted out of school for a year, still may enjoy
pottery, cookery, art and craft activities and access
to computers.

Facilities to make drinks and light snacks and
their own separate leisure area are evaluated well
by young people, as well as a room where they
can be quiet and reflect. They will also appreciate
being able to e-mail peers and spend some private
time with friends.

Nursing staff on special units for young people
are in an ideal position to take an active lead in
health promotion; however, to be effective they need
to understand the social contexts in which young
people function (Taylor & Muller, 1995). Display-
ing leaflets and booklets in a private area such as
the toilet will ensure that issues relating to sexu-
ality, smoking, nutrition, drug and alcohol abuse
are addressed, and empower young people to seek
out information and help them to understand it.
A notice board is useful to display various helplines
including the teenager cancer support groups and
websites. Separate ward-based support groups for
patients and parents can be helpful, dealing with a
variety of issues of their choice.

Young people undergoing medical and surgi-
cal treatment for primary bone cancer can benefit
greatly from being cared for in an age-appropriate
environment by named nurses who understand
and appreciate their role in facilitating young
people to progress with their developmental tasks,
especially in relation to psychosocial development.
This role can help young people improve their
self-image, achieve and maintain independence
and will often develop into long-term support and
interest in an attempt to make their hospitalisation
a positive experience.

Young people have a right to open and honest
communication, to informed choice and control,
privacy, confidentiality and protection, which will
lead to a trusting relationship providing physical
and emotional support for them as they try to cope
with the enormous stresses and uncertainties of
their illness and treatments. It is crucial for young
people to be able to maintain a sense of normality
in their lives, and spend as little time as possi-
ble in hospital. Shared care, between disciplines
in specialist units and the community, will benefit
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young people by providing a similar philosophy
of care nearer home and friends enhancing quality
of life. Effective communication between all key
workers is vital to its success.
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18 The Nature of Radiotherapy

Monica Hopkins

Introduction

Radiotherapy has traditionally been a poorly
understood area of medicine, often linked in the
public’s mind and the media with harm. However,
in the treatment of cancer in children and young
people radiotherapy plays an important role. Its
main function is to improve tumour control and
overall survival in patients with brain, central
nervous system and solid tumours, and is also part
of the curative treatment of some lymphomas and
leukaemias. Radiotherapy is also a useful tool in
managing symptoms in patients at the palliative
and end-of-life stage of their disease.

Radiotherapy can be a daunting experience for
children, young people and their parents. Radio-
therapy departments are often away from the prin-
cipal treatment centre in a different hospital with
new staff, equipment and procedures to get used
to and a focus on stillness during treatment that is
new and challenging.

The most valuable help that nurses (as well as
other members of the wide multidisciplinary team
involved in radiotherapy) can provide for children,
young people and their families is to demys-
tify some of this and decrease fear by providing
accurate information and thus a sense of control.
Patients and their families require preparation and

ongoing support as well as specialised nursing care
and observation. The aim of Part 4 is to introduce
radiotherapy as a therapeutic treatment modality,
describe how radiothery works, is administered
and regulated, and outline the attendent nursing
care for acute side effects (late effects are described
in Chapter 21).

The medical evidence base of radiotherapy
is almost entirely from studies involving adult
patients (Wells, 1998; Faithfull, 1999; Donato et al.,
2001; Olsen et al., 2001; Curry et al., 2005), the focus
of this work is therapeutics and new administra-
tion methods, with little on the effects of radio-
therapy to the patient (Selek et al., 2005; Merchant
et al., 2006). Nursing research is similarly limited
(Faithfull et al., 2002; Jordan et al., 2002), with
very little from the perspective of children/young
adults (Scott et al., 2002; Freeman et al., 2004), or the
UK. What is available is predominantly commen-
tary, with few pieces to guide nursing practice
(Scott et al., 2002, Faithfull et al., 2002). The work
that is available for nursing to base its care on
often concerns the efficacy of radiotherapy in stud-
ied neoplasms (St Clair et al., 2004; Buwalda et al.,
2005; Nag & Tippin, 2003), dose-toxicity studies
(Howard et al., 2005; Dorr et al., 2006; Reddick
et al., 2006) and late effects (Reiling et al., 1999;
Grill et al., 1999; Bassal et al., 2006). Descriptions of

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
© 2008 John Wiley & Sons, Ltd



282 Radiotherapy

appropriate nursing care in this chapter are taken
from such work and the experiences of practition-
ers in the field. Issues such as appropriate mouth
care in children are not well sourced in the nurs-
ing research literature. In addition, although skin
care has become a more popular focus in the adult
literature, current research on this topic remains
scant and poorly disseminated in practice (Camp-
bell & Lane, 1996; Naylor & Mallet, 2001). These
issues and other pertinent aspects of nursing care
will be outlined in Part 4 and include an analysis of
the literature concerning patient preparation and
family support.

Indications for the use of radiation in
the care of children with cancer

Although used for over a century, understanding
the use of radiation in the treatment of childhood
cancer continues to evolve. Radiotherapy can be
used as the sole mode of therapy or in conjunction
with surgery, chemotherapy, or both, as a multi-
modal approach to treatment. Radiotherapy can be
used both as a curative intervention for radiosen-
sitive tumours or as palliation to control distress-
ing symptoms of advanced disease such as pain,
obstruction, compression and bleeding. It may also
be used to treat oncological emergencies to give
temporary relief from a life-threatening complica-
tion of tumour growth until definitive treatment
can be commenced, for example, superior vena
cava syndrome or spinal cord compression.

The childhood malignancies most commonly
treated with radiotherapy are:

• brain tumours and CNS tumours: primary
treatment for many brain and CNS tumours
neuroblastoma; part of the multi-modal ther-
apy used to treat residual, bulky, unresectable,
metastatic disease or disseminated disease
and in emergency situations, i.e. spinal cord
compression;

• Ewing’s sarcoma: used for localised control for
tumours in bones that are indispensable (hence
surgery is not an option), inoperable and meta-
static;

• rhabdomyosarcoma: treatment for inoperable,
metastatic tumours and local control where
surgical resection is not possible;

• Hodgkin’s disease: part of the multi-modal ther-
apy for Hodgkin’s disease;

• non-Hodgkin’s lymphoma: used in emergency
situations, i.e. spinal cord compression, supe-
rior vena cava syndrome.

• Wilms’ tumour: local control in stage III disease,
and whole lung irradiation in stage IV with lung
metastates;

• leukaemia: reserved for central nervous system
and testicular relapse (ALL) and total body irra-
diation pre-bone marrow transplant in relapsed
patients (ALL and AML).

The nature of radiation

For a significant part of modern medical history,
radiation has been used as a valuable investiga-
tive tool in diagnosis, and one of the most widely
recognised medical images is the X-ray, which has
served modern medicine well since its inception
nearly over 100 years ago, and continues to do so.
Since the late nineteenth century, medicine has also
been aware of the therapeutic potential of radia-
tion in treating cancer (Iwamoto, 1994). However,
to understand how this power is harnessed, it is
essential that the source of this energy and its char-
acteristic behaviours are understood.

All matter is made up of atoms. It was thought
that these were the smallest material entities, but
in recent times it has been discovered that atoms
are actually made from a number of different
particles (Figure 18.1). The nucleus of an atom
is made up of uncharged particles (neutrons)
and positively charged particles (protons). Orbit-
ing the nucleus are negatively charged particles
(electrons), these are usually equal in number
to the protons and hence balance the positive
charge of the nucleus (Adamson, 2003). This is
the situation in a stable atom. However, atoms
can lose or gain electrons, to become ions, the
physical process of converting an atom into an
ion is called ionisation. Ions occur naturally such
as sodium, potassium, calcium. These and other
ions play an important role in the cell, partic-
ularly at the cell membrane. Ionisation can also
occur if enough energy is given to an electron for
it to escape its orbit of the nucleus (Adamson,
2003).
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Electrons

Neutrons

Protons

Figure 18.1 A stable atomic structure.

Electrons discarded from an atom carry their
energy with them. This movement of energy is
called radiation. The radioactivity emitted can be
manifested in a number of forms, commonly, elec-
trons travelling at high speed, or electromagnetic
radiation waves, such as gamma rays. This radia-
tion energy is the destructive force used in radio-
therapy to damage or destroy diseased cells.

Radiation is the transfer of energy from one
point to another. Waves of energy can be of vary-
ing size, and the distance between one point on
a wave and its identical position on the wave
following is called the wavelength (Figure 18.2).
Wavelengths can be short, and therefore the
frequency or number of waves per unit of time is
greater, or may be long, and slower in frequency.
The greater the number of waves passing through
a distance per unit of time, the greater the amount
of energy that is passing through that space.

Short wavelength

Long wavelength

Figure 18.2 Short and long wavelengths.

A form of electromagnetic wave energy that is
extremely familiar is light. Light is made up of
radiation energy waves of lots of different lengths,
some short, some long, that bundle together to
become visible light. Separately, however, they are
all different types of radiation wave energy and
cover a wide spectrum of wavelengths. The longer
wavelength (and therefore lower energy waves)
are the infra-red and radio waves. The spectrum
continues right through visible light to its other
end, where the waves are of the shortest length,
the highest frequency and therefore the greatest
energy. These are called X-rays and gamma rays.
X-rays and gamma rays have energies ranging
from a few thousand volts (kilovolts, kV) to several
million volts (megavolts, MeV). Energy of this form
moves in bundles and a bundle of X-radiation is
described as a photon.

The greater the energy of a photon, the greater
its penetration into tissue (Iwamoto, 1994). This
is important when planning clinical treatment, as
tumours are obviously at different depths beneath
the skin surface. Conversely, some forms of partic-
ulate radiation (i.e. streams of high-speed electrons)
can penetrate the skin but often decline in energy
quickly thereafter and so deliver their maximum
radiation dose superficially. Recent experimenta-
tion with another form of particulate radiotherapy,
protons, indicates that these can penetrate deep
tissues but, unlike electrons, the radiation tails off
sharply after reaching the target, leaving no exit
dose (Taylor, 2003a). This would mean that the
amount of tissue affected by radiation would be
smaller and so hopefully reduce morbidity.

Artificial production of radiation
for clinical use

Both gamma and X-ray radiation are used in clin-
ical practice though X-rays are more commonly
used (although similar to the X-rays used in imag-
ing, the X-rays described here have a higher
frequency and are more penetrating). X-rays are
produced by firing high-speed electrons at a target
of densely packed atoms. Some of the energy of
the fast-moving electrons is converted into waves
of energy of the X-ray form; the higher the kilo-
voltage of the electrons fired, the greater the X-ray
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energy. The machine used in production of such
radiation is called a linear accelerator.

Radiation can be gained and used directly from
a decaying isotope. This radiation is concentrated
by holding a large quantity of radioactive mate-
rial in specially constructed machinery that is able
to direct energy as needed. There are many natu-
rally occurring sources of radioactive elements, but
for convenience and safety, radiotherapy depart-
ments use radiation energy produced artificially
exploiting the principles of natural atomic decay.
Non-radioactive substances or elements are used
and their nuclei are destabilised on purpose, result-
ing in radioactive material. Common radioactive
elements artificially produced are the radioactive
forms of cobalt (Co) and caesium (Cs) (Co60 and
Cs137). Caesium produces gamma rays of relatively
low energy levels compared to cobalt, which is
able to produce gamma rays of very high energy,
known as megavoltage radiation.

With all these materials, the quantity of radioac-
tivity derived from an unstable atom reduces with
time. A term referred to as half-life or T½ is used
to determine how much radioactivity has decayed.
The half-life is the time it will take for the intensity
of the energy released to decrease to half its orig-
inal amount (Table 18.2) and is different for each
element.

This information has implications for the
handling, storage and replacement of materials in
a radiotherapy department. All radiotherapy units
or oncology wards where radioactive isotopes are
used must implement policies that are based on
the current Department of Health guidelines on the
handling and storage of radioactive matter (DoH,
2000).

An important characteristic of radiation energy
(whatever form) is that its intensity decreases as it
travels away from its source (Bomford, 2003). As
a consequence in the therapeutic use of raidother-
apy, the distance the radiation beam must travel to
its target must be carefully calculated to ensure the
required radiation intensity reaches the tumour, so
when a beam of radiotherapy is aimed at a target
through a wide field (i.e. skin) the contours of the
body it traverses must be considered to ensure
uniformity of dose across the field and the target.

For example, a beam that takes in the shoulder
will travel a greater distance through tissue to a
deep-seated target than a beam a few centimetres

higher directed through the base of the neck. For
these reasons the energy level of the beam travel-
ling the shorter distance in tissue needs to be atten-
uated by special material to ensure equal intensity
with the beam that travels further. These radiation
attenuators are called compensators and are made
from a wide variety of materials such as copper,
brass or lead (Coleman, 2004). Their use results in
a uniform intensity of treatment across the field.

Radiation dose

The international unit of dose is a Gray (Gy) or
one-hundredth of a Gy, the Centigray (cGy). The
dosages recorded in current clinical trials for child-
hood tumours are recorded in Gys or cGys. Stand-
ardisation allows effects from varying dosages to
be compared. This is evident in the research to
investigate the late effects of radiation dose (25Gy
versus 35Gy) to the posterior fossa in children,
particularly IQ (Grill et al., 1999).

Effect of ionising radiation on
human tissue

The damage to a cell caused by X-rays occurs in
two ways; direct or indirect action. Radiation may
deliver energy to the atoms of the cell’s DNA,

Table 18.1 Factors contributing to cell radiosensitivity

• Type of cell• Phase of the cell cycle the cell is in; cells that are resting
and not actively producing DNA for cell division are less
susceptible to the fatal effects of radiation• Rate of division of the cell type; tissues made of cells that
divide more rapidly are likely to have more cells in the
dividing phase of their cell cycle and therefore are more
radiosensitive, e.g. bone marrow, mucosa of gastrointesti-
nal lining• Degree of differentiation of the cell type; poorly differen-
tiated cells are more radiosensitive as they are more likely
to replicate• Oxygenation; the greater the oxygen content of a cell, the
more molecules there are to bind to hydroxyls and form
resistant radicals which are influential in promoting cell
death

Source: McMillan (2003).
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changing its chemical structure and causing abnor-
mal function (Adamson, 2003). However, the most
important method of cell destruction is indirect
action by the ionisation of water within the cell.
Following radiation interaction, water molecules
produce hydrogen ions and destructive hydroxyl
radicals. These unstable hydroxyl radicals damage
the nucleus of the cell by causing breaks in the
DNA. Single strand breaks may be repaired and
the damage overcome, however, a double strand
break is harder to repair, and often results in cell
death. There is almost immediate cell death if the
chromosomal damage is irreparable as the cells
cannot then form their essential proteins. However,
many cells survive this initial onslaught, as the
damage at first does not appear to be excessive,
simply an aberration in the linkage of the DNA
strand. However, the delayed effect is fatal, as
the cell is unable to divide successfully at mitosis
due to the number of chromosomal aberations that
have been inadequately repaired (McMillan, 2003).

There are some cells within the body that are
more sensitive to the effects of ionising radiation
and these are termed radiosensitive. This can influ-
ence both the efficacy of radiotherapy as a choice
of treatment and the extent to which healthy cells
are damaged (Table 18.1) (McMillan, 2003).

Table 18.2 Half-life for some of the more common
radioactive materials used in radiotherapy

Radioactive isotope Half-life (T ½)
Caesium137 30 years
Cobalt60 5.3 years
Iodine131 8.1 days
Iridium192 74 days
Strontium85 64 days
Radium226 1620 years
Technetium99 6 hours
Yttrium90 64.2 hours

Source: Ball & Moore (1980).

Hazards to healthy tissue during
radiotherapy

Non-cancerous cells can be injured by radiation,
just as they often are with the use of chemother-
apy. However, one of the guiding principles of
radiotherapy is to keep the death/damage rate

of healthy tissue to a minimum, and so reduce
adverse side effects on the body. It is to the body’s
advantage that healthy non-cancerous cells are able
to repair their chromosomal tissue, after ionisation,
far more effectively than malignant cells. This is
often termed the therapeutic ratio of a radiother-
apy regimen. Unfortunately, even healthy tissue
can only tolerate so much radiation injury without
complications, despite the ability to self-repair and
this is referred to as the tolerance dose (Kunkler,
2003). This dose varies with the tissue, the volume
irradiated, the form of radiation and finally the
fractionation schedule.

As previously described, all forms of thera-
peutic radiation, waves or particles, produce their
biological effect by ionisation of important intra-
cellular macromolecules. Damage to DNA directly
or through the utilisation of free radicals is
most often the case. The adverse effects of such
an onslaught on the cell structure and function
are delayed in slower-dividing cells (i.e. organ
tissue). Radiation injury can actually be repaired
over as little as four to six hours in healthy
tissue. Consequently, radiotherapy that is given
in small frequent doses has a less damaging
effect than a single large dose; this allows the
same total dose to be given to the tumour. The
process of breaking up therapeutic radiation into
smaller doses is called fractionation (Adamson,
2003).

Fractionated radiation must be planned to facil-
itate a therapeutic ratio that allows efficient repair
of radiation damage in healthy tissue and an effi-
cient level of death in tumour cells (Taylor, 2003b).
Factors influencing the therapeutic ratio are:

• radiation dosage per fraction;
• total dose of radiotherapy given;
• total treatment time.

These factors are manipulated to minimise long-
and short-term toxicity and to maximise local
tumour control, based on the tumour type and
the tolerance of the tissues surrounding it. The
ability to repair sub-lethal damage is greater in
non-dividing cells (slow-growing healthy tissue)
than in rapidly dividing cells (tumour cells, bone
marrow, gastrointestinal mucosa and skin). Thus,
smaller fractions, given over a shorter period,
arguably result in more cumulative damage to
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tumour tissue (Habrand et al., 2004a). This is
of proven benefit in total body irradiation (TBI)
(Veys & Rao, 2004), but not as yet in the treat-
ment of brain tumours, where it is hoped it
will make some considerable difference in reduc-
ing treatment neural toxicity (Skowronska-Gardas,
1994). Research into hyperfractionated radiother-
apy, where a smaller dose of radiation is given
more than once per day (at least 6 hours apart), is
under way.

Proton radiotherapy

Protons are the positively charged particles that
make up the nucleus of any atom alongside
neutrons. When extracted from an atom and
formed into an energy stream they can be used in
a cytotoxic manner.

Protons can deposit their energy at a set
depth of tissue with virtually no exit dose.
Therefore, their use may reduce the volume of
healthy tissue exposed to radiation after the
beam has hit its intended target (Taylor, 2003a).
Proton radiotherapy has the potential to deliver
a stable planned dose of ionising radiation to
the tumour volume while reducing the level
of radiation delivered to adjacent tissues. Stud-
ies have demonstrated how the therapeutic ratio
can be improved for CNS tumours by deliver-
ing a uniform dose of radiation to the target but
little other tissue. Clinical experience in children
remains limited, however, Mirabell et al. (2002)
maintain that there is significant potential for
reducing the risk of secondary malignancy in chil-
dren if proton therapy is used for children with
medulloblastoma (St Clair et al., 2004) or even
rhabdomyosarcoma.

At present there is little clinical evidence to
support the theory for the beneficial use of proton
therapy in children (Taylor, 2003a). Another factor
is that protons are about 2.5 times more expensive
to produce than photons, and there are currently
no machines in the UK (at least not one that can
penetrate beyond skin level). Although it is known
to spare normal tissue and decrease treatment-
related complications, there is yet to be a robust
body of evidence to say it can guarantee better or
even equivocal tumour control (Saran, 2004).

Conclusion

It is evident that there has been considerable devel-
opment in the forms of therapeutic radiation avail-
able to use within the clinical setting. Work contin-
ues in the understanding of the biological effects
of radiation on healthy tissue, and the conse-
quences for the body of repeated exposure. It is
this dichotomy between efficacy of treatment and
toxicity that is driving developments in technology
to improve the therapeutic ratio and administer-
ing radiation to the target alone, avoiding healthy
tissue wherever possible. The following chapter
will expand on the technological expansion in this
field and the impact this is having on treatment
and treatment sequelae.
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19 Administration of Radiotherapy

Monica Hopkins

Introduction

Having discussed the basic science underpinning
radiotherapy, it is important to take this forward
into a discussion on how radiotherapy is given to
patients. This chapter outlines the routes of admin-
stration, the forms of treatment, the advantages
and disadvantages of each, planning, dosage and
implications for the care of the child or young
person.

There are three main routes by which radiation
can be delivered to tumour cells:

• externally, in a beam produced by a source
external to the body (teletherapy);

• internally, by a radioactive source that has been
implanted surgically (brachytherapy);

• by attaching a radioactive isotope to a metabo-
lite or even an antigen-specific antibody
(unsealed source).

Each of these will now be discussed in turn. This
area of knowledge is rapidly increasing and has
been positively affected by the growth in digital
technology in medicine leading to more complex
planning and administration that can more accu-
rately target tumour tissue while sparing healthy
cells surrounding it.

External beam therapy (teletherapy)

By far the most common method of delivery is
external beam therapy or teletherapy. A beam of
radiation energy is produced in either particulate
or wave form. It is then focused for accuracy of
target, depth and radiation intensity at a predeter-
mined field of tissue. The energy contained within
the beam is such that it causes the maximum
degree of ionisation in tissues at a planned depth,
i.e the tumour. This ensures minimal skin and
superficial tissue damage. However, should skin
or superficial tissue be the target, the intensity of
radiation is altered accordingly, to a level that can
be absorbed as soon as it reaches the skin. This
may be done by positioning the child far away
from the source or by placing a barrier between
the skin and the machine to decrease intensity of
the beam at that particular site and thus allow
the radiation to act on the identified tissues. This
barrier may be made of wax, copper, brass, lead
or a similarly dense material that can attenuate
the beam (Coleman, 2004) and is called a compen-
sator. Compensators can be in the form of complex
polystyrene moulds filled with a compensating
material that is then moulded to the exact contours
of the body (Coleman, 2004).

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
© 2008 John Wiley & Sons, Ltd



290 Radiotherapy

The delivery of the external beam needs to
be planned in every detail to ensure maximum
cell kill of diseased tissue and minimum damage
to surrounding areas (Adamson, 2003). For these
reasons dose, intensity, direction of beam and
target area must be absolutely accurate. Signifi-
cant time must be spent on planning and ensur-
ing that each fractionated dose enters the tissue
with exactly the same accuracy as the first. Hence,
positioning, marking and immobility of the child’s
body are vitally important.

Treatment planning

Integration of radiotherapy into multimodality
treatment requires a basic understanding of radi-
ation planning, the influence of fractionation on
tumour death and normal cell recovery, and
the effect on the body of radiotherapy, includ-
ing its effects when combined with surgery and
chemotherapy. In the past there were usually only
two or three fields, regularly shaped and symmet-
rical. The tumour had to be assumed to be regu-
larly and compactly shaped, but it is agreed they
are not. Nearby tissue had to be enclosed within
the margins and protection for healthy tissue could
only be afforded using shaped lead blocks or local
shielding on the body. This was often inadequate
and crude, exposing healthy tissue to unnecessary
radiotherapy damage that led to significant late
effects and possible tissue disfigurement (D’Angio,
1992), catastrophic to body image and quality of
survival. Today technology has moved on signifi-
cantly and so has planning.

Treatment planning involves making a number
of different decisions on an individual basis.
First, there must be accurate tumour imaging to
outline the treatment field so that measurements
can be collated to calculate the most appropri-
ate form of radiotherapy. The angle of beam (e.g.
anterior–posterior, lateral, oblique, rotating arcs)
must be ascertained. In addition, there must be
identification of vital structures that need to be
shielded by shaping the beam in some fashion.
Second, the dose of radiation energy required to
reduce or obliterate the tumour load must be
determined. This second consideration should
be guided primarily by a designated protocol for
the child’s age and the histology of the tumour,

but also by clinical assessment. Third, the type of
radiotherapy must be identified; X-rays, gamma
rays or particulate radiation will deliver differ-
ing energy, remembering that the energy of the
radiotherapy must reflect the depth of penetration
required. Kilovoltage (kV) radiation has the lowest
voltage and is used to treat very superficial lesions.
Orthovoltage radiation has deeper penetration but
still delivers quite high doses to the skin and is
particularly well absorbed by bone. Megavoltage
radiation allows the deepest penetration.

Linear accelerators, cobalt units and certain
cyclotrons are capable of emitting megavoltage
radiation (Taylor, 2003). The volume of tissue to
be treated consists of the tumour (GTV – gross
tumour volume) plus an area of healthy tissue, or
margin, around it (CTV – clinical target volume).
These clear margins must be identified to account
for microscopic tumour extension.

There are other considerations, however, before
the final area is identified: limitations of imaging
investigation, characteristics of the movement and
scatter of the form of radiation being used, and
slight daily changes in body positioning and organ
movement, might all increase the risk of missing
the tumour if they have not been properly consid-
ered. Hence the planning target volume (PTV) is
the CTV plus an extra margin again. Depending on
the histology of the tumour, adjacent or regional
lymph nodes may also be included in the tissue
volume to be treated.

When planning the shape and angle of the
beam of radiation, it is vital that these factors are
simulated with a diagnostic radiographic machine
equipped with a fluoroscopic unit. These machines
simulate the path of the beam of radiation, but for
more complex situations a specialised CT scanner
simulation may also be utilised, where simultane-
ous scanning can identify the path of the beams
and the tissue likely to be caught in the beams.

There is now an armoury of imaging available
for planning and verification. Not all of these
are available in every centre, due to resource
difficulties (finances and appropriately trained
personnel) and speed of technological advance-
ment outstripping evidence of improved clini-
cal outcomes (Munro, 2003). Until this time, the
cutting edge of radiation technology will continue
to be led by the advancement in the accuracy
of imaging modalities, their ability to combine
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and define the target as well as evaluation of the
efficacy of conformal therapies and the rise in
sophisticated 3-D planning software.

The imaging modalities currently available in
some UK centres are:

• CT – Computerised Tomography uses X-rays to
outline the anatomy of the field and the target.

• MRI – Magnetic Resonance Imaging uses a
magnetic field and its interaction with tissue to
identify targets.

• PET – Positron Emission Tomography looks at
chemical metabolism in cells and so gives
metabolic data to aid identify target and possi-
ble spread.

• SPECT – Single Photon Emission CT uses radio-
nucleotides to scan the body but then presents
resulting data in a computerised tomography
format to give a 3-D image of the body.

• MRS – Magnetic Resonance Spectrometry is a
magnetic resonance image that tracks chemical
signals within the body and therefore outlines
a chemical map of the body.

Access to all these modalities will lead to better
anatomical mapping of complex areas such as the
brain, and identification of the position of critical
structures for planning as well as identifying gross
tumour volume (GTV) more effectively (Soomal
& Saran, 2004). Functional imaging (PET, MRS)
may help identify microscopic disease spread and
therefore define the clinical tumour volume (CTV)
better, perhaps helping to reduce the significant
margins that had to be planned in the past when
knowledge of such spread was poor. The future
will see further progression in multimodal imag-
ing, i.e. improvements in the technology of func-
tional imaging and access to it, and its fusion
with improved anatomical imaging (Saran, 2004).
Many fusion techniques, however, have so far only
been recommended within the intracranial cavity
as there is little organ movement between the indi-
vidual scans taken, so the fusion of images from
different modalities is more successful. Other cavi-
ties have significant organ movement and there-
fore the data are harder to combine (Soomal &
Saran, 2004). It may soon be possible for centres in
the UK to have access to treatment machines with
CT mounted upon them so when a patient has
been planned and is ready to be treated, they can

produce a high-resolution CT to check internal soft
and bony anatomy for position prior to each frac-
tion. These positions change daily with decrease
in tumour volume itself and alterations in tissue
integrity within the same cavity (Court et al., 2005).

Close monitoring of critical structure and
tumour position may be made even more effective
by the advent of an automatic CT-guided adap-
tive technique (ART) to modify the beam shape
(Court et al., 2005). This is a very new technique
whereby a daily CT image detects subtle changes
in target position and critical structure position and
thereby modifies the machine set-up accordingly.
ART detects inter-fraction changes and corrects the
beam, thereby enabling dose distributions within
various tissues to remain close to those originally
planned.

The planning process can be complicated when
a child has had surgery or chemotherapy prior
to radiation. In these cases it is often difficult
to identify the true position and volume of the
original tumour bed (prior to any therapy) and
so determine possible areas of microscopic resid-
ual disease. For this reason, collaboration between
surgeons and clinical oncologists before surgery is
vital to fully evaluate and document the extent of
the disease at its presentation.

After the target tissue volume is set and the
fields to be irradiated have been identified, thought
needs to be given to the total dose of radia-
tion and the number of fractions into which it
should be divided (although these considerations
may already have been dealt with in a national
treatment protocol). There is a considerable effort
to be made in balancing the positive and nega-
tive effects of prolonging treatment by dividing
doses (Cosset et al., 1994). The larger the dose per
fractionation, and the larger the total dose in a
shorter period of time, the more significant the
risk of late effects, such as fibrosis or necrosis
(Kunkler, 2003; Tarbell et al., 2006). These forms
of tissue damage are caused by insufficient cell
repair between each dose fraction, thereby allow-
ing significant cell damage to occur in healthy
tissue that is not always visible for some time
if the tissue is slow growing (Habrand et al.,
2004b). Delayed tissue damage may be evident
only after some length of time as it may take many
mitotic cycles before cell death occurs, especially
in slow-growing tissues. This is in addition to the
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time taken for the full effect of acute inflammatory
changes to be evident within a tissue (Hauster-
mans & Withers, 2004). Late effects are a result
of the combined effect of vascular endothelial
damage and the damage sustanined by parenchy-
mal stem cells in the irradiated tissue (Tarbell et al.,
2006).

In addition, increased fractionation in prolong-
ing total treatment time not only promotes healthy
tissue repair but also allows for re-oxygenation of
hypoxic tumour tissue, and therefore increases its
radiosensitivity (Lutterbach & Guttenberger, 2000;
McMillan, 2003). This can be useful where the
tumour has a hypoxic centre due to its large size
outstripping the blood supply. The outer margins
of the mass are destroyed by earlier fractions
allowing time for the more resistant central cells
to become better oxygenated and therefore more
radiosensitive.

However, protracted courses of small doses of
radiation, though reducing acute effects, may actu-
ally allow tumour re-growth, or re-population, as
it does in healthy tissue, because malignant cells
have also been allowed time to repair (Adamson,
2003). This is also the argument for not recom-
mending pauses in treatment once a regimen has
started. As cell death occurs during radiation,
there is actually a stimulus for cells currently in
G0, the resting stage of the cell cyle, to enter
the cycle to replace lost tumour cells (Adamson,
2003). Consequently there may be a stimulous for
tumour growth once radiotherapy commences that
must be countermanded with continued cytotoxic
therapy.

Treatment planning by manual methods is long
gone; modern centres have highly sophisticated
hardware and software for planning radiother-
apy. Three-dimensional (3-D) planning systems are
now in use that can link a CT scanner simula-
tor to the therapy beam generator. The complex
anatomical data from the scanner are transmit-
ted directly to the administration device. Soft-
ware will recommend the size and shape of the
field and the professional can adapt these to the
individual patient and tumour location with an
instant feedback image to demonstrate the effects
of any modifications they make to the recom-
mended plans (Bomford, 2003). These 3-D plans
create a considerable amount of data and require
considerable skill to use. Accurate treatment is

dependent on detailed anatomical data from CT
or CT/MRI fused images, with the possible addi-
tion of functional data (PET, MRS). Portal images
(those taken by radiotherapy machines through the
same aspect as the beam pathway) are essential
to confirm beam accuracy, using pre-determined
markers and for day-to-day positioning of the
patient. They also identify positions of any shields
or compensators, and this process serves to verify
the dose each tissue receives on a daily basis
(Bomford, 2003).

Methods for improving the accuracy of
administration to tumour while avoiding
healthy tissue

Conformal radiotherapy

As previously mentioned, modern advances in
computer technology have led to significant
advances in the imaging available to the oncol-
ogy team, thereby enabling an increased level of
complexity to be attained in radiotherapy plan-
ning (Bucci et al., 2005). Gone are the days of 2-D
images and manual calculations. Oncologists and
radiographers have been working with 3-D images
and computer calculations for almost 10 years and
4-D planning, i.e. data that change over a time-line
(Bomford, 2003), is on the horizon.

Conformal radiotherapy is a method that aims
to deliver a homogeneous dose to all tumour
tissue, without unnecessary toxicity to the patients’
healthy tissue (Habrand et al., 2004a). In essence,
it is the shaping of a high-dose beam to match
more closely the shape and volume occupied by
the disease itself. This can also be seen as conformal
avoidance – where the beam is shaped to maximise
the amount of healthy tissue it avoids.

Conforming the beam to the shape of the tumour
or tumour tissue is achieved using devices such
as collimators and wedges and it is essential to
improve target accuracy. It brings the planning
target volume (PTV) closer and closer to the clin-
ical target volume (CTV) and also aims to ensure
the beam avoids critical structures or even previ-
ously treated non-tumour tissue. 3-D conformal
radiotherapy has made definite improvements to
the quality of radiotherapy available to patients
(Khatua & Jalali, 2005).
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This 3-D planning calculates beam instructions
that are translated to the beam by means of
positioning of shields called multi-leaf collima-
tors attached to the linear accelerator delivering
the photons. The computer linked to the machine
moves the collimators rapidly and automatically to
the specifications of the plans. Multi-leaved colli-
mators (MLC) are moveable rectangular tungsten
leaves that allow dynamic beam shaping. Each
leaf can move independently under digital control.
They are placed in front of the beam as it exits the
source. There are many of them lined up in rows,
and they can be of varying sizes. As each is moved
into its own unique position, a serrated shadow is
cast across the field. This shadow should outline
the desired shape of the beam to affect the child’s
plan. The smaller the leaves, the more detailed and
complex the shadow can be. The longer it stays
in position the more dose it will absorb and in
so doing protects a defined portion of the field
and any tissue in it. In conformal radiotherapy the
collimators are left in position for the full fraction-
ated dose.

However, leaves can be manipulated while the
beam is on; this is called dynamic collimation,
whereby some parts of the field will receive more
radiation than others. This concept, which serves
to further increase the conforming process, will
be developed further in the section on intensity
modulated radiotherapy (IMRT).

Photon energy reacts differently with various
tissues so planners can input the different tissue
interactions into the computer to predict tissue
penetration and dose distribution. Finally, when
any form of conformal radiotherapy has taken
place, high-intensity CT can be used to verify
the delivered dose. As with all radiotherapy tech-
niques, conformal radiotherapy is only as effective
or safe as the quality of the imaging, planning,
localisation and immobilisation. Conformal plan-
ning in all its forms demands highly trained and
skilled professionals to deliver these complex treat-
ment plans from start to finish.

Intensity modulated radiotherapy (IMRT)

Technology is developing whereby collimator
blades can be moved during the duration of the
beam (dynamically) to produce the optimal dimen-
sions of the beam at each different depth so as to

get closer to the treatment plan (Bilsky et al., 2001).
(IMRT) is a method that optimises the shape and
size of the beam as it penetrates the tissues to and
through the target to meet the dose demands of
the target tissues while avoiding critical doses to
nearby structures (Nutting et al., 2000). To do this
requires advanced imaging, planning, verification
and delivery, all in a 3-D manner.

IMRT is an advanced conformal technique that
delivers non-uniform doses across a field while
avoiding critical tissue (even when it is wrapped
around a target) and at the same time escalating the
dose to particular areas of the target (Saran, 2004).
The intensity of each beam is modulated according
to the needs for a high dose to the target and a
low dose to critical structures in the way. Multiple
beams, all modulated, create sharp dose gradients
across the field, consequently only a fraction of
any dose is delivered to the tissues adjacent to the
tumour.

The use of IMRT is facilitating significant strides
forward in accuracy and safety of radiation oncol-
ogy. It is a very new technology but extremely
promising and indeed exciting (Hong et al., 2005).
Evidence on clinical outcomes is scarce at present
and confined to areas such as head and neck,
prostate and para-spinal lesions in adult therapy
(Zelefsky et al., 2002). The use of IMRT could have
a profound effect on decreasing ototoxicity and
xerostomia in children and adults (Saran, 2004).

The planning required for IMRT is inductive,
in that the plan starts with data being entered
on maximum and minimum doses for all struc-
tures in the field, especially critical structures, and
tumour. It then works backwards to a beam that is
conformed throughout with multi-leaf collimators
changing dynamically in shape (under computer
control) as the beam traverses the depth of tissue.
Therefore it calculates the tissue dosages, beam
shapes and beam angles to derive the treatment
directives (Krasin et al., 2004b; Saran, 2004).

Clinical oncologists are now able to conform
beams to very irregular tumours such as those
which have concave areas that are filled with
healthy tissue (Saran, 2004). As well as affecting
dose distribution to spare healthy tissues (Krasin
et al., 2004a), it can also be used to fire a higher
dose to high-risk areas.

This offers good target coverage and the possi-
bility of dose escalation while simultaneously
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keepingcriticalstructures(eyes,ears,hypothalamus
axis, cord, etc.) within pre-determined dose levels.
However, there are disadvantages, as this technique
may lead to a greater volume of healthy tissues
getting a small dose of radiation which can incre-
ase the secondary malignancy risk (Saran, 2004).

Fusing the data from imaging techniques such as
MRI and CT has been very successful in accurately
targeting CNS tumours but merging anatomical
imaging with functional techniques such as PET
would help to define targets so that margins of the
tumour could be identified more accurately and so
decrease the clinical target volume (gross tumour
volume plus margin for microscopic spread). At
present there is evidence of the efficacy of fusing
CT and PET in the treatment of brain tumours
but no other sites (Saran, 2004). There will always
be inherent difficulties in treating tumours in the
chest and abdomen as inspiration, cardiac output
and peristalsis cause considerable tissue move-
ment. For this reason breathing techniques during
imaging have been explored in the past but now
the idea of 4-D computerised tomography that
can isolate images that show the movement of
organs over time may be a more useful avenue
of future research in overcoming these challenges
(Keall, 2004). For the present, IMRT planned with
image fusion (CT and MR) results in outstanding
local control despite using greatly reduced margins
(Wolden et al., 2005).

The final stage of the planning process, prior
to commencement of treatment, is often carried
out on a machine called a simulator, which has
been structured to mimic the geometry of the treat-
ment machine or, as in the case of some more
recent models in the US, built onto the treat-
ment machine itself. The simulator uses diagnostic
rather than therapeutic doses of radiation to simu-
late the treatment field in terms of size, shape,
angle and volume. The radiographs obtained from
this procedure are used to demonstrate adequate
coverage of tumour volume and the reproducibil-
ity of the treatment field. In order to obtain a
satisfactory treatment plan it may be necessary to
simulate multiple fields, approaching the tumour
from different positions. Families often worry that
during such a delay in starting treatment the
tumour may be progressing; therefore constant
support and reassurance must be undertaken by
the named nurse in preparing the family for these

procedures, and full explanations should be given
as to their necessity and benefit. The child and the
family should be allowed to voice their concerns
over delay in treatment but they should be reas-
sured that this period has been anticipated within
the treatment plan.

Maintaining accuracy of treatment
(immobilisation)

Once the beams have been planned, it is neces-
sary to take steps to ensure that the angles of
the beam can be maintained throughout ther-
apy. Radiation energy decreases as it travels over
a given distance (Bomford, 2003). The decrease
in energy follows a uniform path, i.e. it is pos-
sible to calculate the intensity of the radiation at a
given point away from the source. This is import-
ant for clinical use, as the distance the child is
from the radiation source has implications for the
intensity of the radiation or dose to which the
child’s tissue will be exposed. As the dose must
be accurately replicated daily, identical body posi-
tioning is maintained for, and during, each dose.
For critical accuracy, such as when treating the
brain or head and neck tumours, a shell is made
for each individual to immobilise their head. This
shell must be an exact fit, so that even the small-
est movements are restricted to prevent alterations
in the treatment field. More extreme versions of
immobilisation used for stereotactic radiotherapy,
where frames, cradles and body vacuum packs
can be used, will be discussed later in the chapter
(Bomford, 2003).

Moulds are made using plaster of Paris to take
an impression of the child’s head. Plaster of Paris
dries in less than a minute, and the cast is filled
with plaster to form a reproduction of the area.
The plaster reproduction is then used to make a
perspex shell and this is then checked for comfort
and accuracy. Once the shell is deemed to fit well,
the rough edges are filed and markings for align-
ment of beams can then be made. The shell is then
used at each treatment to hold the postion of the
area to be treated. Other techniques and materials
to make these shells quicker and with less discom-
fort to the child are now available, such as the orfit
mould. This is a sheet of mesh-like plastic which,
when warmed, can be moulded around any body



Administration of Radiotherapy 295

part. The material cools quickly to a rigid structure
able to restrict movement.

A shell is not always required. In the treatment of
many peripheral areas the radiographers will align
the treatment field by means of laser lights on the
radiotherapy machine (Bomford, 2003). This align-
ment is then checked using anterior and posterior
markers and can be confirmed by portal imaging or
simultaneous scanning. Radiotherapy only takes a
few minutes but much time is often spent before-
hand in positioning the child so that treatment can
be given to the exact area required. Very small chil-
dren may require a general anaesthetic for plan-
ning and treatment if they are unable to comply
with the planning and delivery of radiotherapy,
though the skills of hospital play specialists in
a structured programme may enable children as
young as 3 years of age to comply.

In order that the machinery can be aligned accu-
rately, markings are made around the target treat-
ment field; these are not easily removed. The
child’s position must then be held throughout the
dose of radiation. If a shell is to be used for treat-
ment, the marks will be placed on this. If a shell is
not used, the child will have the ink marks drawn
on their skin, to define the exact treatment field.
This is referred to as ‘marking up’ and special
marker pens are used by the radiographers to do
this. The marks must remain in place for the dura-
tion of treatment. In the event of fading, the radio-
graphers may need to re-draw the lines. Should the
marks start to fade while on weekend leave, the
family should be asked to redraw over the marks
with a felt tip pen, which must be a different colour
from the one used by the radiographers, so that
they can distinguish between the two. The marks
should not be washed off during the course of the
treatment.

Occassionally, due to tissue damage and conse-
quent oedema or severe weight loss/gain, the shell
may no longer fit and a new one will need to be
cast. This can be time-consuming and distressing
to the child and the family.

Nursing care issues in the planning
process

Parents often voice their concerns and fears that
their child will be ‘radioactive’ after receiving

radiotherapy treatment, and fear that their child’s
skin, clothing, urine and stools may be contami-
nated following treatment. They may also worry
that the treated child may be a danger to other
members of the family. During preparation for
treatment, it is therefore important to reinforce that
the child is not radioactive at any time, and no
radiation safety precautions are necessary follow-
ing teletherapy treatment. Precautions are only
required when sealed or unsealed sources are used,
such as brachytherapy or 131ImIBG (metaiodoben-
zylguanidine) treatment.

When considering all these factors, it can be seen
that the efficacy of radiotherapy lies in the accuracy
of the planning. Nursing care of the child while
undergoing this experience is critical to ensure that
planning is precise and successful in its goals, but
also that the child is able to cooperate through
understanding and awareness rather than fear and
insecurity. The family obviously plays a major part
in helping the child to feel safe and protected while
preparing for therapy. For this experience to be
positive and not cause psychological disturbance,
the child and family need to be well informed of
every stage and of its significance. At the same
time, they should be involved as partners, plan-
ning how best to deal with each experience with
the knowledge they have of their own child. It
is therefore imperative that nurses have a clear
understanding of the planning process itself, in
order to be able to prepare the child and family as
effectively as possible. Iwamoto (1994) outlines the
main teaching priorities in preparing a family for
external beam therapy:

1. A step-by-step route through all the events
that will lead up to treatment, e.g. planning
and simulation, moulds and shielding devices,
daily treatment schedules, ongoing clinical
evaluation through therapy, access to advice
and support, follow-up and assessment.

2. Time factors: length of time in planning, daily
visit and treatment times, length of course.

3. The radiotherapy environment, the unit, mould
room, treatment room and machinery.

4. Specific effects and toxicities.
5. What happens, why it happens, when it will

happen and how long it will last.
6. Reassurance must be given that the child/

young person is not radioactive.
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7. Explanation of what measures the child and
family can take to minimise or even prevent
side effects.

8. Discussion of possible delayed or late effects
and the resources available for care, support
and advice.

9. Provision and nature of follow-up for the
child/young person and their family.

These guidelines were developed for the care
of adult patients but form a useful framework
for use with children/young people. However,
the format and educational strategies utilised in
dealing with children or young people and their
families may need to be tailored to suit indi-
viduals. Written information is helpful and there
must be time to answer questions. However,
the cognitive ability to utilise abstract informa-
tion about an unknown subject is not developed
until mid-adolescence. Children and young people
who have not yet aquired this cognitive process,
therefore, require visual and sensory information
to understand what is to happen. Photographs,
models, touching and examining machinery at
close quarters, walking around a radiotherapy
suite and playing with mould room materials
are all vital components of an effective teach-
ing plan.

Play preparation for radiotherapy in younger
children is often based upon the concept of
desensitisation (Slifer et al., 1994) founded upon
established methods of reducing children’s anxi-
ety (Warzak et al., 1991) and teaching behavioural
control through operant conditioning (Slifer et al.,
1993). Desensitisation is a behavioural therapy
technique used for decreasing fear and/or anxi-
ety about an identified object or situation (Slifer
et al., 1994). The child who is to undergo radio-
therapy requires desensitisation to the equipment,
staff and routine of planning and treatment prior
to commencement. Children who are too young to
be able to identify the source of their fears respond
to those of their parents and family, and feel the
sense of impending separation. Children can be
supported significantly by involving parents in the
desensitisation process (Lew & La Valley, 1995).
Desensitisation includes step-by-step rehearsals of
the stages of planning and treatment, first, through
experiential play and model equipment and then
through exploration of the actual radiotherapy

suite. Constant positive reinforcement each time
the child manages to touch, hold, manipulate and
practise with equipment or a routine is absolutely
essential (Slifer et al., 1994). After desensitisation
children can go on to learn motion control, again
through keeping still for photographs for longer
and longer periods, with the use of constant posi-
tive feedback (Cooper et al., 1987), gradually result-
ing in an ability to tolerate therapy without seda-
tion. These techniques have proved to be extremely
effective in preparing children for radiotherapy
and avoiding anaesthesia (Scott et al., 2002).

The role of the play specialist cannot be under-
estimated in this situation, he or she is perfectly
placed to coordinate and lead a team approach to
meeting these preparatory needs. The play special-
ist is highly skilled in strategies and current tech-
niques in play preparation and has the necessary
knowledge of child development and resources to
create a preparation plan to suit any individual.

Preparing a young person for radiotherapy may
need to address different issues, often using differ-
ent perhaps more abstract strategies. This age
group may have better control over their own
body positioning but can be equally as anxious and
distressed about the prospect of radiation therapy.
They not only worry about the efficacy of treatment
but also the side effects, especially those that leave
a negative cosmetic effect, as has been so evident
in surgical studies in this age group (Stewart et al.,
1994). Open honest discussion of the need for
radiotherapy and the consequences for them must
be the starting point. There are no formal studies
into the needs of young people during radiother-
apy but literature on their coping with illness and
therapy in other specialities should help to influ-
ence our practice (Burkhart & Rayens, 2005; Justus
et al., 2006). The checklist advocated by Iwamoto
(1994) discussed earlier has resonance with this
group. Involving young people in all discussions,
empowering them to explore and question proce-
dures as well as the long-term consequences of
treatment may go some way to reducing anxiety
and promoting a positive locus of control that facil-
itates coping in these young people (Burkhart &
Rayens, 2005). A positive approach to education,
communication and self-exploration can improve
a young person’s self-concept and feeling of inclu-
sion in care, both of which are widely held to
be positive indicators of self-care in young people
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with chronic disease (Justus et al., 2006). Inherent
in this approach is ensuring a positive respect for
independent thought and action.

In preparing the child/young person and the
family for planning and therapy, it is essential
that they understand that he/she will be alone
in the machine room for the duration of the
treatment fraction. However, this is for a short
period of time and the child will be observed
constantly by staff and the family on a video moni-
tor, and can communicate through the intercom.
Favourite toys or blankets may be comforting at
these times, in addition to favourite music or an
audio story. However, honesty and information
often are the most useful ways to decrease the
young person’s/child’s fear and anxiety. It may be
possible for the play specialist to devote time and
experience to accompanying certain children on
their first visits to the radiotherapy suite for plan-
ning, mould room and treatment, until the child
and radiotherapy staff have become familiar with
each other.

Should preparation be unsuccessful due to the
child’s age, developmental immaturity or extreme
psychological distress, the child can be sedated
or even anaesthetised with a short-acting medi-
cation, such as profonol or an appropriate alter-
native under the care of a paediatric anaesthetist.
However, the aim of nursing interventions is to
avoid this wherever possible (Scott et al., 2002).
Bucholtz (1992) and Oski et al. (1990) point out
possible concerns about the use of sedation in treat-
ing children. First, it is possible that sedation may
disrupt a child’s daily activity, growth and devel-
opment. Second, it is difficult to guarantee that
sedation will always be successful and for how
long. Timing sedation to coincide with a tightly
timed radiotherapy slot can be problematic and, if
unsuccessful, another course of action needs to be
considered. It is a significant nursing challenge to
negotiate appropriate sedation, time its adminis-
tration and monitor the child for physical response
before, during and after therapy (Bucholtz, 1992).

Scott et al. (2002) suggest that each child should
be thoroughly assessed before considering seda-
tion or anaesthesia. Age, developmental level,
physical state, previous experience of therapy and
anxiety levels should all be taken into account. The
ultimate goal is to prevent the child from moving
while in the radiotherapy suite but this must be

balanced against the possible trauma to the child
and the fact that children require close monitoring
throughout. Should anaesthesia prove necessary,
an anaesthetist must be present to monitor the
child. Even when children have been considered
suitable for anaesthesia, it is always important to
ensure that they are assessed daily for contraindi-
cations such as respiratory dysfunction, infection
and altered states of consciousness.

It must also be remembered that all children
in this country are treated in units that predom-
inantly care for large numbers of adult patients
and they have very busy schedules worked around
the speed with which adults can be prepared and
treated. Children and their required preparation
take up an enormous amount of time in these busy
departments. The need for sedation or anaesthesia
places considerable strain on the department for
the extra time and resources to accommodate such
a child within a room. If the child is sedated, then
accuracy of timing cannot be guaranteed and the
room may be left waiting for a child that is not
quite sedated enough. If anaesthesia is required
then extra staff and resources are necessary to
prepare, monitor and recover the child in safety.
Improved play preparation not only reduces the
necessity for sedation and anaesthesia but also
means that the child can be helped to cooperate
with treatment to such an extent that the radiother-
apy rooms are not left unused for large portions of
the day while staff attempt to assist a child who is
experiencing distress and difficulty in maintaining
a position for treatment.

Brachytherapy

Internal delivery or brachytherapy is a method
of delivering radiation that is quite rare in treat-
ing childhood cancers, but is useful where surgery
or external beam radiotherapy may have devas-
tating consequences for the surrounding tissue.
Radioactive material can be placed either inter-
stitially, intracavitarily within an applicator, or
placed permanently within selected tissue. Signif-
icant local control and fewer late effects should
make this form of therapy advantageous in paedi-
atrics (Fontanesi et al., 1994). Athough at present
brachytherapy does not play a role in paediatric
protocols, there are some case reports and small
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series studies describing a number of different
tumours types in which it has been used; head and
neck (Buwalda et al., 2004, Buwalda et al., 2005);
brain tumours (Beutler et al., 2005; Larson et al.,
2004; Mayr et al., 2002); soft tissue sarcomas (Nag
et al., 2003; Merchant et al., 2000); Wilms’ tumours
(Ghandi et al., 2005); the eye (Shields et al., 2004), as
well as in previously treated recurrences. There is
currently no nursing literature on the care of these
children during their treatment and so it must be
extrapolated from adult guidelines.

Radioisotopes may be sealed or unsealed,
temporary or permanent, and they can have vari-
able dose rates – low, medium, high or even pulsed
(Martinez-Monge et al., 2006). Sealed is when the
isotope is either contained within an applicator at
placement or loaded into the applicator after it has
been placed in the required position (afterloaded);
these sources are removed and therefore are called
temporary sources. They are housed in a small
carriage or applicator and are made to measure to
fit the specific cavity by mould room technicians.
To ensure a perfect fit, the mould may need to be
formed within the cavity with the child possibly
under sedation or anaesthesia. It therefore follows
that preparation by experienced nursing staff is
essential for all concerned.

Many unsealed sources are pieces of radioac-
tive material in the form of seeds or wires that
are inserted permanently into a tissue and left to
decay down into inert matter. Dose rates range
from <2 Gy/hr at a low rate, through 2–12 Gy/hr
at a medium dose rate to >12 Gy/hr at a high dose
rate. Finally, the brachytherapy may be pulsed, i.e.
a vehicle for the source is placed within a cavity or
tissue and then it is remotely afterloaded for a few
minutes at a time and then remotely removed or
unloaded again. Dose rates for pulsed treatments
are usually 1–2 Gy every 1–4 hours for a period of
days (Martinez-Monge et al., 2006). Sealed sources
may be used in conjunction with any of the other
treatment modalities, especially teletherapy or on
their own.

In addition to these methods, there is also a
radiosurgical method where an intra-operative
single exposure of high-dose rate source is given
during a surgical procedure. The isotope used is
determined by the dose rate required, the tissue
penetration necessary and whether they are to be
temporary or permanent placements. A significant

advantage to this method as a high-dose rate can
be used and yet critical structures adjacent and in
danger of toxicity can be moved out of the way for
a short period.

There may be many possible advantages to this
method of radiotherapy delivery that have yet
to be highlighted in outcome studies. There does
not have to be any allowances made for organ
or body movement, or set-up error in defining
the planning target volumes, so far less tissue
needs to be treated. The energy level of the source,
which influences penetration through tissue, can
be minimised as the dose emanates from the
centre of the tumour and therefore need not pene-
trate healthy tissue beyond that. Finally, treat-
ment is quicker, often measured in minutes or
days rather than weeks, and consequently it may
be fitted into a complex chemotherapy schedule
better.

The most common brachytherapy technique is
low-dose rate therapy with Iridium 192 which is
afterloaded into a previously placed vehicle, an
applicator or catheter. This is removed after therapy
is completed. This would be better done remotely
but then the patient is severely restricted as they
are emitting still quite high doses of radiation and
so must spend significant periods alone. Higher-
dose pulsed treatments may be more useful for
children needing constant supervision and compan-
ionship. The source is afterloaded remotely but
only left in place for very short periods and can
then be retracted into a safety device till the next
pulse. The source can be retracted to allow carers
to enter the room and be with the child or for nurs-
ing/medical interruptions (Martinez-Monge et al.,
2006). Iodine 125 can and is commonly used to bene-
ficial effect in minimising risk to care-givers as it
has far less penetration through tissue, but also as it
can be used to treat tumours adjacent to radiosen-
sitive tissue such as gonadal tissue. When chil-
dren or young people are treated with this source,
lead aprons or mobile lead shields are sufficient
protection for carers. Yttrium 90, Gold 198 and
phospherous 32 can be obtained in liquid form and
can be injected into cystic lesions such as cranio-
pharyngiomas. In occular brachytherapy, a plaque
is made containing the source and placed upon
the surface of the eye for retinoblastoma. Plaques
themselves are usually made of a shielding mate-
rial and the source attached is often Iodine 125.
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The plaque is left in place for 2–4 days with a total
dose of 35–55 Gy to the immediate tumour which
equates to about 0.3–0.6 Gy/hr.

Where an applicator or catheter has been
inserted, there must be a process of verification
similar to teletherapy before afterloading can take
place. If there has been surgical intervention to
accomplish this, especially interstitial placement,
then loading should occur after 3–5 days to allow
for healing and the reduction of swelling in the
area. Intracavitary placements that occur after the
surgical excision of an original tumour has healed
can be loaded straightaway. Where Iodine 125 has
been used in an unsealed form, as seeds intersti-
tially, then patients do not require admission as
the low-energy source does not penetrate beyond
the tumour bed.

All of this is still considerably rare in children
with few pockets of expertise such as the AMORE
group in The Netherlands. Consequently, there
are no agreed guidelines for care or protocols
to follow for efficacious therapy (Martinez-Monge
et al., 2006).

Despite the seemingly positive benefits of the
theory, in practice, toxicity is evident in high-dose
rate regimens. Some adjacent tissues have exhib-
ited both acute and late toxicity but the results are
encouraging in the limited nature of the toxicity
and the smaller volumes of healthy tissue affected.
As previously mentioned, the literature is the work
of a handful of institutions, with small numbers
of often previously treated children, so it is hard
to draw conclusions for the future. However, its
use in areas that are already pre-treated or in
inaccessible positions is attractive, as is the pos-
sibility of reducing growth retardation and second
malignancy rates by reducing the planning target
volume.

The risk to staff and the family in caring for
the child with a sealed radiation source depends
upon the dose rate emitted by the source at any
given time. Dose rate is the rate at which ionis-
ing radiation is delivered to the tissues from its
source (Hassey-Dow, 1992). In many cases the radi-
ation will not penetrate more than the depth of the
tissue in which it has been placed and the child
should not emit any radiation. However, this is not
always the case. This situation should, therefore,
always be discussed in advance with the radia-
tion protection adviser within the hospital and care

planned accordingly. Should the radiation from the
source extend beyond the body, the child should be
nursed alone in a cubicle with their own washing
and toilet facilities. Nurses and the family should
limit contact with the child to approximately 30
minutes per day until the radiation protection offi-
cer indicates otherwise or the source is removed.

Information on the care of children in this situ-
ation is principally as that described for the child
with an unsealed radiation source; however, each
institution has its own written information for
patients and carers that detail all radio-protection
precautions and the facilities available to cope with
these. If the child has had a sealed radiation source
placed within a cavity with an external orifice,
care must be taken to ensure it is not dislodged.
Should this occur, the source should be retrieved
with long-handled forceps and placed in a lead
container (Maguire, 1993).

Use of unsealed sources (intravenous
radioactive materials)

131ImIBG (metaiodobenzylguanidine) is a radioac-
tive material currently used in the UK for
the treatment of stage IV neuroblastoma. Meta-
iodobenzylguanidine (MiBG) with I131 radio
isotope was reported to concentrate in >90 % of
neuroblastomas and is a sensitive and specific indi-
cator for this tumour. It can be a tumour-targeting
vehicle for delivering therapeutic doses of radia-
tion (Hoefnagel, 1999). The original idea for its use
was to avoid excessive drug therapy, and its asso-
ciated toxic effects and possible resistance. In more
recent times it has been used as a treatment option
in high-risk patients.

MiBG contains a specific radioactive isotope of
iodine. It is made artificially and then bound to
a synthetic form of a chemical called guanethi-
dine that neuroblastoma cells absorb (Brophy et al.,
2005). Neuroblastoma and other adrenal gland
tumours take up 131ImIBG in a similar way to
the transport of noradrenaline in these cells. This
affinity for a radioactive chemical allows radia-
tion to be taken directly to tumour cells without
damaging the surrounding healthy tissue (Brophy
et al., 2005). Work continues to refine the meth-
ods of administration, dose, the timing alongside
chemotherapy and the exact number of courses
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for best effect (Howard et al., 2005). The radioac-
tive chemical is given intravenously under protec-
tive conditions. Taking oral iodine for a defined
period of time before, during and after treatment
prevents uptake of the radioactive isotope by the
thyroid gland, which would lead to its destruction
(UKCCSG, 2006).

As 131ImIBG is given intravenously, all body
tissues become radioactive, and the only exit for
this material is through excretion. Therefore, all
bodily fluids must be handled as radioactive waste
and disposed of in the cubicle (Maguire, 1993).
As most of the compound collects in the urine,
this is by far the most hazardous waste and must
be treated very carefully, particularly accidental
spillages (Brophy et al., 2005). Special facilities
are required for the administration of such ther-
apy as the child becomes radioactive and those
caring for them, as well as other visitors, require
personal protection equipment when nursing or
caring for the child. Visiting should be restricted
to adults only and no pregnant women should
attend. Nurses and the family have limited contact
with the child for a defined period per day and
must wear a radioactivity monitoring strip. Staff
who have contact with the child during this period
must also carry a radioactivity monitoring device
to calculate cumulative doses over the set number
of days. It follows from these data that all bodily
fluids or matter lost by the child must be carefully
collected and disposed of, in keeping with govern-
ment guidelines on the disposal of radioactive
waste (Department of Health, 2000a) and the ionis-
ing radiation regulations (Department of Health,
2000b). These guidelines are actioned by the radia-
tion protection adviser (Gibbs, 1991) within a given
institution.

Facilities that allow constant supervision of the
child while maintaining minimal physical contact
are therefore essential. In addition, all the child’s
needs must be met within the room as nothing
may leave the room until the radioactivity has
decreased when isotope decay and excretion occur.
As far as possible, all material objects required for
the duration of the child’s stay in the room should
be disposable.

During infusion (which lasts approximately 30
minutes to one hour) and for the first four hours
afterwards, the child must be monitored closely for
signs of allergic reaction to the radioactive agent.

This may necessitate frequent monitoring of vital
physical signs, as often as every five minutes. For
the safety of nursing staff the child should be
monitored electronically for pulse, respiration and
blood pressure, so that results may be displayed on
a monitor outside the room; this would preclude
the necessity of continuous direct contact with
the child for the first few hours after infusion.
However, the use of a mobile shield within the
room can also be beneficial for nurses and carers
alike.

The child will need to be isolated in hospital
for approximately 7–10 days after the infusion,
due to the radioactive emissions from all body
tissues, and from vulnerable family members for
a few more weeks thereafter. The exact length of
stay is dependent on the readings of the emissions
assessed daily. When the emissions have decreased
considerably, the child may leave isolation and
return home. Unfortunately, in some cases it may
still be some days after this before the child can
be in the same building as other children or preg-
nant women. Siblings may need to be cared for by
relatives and friends until the radiation protection
adviser has determined the child to be no risk to
the family environment. Discharge usually occurs
when the child has been measured at or below
30 Bq for a family with young children at home, or
150 mega bequerels (mBq) if the child is returning
to an environment of adults only.

Given the need for such minimal staff contact,
only the immediate physical needs of the child
can be attended to using a mobile shield where
possible, although they should be monitored
visually throughout this period, preferably by use
of closed circuit television. Or as in the case
of some purpose-built units where the room is
sub-divided by lead-lined half-doors that block
emissions from a small child or a larger one
playing on the floor This situation would obvi-
ously be intolerable for a small anxious child,
therefore it can be necessary to sedate such chil-
dren during the isolation period, until the level of
radiation is low enough that parents/carers can
spend prolonged periods of time with the child.
Oral sedation is used to sedate the child, therefore
a nasogastric tube is passed to allow administra-
tion of sedation and other drugs once the child
is asleep, the child is usually kept nil by mouth
during sedation to avoid vomiting, and potential



Administration of Radiotherapy 301

aspiration, and IV fluids used to maintain
hydration. 131ImIBG may cause considerable feel-
ings of nausea and at times vomiting may ensue;
this vomit is potentially very dangerous radioac-
tive material and in the sedated child there is
also the risk of aspiration. It is recommended
that thought be given to the administration of
effective antiemetic cover during the first 2–3 days.
The sedated child will need to have their posi-
tion changed every four hours to prevent pres-
sure points and chest infections, at these times
other care is also carried out, i.e nappy changes,
hygiene and mouth care, to avoid prolonged expo-
sure for staff.

The room in which the child is nursed should
be designed for the use of radioactive materials,
with protective walls, and ensuite bathroom. A
Geiger counter should be kept within the desig-
nated cubicle to monitor the emissions from the
treated child. Their decrease in magnitude must
be recorded accurately and, indeed, all items of
equipment and materials required in the child’s
care must be assessed before disposal or removal
from the room once treatment has commenced.
All this equipment may be anxiety-provoking for
both the child and the family; it is therefore essen-
tial that the family be prepared for these measures
with clear and accurate information beforehand
and ongoing support and advice throughout the
treatment.

The parents and members of the child’s family
may find the separation and possible sedation of
the child extremely distressing. It can be anxiety-
provoking to think of one’s own child being so
dangerously radioactive that such extreme safety
measures are needed. As a consequence, nursing
care must respond to the need for information,
reassurance and support throughout this difficult
time. Encouraging the parents to choose clothing
or advise on positioning for the sedated child
promotes a sense of protection. For the child who
is awake during this time, telephone, webcam and
video links are invaluable, where protected visual
contact cannot be maintained. Choosing games or
DVDs and preparing favourite foods also help
to maintain caring contact, essential to the child
and the parents or siblings. Each therapeutic site
has written information for staff and families to
prepare them for the experience and explain the
radioprotective measures.

Is the efficacy of this treatment sufficient to
warrant this level of intensive care and distress
to the child and family? Past experience has
revealed MiBG to have 30–50 % response rate
in phase I/II trials including a study in the
UK. Primary toxicity was reversible myelosup-
pression – severe thrombocytopenia and moder-
ate neutropenia (Lashford et al., 1992). Studies
have varied the number of courses administered:
it has not been indicated if there is a toxicity
link with multiple courses. Howard et al. (2005)
carried out a retrospective review of patients at
one US centre and found multiple course achieved
improved responses but myelo-toxicity, especially
in platelets, was dose-limiting. They concluded
it was prudent to administer MiBG courses with
stem cell support. However, this may preclude
children with bone marrow involvement. It was
noted that there was some delayed response to
treatment which may have affected good results
on infusions thereafter. Non-haematological toxic-
ity, e.g. nausea, vomiting, hypertension, anorexia,
pruritis, dry mouth and asymptomatic hypothy-
roidism, did not increase with multiple infusions.
It is of note that although common haematologi-
cal toxicity did not lead to toxic death, there was
prolonged thrombocytopenia even with stem cell
support. The future of this therapy lies only in
a robust evaluation of MiBG plus chemotherapy
without pre-treatment, results and toxicity profiles
may then be quite different.

Radioactive isotopes bound
to tumour-specific antibodies

This is a relatively new and extremely experimen-
tal form of radiation therapy. Antibodies are iden-
tified that are specific to surface antigens being
presented on the tumour cell surface. These are
then bound to radioactive particles of relatively
low energy and given intravenously to the patient.
This is an extremely complicated procedure as
tumour antigens must be identified, monoclonal
or polyclonal antibodies must then be developed
and produced in sufficient quantities (usually in
mice or rabbits), and then they must be success-
fully combined with a radioactive source. Radia-
tion dosing at a micro level of �-emitting drugs
is obviously advantageous. Radio-immunotherapy
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can reduce the organ toxicity associated with exter-
nal beam therapy. Although the radioactive load
in this therapy is much lower than 131ImIBG ther-
apy, protective care of children involved should
follow the same government guidelines until their
emitted radioactivity is below safe contact levels.
This timeframe will depend entirely on the half-
life of the radioactive isotope attached to the anti-
body (Coons, 1995). It may be useful in radiosen-
sitive paediatric tumours using either intravenous
or intrathecal vehicles. Modak and Cheung (2005)
argue that radio immunotherapy is still in viable
development though it has struggled for many
years to overcome biological barriers (Pizer et al.,
1991). They feel it has a valuable role to play
in offsetting treatment failure due to lack of
control of minimal residual disease (MRD). Due
to the sustained attack on a child’s immune
system during conventional therapy, their highly
immuno-compromised state makes it possible to
repeatedly administer radio-labelled monoclonal
antibodies for specific tumour antigens without
induction of a host antibody response. However,
there are no studies in children, hence there is a
complete lack of safety and efficacy profiles.

Currently tumour antigen radio-immunological
therapy for specific embryonal tumours is being
investigated. However, it is a long and complex
process and may not be successful as it is hard
to comply with current drug development laws.
There is not only a great need for rapid develop-
ment of more radio-labelled monoclonal antibod-
ies, but also to improve targeting and the reduction
of adverse immunological responses. Few antibod-
ies are currently available as not many children’s
tumour antigens have been identified and there
has been a lack of phase 1 or phase 2 studies in
this area (Modak & Cheung, 2005).

Administration of alternative
radiotherapy techniques

Stereotactic radiation

Stereotactic methods were originally used for
precise neurosurgery, and they have proved to
be the ultimate immobilisation and location tool.
The method was then adapted for radiotherapy
to exploit the two essential properties of patient

positioning and target identification. Stereotactic
radiotherapy is a highly conformal type of radi-
ation therapy exposing very little healthy tissue
to therapy in addition to its target, as it is able
to use tight margins effectively. Stereotactic radio-
therapy merges stereotactic surgery with conven-
tional fractionated radiotherapy (Lew & La Valley,
1995). This method of radiation delivery is utilised
when a small intracranial area of cancerous tissue
adjacent to highly sensitive organs (or heavily pre-
treated tissue) requires radiotherapy. It allows the
delivery of maximum tumourcidal doses of radia-
tion while limiting the damaging dose to surround-
ing tissue. A three-dimensional approach is taken
to locate and fix the target for therapy and, indeed,
for the guidance of therapy (Dunbar & Loeffler,
1994). Limited in its use initially, it has grown from
single fraction to multi-fraction use and moved
on from surgically attached frame to non-invasive
frames (using individual bite grips to reproduce
its position) and body cradles (Saran, 2004).

A stereotactic frame is constructed to the
exact measurements of the child’s anatomy.
As mentioned, it rarely requires surgical fixation,
except in radiosurgery, as it can be constructed with
a fixed bite block so that when this is in the correct
position within the mouth all other points are
identically located on the skull. This frame is used
to guide an external beam of radiation to the precise
point of disease. All frames should be non-invasive,
re-locatable and immobilising to ensure accurate
reproducible positioning throughout planning and
treatment (Kooy, 1993). Stereotactic radiotherapy is
now also conformal and the two most popular meth-
ods for immobilisation should be reviewed. The
first is a lightweight paediatric frame-based system
with individualised mouth bite and head-rest and
this usually ensures only 1.01.5mm variability.
In the second type, children may be encased in a
customised Perspex shell that can be bolted to the
table, in addition to a moulded bag of polystyrene
beads individually shaped then made rigid by
vacuum, to hold the head and upper body in place.
These last two maintain a 1.5mm–2.5mm variability
(Saran, 2004). In comparison, a traditional mask
has a 4–5mm variability. Non-invasive stereotactic
frames rely on using bony pressure points and
fixed CT localisation points to guide the radio-
therapy beam. Whole-body stereotactic frames are
less well developed in this country than in the US.
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The radiotherapy is then given in fractionated
doses to attain the most effective tumour control
with minimal late effects (Brell et al., 2006). As
mentioned, in recent years the technique has
moved on to conformal fractionated stereotac-
tic radiotherapy. New developments have added
considerably to the potential uses of the stereotactic
method. Yamada et al. (2005) describe how IMRT
can be used stereotactically for high-dose radia-
tion to lesions adjacent to the spinal cord, success-
fully avoiding damage to this sensitive structure.
IMRT is delivered with a non-invasive body frame
for multifractional stereotactic radiotherapy. These
body frames have been developed as immobilising
devices specifically for stereotactic spinal IMRT,
where marked points on the frame, as well as the
bony prominences that they are fixed onto, are
used as locating points for the therapy.

This method of conformal radiotherapy, again
benefits from using fused CT/MR imaging in
paediatric neuro-oncology. These can be very
useful in slow-growing well-demarcated tumours.
The CT gives excellent information on calcifica-
tion points, tissue density and bony anatomical
data for location and penetration planning. It can
be a very useful way to deliver a uniform dose
to a non-spherical lesion. Multiple fixed fields
shaped using MLCs (multi-leaf collimators), micro
MLC or lead shields planned carefully to avoid
critical structure can treat tumour volumes with
aggressively smaller margins. This is made possi-
ble because of excellent locating and positioning
which means late effects should be decreased.
For thoracic tumours it may also be necessary
to utilise an active breathing control device. This
controls the delivery of radiation during a standard
breath hold. It can decrease markedly the volume
of heart and lung unnecessarily exposed, but it
does need active support from the child. Advanced
preparation of the child, to practise breath hold-
ing can be extraordinarily beneficial, in these rare
circumstances.

Stereotactic radiosurgery

This is where a single ablative fraction is admin-
istered using a stereotactic frame. This is akin
to surgery, and can have significant late effects.
The necessary radiation dose can be produced

by adapted linear accelerator or a gamma knife
(a cobalt 60 machine). There is a rapid fall-off
of dose after the beam hits the target. With this
being a single high-dose fraction, immobilisation
is normally a pinned frame placed under general
anaesthetic. All planning, simulation, verification
and treatment are carried out at one session to
minimise distress to the child or adolescent. The
dosage is usually sufficiently high to cause imme-
diate cell death to the targeted tumour bed, mirror-
ing radical surgical removal (Marcus et al., 2005).

There has, in the past, been a need for at least
3cm of safe distance from a vital organ so its use
was restricted in small children. However, this
technique can also be combined with IMRT as a
new development which may broaden its use in
children and decrease its toxicity to adjacent criti-
cal structures.

Total body irradiation in the treatment
of leukaemia

As leukaemic cells are well oxygenated and highly
proliferative, they are extremely radiosensitive.
However, they are difficult to locate and iden-
tify for therapy. Total body irradiation (TBI) is a
procedure in which the entire body is exposed at
one time to gamma radiation (Dreifke & DeMeyer,
1992). The goals of TBI are to eradicate the
leukaemic cell count, in addition to immunosup-
pressing the child so that they can receive a donor
marrow without mounting an immune response.
In summary, the goals of TBI are:

1. to attain sufficient immunosuppression to
allow engraftment of a foreign donor marrow
for allogeneic bone marrow transplant;

2. to remove or reduce residual disease;
3. to provide sufficient space for the new donor

marrow to grow.
(Silverman & Goldberg, 1996)

Removal of the child’s bone marrow and circulat-
ing leukaemic cells involves administering a homo-
geneous dose of radiation to all body tissues. The
radiation given is of a lower dose and intensity
than a beam directed at a localised area (Iwamoto,
1994). The dose is usually within the 8–14 Gy range
(depending on fractionation), although it can be
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given as a single dose, the toxicity profile associ-
ated with that is markedly increased from a frac-
tionated regime.

This form of preparation for transplant was first
attempted in 1925, although the concept had first
been discussed almost 20 years earlier (Dudjak,
1992). Until 1979, most regimens of TBI were
single-fraction (Dudjak, 1992), fractionated doses
were then introduced in an attempt to decrease
late-onset toxicity without an adverse effect on effi-
cacy (Goolden et al., 1983). It was then found that
fractionation worked more efficiently even when
given in very small doses (Storb, 1989). The total
dose given is sufficient to be lethal to the bone
marrow tissue. Stem cells within the marrow are
destroyed and so regrowth is impeded. A hyper-
fractionated regimen (twice daily) is followed over
3 to 5 days to allow healthy tissue throughout the
body to repair itself. Complex calculations need
to be made to ensure effective yet safe doses are
given equally throughout the varied tissues of the
body. Positioning of the child may need to be
altered during a fractionated dose to facilitate this.
A lower dose of radiation is aimed at the lungs to
offset unnecessary fibrosis; this is accomplished by
using the arms as a shield for each lung or using
shields made from pieces of radiation-attenuating
material.

TBI can only be carried out with the child posi-
tioned quite some considerable distance from the
radiation source, so as to ensure small doses are
given accurately to all sections of the body, and to
get the field to be as large as possible. Although
small doses are recommended when treating the
whole body, care must be taken as too low a dose
rate may allow only sub-lethal damage to occur.
This may result not only in leukaemic cells surviv-
ing TBI, but also the other cells of the child’s
own immune system, which could then attack the
donor marrow. In contrast, too high a dose rate
can cause irreversible organ damage, for exam-
ple, to the lung tissue. Positioning is therefore
an extremely important variable in TBI. It can be
manipulated to control the energy of the beam
when it enters the child, the homogeneity of the
dose and the protection of critical organs. Dose rate
fractions and treatment distance vary considerably
centre to centre and protocol to protocol. However,
there are some more common elements from the
literature:

• The regime usually lasts 3–4 days, often on a
hyper-fractionated or twice-daily schedule.

• It is a small daily dose of 1.5–2 Gy split between
the two fractions.

• Children and adolescents should lie on their
side, turning half-way through each fraction to
maintain homogeneity.

This form of conditioning may cause a variety of
acute (and chronic) side effects, many more than
a chemotherapy-only regime, and therefore these
children require intensive preparation and support
throughout their treatment. Although TBI is given
in fractionated doses to reduce some of these toxic-
ities, they may still cause considerable problems to
children treated in this manner. The possible side
effects of TBI are summarised in Table 19.1.

Locatelli et al. (1993) highlight that the majority
of late effects from bone marrow transplant are due
to this form of conditioning, although hypothy-
roidism is usually only seen with single-fraction
doses. Cataracts (Calissendorff et al., 1991), lachry-
mal gland dysfunction and endocrine dysfunction
are particularly worrying side effects which may
account for the interest in alternative forms of
conditioning over the years.

What does the future hold
for radiotherapy?

The next decade of development in radiotherapy
is likely to be one of consolidation (Soomal &
Saran, 2004). That is the rapid advance in digi-
tal technology that has driven recent advances in
3-D planning, the ability to fuse images and the
dynamic collimation of beams based upon real-
time computerised tomography data now need to
be fully integrated into paediatric practice across
the UK. In parallel, enhanced target definition
must continue to advance in line with success
so far and bring about the targeting data essen-
tial for the most effective planning. High quality
anatomical imaging is a resource that oncologists
currently depend upon; this will in the future
be the case for functional imaging also. The final
stage of this development is the perfecting of tech-
niques and software to allow fusion of images from
many different modalities both within and without
the CNS.
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Table 19.1 Possible side effects of TBI

System Side effect Time from TBI to symptoms

Gastrointestinal Nausea and vomiting Immediately to 24 hours
Stomatitis Within a few days
Diarrhoea Immediately to a few days
Loss of appetite Immediately to a few days
Pain or swelling in salivary
glands

Immediately to 24 hours

Dry mouth Immediately to a few days
Thick saliva Immediately to a few days

Skin Redness Within a few hours
Itching/tingling Within a few hours
Darkening of skin 2–3 weeks
Hair loss (all of body) 7–10 days

Reproductive Sterility Immediately

Premature menopausal
symptoms

Months to years

Miscellaneous Cataracts 1.5–5 years
Fatigue Sudden or gradual
Fever Within a few hours
Bone marrow failure 7–10 days
Abnormal growth Months to years

Source: Dreifke & DeMeyer (1993).

Between these two goals of improving target
definition and accurate dose delivery lies the way
forward to the most effective tumour eradication
and decrease in treatment morbidity. Particulate
therapy advances are exciting in terms of the use
of protons in paediatric oncology but the huge
investment necessary to set up one such unit in
this country seems hard to imagine in the current
political and financial climate. However, valuable
research into the outcome of proton therapy in
children will continue (Kirsch & Tarbell, 2004; St
Clair et al., 2004) outside the UK and this is to be
welcomed in developing an evidence base that will
be highly useful in the more distant future.

Consolidation too could be used to describe the
goal of clinical research for the immediate future.
Evidence of clinical effectiveness in these new ther-
apies and planning processes is vital for contin-
ued growth in their use. Studies into efficacy of
a new technology for a named site or specific
histology will only be significant when the major-
ity of CCLG centres have the resources to deliver
these new highly conformal techniques and alter-
native fractionation schedules. The evidence to
support the hoped-for improvements in care in

terms of reduced toxicity with equal if not better
tumour control may be even longer in coming to
fruition. Late effects studies are protracted and
complex in analysis, but after many years of data
collection in a changing health-care context it
becomes harder to make comparisons in clinical
outcome. So many variables have materialised in
these long time frames; changes in surgical and
diagnostic techniques, improvements in rehabil-
itation strategy and access, educational support
strategies and finally the attitude of patients and
carers themselves to self-determined care and
survivorship.

Radiotherapy has an important part to play in
the management of children with cancer. Special-
isation among clinical oncologists and therapeu-
tic radiographers is recognised as important in
providing high quality care (NICE, 2005), as
is the need for anaesthesia and play specialist
support for very young children during radiother-
apy treatment. The Improving Outcomes in Chil-
dren and Young People with Cancer report (NICE,
2005) recommends that centres providing radio-
therapy to children and young people should
comply with a defined set of requirements, these



306 Radiotherapy

relate to staffing, age-appropriate facilities, adher-
ence to national standards and participation in
clinical trials. The guidance goes on to suggest
that high-risk/complex radiotherapy, i.e. TBI, or
biologically targeted radio-isotope treatments, take
place in agreed supra-regional centres. Bringing
services into line with these recommendations will
require resources and collaborative working across
England, and how this will affect services in the
rest of the UK remains to be seen.

In conclusion, radiotherapy advances are
complex and expensive but extremely interest-
ing to those involved in the care of children or
young people with cancer. There is, however, a
dilemma, in that the evidence of its improved
patient outcome will only come after massive capi-
tal investment in the technologies themselves and
the people to operate them, yet how can we justify
such outlay without proof of its worth? Basic
science and associated research in adult cancers
will have to suffice as a foundation until the
numbers in case reports and small series add up
to clinical evidence that can be relied upon.
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20 Tumours and Radiotherapy
Treatment

Monica Hopkins and Cornelia Scott

Radiotherapy retains a significant role in the
treatment of many childhood cancers, haemato-
logical and solid tumours alike. Many tumours
are radiosensitive: rhabdomyosarcoma, Ewing’s
sarcoma, retinoblastoma, lymphoma, neuroblas-
toma, but perhaps the group most associated with
this modality are the central nervous system (CNS)
tumours. This chapter will begin by examining
radiotherapy in children with CNS tumours.

Brain tumours

Radiotherapy is used to varying degrees in
many brain tumour regimens. A true intracra-
nial germinoma is curable with radiotherapy alone
and is treated with such, whereas medulloblas-
toma is treated with some chemotheraphy but
is not curable without radiotherapy. The main
radiosensitive brain tumours are:

1. germ cell tumour (pure germinoma – highly
radiosensitive);

2. glioma (low-grade, optic glioma, astrocytoma);
3. high-grade and brain stem glioma (improved

survival but rarely curative);
4. ependymoma;

5. pinealblastoma;
6. medulloblastoma (cranio-spinal dose of RT can

be reduced in standard risk medulloblastoma);
7. primitive neuroectodermal tumour (PNET);
8. craniopharyngioma.

Tumours that are considered low-grade, and
where at least 95 % of the mass can be removed,
may in some instances require no further therapy.
These children will be followed up closely by imag-
ing surveillance and clinical examination. Where
the tumour is high-grade or anaplastic and fast-
growing, it is considered malignant and always
requires further therapy after surgery (Shiminski-
Maher & Wisoff, 1995).

In the past 15 years or so, the addition of
chemotherapy in the use of the more traditional
radiotherapy has increased the survival rate of
children with certain brain tumours (Blaney et al.,
2006). Individual tumour growth, position and
clinical consequences must be explained when
discussing the possible future morbidity and prog-
nosis with the family (Shiminski-Maher, 1993).

However, research into tumours, such as the
germ cell tumours, PNETs and medulloblastomas,
now is underway to establish the optimum dose
and fractionation of radiotherapy required. For all
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tumours, the decision on the most appropriate
therapy must be made on radiobiological data. The
decision to treat the tumour by radiotherapy alone
is usually reserved for tumours that do not metas-
tasise outside the brain or seed the CSF. Combined
modality of chemotherapy and radiotherapy may
be efficacious in these cases.

Brain tumours with the potential for neuroaxis
spread or which have already metastasised at
diagnosis are tumours such as medulloblas-
tomas/PNETs or intra-cranial germ cell tumours.
The current CCLG/SIOP protocols recommend
cranio-spinal radiotherapy if the child is over
the age of 3 years. Infants with medulloblas-
toma/PNET receive chemotherapy first, followed
by focal radiotherapy to the tumour site.

The use of chemotherapy in the past two decades
in randomised controlled trials in the UK, Europe
and North America, has allowed a reduction in
the dose of radiotherapy to the cranio-spinal axis
(Freeman et al., 2004). This development appears to
have brought about better disease-free and over-
all survival. Children with standard risk medul-
loblastoma are entered into a PNET protocol where
the ‘standard arm’ delivers a reduced dose of
cranio-spinal radiotherapy followed by repeated
cycles of maintenance chemotherapy. The ‘exper-
imental’ arm of the protocol uses alternatively
fractionated radiotherapy (e.g. HFRT) followed
by maintenance chemotherapy. HFRT, in twice-
daily fractions, delivers a higher overall dose to
the cranio-spinal axis, the posterior fossa and the
tumour bed than in the standard arm. Hyperfrac-
tionation has the potential to increase the anti-
tumour effect without an equivalent increase in
CNS late effects. The dose–response relationship
for medulloblastoma is well known and it seems
that increasing the dose, without increasing the late
effects on CNS tissue, might also improve local and
regional tumour control (HIT-SIOP PNET 4, 2004).

Children with high-risk medulloblastoma/ PNET
or with metastatic disease at diagnosis are currently
entered into a protocol with hyperfractionated
radiotherapy as standard treatment. This is a
hyperfractionated accelerated radiotherapy regi-
men delivered twice daily over five weeks, thus
delivering a higher dose of radiotherapy than
in previous regimens. The radiotherapy will
be followed by repeated cycles of maintenance
chemotherapy. Combined-modality therapy is a

significantly more prolonged regimen and will
require many visits to both the radiotherapy centre
and the principal treatment centre, which in most
treatment centres are at two different hospitals.
Children may need to stay in hospital for prolonged
periods due to infections. This has social and finan-
cial implications for the family and emotional impli-
cations for the child. One parent/carer will need to
be with the hospitalised child. Parents/carers may
not be able to continue working and the family’s
home and social life will be affected. The child
receiving treatment may not be able to attend school
for days or weeks at a time and may lose contact
with peers, causing further distress and isolation.

Chemotherapy for these tumours includes
extremely myelosuppressive agents and some chil-
dren have limited bone marrow reserve, which
may mean delays in administering the chemother-
apy or having to abandon it altogether towards the
end of the planned treatment. Chemotherapy regi-
mens for children under the age of 3 and protocols
for children with a pinealblastoma or a secreting
germinoma, which precede local or cranio-spinal
radiotherapy, may cause delays to radiotherapy
schedules while bone marrow recovery is awaited,
especially if the child has an infection. These chil-
dren may also require increased blood product
support and GCSF (granulocyte colony stimulat-
ing factor) during and sometimes even after their
radiotherapy. Future developments in this field
include the use of stereotactic radiotherapy, IMRT
and targeted radiotherapy using monoclonal anti-
bodies (Modak & Cheung, 2005) as well as the use
of proton beam radiotherapy (Taylor, 2003a).

Adverse effects of radiotherapy in the
treatment of brain tumours

Localised radiation to the brain may cause
significant morbidity to surrounding tissue. The
immediate acute side effects of this form of radio-
therapy are documented in Table 20.1.

As a result of these effects, the parents and the
child will require honest informative preparation
to allow them to feel that they have made an active,
informed decision. The acute symptoms may be
extremely distressing, in addition to the experience
of receiving therapy every day. The nursing role
is undoubtedly one of preparation and support
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Table 20.1 Acute side effects of radiotherapy

Site of
radiotherapy

Tumour group Side effect Nursing care

Brain CNS prophylaxis for
ALL

Cranial meningeal irritation Assess for symptoms of meningitis and neuro
dysfunction

Brain tumours
(astrocytoma, glioma,
craniopharyngioma,
brain metastases)

Headache Pain control
Cerebral oedema Monitor for signs of raised intra cranial pressure
Nausea and vomiting Anti-emetics and possible i.v. fluids
Skin sensitivity Skin care teaching
Somnolence Preparations for somnolence
Fatigue Encourage rest and adequate nutrition
Alopecia Preparation for hair loss

Spinal Medulloblastoma
Primitive
neuroectodermal
tumour (PNET)
CNS prophylaxis
for ALL

Nausea and vomiting Anti-emetics and possible i.v. fluids
Headache Pain control
Fatigue Rest, encourage diet and fluids
Somnolence Preparation for somnolence
Alopecia Preparation for hair loss
Myelosuppression Monitor blood counts, assess for signs of infection,

anaemia and bleeding.
Tracheal irritation Cough linctus
Oesophagitis Pain control and fluids
Skin sensitivity Skin care teaching

Head
and
neck

Nasopharyngeal
carcinomas
Paramenigeal
mescenchymal
tumours
Hodgkin’s disease

Skin – chemotherapy
recall reactions

Skin care teaching

Orbital inflammation Pain control and saline eye care
Mucositis Rigorous oral assessment and mouth care. Clean

nares with warm water and saline nose drops
Xerostomia Baseline dental and ENT assessment
Taste alteration Nutritional advice
Oesophagitis Soft, non-irritant foods and encourage fluids

Eye Retinoblastoma Conjunctivitis
Skin sensitivity

Saline eye care
Skin care teaching

Reduced tear production Artificial tears
Minimal alopecia Preparation for hair loss

Chest Neuroblastoma
Lymphoma
Pulmonary
metastases
PNET

Pneumonitis Monitor respiratory status closely
Oesophagitis Pain control, nutritional assessment and support.
Myelosuppression Monitor blood counts, assess for signs of infection,

anaemia and bleeding.

Abdomen
(including
para-arotic
nodal fields)

Hepatoblastoma
Neuroblastoma
Wilms’ tumour
Rhabdomyosarcoma
Soft tissue sarcomas
PNET

Abdominal cramping
and diarrhoea

Antispasmodics, anti-diarrhoeals and pain control.
Personal assessment and peri-anal care

Nausea and vomiting Antiemetic cover and possible I.V fluids
Mucositis Rigorous oral assessment and mouth care.
Anorexia Nutritional assessment and support
Infertility - girls Possible oophoropexy for girls
Myelosuppression Monitor blood counts, assess for signs of infection,

anaemia and bleeding.
Skin sensitivity Skin care teaching

Pelvis PNET
Rhabdomyosarcoma

Abdominal cramping and
diarrhoea

Antispasmodics, anti-diarrhoeals and pain control.
Personal assessment and peri-anal care

Cystitis Monitor genitourinary discomfort and monitor for
signs of infection – encourage fluids and administer
pain control.

Proctitis Topical relief for anal discomfort. Personal hygiene
education
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Table 20.1 (Continued)

Site of
radiotherapy

Tumour group Side effect Nursing care

Mucositis Rigorous oral assessment and mouth care.
Alopecia Preparation for hair loss
Skin recall reactions Skin care teaching and regular skin care

Extremities Ewing’s sarcoma
Rhabdomyosarcoma

Functional limitation Loose comfortable clothing, passive exercises with
physiotherapy supervision

Skin recall reactions Monitor skin condition and treat accordingly
Increased risk of fracture Health education and avoidance of trauma

throughout therapy. In addition, it is imperative
that there is sensitive assessment for alterations in
neurological status, discomfort due to pain, fatigue
or nausea, fear and anxiety and altered nutritional
status. Diligent skin care must be performed at the
entry and exit site and daily assessment of tissue
viability made.

In some treatment protocols up to five fields will
be irradiated together; it is therefore essential to
monitor children closely for any evidence of skin
injury, especially if the fields have overlapped at
any point as in the treatment of the cranio-spinal
axis, where head and spinal fields join. The occur-
rence of such overlap may precipitate small areas
of skin erythema or even desquamation, as well as
that which may arise from the point of the localised
beam to the tumour bed. It must also be a priority
to observe the child’s original surgical wound site
for signs of tissue damage.

Radiotherapy to the brain requires the use of
immobilisation devices, i.e. wearing a mask or
mould; some children need to lie in a prone posi-
tion for access to the spinal fields. These positions
and immobilisation devices may cause distress and
anxiety in some children and their preparation
should reflect such an awareness (see Chapter 21
for more details).

Acute lymphoblastic leukaemia with
CNS involvement

Cranial radiotherapy in acute lymphoblastic
leukaemia (ALL) is only given to patients who
have CNS disease at diagnosis or a CNS relapse
of their leukaemia. In patients who have CNS
involvement at diagnosis, a dose of 24 Gy will

be given after the consolidation phase and before
the first maintenance phase. Children who present
with a CNS relapse are more likely to receive radio-
therapy at a later stage. If they are to receive a
bone marrow transplant (BMT), cranial radiother-
apy will be administered just prior to total body
irradiation (TBI) and the total dose received by the
brain will not exceed 24 Gy.

Current leukaemia protocols warn of the use
of thiopurines (mercaptopurine and thioguanine)
during cranial irradiation as this may predispose to
the occurrence of brain tumours. Both thiopurines
and radiation damage DNA and their combined
use have been demonstrated to cause a higher inci-
dence of brain tumours in heavily treated patients
(Reiling et al., 1999) as would be the case in a child
with relapsed disease. Thiopurines should there-
fore not be given during cranial radiotherapy.

Children presenting with CNS disease are rare
and those with high white cell counts will be trans-
ferred to a high-risk protocol with the possibility
of transplant. Therefore it may be that very few
nurses will care for a child with ALL who requires
craniospinal radiation. When this does occur, the
family is often extremely vulnerable as they are
aware that they have been placed in a poorer
prognosis grouping, i.e. a high white cell count
or established progressive disease. They have also
learned that their child could potentially suffer
many more late effects than any other child with
leukaemia. Paediatric nurses caring for the child
and the family must ensure that the interdisci-
plinary plan of care that they coordinate reflects
the needs of the whole family.

Craniospinal radiotherapy may result in many
unpleasant immediate effects, including stomati-
tis, myelosuppression and some degree of somno-
lence. This combination of effects can cause the
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child to be severely compromised nutritionally and
to suffer considerable discomfort as it is often
difficult to assess oral cavity status and the need
for pain relief in a somnolent child. Nursing care
should reflect this awareness in child and family
preparation, and in oral cavity care.

Tumours of the head and neck

Post-nasal space and parameningeal sites of soft
tissue sarcomas (including rhabdomyosarcomas)
require irradiation to the head and neck regions
which presents a host of nursing challenges due to
the severe acute side effects observed with these
treatments. Radiotherapy to these sites must be
carefully planned in order to avoid excessive field
sizes as there is major morbidity from bone and
soft tissue hypoplasia in this area (Taylor, 2003b).
Radiotherapy to the primary site is given at week
nine of the protocol with concurrent chemother-
apy. Radio-sensitising chemotherapy agents have
to be omitted during radiotherapy and should
be re-introduced gradually, in order to prevent a
‘recall reaction’ with extreme soreness of the exter-
nal skin and internal mucosa.

The possibility of a prolonged treatment period
in children with Stage IV mesenchymal disease
may also lead to an increased risk of mucosal and
skin breakdown if sufficient respite is not allowed
for these tissues to repair themselves. There must
be a break in therapy if larger doses of radiation
are planned.

Radiotherapy treatment of post-nasal space
tumours may cause considerable mucosal damage
within the nasal passages, buccal cavity and phar-
ynx (Carli et al., 2004). Tissue breakdown, as well as
causing discomfort and pain, may be a significant
cause of systemic infection. The salivary glands
may also be damaged and therefore unable to
produce saliva for lubrication, host defence and
preliminary digestion.

An aspect of care which may be overlooked
is that of nutritional status. Prolonged radiother-
apy to this area, plus the time that recovery of
such an area requires, may cause the child’s nutri-
tional status to be compromised for some time.
Many children have their nutritional requirements
met nasogastrically throughout radiotherapy treat-
ment but this may be difficult with nasopharyngeal

tumours. There is therefore increasing interest and
exploration into the use of percutaneous gastros-
tomies (PEG) and some oncology centres choose to
insert a PEG prior to radiotherapy, particularly in
very young patients. There is significant research
interest in this topic in the joint working groups of
PONF/CCLG.

Retinoblastoma

Hurwitz et al. (2006) identify that radiation ther-
apy plays an important role in the control of multi-
focal tumours and tumours situated near the optic
nerve or macula. In the treatment of retinoblas-
toma the inclusion of the entire retina in the field
whilst ensuring protection of the lens have always
represented a challenge to the radiation oncologist.
However, brachytherapy and lens-sparing external
beam radiotherapy have developed with some
success for the use in selected lower-risk patients.
Indeed, the advent of the lens-sparing technique
of radiotherapy has enabled the whole eye to
be treated without irreparable damage to the
retina thus maintaining useful vision in a propor-
tion of patients (Shields et al., 2004). Unfortu-
nately the recurrence rate is still a concern in
these patients up to four years post end of
therapy.

There exist many conservative treatments such
as cryotherapy for peripheral and very small
tumours with no seeding, laser photocoagulation
for small tumours with no vitreous seeding and
chemotherapy for very small tumours away from
the retinal vasculature without seedings (Hurwitz
et al., 2006). These methods are used to spare
the eye and can be very effective in well-selected
tumours where there is no evidence of disease
in the other eye or metastasis elsewhere. If there
is recurrence after such modalities, it is usually
treated with plaque radiotherapy.

External beam radiotherapy is used to treat
the whole eye, in the case of advanced disease
to spare the eye (without sight) or the whole
orbit after enucleation when there has been exten-
sion in the optic nerve. Currently, only two
centres in the UK provide a specialist retinoblas-
toma service: Birmingham Children’s Hospital
and Great Ormond Street Hospital for Children,
London.
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Education for the child and the family includes
eye hydration, prosthesis care, skin care and
discussion of late effects on occular function and
ophthalmic follow-up. Any discussion about late
effects must also include information about possi-
ble long-term bone deformities and connective
tissue damage from radiation injury around the
orbit.

As chemotherapy for retinoblastoma has become
so successful, fewer children are receiving
radiotherapy. Children who do require it receive
radiotherapy of a relatively low dose of approxi-
mately 40 Gy post-enucleation or 20 Gy lens spar-
ing technique in less advanced disease. A number
of children who suffer from an orbital rhab-
domyosarcoma, will continue to require radiother-
apy and they too will be at risk of hypoplasia of
the orbit and chronic dry eye (Wexler et al., 2006).

Non-Hodgkin’s lymphoma

Radiotherapy for NHL in childhood is rarely given
(Taylor, 2003b). Therapy for NHL is based on
multiagent chemotherapy with CNS prophylaxis
with intrathecal chemotherapy and cure rates are
in the region of 80 %. However, children with T
cell NHL may be considered for BMT with TBI in
the event of multiple relapse.

Hodgkin’s lymphoma

The management of Hodgkin’s lymphoma in chil-
dren/young people in the UK in recent years
has not included radiotherapy as a modality
for primary treatment other than in stage I
disease. However, evidence from the current North
European Trial suggests a consistently better over-
all survival rate (above 95 %) by combining risk-
adjusted chemotherapy and radiotherapy for all
stages of disease (UKCCSG, 2005). In light of
this evidence, as well as concerns about the
number of relapses/progression for stage II and
stage IV patients, radiotherapy is now part of
recommended treatment plans for even moderate
disease.

Patients are stratified into three treatment groups
depending on the stage of their disease. All three

groups will receive initial courses of chemother-
apy before reassessment with CT/MRI scan and
additionally a PET (positive emission tomogra-
phy) scan. A PET scan shows areas of active
cancer metabolism rather than ‘abnormal’ anatom-
ical areas such as scar tissue. The result of the PET
scan will determine the need for additional treat-
ment which will include radiotherapy. Patients
who are found to be PET negative and had mini-
mal disease at diagnosis will stop all treatment,
PET positive patients receive radiotherapy. In all
other groups, all patients, whether PET positive or
negative, receive further courses of chemotherapy
and those with a positive PET scan will receive
radiotherapy after chemotherapy.

Radiotherapy should be started as soon as possi-
ble after completing chemotherapy. Radiotherapy
should be given to all initially involved sites with
a 1.5–2 cm margin at a dose of 20 Gy in 10
fractions and a boost may be necessary to poor
responding or bulky residual disease at 10 Gy in
6 fractions. The dose per fraction given may be
reduced to 1.5 Gy for very young children or for
large volumes. Care must be taken when treating
the mediastinum, and lateral margins should thus
be determined on post-chemotherapy rather than
initial diagnostic imaging. If the spine is in the
treatment field, it must be treated symmetrically in
order to avoid scoliosis in later life.

Where disease is situated in the cervical or
mandibular regions, radiotherapy fields must be
planned with care to minimise adverse reactions.
The mandibles and clavicles are shielded where
possible to prevent serious growth retardation in
these bones which, in turn, leads to severe defor-
mity and body image difficulties. A mask made
of a thermoplastic material may be required for
immobilisation and to keep the chin/jaw out of
the treatment field. Thyroid function is an area
of concern after involved field radiotherapy treat-
ment and must be monitored, with full endocrine
follow-up into adulthood.

The possible adverse effects of radiotherapy
to the cervical region and pharyngeal area
have been highlighted elsewhere. However, skin
changes which may cause discoloration follow-
ing erythema, in conjunction with weight loss
due to nutritional deficits, may result in signifi-
cant alterations to a young person’s body image
which must be addressed. It is also imperative, in
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view of possible thyroid dysfunction, that inves-
tigation of hormonal function is carried out regu-
larly and that the family is kept informed of the
significance of such results. Thyroxine replace-
ment therapy should be instituted promptly, if
required, as it is essential for continued growth
and development. Young people are one of the
main age groups affected by this particular malig-
nancy and their preparation needs may be differ-
ent from younger children. These young men and
women may already have established views on
the advantages and disadvantages of nuclear radi-
ation, as well as many concerns about bodily insult
and the effects on the hormonal system so impor-
tant to their burgeoning sexuality. They will also
need to be aware of the potential damage to their
cardio-vascular system after mediastinal radiother-
apy and be discouraged from smoking.

Radiotherapy for abdominal tumours

This field of treatment is often used for the irra-
dition of hepatoblastoma, Wilms’ tumour and
neuroblastoma. Full abdominal radiation is much
rarer in the treatment of children. Flank radiother-
apy is a more commonly desired field. Any abdom-
inal field carries a risk of temporary or possibly
even chronic enteritis, with consequent malabsorp-
tion problems. These issues must be anticipated
and explained to families so that a full multi-
disciplinary nutritional plan can be prepared for
each eventuality during and post radiotherapy.
When caring for children undergoing therapy for
these forms of cancer there will be a consider-
able number of very young children undergoing
radiotherapy. There is therefore a need for effec-
tive preparation to elicit some degree of coopera-
tion and, more importantly, to decrease fear and
anxiety.

Malignant mesenchymal tumours
such as rhabdomyosarcoma

For treatment purposes, children with mesenchy-
mal tumours are often assessed on the extent
of their disease, the position of the tumour and
histology. They are then placed in one of three

risk groups: low, medium or high. In general,
children with low-risk disease are not randomised
to receive radiotherapy, whereas children with
high-risk non-metastatic disease require localised
therapy. Children with metastatic disease may
receive radiotherapy to both the primary site plus
sites of metastatic disease. The most common
tumours in this group treated in paediatric units
are rhabdomyosarcomas and these are treated on a
number of different protocols, depending on their
site, stage and histological subtype. Non-rhabdoid
tumours are treated on the basis of their histology,
chemosensitivity and post-surgical stage.

Decisions about radiotherapy may be taken
following rigorous periods of chemotherapy,
surgery and anxiety-provoking re-assessment
scans. Preparation for radiotherapy must be sensi-
tive to the fact that the child and the family
may have recently received information that there
remains residual disease after initial therapy,
and they may therefore be extremely distressed.
Radiotherapy post-surgery requires acute nursing
observation for (and a research-based response to)
possible tissue injury at the wound site.

Radiotherapy is offered as a treatment option for
many children with tumours of Stage IV classifica-
tion. Treatment may be extensive and a short rest
may be needed during the treatment episode to
allow for mucosal regeneration at any point along
the gastro-intestinal tract. In situations where the
child has metastatic disease, both primary and
metastatic sites can be treated simultaneously.
Treating multiple sites highlights the need for pro-
active care to minimise side effects. This must
be discussed thoroughly with the family at treat-
ment planning and be considered by nursing staff
when they are observing the child for adverse
responses.

Wilms’ tumour

In the child with a Wilms’ tumour, post-operative
radiotherapy to the flank of the body is indi-
cated in high-risk disease in dosages and frac-
tions dependent on histology. Tumours found to
have favourable histology receive about a 30 %
lower dose than those with unfavourable histol-
ogy. Treatment fields will extend medially to
include the full width of the spinal column to
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ensure symmetrical growth retardation in this area.
In the case of lung metastases, radiotherapy is also
included for disease containment. The lungs can
be irradiated from the apex to T11/T12.

Whole abdominal radiotherapy is indicated for
diffuse intra-abdominal disease or gross tumour
rupture before or during surgery. If lung radio-
therapy is to be given at the same time, care must
be taken to match the two fields to avoid any over-
lap. As children are given chemotherapy in addi-
tion to radiotherapy, it must be considered that
drugs such as dactinomycin and doxorubicin may
enhance skin and lung injury in some children.

Although the spinal column is always included
in the radiation field to ensure symmetry of
growth, unilateral exposure of ribs and flank
muscles can cause some degree of atrophy on the
affected side. This, in turn, presents the child with
the potential for quite severe body image difficul-
ties later in life. The family of such a child must
be informed of this risk so that they can prepare
their child in later life. Lung irradiation, with its
attendant morbidity, must be fully explained to the
parents and the child so that their experiences post-
radiotherapy will not leave them feeling bewil-
dered at the degree of morbidity their child in may
experience.

Neuroblastoma

In the treatment of extensive or high-risk neuro-
blastoma all three modalities of therapy are part
of current treatment protocols. Radiotherapy will
be given to all patients to the pre-operative
extent of the primary tumour after myeloablative
chemotherapy with stem-cell transplant. Radio-
therapy should commence after an interval of 60
days post transplant due to the risk of busulphan-
enhanced radiotoxicity. This may be delayed for up
to 30 days to allow for recovery from transplant-
related toxicities. A dose of 21 Gy in 14 daily frac-
tions is currently prescribed.

The planning of radiotherapy using CT scans
and radiation simulators takes time and patience
with young children, and children under the age
of 4 years benefit from being anaesthetised in
order to allow for treatment accuracy. Further-
more, the pre-operative tumour volume plus asso-
ciated nodes and a 2 cm safety margin may

constitute a fairly large area to be treated. This
extensive field may include vital structures, espe-
cially bone, with attendant growth failure risks.
The family should receive all possible informa-
tion before treatment so that active participation in
long-term decisions can be maintained.

Previous protocols attempted to compare the
efficacy of using a radioactive isotope – mIBG – in
a therapeutic manner in the first-line treatment
of children with advanced disease with standard
treatment but with no conclusive evidence found
with initial methodologies. However, the current
national neuroblastoma protocol uses this isotope
only in the diagnosis and re-staging of the disease.
It may still be an option for salvaging resistant
disease but few centres in the UK have the neces-
sary facilities such as a Radionuclide Therapy Suite
to enable the safe nursing care of children treated
with radioactive materials (see Chapter 19). Many
children with neuroblastoma are under the age
of 5 years and may not comply very easily with
the restriction of being isolated for at least five
days and might need interventions such as seda-
tion and/or catheterisation.

Pelvic irradiation

Rhabdomyosarcoma and other soft tissue sarco-
mas may also be found in the lower abdomen
and pelvis. Irradiation of this area of the body
results in many acute and distressing side effects
(see Table 20.1). Localised tissue changes may
produce pain and disruption (possibly permanent)
to elimination of faecal matter and urine if the area
includes the bladder or the bowel. The parents and
the child should be fully aware of potential prob-
lems that may arise after such therapy, although
they may not occur in all children. This will serve
to reduce anxiety and distress should symptoms
present. The parents should have sufficient know-
ledge to recognise symptoms at home during and
after treatment so that they can contact the unit
and not become distressed at the thought that the
symptoms may be due to advancing disease.

Due to the need for wide-field irradiation for
some pelvic tumours, the child/young person will
become myelo-suppressed. Blood product transfu-
sions as well as GCSF injections may become neces-
sary during radiotherapy. Nursing staff will need
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to monitor blood counts and instigate such inter-
ventions in line with local radiotherapy guidelines.

Extensive radiotherapy to the pelvic area may
lead to particular problems in maintaining skin
integrity due to the difficulty in keeping cloth-
ing loose and reducing shearing forces in under-
wear. In addition, areas of irradiated skin may
rub against one another as the child moves, caus-
ing pain and further skin trauma. This discomfort
may discourage the child from moving about and
so decrease their self-care abilities. Older children
and young people may find the position of the
radiation injury a source of considerable embar-
rassment when skin integrity assessment is carried
out by nursing staff or when extensive skin care
interventions are necessary. This embarrassment
may lead to a reluctance to permit observation.
Careful discussion and negotiation must be under-
taken by nursing staff with the child or young
person, to determine levels of observation and
physical contact. These should be both psycho-
logically comfortable for the child and appropri-
ate for the safe maintainance of skin integrity and
prevention of tissue breakdown. Furthermore, if
the pelvic radiotherapy has the potential for severe
side effects on the reproductive organs, issues such
as fertility and sexuality must be discussed in
advance of therapy with the parents of a young
child as well as the young person themselves.

Some children/young people may require
another form of radiation, brachytherapy. This
method delivers a higher dose of radiation to a
defined area by means of radioactive wires or
capsules (see Chapter 19) inserted straight into a
body cavity or tissue area. The radiation is deliv-
ered over a number of days and the patient may
need to be nursed in a specially protected room
with minimal staff contact to avoid excessive expo-
sure of staff to radioactive materials. This treatment
has been used in recurrent vaginal rhabdomyosar-
coma to gain local control of the disease with mini-
mal damage to healthy tissues through insertion of
a radioactive irridium source.

Extremity radiation

Rhabdomyosarcoma and bone tumours may
present at distant sites, i.e. arm or leg, hence the
treatment may cause restrictions in mobility or

function and the resulting loss of mobility may
have social implications (Table 20.1).

All children who receive radiotherapy to their
limbs must be protected from unnecessary trauma
to the bone/muscle until the tissue is healed. This
means that health education about avoiding trau-
matic contact that may damage the bone/muscle
must be stressed, for example, some sports or social
interests. It may also be the case that the child
undergoes surgery either before or after radiother-
apy; tissue viability must be a primary concern in
these situations. A bone which has received radio-
therapy may also be more prone to injury such as a
fracture and in a young child, growth in the treated
bone will be reduced, leading to a shorter and
narrower limb. Muscle bulk may also be reduced
in the affected limb, which in turn will also affect
function and movement in that limb.

Conclusion

Across the speciality there is diversity in approach
despite a shared academic knowledge on advances
in radiotherapy techniques and toxicity evalua-
tions. There is no literature that documents any
analysis of this phenomenon but it does seem
evident that there are some countries focusing
on radiotherapy as a central aspect of care and
others that appear to wish to reduce its role in
curative therapy. It may be proposed that within
Europe, Germanic-derived protocols appear to
highly value the curative advantage of higher
doses of radiotherapy despite the consequent and
significant toxicity associated. However, in sharp
contrast, in French-led trials, the emphasis is most
obviously on reduction of treatment toxicity by
using therapeutic journeys that minimise radio-
therapy input. The UK appears to sit somewhat
closer to the French approach than the German
approach in this matter, but the situation is
dynamic and changes with the challenges faced in
improving cure rates in certain highly malignant
tumours.

Medical philosophy and the prevailing qual-
ity of survival culture within a country are part
of the complex conclusions drawn. The balance
between the needs for cure versus those for qual-
ity of survival in children and young people, with
brain tumours most particularly, are weighted
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uniquely to each health care context. In contrast,
many US units are in the enviable position of
being able to take full advantage of the recent
advances described in Chapter 22. This translates
into more radiotherapy for younger children than
is normally considered on this side of the Atlantic.
Indeed, it appears that far more aggressive treat-
ment is possible for all due to the access to highly
conforming techniques such as IMRT, or alterna-
tive radiation sources such as protons.
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21 Acute and Sub-acute Side Effects
of Radiotherapy

Monica Hopkins and Cornelia Scott

Introduction

Healthy tissues can be divided into two types
for the purposes of anticipating reactions to ionis-
ing radiation. There are those which proliferate
rapidly, for example skin, gut, bone marrow and
hair follicles. These are known as acute react-
ing tissues. There are also tissues that proliferate
slowly, if at all, and these include lungs, brain and
kidneys. These tissues express radiation damage at
a later stage. In each case cellular injury occurs by
the same process but is not expressed until the cell
attempts division. The severity of acute damage is
influenced by a number of factors:

• the treatment field;
• radiation fraction interval (hence the increase in

acute toxicity with hyperfractionation);
• dose per radiation fraction;
• duration of treatment;
• radiosensitivity of the tissue;
• type of machine and energy of the radiation.

In contrast, sub-acute and late reactions depend on
time, dose factors and total dose.

Acute reactions in healthy tissue

Both healthy and malignant cells attempt to repair
themselves within six hours after exposure to
radiation (Tarbell et al., 2006). However, malig-
nant cells may be far less effective in their
attempt to recover (Hilderley, 1992a, b). Healthy
tissues which proliferate rapidly, unfortunately,
can still sustain damage which, though often
reparable, does temporarily affect function. The
more proliferative tissues, such as skin, gastroin-
testinal mucosa, bone marrow, and hair follicles,
will demonstrate effects of radiation quite rapidly,
usually during the course of treatment. In addition,
some of the less proliferative tissues in the body
can express acute trauma when directly targeted
with radiotherapy. Acute reacting tissues may, as
a result of their injury, proceed to demonstrate
chronic and long-term dysfunction often due
to fibrotic post-inflammatory changes within the
tissue itself or its vascular bed (O’Donoghue, 2004).

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
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Skin

Radiotherapy causes biochemical changes within
cells, and the DNA molecules are susceptible to radi-
ation damage during mitosis. The surface layer of
the skin, the epidermis, consists of stratified squa-
mous cells that are renewed by constantly dividing
basal cells that lie adjacent to the dermis. Radi-
ation treatment results in the impairment of cell
re-population (Zimmerman et al., 1998; Kunkler,
2003), and therefore affects the integrity of the
upper dermis layer (Hopewell, 1990). The cell
renewal time of the epidermis is 2–3 weeks, and
skin reactions may take this time to become fully
apparent and may continue for a similar period
once treatment is complete (Owens et al., 2004).

Clinical signs that may be observed are:

• Initial redness or erythema. This is usually seen
within seven days of the onset of radio-
therapy. The characteristic redness is due to
dilation of the capillaries in response to radi-
ation damage (Kunkler, 2003). As erythema
progresses, increased vascularity and inflam-
matory obstruction of the capillaries develop.

• Dry desquamation. This is caused when there is
cell death in the upper layers of the skin. The
decreased ability of the epidermal basal cells
to replace the surface cells leads to desqua-
mation. The sweat and sebaceous glands are
also damaged and are dysfunctional, causing
extreme dryness. This often begins approxi-
mately 2–4 weeks after therapy commences.

• Moist desquamation. This clinical presentation
is seen as doses approach the limits of skin
tolerance. Moist desquamation is a result of
extreme damage to the epidermis allowing the
dermis to be exposed and serous fluid to leak
from the tissue (Lawton & Twoomey, 1991). The
area is now at risk of infection and, in cases
of widespread damage, fluid loss (McDonald,
1992). This is a potentially serious situation that
may even lead to a break in therapy to allow
the tissue to heal.

At the end of treatment, the remaining basal cells
will repopulate the tissue. However, if the toler-
ance dose has been exceeded, the basal cells will
have been killed, resulting in ulceration (McDon-
ald, 1992) and possibly leading to tissue necrosis
(Barkham, 1993).

Adverse reactions to radiotherapy in healthy
tissue are often graded as to their severity as
part of an overall toleration assessment. Grading
is normally based on how severely the radiother-
apy damage affects quality of life. In the past, the
use of varied systems for recording integumen-
tary system damage were confusing as they often
combined different manifestations of injury in the
same tissue. Sitton (1992) maintains that adher-
ence to local skin management regimens, as well
as innate individual differences, may account for
varying skin responses to radiotherapy. Campbell
and Lane (1996) maintain that as skin cannot repair
itself until radiotherapy is completed, nursing care
must focus upon the relief of discomfort and the
promotion of a good healing environment. At all
times the priority should be to minimise the injury
caused to the skin by prevention of the excessive
dryness that follows erythema, as this can lead to
skin breakdown. Doing so prevents further trauma
and, at the same time, treating the skin gently at
all times decreases friction and erosion of epider-
mal cells. It should also be stressed that no skin
agent other than moisturisers should be used on
wounds unless a substantial case can be made as
to its contribution to wound healing.

Nursing care varies around the country and
indeed practice needs to be confirmed through
research as advocated by Barkham (1993). There
appears to be little consensus over identification
of the levels of skin injury. Topical agents range
from simple moisturisers to steroid preparations,
zinc oxide cream, powders and silicon compounds
and a myriad of dressings are utilised in prac-
tice with little rationale as to choice. The literature
in the UK has little to offer in terms of research-
based interventions, but examination of practice
and wound care research from other areas of prac-
tice has contributed to a growing knowledge base.
Core principles now seem to be consistent in many
commentaries on radiotherapy care. The aim of
care should be to relieve discomfort and symp-
toms until radiotherapy has taken its full effect.
In this way, nurses are able to prevent further
trauma and infection and so promote prompt heal-
ing after therapy is complete. These core principles
had originally been brought together in a skin care
policy developed by Campbell and Lane (1996).
This policy has been superseded by a skin care
guideline policy by Owens et al. as set out by the
Cookridge Hospital (Figure 21.1).
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Cookridge Hospital Skin Care
Policy

Key recommendations

1. A patient’s skin should be assessed for predictive
factors prior to radiotherapy commencing.

2. Those assessing the skin should be able to
demonstrate appropriate knowledge as outlined in
the guidelines.

3. All patients/carers should receive written informa-
tion about skin care prior to commencing radio-
therapy.

4. The modified RTOG grading scale should be used
to assess skin on commencement of radiotherapy.

5. Preventing damage to the skin through friction
should be advised.

6. Aqueous cream should be used to maintain opti-
mum skin condition whilst the skin is intact.

7. If the skin becomes broken, the use of aque-
ous cream should be stopped and the appropriate
foam dressing applied.

8. Patients with an RTOG scale of 2.5 or above at
the end of radiotherapy should be referred on to
the appropriate health care professionals.

1 Introduction

The majority of patients receiving external beam radio-
therapy are expected to develop a skin reaction (Olsen
et al., 2001). However, skin care guidelines are not
intended to prevent the reaction but to avoid exacer-
bation of the damage (Porrock & Kristjanson, 1999;
Walker, 1992).

1.1 Scope

Radiotherapy is delivered within the cancer centre.
However, it is recognised that care of children and
youngpeople, receivingradiotherapy impactsacross the
cancercentre,sharedcareunitsandprimarycare teams.

These guidelines are intended for the use of all
health professionals, who care for patients who will
have, are having or have had radiotherapy.

1.2 Aim

To ensure that radiotherapy patients receive consis-
tent, evidence-based advice and care in the manage-
ment of any skin reactions through:

• promoting an optimum healing environment;• minimising patient distress and discomfort;• accurate and consistent assessment and docu-
mentation of the nature and severity of skin
reactions;

• increasing multidisciplinary knowledge and
awareness across the cancer centre, care units
and primary care teams.

2 Education and training

It is recommended that all health professionals who
are responsible for assessing, managing and docu-
menting a patient’s skin pre-radiotherapy, during and
post-radiotherapy, have the following knowledge:

• ability to differentiate skin reactions according to
the RTOG scale;• knowledge of the predictive factors;• ability to advise patients and provide evidence for
this advice;• knowledge of the current recommended manage-
ment of skin care reactions as recommended in
these skin care guidelines.

3 Pre-radiotherapy management

Prior to radiotherapy commencing, a baseline assess-
ment of the skin and its potential to develop a reaction
should be recorded on the patient’s radiotherapy treat-
ment card (College of Radiographers, 2000). Assess-
ment should continue throughout the patient’s treat-
ment and for an agreed period post radiotherapy.

3.1 Skin assessment

Skin assessment and grading in the literature are
most commonly undertaken using Cox et al.‘s (1995)
abbreviated version of acute radiation scoring criteria
(RTOG), developed by the Radiation Therapy Oncol-
ogy Group in 1985. In current practice within radiother-
apy departments, routine grading and recording of skin
reactions is not common (College of Radiographers,
2000). A consistent approach to skin assessment is
required where the skin status is recorded and graded
by an appropriately trained member of the multidisci-
plinary team (COR, 2000). Though observer ratings do
not account for the subjective aspects of skin damage,
such as pain and discomfort, the agreed scoring crite-
ria such as the RTOG (Table 21.1) is recommended
(COR, 2000). If the skin reaction is causing pain, refer
to the Paediatric Acute Pain Guidelines (Leeds Teach-
ing Hospital, 2002).

3.2 Predetermining skin reaction
intensity

Predetermining the nature and severity of skin reac-
tions can be difficult as radio-sensitivity of skin varies
between individual skin structures and a number of
predictive factors identified by Porrock et al. (1998).

Figure 21.1 Cookridge Hospital skin care policy (2003)



324 Radiotherapy

Table 21.1 RTOG Grading System

RTOG grading Description

RTOG 0 No visible change to skin
RTOG 1 Faint or dull erythema
RTOG 2 Tender or bright erythema
RTOG 2.5 Patchy moist desquamation (breakdown

of the epidermis)
RTOG 3 Confluent, moist desquamation
RTOG 4 Ulceration, haemorrhage and necrosis

It is recommended that consideration be given to predictive
factors (Table 21.2) prior to radiotherapy commencing. These
factors may influence the information given to the patient
relating to the intensity of their skin reaction. It will also under-
pin the information given to health professionals upon trans-
fer of care from the cancer centre to shared care units and
primary care.

3.3 Frequency of assessment

Assessment of skin reactions forms a part of the routine
patient review during radiotherapy. The RTOG score will be

recorded on the radiotherapy treatment card at the following
times:

• pre-radiotherapy by the clinician;• on the first day of treatment by a radiographer or CNS in
oncology.

Radiographers will then check the skin on a daily basis and
record any change on the treatment card. Once an RTOG
score of 2.5 is reached or anticipated, they will refer on to
the appropriate inpatient or outpatient nursing staff. Patients
with an RTOG score of 2.5 or above upon completion of
treatment should be referred onto the relevant nursing team
by the appropriate health-care professional.

4 Patient information

To enable patients to consent to radiotherapy they must
be fully informed (www.doh.gov.uk/consent). Patient infor-
mation is integral to the consent process and patients
should continue to be informed throughout their treatment
programme. The content of patient information may vary.
This may be influenced by the presence of predictive factors
in the initial assessment. Patients should be given accurate
and, where possible, evidence-based advice in relation to
caring for their skin during and after radiotherapy. Current
advice is outlined in Table 21.3.

Table 21.2 Predictive factors

Factor Description

Trauma Caused by increased skin to skin contact. E.g. - Axilla, infra-mammary fold, groin and
buttocks as well as skin to clothing contact will increase the skin reaction and shorten the
onset from the commencement of radiotherapy. Patients should be advised to pat the skin
dry with a soft towel and wear loose clothing.

Previous damage The presence of previous damage such as surgery may increase the intensity of the skin
reaction e.g. scar.

Radiotherapy treatment
modality

If a ‘boost’ – i.e. an additional dose of radiotherapy is given to a specific area the intensity of
the skin reaction will increase.

Energy of radiotherapy The higher the energy, the lesser the skin reaction.
Radiotherapy dose The higher the dose, the greater the skin reaction.
Bolus The presence of bolus, (a tissue equivalent material) increases the skin reaction. The thicker

the bolus, the greater the skin reaction.
Age Some very young children have a decrease in subcutaneous fat and a thinning of the dermis

and epidermis (Dellafield 1986), and are thus likely to experience a greater reaction.
Nutrition Malnourished patients or those on a poor diet will have a greater skin reaction.
Chemotherapy Some chemotherapy drugs are radio sensitising (e.g. 5 Flurouracil (5FU) and Actinomycin D)

and as such, will increase the skin reaction (Duchese, 1988).
Anxiety Anxiety and stress have a negative effect on the immune system and healing and so increase

the skin reaction, prolonging the time it takes to heal (Pediana, 1992).
Lifestyle Smoking and alcohol abuse restrict capillary blood flow and increase the skin reaction

(Porrock et al., 1998).
Infection The presence of infection will increase the skin reaction and prolong the time it takes to heal.
Radiosensitive chronic
illness

The presence of illnesses such as lupus will increase the skin reaction, prolonging the
healing time.

Figure 21.1 (Continued)
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Table 21.3 Patient advice relating to skin care

Advice Action Evidence

Prevent friction on
the skin in the
treated area

Wear soft, loose clothing with no tight straps/waist bands,
collars etc.

Radiation impairs cell re-population
and integrity of the upper dermis
layer (Sitton, 1992: Zimmermann,
1998: Hopewell, 1990). Additional
friction or damage will further
impair viability of the skin.

Omit shaving or shave using an electric shaver as this reduces
the chance of cutting the skin.
Avoid the use of hot water bottles.
Avoid rubbing the skin. Wash gently and pat dry.

Sun protection Exposing the treated area to direct sunshine for at least the
first year following treatment should be avoided or a total sun
block (minimum of factor 45) should be applied to that area.

There is no conclusive
research to support this.
Therefore consensus of
opinion has been collated.

Swimming Once a skin reaction occurs (RTOG 1 onwards), swimming
should be avoided due to the additional trauma of drying and
risk of infection if skin integrity is compromised. The loss of
skin marks should also be avoided.

There is no literature to
evidence advice on
swimming.

Washing and
personal
hygiene

Treated area may be washed using normal soap and water.
If skin stings or is irritated then a milder soap should be sought.
Pat skin dry rather than rub to avoid friction.
Avoid perfumed creams, fragrances and deodorants in the
affected area.
Hair can be washed normally. However, hot hairdryers should
be avoided.

There is no significant
difference between
washing with water alone
and washing with soap and
water (Campbell and
Illingworth, 1996).

5 Management of skin reactions

5.1 Reactions graded RTOG 0–2.5

Figure 21.1 (Continued)

It is recognised that there is a paucity of literature relating
to the effectiveness of creams in relation to skin reac-
tion for patients receiving radiotherapy (Porrock & Kristjan-
son, 1999). Indeed, there has been a multitude of products
suggested for use on radiotherapy reactions but little real
evidence of their evaluation.

The report from the College of Radiographers makes
recommendations for a robust evaluation of the creams used
for topical application. From the evidence available a consen-
sus has been agreed that aqueous cream should be given
to all patients on commencing radiotherapy. Aqueous cream
has been described as helping to maintain optimum skin
condition during radiotherapy (Spencer, 1988). In addition,
there is no significant evidence to suggest that there is any
advantage to using an oil-based moisturiser as opposed to
aqueous cream (Porrock & Kristjanson, 1998). The use of
lanolin-based creams is contraindicated due to the potential
for increased skin sensitivity, which has implications for skin
traumatisation (Linnit, 2000; COR, 2000).

5.2 Use of aqueous cream

Aqueous cream (unfragranced) should be supplied to
patients at the start of treatment. Care should be taken with

children with eczema in the treatment field as a recent study
suggested adverse skin reactions with the use of this emol-
lient (Cork et al., 2003). Therefore, it is recommended that
the cream be used under the supervision of the clinical oncol-
ogist and a patch test be done before treatment starts.

Application of cream is recommended at least twice per
day in the treated area though treatment marks should be
avoided. More frequent application is advisable as skin reac-
tion increases until there is skin breakdown (i.e. RTOG >2.5:
see RTOG Grading), when the cream should be stopped.
The use of E45 moisturising cream is not recommended as it
contains lanolin that can cause increased sensitivity in some
patients.

5.3 Use of other topical skin agents

The following soothing agents may be used in addition to
the moisturising creams: Pure Aloe Vera, Evening Primrose
Oil (Gamma Linoleic Acid, GLA) and topical Vitamin C (if the
patient so chooses). However, the carrier creams of these
products should be checked for metal-based compounds
as these should not be used. There is still no conclusive
evidence to support the use or avoidance of other topical
agents (Halperin et al., 1993).

5.3.1 Talcum powder should be avoided in
the treated area
Talc absorbs moisture and can block hair follicles and pores,
thus causing more irritation. Such a drying and blocking effect



Table 21.4 Guideline summary for the management of radiation-induced skin reactions

Presentation Aim Intervention Advice/education

RTOG 0
No visible change to skin To promote hydrated skin

To maintain skin integrity
Ensure aqueous cream is applied at least twice
per day. Please refer to 5.2 for recommendations
on the use of aqueous cream for children with
eczema

Generalised advice.
Avoid excess extremes of heat - i.e., hot
water bottles and ice packs.

RTOG 1
Faint or dull erythema,

mild tightness of skin
and some itching

Decreased sweating
Epilation

To promote hydrated skin
To maintain skin integrity

Advise frequency of applications of aqueous
moisturiser (3 to 4 times daily).

Wash with regular products, changing to a
milder brand if irritation occurs.
Pat gently dry after washing. Do not rub.

RTOG 2
Tender or bright

erythema, itchy,
irritating areas of skin

To retard skin breakdown Continue moisturising with aqueous cream.
Use 1 % Hydrocortisone cream sparingly for acute
itching only.

Avoid use of perfumed products i.e.
deodorant, perfumes, creams, etc.
Do not use talc on treated area, except
sparsely over skin marks.
Wear natural fibres against skin rather than
synthetics.

RTOG 2.5
Patchy/moist

desquamation (broken
skin with exudate)

Moderate oedema

To prevent infection
To attain optimum
conditions for wound
healing

Use aqueous moisturiser on unbroken skin only.
Withdraw the use of hydrocortisone. Use foam
dressings e.g. Allevyn over areas of broken skin.

Keep area covered, avoiding exposure to
direct sunshine.
Maintain balanced dietary intake and
increased fluid intake.

RTOG 3
Confluent moist

desquamation (broken
skin with exudate),
pitting erythema

To prevent infection
To attain optimum
conditions for wound
healing

Withdraw the use of moisturising cream. Use
foam dressing e.g. Allevyn on affected areas.
This should only be replaced on strike through.
If exudate is green and odorous or patient is
pyrexial, swab for C & S and treat with antibiotics
if infection is present.

Swimming should be avoided when reactions
become evident due to increased skin
trauma. (i.e. RTOG 1 onwards)

RTOG 4
Ulceration, bleeding To prevent infection

To attain optimum
conditions for wound
healing
To control bleeding

Use foam dressing e.g. Allevyn on affected area.
This should only be replaced on strike through.
Use Kaltostat for haemorrhage. For ulceration
and necrosis use a Hydrocolloid, i.e. granuflex or
Hydrogel, i.e. aquaform.
If exudate is green, has an offensive odour, or if
patient is pyrexial, swab for C & S and treat with
antibiotics if infection present.

Soothing agents such as Aloe Vera &
Evening Primrose Oil can be used if the
patient chooses.

Figure
21.1

(C
ontinued)
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contradicts the optimum conditions required for maintenance
of healing of skin (Campbell & Illingworth, 1992; Spencer,
1988).

5.3.2 Gentian Violet (crystal violet) should
not be used as it is carcinogenic, especially
on mucous membranes and open wounds
(BNF 38, 1999, p. 528).

5.3.3 1% Hydrocortisone Cream

Should only be applied sparingly for severe pruritis, twice per
day following moisturising with aqueous cream. It should be
discontinued if any break occurs in the skin (i.e. at RTOG
>2.5). Though steroids reduce inflammatory response they
also make the skin more friable and may reduce capillary
blood flow which can delay healing (Campbell & Lane, 1996).
All patients should receive information from their radiotherapy
treatment centre on recommendations for skin care during
and after therapy.

5.4 Treatment of skin reactions
RTOG 2.5–4

Moist desquamation occurs when the inflamed epidermis
blisters and sloughs leaving an exposed and painful area of
dermis that may exude serum (Campbell, 2000). The aim is
to promote patient comfort through control of the exudate,
maintain pain control and prevent infection (Table 21.4). The
use of aqueous and hydrocortisone cream must cease when
the skin becomes broken.

5.4.1 Use of dressings
A foam dressing (e.g. Allevyn, Mepilex) is recommended
where broken skin is present (RTOG 2.5–3), as it fulfils
the characteristics of an ideal dressing (Morgan, 1993).
Foam dressings should only be replaced when strike-through
occurs. Kaltostat is currently recommended (LTH Trust
wound care guidelines) for use on bleeding reaction sites
for its haemostatic properties. If the reaction site is ulcerated
or necrotic, an appropriate hydrocolloid dressing (i.e. granu-
flex) or a hydrogel (e.g. aquafoam, Trudgian, 2000) should
be used.

5.4.2 Use of antibiotics
Antibiotics should not be routinely administered. If an infec-
tion is suspected, i.e. green exudate, an offensive odour or
if the patient is pyrexial, a swab of the area should be taken
for culture and sensitivity. Antibiotics should be prescribed if
an infection is isolated. Each reaction will vary in the length
of time it takes to heal. In general most skin reactions graded
2.5–3 can expect to take up to six weeks after radiotherapy
has finished to heal. If there appears to be no improve-
ment in the reaction site, further advice should be sought
from a radiotherapy nurse specialist or radiographer special-
ist. Reactions of RTOG 4 are uncommon, it is not possible
to estimate healing times for such reactions. If a patient

does present with a grade 4 reaction, the patient’s medi-
cal team/Clinical Nurse Specialist/ Macmillan Radiographer
should be contacted for further advice.

6 Post-radiotherapy management

Following completion of treatment:

Week 1–2: Acute skin reaction may become more marked.
Week 2–3: Reaction will begin to settle.

Children and young people with severe skin reactions should
be seen regularly in the outpatient review clinic. They and
their families should be encouraged to continue with the
advice given for treatment until the skin reaction has settled,
then return to their normal skin care routine. For advice
or information, patients, carers or health professionals can
contact the radiotherapy department during office hours.

Figure 21.1 (Continued)

As described above, a formal assessment tool
for assessing skin integrity before instigating
care is now available in the UK literature
through the RTOG scale, which has been devised
with adults in mind by the Radiation Ther-
apy Oncology Group. The Department of Health
in Scotland has also produced a ‘Best Prac-
tice Statement on Skincare of Patients Receiving
Radiotherapy’, which is available on the Internet
(www.nhshealthquality.org/nhsqis/files). As with
the Cookridge Guidelines, their practice has been
guided by, among others, experienced specialist
nurses in radiotherapy, therapy radiographers and
tissue viability nurses. Although recommendations
for assessment methodology can thus be proposed,
it is important that this assessment tool is validated
in its use with children. Issues to consider in daily
skin observation are:

1. The total radiation field must be fully described
and identified on the child’s care plan. It is
imperative that the nurse caring for the child
is fully aware of the treatment angles in order
to be cognisant of the exact treatment field. It
is possible to have a significant skin reaction
at the exit site of the treatment field, therefore
this area also requires close observation.

2. Preventative measures should be instigated
from the day of treatment to keep the affected
area of skin well moisturised.
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3. Daily assessment should be made in conjunc-
tion with the child and the family for the
presence and severity of erythema, moisture
level of skin, and evidence of breaks in skin
integrity. It must be remembered that radiation
skin injury is cumulative and will extend for
some weeks after therapy ends.

4. All areas of erythema and desquamation must
be documented and preferably drawn, with
accurate dimensions, in the child’s assessment
documentation and care plan.

5. All teaching and guidance given, in addition
to actual intervention, must be documented in
detail and adhere to the recognised policy of
the unit to prevent confusion and inconsistency
of care. It is recommended that to aid consis-
tency of approach in grading skin damage,
visual aids are preferable to written descrip-
tion alone. Clear colour photographs of each
stage can promote increased staff awareness
and expertise in recognition of each stage. This
can only aid consistency of approach in care
and family education. These photographs may
be displayed in teaching rooms within the unit,
or in a learning package within the treatment
area for ease of referral for assessment of a
child.

Once the skin area has been assessed, a pro-active
plan of care needs to be negotiated to assist the
child in caring for their skin, and to prevent further
trauma. Nurses must also be aware of the most
effective measures for dealing with skin break-
down should it occur during or after therapy.
The principles of skin care for radiotherapy injury
are summarised in the previously described policy
(Table 21.3). All relevant aspects of skin care such
as hygiene, moisturisation, wound healing and
health promotion have been discussed and give
both the nurses looking after a child and family
research-based evidence of how to care for a child
with a radiotherapy skin reaction (Owens et al.,
2003).

In addition to the physical nursing care of skin
injury, the psychological consequences must also
be considered. Skin injury is an outwardly visi-
ble reminder of the disease and its treatment, a
constant reflection of the loss of body integrity
during treatment. Children and young people
may find this very distressing and suffer body

image difficulties at this time and thereafter. It is
vitally important to generate an awareness of these
difficulties with relevant personnel and seek to
allow expression of feelings and emotions around
this subject without platitudes and dismissals.
Concerns about tissue integrity must be dealt
with promptly, honestly and with appreciation
of the social implications of body image to
the child.

The gastrointestinal tract

The replacement time of cells in the gastrointestinal
tract is approximately three to six days. Cell loss
and denuding of the mucosa can, therefore, occur
within a few days of starting treatment. Damage
to the mucosa of the oropharynx is a significant
management issue in caring for children receiv-
ing radiotherapy to the head and neck area. These
treatments can have a variety of effects on the
involved mucosa, from mild inflammation to ulcer-
ated, bleeding tissues (Dodd et al., 2004). Dodd
advocates that significantly more work should be
directed at the recognition, diagnosis and treat-
ment of oral radiotherapy injury in patients receiv-
ing head and neck radiotherapy. There is at
present no paediatric literature specifically related
to this issue. In general, nursing research has
focused on the child receiving chemotherapy or
combined modality therapy, however, principles
of oral assessment for acute damage apply to each
situation and goals of care are largely transferable,
except for the addition of chronic damage only
seen in radiotherapy.

Mouth

Trotti et al. (2003) and Sciubba and Goldenberg
(2006) discuss the effect of radiation on the oral
cavity. Radiation stomatitis is the injury that occurs
when the rate of mucosal cell death exceeds the rate
of tissue repair, resulting in the mucosa becoming
thin and inflamed. Stomatitis is an early sign of
radiation damage and occurs within 7–14 days of
the onset of treatment (Dodd et al., 2004) when
the oral cavity is within the treatment field, for
example when receiving craniospinal radiation or
a head and neck field.
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Sciubba and Goldenberg (2006) estimate that
90–100 % of patients whose radiation fields include
the oral cavity will develop some degree of oral
complications as a result of their treatment. Stom-
atitis may last up to three weeks after the end of
treatment and, in severe cases, can last for much
longer after therapy completion. When receiving
TBI, the oral cavity will be within the treatment
field and here, too, mucosal damage is significant.
Zerbe et al. (1992) argue that those patients who
receive TBI as part of their conditioning treatment
for transplant have significantly more severe stom-
atitis than those transplant patients who do not.

Radiation stomatitis can be a serious problem.
Actively proliferating cells of the mucosa are
killed and regeneration is suppressed throughout
treatment. In addition, salivary glands may also
be irradiated and damage can occur to such an
extent that secretion of saliva is precluded. This
is usually a temporary effect but can be perma-
nent (Iwamoto, 2001). As a result of this tissue
trauma, inflammation causing pain and distress
is often prevalent. Erythema develops as dead
mucosal cells are sloughed with cleansing, lead-
ing to mucosal tenderness, altered taste sensations
and some degree of dryness (Dodd et al., 2004).
As erythema increases in severity, so does the
associated sensation of pain and an understand-
able decrease in motivation to eat, to maintain oral
hygiene and even to communicate. The damage
to the mucosa will continue to progress through-
out the treatment period and will often appear to
be most severe after the completion of therapy;
at which time the slightest trauma to the mucosa
will result in bleeding, ulceration and extreme pain
(Holmes, 1986).

If infection of this damaged tissue can be
prevented or minimised, and the child receives
adequate nutrition to produce new tissue, then
these acute effects will heal quickly (Little, 1996).
These two conditions are pivotal nursing aims that
can only be addressed if the child is pain-free and is
adequately supported psychologically throughout
this emotionally debilitating period. Radiotherapy
for nasopharyngeal tumours presents some of the
worst examples of severe stomatitis. However, in
the past, preventative measures have been consid-
ered that can compromise local control and the
decision still lies with the radiation oncologist.
It has been suggested that the greater degree of

conformity in modern techniques will lead to a
decrease in the amount of severe toxicity experi-
enced in the buccal cavity without compromising
tumour control in head and neck tumours.

Radiotherapy damage to the salivary glands
is due to an alteration in their vascular supply
brought about by irradiation. Ductal and acinar
cells of the glands, which produce the required
combination of enzymes and bactericidal serous
fluid, respectively, subsequently degenerate and
salivary output is both decreased in volume
and altered in composition (Kostler et al., 2001).
Initially, saliva becomes more viscous and lubri-
cation is decreased; as the salivary gland damage
progresses, the mouth becomes increasingly dry
so that chewing and swallowing become diffi-
cult. In addition to the acutely painful stomatitis
and consequent psychological distress such symp-
toms can sometimes elicit, it must be remembered
that certain analgesics and antidepressants can also
dehydrate the oral mucosa (Fox et al., 1986). There-
fore, it may be necessary to increase fluid intake
with these pharmacological agents. Saliva has the
function of controlling bacterial growth by the
lubrication of the buccal cavity with bacteriostatic
enzymes and so aids the motility of food and debris
out of the cavity and into the gut (Carl, 1983).
McDonald and Marino (1992) state that saliva also
prevents the cavity being subjected to extremes
of temperature when food and fluid are being
ingested, in addition to the remineralisation of
teeth with calcium and the facilitation of taste
by presenting the buds with particulate matter in
fluid. Should saliva production be reduced, dental
decay and an increased potential for oral infection
will ensue. Preparations of artificial saliva, which
come as sprays, may relieve the symptoms of a
dry mouth as will the chewing of sugar-free gum.
Both these interventions are recommended in the
recent Mouth Care Guidelines produced by the
Mouth Care Working Group of the CCLG/PONF
(Mouth Care Guideline Report, 2006; available on
the web at www.ukccsg.org). For further discus-
sion of mouth care, see Part 1 of this book.

Oral candida is the most significant infective
agent associated with severe stomatitis. However,
other infective agents may be found if saliva
production has decreased or is absent. Where
this is the case, food debris adheres to the tissue
surfaces by becoming trapped around teeth, and
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then decomposes. Tooth decay can be enhanced
by this situation as well as demineralisation of the
tooth enamel (Little, 1996). All these conditions can
cause the breath to become foul-smelling which is
embarrassing and emotionally distressing for all
age groups.

Knowledge of all these potential problems has
assisted oncology nurses in identifying the primary
objectives of mouth care for the child receiving
radiotherapy to the oral cavity (Feber, 1995):

1. Relief of the pain and discomfort of mucosal
and salivary injury.

2. Removal of food debris from the teeth and oral
cavity before decomposition occurs.

3. Facilitation of the maintenance of nutritional
and fluid intake, as well as communication.

4. Prevention of oral infection (although some
children will not be immunocompromised).

All four objectives will help to promote the rapid
healing of mucosal and salivary injury while
optimising comfort and psychological well-being.
These objectives should be addressed simultane-
ously and within an assessment/evaluation frame-
work, for consistent and effective care.

Oral hygiene and the prevention
of infection

All children/young people who receive radiother-
apy to the head and neck area need to have
their oral state assessed prior to, during and after
radiotherapy. The 2006 Mouth Care Guidelines,
produced jointly by the CCLG and PONF, favour
the oral assessment guide by the GOSH Oral Care
Working Party (2004) (Gibson et al., 2006) with the
central tenet of intervention being the removal of
food debris from the mouth, essential to prevent
further tissue damage and infection.

In the above mouth care guidelines, the authors
propose that teeth should be brushed at least twice
a day with a fluoride toothpaste. They further
advise the use of a small, soft toothbrush, if the
child has a sore mouth, as brushing the teeth is the
most effective way of maintaining oral hygiene.
This may be extremely difficult for the child when
their mouth is already sore and in this case,
parents should be instructed on how to clean the
mouth with oral sponges instead. A regular mouth

care regimen is therefore vital for these children
(Gibson & Nelson, 2000) to prevent mucositis. The
main aims of oral hygiene are to achieve and
maintain a healthy, clean and moist oral cavity,
to prevent infection and to promote healing and
patient comfort. Strong commercial mouthwashes
are not advised as they can cause dryness and irri-
tation (Campbell, 1987). Consequently, alternative
regimens may be utilised to relieve the discom-
fort caused by the mucosal damage and clean the
buccal cavity. Gentle syringing of water or normal
saline can be used to remove food debris when
stomatitis is particularly severe (Campbell, 1987).
Effervescent soda water is also recommended in
the literature for loosening food debris without
irritating the mucosa (Little, 1996). Some radiother-
apy units use normal saline washes regularly as a
means of removing debris from the buccal cavity
and in the presence of decreased salivary output
to moisten the mucosa and so decrease friction
and mucosal trauma (Iwamoto, 2001). Feber (1995)
argues that normal saline is non-irritating, palat-
able and does not cause injury to the new epithelial
cells, and is therefore the solution of choice when a
toothbrush is no longer tolerable (Campbell, 1987).
Care should be taken with the use of normal saline
as the child may swallow it, causing thirst and
even vomiting which may negate the intervention.
It may also be perceived to have an unpleasant
taste to some children. It may be better in some
cases to use water which will be just as effective if
moisture is required.

According to the CCLG/PONF Mouthcare
Guidelines, a number of other products and treat-
ments have been shown to be potentially beneficial
in the prevention of mucositis in adult populations
only. Their use in children can only be consid-
ered within randomised controlled trials. Gelclair,
a mucosal coating agent, has more recently been
used for comfort. It forms a protective barrier over
the inside of the mouth to soothe oral mucositis
pain by shielding exposed nerve endings. It comes
in single dose sachets or pump bottles and needs to
be washed around the mouth (BNF, 2005). Studies
in the adult population have found Gelclair to offer
good pain relief and a new study is being piloted
in four centres to look at the efficacy of Gelclair in
the paediatric/young people population.

It is a widely held tenet (Coleman, 1995; Feber,
1995) that the single most important variable in
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the healing of mucosal damage, irrespective of
the methods used, is the frequency of mouth
care, resulting in improved oral hygiene. Remov-
ing food debris and moisturising the mucosal
tissue are the most important issues as only then
can nutritional intake have its effect on mucosal
regeneration. Therefore, as radiation stomatitis
becomes more severe, mouth care must increase in
frequency.

It is essential that children have a full dental
assessment, as well as ongoing dental support,
prior to head and neck radiotherapy (Bentzen &
Overgaard, 1995). Ideally, all children embark-
ing on any cancer treatment should have an
initial assessment of their oral cavity by a
dentist affiliated to the paediatric oncology centre
(UKCCSG/PONF, 2006). Radiation-induced dental
decay has long been a recognised hazard of treat-
ment to the head and neck (Iwamoto, 2001). This
is due to the increased risk of caries follow-
ing treatment to this area. It is therefore import-
ant that children are told of the importance of
taking great care of their teeth for the rest of their
lives. Significant dental problems are caused by
a combination of decreased salivary fluid, alter-
ations in oral microflora, decreased buccal lubri-
cation and changes in the salivary pH. Should
children complain of tooth pain or report changes
in tooth appearance, further consultation with a
dentist should be sought immediately.

Promotion of nutritional intake

Nutrition can often pose a major problem for chil-
dren and in particular for those children receiv-
ing treatment for CNS or head and neck tumours.
Good nutrition is vital for cell repair, resistance to
infection, maximising a child’s ability to tolerate
therapy (Iwamoto, 2001) and ultimately improving
a child’s or young person’s quality of life (Ladas
et al., 2005). Those children and young people
who receive therapy to the aforementioned areas
may suffer severe damage to many areas involved
in the ingestion and indeed digestion of nutri-
tional food and drink. In addition to the damage
caused to the digestive tract, enjoyment of food
may also be compromised. The pain and discom-
fort of stomatitis are in addition to the damage
caused to the salivary glands, the cause of mucosal

dryness and poor taste sensation. This lack of sali-
vary fluid prevents lubrication of food, making it
extremely difficult to swallow. The salivary glands
may recover to some extent after completion of
treatment, but it is important to inform the parents
and the child/young person that if the glands were
in the field, then it could continue to be a problem
for the rest of his/her life.

As mentioned, alteration in taste may also be
experienced, which can result in dislike of many
common and previously favourite foods, and may,
in some cases, even lead to anorexia. The irradia-
tion of the buccal cavity damages the child’s taste
cells, and taste buds simply atrophy and die (Dodd
et al., 2004). Taste sensation can be lost temporar-
ily which decreases the child’s motivation to eat.
This effect can last for many months post-treatment
and in some cases it is permanent (Young, 1988).
The child may also experience dysphagia if the
oesophagus is in the treatment field. This may
mean communication is impaired, which can lead
to a sense of isolation and may precipitate further
emotional distress.

The importance of adequate nutrition cannot be
underestimated when caring for the child under-
going radiotherapy. Malnutrition is a common
complication of cancer treatment and can have a
profound effect on energy levels and consequently
quality of life (Ladas et al., 2005). However, as
continued growth and development are desired
throughout treatment and the fact that children
differ from adults in their metabolic needs (Picton,
1998), it is of paramount importance in paedi-
atric oncology. Many studies confirm that children
and young people undergoing radiotherapy ingest
lower amounts of nutrients than age-based stand-
ards before the issues of malabsorption in abdom-
inal fields are even taken into consideration.

Weight should be closely monitored throughout
therapy and calorie supplements should be utilised
earlier rather than later. A 10 % weight loss since
diagnosis should be the absolute maximum a child
or young person should experience before signif-
icant support measures are instigated; however,
even before weight loss nutritional support and
surveillance should be a priority. In the case of
head and neck tumours, early intervention at the
start of therapy is vital as the child may be able
to tolerate only liquids towards the end of treat-
ment due to pain and inflammation, when mouth
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and pharynx have been included in a field. This
may continue for about two weeks. Adequate pain
control should be the first step in encouraging
a child to place food and drink in their mouth;
it is imperative to break the association of oral
intake with pain and discomfort. A diet that is
visually attractive, with enticing aromas and tastes
to the individual, should also be a primary objec-
tive. However, food must also be nutritionally
appropriate, with additional calories and protein
to ensure adequate resources for cell repair. Small,
frequent meals are often more acceptable to a
child/young person with a diminished appetite.
They should be allowed as much time as possible
to eat meals, as discomfort, altered taste sensation
and decreased salivary output may make chew-
ing and swallowing difficult. Extra fluids should
be encouraged, particularly with meals and snacks
(sauces and gravies are often useful). In addition,
it may be necessary to inform the child and the
family that spicy and citrus foods can cause consid-
erable pain. This may be an area of concern for
the family whose daily diet contains high propor-
tions of these ingredients, and in this case, dietetic
support can be invaluable.

Where oral intake is no longer possible,
supplemental enteral feeding must be explored.
Nasogastric tube placement can be extremely effec-
tive with a convenient feeding schedule, of either
bolus or extended infusion feeding, at curtailing
weight loss and supplementing nutritional intake
to offset malnutriton. In certain circumstances the
condition of the nasopharyngeal mucosa may not
permit nasogastric feeding. The use of percuta-
neous endoscopically guided gastrostomy tubes
(PEG) in patients receiving radiation therapy to
a tumour of the head and neck area is a rela-
tively new concept that is gaining in popularity in
children’s units across the country. Saunders et al.
(1991) report from a study of 126 adult patients that
results have been very positive. The patients were
able to maintain full nutritional intake through-
out radiotherapy without any additional inpa-
tient episodes for nutritional support. Only 1 % of
the sample experienced a localised wound infec-
tion and no other placement complications were
witnessed. Flietkau et al. (1991) have also experi-
mented with this device in patients who were quite
severely nutritionally compromised prior to ther-
apy. They suggest that nutritional status can actu-

ally be improved during therapy by the use of this
gastrointestinal access. There is limited paediatric
literature related to this subject as yet. Barron et al.
(2000), looked at the efficacy and safety of PEGs in
the paediatric oncology/haematology population
of The Hospital for Sick Children in Toronto over a
four-year period. They concluded that retrograde
tube placement was safe and gastrostomy feeding
effectively reversed malnutrition and prevented
weight loss in this patient population. In the UK,
many individual units are using PEGs in chil-
dren with nasopharyngeal tumours and increas-
ingly for children with medulloblastoma/PNET
as both these groups of children have difficul-
ties in eating/swallowing during radiotherapy,
caused by mucositis. Additional nursing care of a
PEG includes care of the entry site and preven-
tion of infection. Education and preparation for
children and their families are required and are
usually provided by the dietician as well as the
nurse, in order that the device can be used safely
and effectively at home. Vigilance for signs and
symptoms of wound infection will have to be
maintained in hospital and at home; paediatric
oncology outreach nurse specialists and commu-
nity children’s nurses can help to facilitate this.
Audits currently undertaken by the CCLG CNS
division’s nutritional subgroup will inform the
format of prospective nutritional sub-studies for
future CNS tumour trials.

Pain control

Protocols for oral pain control must be based upon
a consistent oral assessment. The child’s percep-
tion of their oral pain should be assessed on a
regular and frequent basis alongside the status
of their mucosa so that appropriate analgesics
can be administered and mouth care and nutri-
tional intake are facilitated. Opiates are most often
the drugs of choice with severe stomatitis pain.
However, experience in this area has also led to
the use of certain topical agents such as Gelclair
(see earlier). Pain control should be dealt with
promptly and where possible prophylactically, as
once the child has made the link between pain and
eating it is exceptionally hard to break this asso-
ciation. Medications should be offered which will
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help to soothe the pain experienced in the mouth
and throat, in particular, prior to mealtimes. This
should help to facilitate eating as far as possible.

Paracetamol Mucilage is one of the most bene-
ficial products to use (this is a preparation from
the Christie Hospital in Manchester). However,
children sometimes have problems because of its
lack of palatability. Gels containing local anaes-
thetics, such as mucaine or lignocaine, can also
be extremely useful (Little, 1996). Alternatives
may be found within the range of soluble aspirin
compounds. However, these must be used with
caution in children aged under 12 years, and then
never in the presence of a low platelet count.
Finally, there are local anaesthetic sprays and
rinses, such as Difflam, but care needs to be taken
as many of these are drying to the mucosa (Fox
et al., 1986). Artificial saliva sometimes helps to
relieve dryness, but many children find the avail-
able preparations unpalatable.

Small intestine

The gastrointestinal tract has a tolerance for
treatment lower than that of the skin. Abdom-
inal discomfort and diarrhoea may therefore
occur with abdominal radiotherapy as a result
of a widespread inflammatory response to tissue
destruction in the bowel. Husebye et al. (1994) iden-
tified that enteropathy was a serious and acute side
effect of abdominal radiotherapy which is poorly
diagnosed and treated. These authors argue that
in severe cases it can present with symptoms of
malnutrition, poor small bowel motility or intesti-
nal obstruction. Work by Meric et al. (1994) at
the Children’s Hospital of Philadelphia, sought
to prevent the problem. This team has experi-
mented with an absorbable pelvic mesh sling, to
pull the small bowel out of the field of aggres-
sive pelvic radiotherapy. They reported no signif-
icant complications in seven children; however,
one child experienced a post-operative ileus, and a
further child had a temporary small bowel obstruc-
tion. Although the team succeeded in preventing
radiation enteritis, significant surgical care was
necessary to overcome complications and although
this technique has been utilised in the UK, it is by
no means widespread. Pelvic radiotherapy can also
have devastating consequences for the large bowel
(Sedgewick et al., 1994), and the rectum may be

particularly affected. Excessive diarrhoea is often
experienced, with pain on defecation and inconti-
nence in severe cases.

Although abdominal radiation is rare in treat-
ment for children in the UK, possible side effects
must be borne in mind for the occasional situation
where a paediatric oncology nurse is called upon
to care for such a child. The child may be partic-
ularly weakened by such side effects, and with
acute enteritis, this may be enough to temporarily
prevent continuation of therapy. Children require
close observation throughout these episodes, as
dehydration and acute electrolyte imbalances may
occur very quickly. These children may be in
considerable distress due to the pain associated
with the inflammatory process, and may require
intensive pain management with opiates. As the
wall of the bowel may become ulcerated at any
point, extreme care must be taken in assessing
all symptoms to ensure that any breach in the
bowel wall is quickly identified. Close observa-
tion of vital signs, including changes in abdomi-
nal appearance, and the loss of bowel sound, is
required, in addition to the monitoring of fluid and
electrolyte status. A high standard of perianal care
is also needed, as profuse diarrhoea is likely to
cause anal excoriation and possibly fissures, which
can then become a focus for infection. If the radi-
ation field extends to include the perianal area, as
in extensive pelvic tumours, the skin may already
be friable from radiation erythema and therefore
even more susceptible to breakdown.

Children with profuse and often distressing
diarrhoea require a low residue or even elemental
diet, antispasmodics and occasionally medica-
tion to thicken stools. All stools should be
observed for evidence of bleeding within the
bowel from ulceration and documented accord-
ingly. Hygiene, nutrition and pain control are the
primary caring objectives in addition to mainte-
nance of homeostasis.

In the long term, such manifestations of inflam-
mation may lead to adhesions within the pelvic
or abdominal cavity and these must be considered
when symptoms are prolonged. Nausea and/or
vomiting may also be induced if the lining of the
stomach, small intestine or brain is involved in the
treatment field. The effect on these sites can cause
irritation of the chemoreceptor trigger zone, and
the vomiting centre, by 5HT binding to receptor
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sites within the vagus nerve (Pervan, 1993). In
addition, raised intracranial pressure due to cere-
bral oedema following brain irradiation can also
precipitate extreme nausea (Dunne-Daly, 1994). On
assessment it may be necessary to give antiemetic
medication before therapy. In children who receive
spinal and/or abdominal radiotherapy, sickness
can be a refractory problem. Giving a 5HT3 recep-
tor antagonist half an hour prior to treatment
has been found to be effective (Sullivan et al.,
1992; Zoubek et al., 1993). Dexamethasone may
also be added to the 5HT3 antagonist to enhance
its effect.

TBI can cause severe nausea and vomiting,
especially following emetogenic chemotherapy
(Pervan, 1993), however, it can be treated to good
effect with ondansetron and dexamethasone.

Bone marrow

Normal bone marrow is essential for life, since
the cells it produces are responsible for the trans-
portation of oxygen and carbon dioxide, for clot-
ting and for the maintenance of the body’s defence
system. This bodily system, with its rapidly prolif-
erating cell population, is extremely radiosensitive
(McMillan, 2003). Destruction of the bone marrow
will therefore have significant and far-reaching
effects on the whole body.

Treatment fields involving small areas of bone
marrow will not have a significant effect on blood
counts. Abdominal or thoracic irradiation includes
15–25 % of the active bone marrow in children
and therefore a drop in blood counts will be obvi-
ous. More than 25–30 % of a child’s active bone
marrow is located in the extremities, and this then
concentrates in the central bones at adolescence
(Chamley et al., 2005). Consequently, if large areas
of the bone marrow are involved in the treat-
ment field, haematopoiesis will be affected and
peripheral blood counts will need careful monitor-
ing during and after treatment. Irradiation of these
sites should be considered myelosuppressive. Bone
marrow failure is complete after total body doses
of 5–10 Gy (Kun & Moulder, 1993). Poor red cell
production can often be sustainable without inter-
vention for several weeks, due to the long lifespan
of the red blood cell in the peripheral system (120
days). However, the radiotherapist may decide to

maintain haemoglobin levels above 10 gm/l, as it
is considered by some that therapy may not be
as effective if it is given when the haemoglobin
is below this level. Ionising radiation, as previ-
ously noted, is potentiated in its clinical effect by
the availability of oxygen, aiding the production of
free radicals to cause cell damage. Radiotherapy is
far more effective if tissues are well oxygenated.
Low haemoglobin levels, therefore, can compro-
mise the efficacy of therapy. Since leukocytes play
a major role in the body’s resistance to infection, a
decreased white cell count significantly increases
the risk of infection. A fall in the white blood cell
count can occur within the first week of radio-
therapy treatment (Plowman, 1983). This is due
primarily to the fact that the large marrow reserve
of already differentiated cells compensates for the
initial loss of proliferating cells. In addition, white
blood cells generally spend a much shorter part of
their lifespan in the peripheral system. Neutrope-
nia may then follow which leaves the child at an
increased risk of systemic infection, which is no
less serious than that caused by chemotherapy.
Lymphopenia occurs most frequently in patients
receiving craniospinal radiotherapy or widespread
nodal therapy (Kun & Moulder, 1993), due to a
large area of the marrow and lymphatic system
being treated. The lymphocytes are affected more
quickly than the neutrophils as they are more
radiosensitive (Plowman, 1983). If the child does
become lymphopenic, they should receive prophy-
laxis against opportunistic infections, particularly
pneumocystis infections, which can prove fatal.
In many cases GCSF may be started to support
marrow repopulation and offset serious infection.
Repopulation of the marrow in the treated areas
may take several weeks and it may be necessary to
continue to monitor blood counts closely and for
some time after therapy has been completed.

Nursing intervention to prepare and educate
the child and the family about how to recog-
nise and avoid infection are comparable to those
implemented for myelosuppression caused by
chemotherapy. The cell turnover of platelets is
particularly rapid in the peripheral system when
prevention of bleeding is required or when they
reach the end of their normal lifespan. They are
extremely vulnerable to ionising radiation and
thrombocytopenia may be the first sign of bone
marrow suppression (Kun & Moulder, 1993). A fall
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in the platelet count can occur within seven days
of starting treatment. Again, the large marrow
reserve compensates for the initial loss of prolifer-
ating cells, but as the platelets themselves survive
in the blood for only approximately nine days, this
reserve is soon depleted. Blood product support is
fundamental to the care of the child, but perhaps
more important is the advice and support given to
the family to facilitate their avoidance of trauma
and prompt identification of petechiae and bruis-
ing. Severe thrombocytopenia is a criterion for
interrupting and maybe even halting a radiother-
apy course altogether in some CNS protocols.

Cytomegalovirus precautions will be necessary
in potential bone marrow transplant recipients.
Craniospinal radiotherapy affects a large area of
bone that contains functional marrow. During this
form of treatment, in particular, the blood counts
will need to be closely monitored. It may be pos-
sible to check the blood counts twice a week
initially, but as the blood counts begin to fall it is
necessary to check them, on occasion, as frequently
as daily. It is also necessary to check counts prior
to radiotherapy treatment, as the treatment may
be delayed if the patient is neutropenic, or if the
platelet count is too low (less than 25 000/ml). This
may be the case where the child has previously
received chemotherapy.

Hair follicles

Hair follicles renew themselves rapidly and are
therefore easily susceptible to radiotherapy if
within a treatment field. As many children are
receiving ‘combination therapy’, they may already
have significant alopecia from their chemotherapy,
but for those receiving cranial irradiation alone
there may be only sporadic hair loss within the
field that is being treated (Strohl, 1990). This may
actually cause more problems than the widespread
alopecia that accompanies chemotherapy as it is
more straightforward to wear a wig or present a
fashionable bald look. Hair loss due to chemother-
apy is most often a temporary state and it will
grow back several weeks after completion of treat-
ment, but the proportion of those who sustain
permanent hair loss is higher in children who have
undergone radiotherapy. Some children experi-
ence permanent thinning, whereas others may

have areas where there is no new growth at all.
This is usually dependent on the dose of radio-
therapy given. Temporary hair loss occurs if the
child receives up to 30 Gy; however, the loss is
permanent at doses above 55 Gy (McDonald, 1992).
Hair re-growth normally begins about two to three
months post-treatment and continues for up to a
year post-irradiation. When re-growth occurs, the
hair may be a slightly different colour and texture
(Dunne-Daly, 1994).

Care of the scalp is as for any other skin area
and therefore the guidelines described earlier can
be used. The scalp may be far too sensitive to
wear a wig during and immediately after radio-
therapy. Soft cotton scarves, bandanas or baseball
caps are therefore recommended. The prophylac-
tic use of moisturising creams on the scalp is
essential to prevent significant skin trauma. The
effect on body image of this hair loss depends
on the individual and the permanence of the loss.
It is most important that the child is prepared
for this adverse effect and, although accuracy of
predictions of permanent loss is not very high,
this issue will need to be introduced with older
children.

Fatigue

This symptom, so often described by patients
after undergoing any form of radiotherapy, is
often attributed to myelosuppression, somnolence
in cases of brain irradiation, or the adverse
effects of pain and poor nutrition. Indeed,
Tiesinga et al. (1996) suggest that fatigue is
a complex, multidimensional and non-specific
subjective phenomenon, for which no definition is
widely accepted. Their extensive literature review
unfortunately only discusses adult literature from
the 1980s and confirms general feelings of malaise
that are poorly attributed in cause. There is a
considerable amount of literature concerning the
experience of fatigue while receiving treatment
for cancer (Piper, 1988; Winningham et al., 1994),
but little to describe the effect of radiotherapy
alone (Haylock & Hart, 1979; King, 1985). There
appears to be no paediatric literature on the subject
except in discussion of nutrition or myelosup-
pression in radiotherapy. Tiesinga et al. (1996)
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do acknowledge that continued fatigue can be
psychologically compromising. Winningham et al.
(1994) recommend that patients and their fami-
lies require preparation for fatigue and continued
support throughout treatment.

Gibson et al. (2005) investigated cancer-related
fatigue in children and young people. Most health-
care professionals acknowledged that children
and young people suffered from fatigue, as did
carers themselves, however, few knew how to
address the problem. Although it is often a recom-
mended strategy to encourage frequent rest peri-
ods between daily activities, or to reduce levels
of activity, this advice may actually contribute
to further debilitation in the older child, espe-
cially if this is for prolonged periods (Winning-
ham, 1992). Young children will often take naps
as and when they feel the need, but for older
children it may be more useful to promote strate-
gies such as gentle exercise or a change of activity
to one that interests and distracts the individual
(Graydon et al., 1995). Physical activity helps to
maintain energy levels, whereas enforced immo-
bility or resting may lead to a cycle of increased
fatigue, i.e. the less the individual does, the more
fatigued they feel and the less they feel able to
do. Winningham (1992) proposes that this may
be enhanced by the structural and biochemical
changes that take place when skeletal muscle
is inactive for prolonged periods. Gentle exer-
cise, frequent changes of activity and interesting
distractions may all increase feelings of well-being
and also increase activity tolerance (Bloom
et al., 1990).

Brain

Acute toxicity is possible in children after whole
or partial brain irradiation. The mechanisms of
the acute reactions are inflammation, oedema and
increased intracranial pressure (Berger, 1992). This
acute damage results in symptoms of headache,
nausea and vomiting (Moore, 1995). Iwamoto
(2001) highlights the fact that symptoms may also
progress to visual disturbances, seizures, motor
function difficulties, slurred speech and altered
states of consciousness. Medical management is
based on antiemetic and steroid therapy. The
role of the nurse is to provide education and

support to the family to help cope with these
distressing symptoms. The prompt instigation of
antiemetic support or as a prophylactic measure
prior to radiotherapy is required and ondansetron
is the first drug of choice (Sullivan et al., 1992;
Zoubek et al., 1993). Other antiemetics may need
to be added as per local guidelines. Pain control,
as per unit protocol, is required for moderately
severe and possibly debilitating headaches. Sub-
acute damage to the brain can manifest itself
several weeks after therapy due to damage to the
oligodendroglial cells which results in inhibition of
myelin formation and a transient demyelinisation
of brain tissue (Berger, 1992). In children, the main
presenting reaction is somnolence syndrome. This
may manifest as extreme drowsiness (William &
Karlson, 1977) or, in some severe cases, dysphasia,
fever and ataxia (Bleyer, 1981).

Research studies have concentrated mainly on
children who have reported experiencing this
condition when receiving prophylactic cranial
radiation for lymphoblastic leukaemia (Littman
et al., 1984; Mandell et al., 1989). There is no liter-
ature describing its prevalence in children receiv-
ing TBI or with brain tumours, but what has been
described and documented is generalised fatigue
rather than the more debilitating symptoms of
somnolence. Studies which have aimed to estimate
the cause and effect of this condition have shown
a wide variety of results. There have also been
a number of criteria used to diagnose it (Faith-
full, 1991). Although some studies have used EEG
readings to try to determine criteria for diagnosis,
Littman et al. (1984) argued that they had estab-
lished clinical criteria based on the subjective inter-
pretations of the observing researcher. The internal
and external validity of such studies could be
called into question.

Faithfull (1991) therefore undertook a qualitative
study whereby adult patients kept a radiotherapy
diary. Although the subjects were adults and the
study utilised a distinctly different methodology,
the results were remarkably similar to the earlier
studies in children mentioned above. Descriptions
of feeling exhausted, that any effort would be a
struggle, in addition to sensory changes, impaired
hearing and limb weakness, were all documented
by patients. In common with many other research
samples the patients complained that the expe-
rience had left them afraid that something was
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‘dreadfully wrong’ and that they had relapsed.
This study concluded, in keeping with previ-
ous literature, that more education and prepa-
ration should be undertaken with patients and
their families prior to anticipated somnolence.
Symptoms of somnolence have been consistently
described as being less severe in those children
who received cranial radiation as a prophylactic
leukaemic measure than in those who were treated,
with whole brain radiotherapy for a brain tumour
(Faithfull, 1991). In addition, there has been some
work to suggest that the incidence of somnolence
in children receiving prophylactic cranial radia-
tion can be reduced by giving concurrent doses of
steroids (Mandell et al., 1989). Many texts argue
that somnolence is only a minor side effect, which
will pass quickly (Moore, 1995). However, expe-
rience has taught health professionals not to be
complacent about it. It is extremely important to
ensure that the parents and the child are aware of
the potential effects of somnolence. Young people
may find it devastating to their social interac-
tions which are so vital for their well-being. It
is true, however, that some children will expe-
rience very little in the way of symptoms, so
much so that they may not realise they have
even had any degree of somnolence. However,
it can be the cause of a great deal of concern
and distress for their family. The child may some-
times sleep around the clock and carers often
become concerned about the lack of fluid and
dietary intake they are able to manage. Occasion-
ally, the effects experienced can be very similar
to those experienced at diagnosis and can place
the family under a great deal of stress (Freeman
et al., 1973).

The nutritional and hydration status of the child
should be monitored at clinic visits and, indeed,
through education of the parents to observe for
signs of dehydration and nutritional deficit. The
parents must be reassured by staff that this is a
temporary effect of treatment and the child will
become more and more alert. A dietetic referral
may be required if there is a prolonged weight
loss associated with decreased nutritional intake.
Supplements to oral intake or to ‘top up’ naso-
gastric feeds may be indicated in the younger child.
However, most children are able to maintain their
intake by small, high-calorie meals and frequent
fluids when awake.

Pneumonitis

Radiation pneumonitis is an acute side effect of
irradiation of the chest and lungs (Strohl, 1992).
This acute pneumonitis is characterised by oedema
and sloughing of endothelial cells in the smaller
vessels, which allows fluid to accumulate in the
interstitial tissues. The cells lining the alveoli are
also affected and the swelling and sloughing of
these cells also causes excess exudate (Strohl,
1992). Fibrosis and vascular changes contribute to
decreased lung compliance and volume. The pneu-
monitis begins to subside when the exudate is
finally absorbed and regeneration of cells begins.
Fibrosis may remain after cellular repair and forms
the basis of the late-occurring effects.

The child suffers from dyspnoea, cough and
fever, which generally subsides after two to three
months. With larger doses of radiation, symptoms
can present within two to three weeks (Moss &
Cox, 1989). Pneumonitis can occur with doses
above 7.5 Gy, even as a cumulative fractionated
dose (Van Dyk et al., 1981). The child requiring
radiotherapy that includes the lung fields requires
observation for signs of respiratory distress and
compromise. Admission for respiratory monitor-
ing, support and anti-inflammatory medication
may be necessary, although this is a rare compli-
cation in paediatric oncology as care is taken
when irradiating the chest, keeping the dose to
a minimum. The child and the family must be
adequately informed of this potential side effect
and must be prepared for its occurrence. They
need to know what symptoms to look for and
when they should contact the unit if they are at
all concerned. Paediatric oncology outreach nurse
specialists and community children’s nurses will
be able to offer ongoing advice and support in the
community.

Cystitis

In aggressive radiation therapy to the pelvic area in
children and young people, often to treat rhabdo-
myosarcoma, the bladder receives significant
doses of radiation. General symptoms of acute
inflammation or cystitis are common, such as
dysuria, decreased bladder capacity, frequency,
urgency and nocturia (Iwamoto, 2001). Assessment
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and monitoring of symptoms are a primary
nursing objective. An increased fluid intake should
be encouraged and analgesic and antispasmodic
medications may be required to relieve dysuria
(McCarthy, 1992). In combination with myelosup-
pression from chemotherapy, infection risk is high
and symptoms should always be assessed with this
in mind; urinary tract infections require prompt
antibiotic treatment.

Preparation of the child and parents is a primary
objective in nursing care. Advice on maintain-
ing fluid intake, despite frequency and nocturia,
is essential, as is the use of highly acidic fluids,
such as cranberry juice, which can decrease bacte-
rial growth within the bladder by preventing
bacteria from adhering to it (Lowe & Fagelman,
2001). In older children, items such as coffee,
tea, alcohol and tobacco should be discouraged
as they further irritate the lining of the blad-
der. Loose cotton underclothing and trousers are
also thought to have some positive effect. Acute
effects on the bladder subside within two to
eight weeks.

Conclusion

The immediate effects of treatment can be distress-
ing, painful and perhaps life-threatening and
nurses play a pivotal role in the prompt identifica-
tion of symptoms. Good preparation of the child
and the family before therapy helps to alleviate
some of the anxiety and trauma engendered by
such symptoms. It is essential that nurses caring
for children undergoing radiotherapy are aware of
and understand the basis of the radiation injury
and the most appropriate evidence-based care. It
is clear that the literature on research-based care
in this area is scant and much more is needed.
In the meantime, care must be based on a sound
theoretical rationale using reflective experiential
learning.

Although this chapter has sought to highlight
some of the acute toxicity associated with inten-
sive radiotherapy, it must be borne in mind that
each child is an individual and may experience
all or none of the symptoms mentioned. It is
worth remembering that much of the literature
relied upon today has been written after observa-
tion of children receiving radiotherapy over the

past 10–15 years prior to recent developments in
radiotherapy techniques. It is hoped, and indeed
expected, from theoretical abstraction that many
of the more severe effects can be reduced, if
not avoided altogether, with increasing confor-
mal techniques, better, more responsive supportive
care and improved familial preparation for good
nutrition, skin care and infection control.
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22 The Role of Radiotherapy in
Palliative Care

Monica Hopkins

Radiotherapy can be an extremely effective pallia-
tive measure (Davies & de Vlaming, 2006; Wolfe
& Sourkes, 2006). The requirement for palliation
could be to treat the consequences of an onco-
logical emergency, i.e. spinal cord compression in
relapsed patients where cure is no longer achiev-
able. Radiotherapy may also be part of a package
of end-of-life care to minimise distressing symp-
toms and maximise quality of life, as in the control
of bone pain. This chapter will explore both path-
ways for radiotherapeutic treatment and highlight
the challenges for nursing patients and their fami-
lies during these significant points in their cancer
journeys.

The decision to use radiotherapy in
the palliative care of children

It is often asserted that much of the radiotherapy
administered in the care of people with cancer is
delivered with palliative intent. This fact does, of
course, refer to adults who may require several
courses.

In children, radiotherapy has proved itself
extremely useful in the treatment of many
neoplasms, when the aim of care is to cure. It can

also be a useful tool in the palliation of distressing
symptoms of advancing disease in the pre-terminal
child (haemoptysis, mediastinal obstruction, bleed-
ing, pain and raised intracranial pressure).

Palliative radiotherapy can be used in many situ-
ations where radiation would not be considered
a useful modality for cure, i.e. with apparently
radio-resistant tumours. These neoplasms may be
thought incurable by standard dose radiotherapy,
but palliative radiotherapy may be able to control
the tumour sufficiently to relieve the symptoms
(Wolfe & Sourkes, 2006).

Despite this testimony to its efficacy, the use
of radiotherapy must be considered very care-
fully in caring for a child in the terminal and
pre-terminal stages of disease, as this modality of
treatment has its costs. The child and the parents
must be active members of the treatment decision
(Timmermans et al., 2005), and be in full posses-
sion of all the facts about its use, efficacy and
adverse consequences in terms of comfort, freedom
and the loss of precious time at home with loved
ones (Spinetta, 1989; Paulino, 2003). They must be
aware, as should all professionals involved, that
this is not a last attempt at cure, but a palliative
measure, that although it may convey symptom
relief for a period of time, it is not a permanent
measure. The child and the family should not be
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offered this therapy in order to create hope in a
desperate situation (Maher et al., 1993).

The tumour may indeed respond in a signifi-
cant manner to radiotherapy, but it will not put
the child into a state of remission. It must be
clear to all involved that the expenditure in time,
travelling, effort and discomfort will be worth
the possible benefits (Wolfe & Sourkes, 2006). In
addition, the possibility of failure must also be
considered, as even a radiosensitive tumour may
be so large that it may not shrink sufficiently
to alleviate the symptoms. Thankfully, signifi-
cant tumour shrinkage is not always required to
remove discomfort, for example, it is the cellular
changes induced in bone tissue that decrease the
excruciating pain of bone metastases (Kirkbride,
1995).

In many cases the use of palliative radiother-
apy entails only short courses of therapy at rela-
tively low doses, but the healthy surrounding
tissue may still be damaged, especially where there
may be insufficient time for conformal planning
that would facilitate the sparing of healthy tissue.
Ethically one must be sure that radiotherapy will
not add to pain and discomfort such as when the
buccal mucosa is involved in a radiation field, or
by the induction of severe vomiting by irradiating
the upper abdomen (Kunkler, 2003).

The symptoms that are considered to respond
most effectively to radiotherapy will now be
discussed in detail.

Radiotherapy in oncological
emergencies

Spinal cord compression

Spinal cord compression may be caused by either
an extradural or intradural lesion, or perhaps a
combination of both. It may be due to an exten-
sion of a primary lesion, such as an ependymoma
or an astrocytoma (Baines, 2002), or metastases
from a non-CNS tumour that has developed
extradurally to the cord (Hoskin et al., 2003),
such as neuroblastoma, primitive neuroectodermal
tumour, rhabdomyosarcoma, Ewing’s sarcoma or a
non-Hodgkin’s lymphoma. After extensive investi-
gation which should include MRI (Jacobs & Perrin,

2001) and the commencement of corticosteroids
(Haut, 2005; Rheingold & Lange, 2006), pallia-
tive radiotherapy can be extremely effective in
radiosensitive tumours (Donato et al., 2001; Davies
& de Vlaming, 2006).

The literature has always been extremely posi-
tive about the use of radiotherapy to relieve this
difficult situation (Rheingold & Lange, 2006). Yet
there is a growing school of thought that recom-
mends the use of new, more effective surgi-
cal techniques in certain circumstances; where
the compression is progressing rapidly; where
the cause is a radio-resistant tumour; where the
child has already received maximal tolerated doses
of radiotherapy; where neurological deterioration
continues throughout therapy (Jacobs & Perrin,
2001; Patchell et al., 2005) or where the child has an
unstable bony spine (Loblaw et al., 2005). Decom-
pressive surgery followed by radiotherapy was
advocated recently as being even more effective
than radiotherapy alone (Patchell et al., 2005) for a
positive functional outcome. However, almost all
of this debate is in the adult literature and more
individual decisions need to be made in the acute
setting of paediatrics.

The nature of emergency radiotherapy requires
some discussion as there are many considerations
to be made before a schedule of adminsitration
can be agreed upon. Fractionated radiotherapy is
recommended to prevent compromising oedema
that may result from a larger single dose. However,
the exact dose and number of fractions are debated
in the literature. In general, a short course of
20–30 Gy over 5–10 fractions is most common
with no significant difference in outcome between
either schedule, but a one-off dose of 8 Gy can
also be recommended (Maranzano et al., 2005) if
neurological recovery is not anticipated and pain
relief is paramount, especially if the patient is
in the terminal stages of their illness. This can
possibly be achieved without significant morbid-
ity but all these data are for older children and
adults.

Whatever the fractionation, a single posterior
field is suggested that extends the length of the
compression plus one verterbral body above and
below as margins (Kunkler (2003) advocates two
if MRI images are not available). There may need
to be a 1–2 cm lateral margin and in addition vital
structures anterior to the cord must be protected.



The Role of Radiotherapy in Palliative Care 345

Conformal, stereotactic and IMRT methods may
have significant roles to play in protecting delicate
structures including the cord and may possibly be
discussed in relation to any child’s treatment.

Prognosis for neurological recovery is depen-
dent on the speed of diagnosis and commence-
ment of treatment. Children who are still mobile
at the time of treatment have a better chance
of being able to walk again following treatment
(Kunkler, 2003). Care of the child and family
is principally concerned with support through
such frightening symptoms and intensive investi-
gation. This must be coupled with detailed and
accurate neurological assessment throughout the
experience, including movement, sensation, bowel
and bladder control (Schafer, 1994; Haut, 2005).
Care must be taken to ensure respiratory func-
tion is closely monitored and supported, depend-
ing on the position of the compression, especially
in the first few days of therapy when oedema
may precipitate complications. It is well to reme-
ber that these children may be receiving large
doses of steroid and will need careful monitoring
for side effects and promptly instigated weaning
once any crisis is over. In addition, pain control
should be accurately assessed and documented
and the necessary prophylactic measures taken to
relieve discomfort; as well as care to avoid the
complications of prolonged immobility (Schafer,
1994).

Superior vena cava obstruction

This is a serious, though fortunately rare, compli-
cation of a large tumour load, which consti-
tutes a significant oncological emergency in any
child. An upper mediastinal or neck tumour of
any histology can potentially lead to compres-
sion of this vessel but T cell non-Hodgkin’s
lymphoma is most often the cause in children
(Rheingold & Lange, 2006). It can also be caused,
however, by thoracic neuroblastoma, Hodgkin’s
lymphoma and Ewing’s sarcoma. This condition
is often accompanied by other symptoms, such
as dysphagia and stridor (Neal & Hoskin, 2003).
Obstruction may signal the beginning of the child’s
distress, but thrombosis will inevitably follow
and may become life-threatening (Neal & Hoskin,
2003). Clinical signs and symptoms are described
below:

Signs are:

• oedema of face, neck and upper thorax;
• peri-orbital oedema, with or without protrusion

of the eye;
• subconjuctival haemorrhage;
• plethora of the face;
• increased pressure of the jugular veins;
• dilation and prominence of the collateral vessels

of the neck and upper thorax;
• inspiratory wheeze;
• tachycardia.

Symptoms are:

• swelling of the face and upper limbs;
• breathlessness, dry cough, stridor (wheeze);
• headache;
• visual disturbances and dizziness;
• bloodshot eyes;
• hoarseness (rare);
• chest pain (rare);
• swelling of the fingers/hands.

(Henman, 2001)

Following diagnosis using radiography and CT
scanning, treatment is initiated as quickly as possi-
ble. Although chemotherapy is often the treatment
modality of choice, especially if the causal lesion
is a lymphoma (Pinkerton et al., 1994; Neal &
Hoskin, 2003), radiotherapy is also very effective
when the disease is acute and a rapid response is
needed (Donato et al., 2001; Henman, 2001; Davies
& de Vlaming, 2006). A combination of modalities
may be used, with the dose of radiotherapy being
dependent upon:

• tumour type;
• tumour size;
• condition of the child.

Acute observational skills are needed by nurses
to recognise respiratory and cardiac compromise
before, during and immediately after therapy. The
child and the family require explanations and reas-
surance about the progress of the condition and the
rationale for treatment. The child should be helped
to find the most comfortable position for ease of
breathing; nurses should encourage chest expan-
sion and deep breathing (Haut, 2005). Oxygen
may be prescribed and requires administration in
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a controlled and humidified form through either
nasal cannulae or a mask, depending on the flow
rate and the child’s preference. Oxygen satura-
tion monitoring should be undertaken as gaseous
exchange may be compromised due to vena cava
congestion.

The cardiovascular system must also be
observed, as obstruction may be affecting venous
return to the heart (and thus stroke volume) even
in the period immediately after therapy while the
mass is still present. This may lead to compromise
of the peripheral vascular system and the child
should be assessed for levels of perfusion and signs
of peripheral shutdown. There is the potential for
alteration in cerebral perfusion as evidenced by
an altered state of consciousness, which should be
assessed at each interaction and carefully docu-
mented (Schafer, 1994).

The child should be monitored closely for fluid
and electrolyte destabilisation when there is a
risk of tumour lysis syndrome (Yamazaki et al.,
2004). Large amounts of fluid may be infused
to irrigate the kidneys, which requires careful
monitoring, and blood biochemistry should also
be assessed frequently. Following therapy, as the
mass decreases, observation for respiratory and
cardiovascular compromise can be less frequent.
However, kidney function and skin integrity
assessments must be maintained and carefully
documented for alterations in status.

In general, there is considered to be no difference
in efficacy between schedules of 20 Gy over 5 frac-
tions or 30 Gy over 10 (Donato et al., 2001). There
are no national ganecdotaluidelines and even the
predominantly adult literature is anecdotal. Hence
treatment decisions in this emergency lie with the
experience of the medical staff caring for this child.

Radiotherapy in end of life symptom
management

Control of bone pain

It is not truly understood why it is that metas-
tases in the bone tissue cause such severe pain, nor
why the cellular changes induced by radiotherapy
relieve it. The area around the lesion is typically
tender on palpation, and in more severe cases,

in which the response to radiotherapy is greatest,
pain is unable to be controlled by normal palliative
measures. Pain relief, however, once attained, is
usually durable for long periods of time (Sze et al.,
2006). Painful bone metastases are most common
in solid tumours such as neuroblastoma.

Control of bone pain is probably the most
common use of palliative radiotherapy and,
indeed, is where the most significant amount
of evaluatory research has been carried out
(Wu-Jackson et al., 2004; Szumacher et al., 2005;
McQuay et al., 2006). In the past, the literature
repeatedly quotes the same response statistics,
i.e. that 55–66 % of patients will receive total
relief from their pain with radiotherapy and 90 %
will experience some partial relief of symptoms
(Kirkbride, 1995). However, a recently published
Cochrane Review has not found this to be the case
in the randomisd trials they reviewed (McQuay et
al., 2006). Only 25 % of patients achieved complete
relief. Only half of these achieved this within four
weeks, with the majority within 12 weeks. In fact,
they found only 41 % achieved a significant level
of relief overall.

The method of administration is where the most
controversy lies. The argument for a benefit in any
form of fractionation is weak but there are caveats
to the one-off treament option. The re-treatment
rate for single fraction therapy was significantly
higher then for fractionated schedules, as was
the fracture rate (McQuay et al., 2006), these are
significant concerns and maybe require careful
consideration. Where bone pain arises from the
vertebral column, however, many practitioners are
concerned about giving such high doses (8 Gy)
as usual in single fraction therapy, near to the
spinal cord. However, with the increasing use of
steroetactic and conformal techniques, this reser-
vation may be overcome.

This evidence does appear to be influencing
UK practice but there are no published studies in
children to reflect this, it is anecdotal knowledge
to the author. The situation has also been unclear
internationally, indeed, a Canadian working party
was set up to devise evidence-based guidelines
on the use of radiotherapy for painful bone meta-
stasis in adults (Wu-Jackson et al., 2004). They
recommended that in previously non-irradiated
sites, where the goal is pain relief, then a single
8 Gy treatment at the appropriate target volume



The Role of Radiotherapy in Palliative Care 347

is recommended. It is pertinent that in a study of
patients’ views on this subject by Szumacher et al.
(2005), most preferred a single fraction for many
practical and family considerations.

Extensive fractionation is thought to be of
use, however, in the prevention and treatment
of pathological fractures in lytic lesions. This is
used to greatest effect when in conjunction with
orthopaedic surgery to fixate the fracture inter-
nally. Prevention of such a problem is far more
successful than trying to seal the bone after a frac-
ture. It must therefore be remembered that before
irradiating large destructive bone metastases, it is
strongly recommended that an orthopaedic consul-
tation is sought.

Whatever the course of radiotherapy, the role
of the nurse is in the accurate assessment of
pain before, during and after therapy. The child
and the family are likely to be distressed and
will require information, honest reassurance and
support throughout the experience of palliative
radiotherapy. Returning to a department previ-
ously associated with curative treatment may be
stressful for the family and confusing for the child,
especially if attempts have already been made to
prepare the family for the eventual death of the
child.

Control of bleeding

Radiotherapy will control bleeding from
widespread malignant ulceration, as in soft tissue
sarcomas such as rhabdomyosarcoma. External
beam radiotherapy will also control haemoptysis
in most cases where conventional haemostatic
agents have not proved effective. Unfortunately,
most of the information available on the use of
radiotherapy for this problem is anecdotal and
research in this area is not immediately evident.
Haematuria has also been treated effectively
with radiation and single fractions are used in
such situations. The child who is not yet in the
terminal stages of disease may also be treated to
prevent haemorrhage due to tumour erosion, e.g.
epithelial haemangioma (Kirkbride, 1995), when
conventional wound care is insufficient.

Bleeding is one of the most frightening and
distressing symptoms, however small the actual
blood loss. Here, the role of the nurse is in speed

of recognition of symptoms and reassurance to the
family. The form of radiotherapy to be used in
these circumstance is low-energy beams in order
to deliver the dose as superficially as possible.

Metastases

Radiotherapy has a significant role to play in alle-
viating troublesome brain metastases that are caus-
ing unacceptable cerebral signs in a pre-terminal
child. These lesions can be responsible for such
disabling symptoms as headache, nausea, seizures
and neurological impairment. Cranial radiation is
most often the answer as the source of these prob-
lems is predominantly raised intracranial pressure.
Use of a short course of radiation to reduce the
lesion causing this may mean it is possible to
reduce the dose of steroids in use.

Lung metastases from any primary tumour,
but especially from bone tumours, can lead to
bronchial obstruction which can cause premature
and extremely distressing respiratory impairment.
Sometimes it may be appropriate to use single-dose
therapy to relieve such a symptom.

Other distressing symptoms of advancing
disease that can be treated by the use of radio-
therapy are liver metastases causing pain from
a stretched liver capsule, thoracic or pleuritic
pain from mediastinal masses and metastatic lung
deposits (Kunkler, 2003). There is also a role for
radiotherapy in the control of bleeding from either
a fungating or ulcerating lesion on the skin surface
or perhaps an eroding bronchial mass or for the
relief of actual obstruction in the chest or abdomen
(Wolfe & Sourkes, 2006).

Palliative therapy should aim for simplicity in
procedure, for the quick relief of symptoms, and
to prevent complications that can lead to discom-
fort, pain or distress. Dosages and fractionation
schedules are usually determined by the oncolo-
gist in response to the child’s condition and the
needs of the family. The concurrent use of steroids
with single radiation doses to reduce associated
oedema is also a clinical decision to be made by
the oncologist, depending on the child’s status. It is
beyond the remit of this chapter to cover all the
psychosocial aspects of good palliative care (see
the West Midlands Paediatric Macmillan Team,
2005). Radiotherapy is merely a tool to be used to
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relieve physical discomfort so that the child can
resume living a dignified life. Many of the symp-
toms described previously are disabling and visi-
ble to the child, and nurses should be cognisant of
the issue of body image, especially at this difficult
time. Accepting one’s personal identity is part of
making sense of existence and this can be a neces-
sary step in working positively towards death.

Preparation and nursing care for the child under-
going palliative radiotherapy should be similar to
the standards set in curative therapy although time
may be short. Consequently, flexibility is required
in caring for these children and their families. It
may be beneficial to have the primary palliative
care nurse accompany the child and the family to
the unit so that continuity of care is maintained
while the child is within the radiotherapy suite.
The parents will then have a supportive profes-
sional present who can also be an advocate with
intimate knowledge of the child’s status and the
family’s wishes.
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23 Overview of Long-Term Follow-Up

Susan Mehta

Since the 1960s, great advances in the treatment
of childhood cancer have improved survival rates;
in contrast to a five-year survival rate of 10 % for
children with leukaemia in the 1960s, the survival
rate had increased to 80 % by the mid-1990s in the
UK (Stiller et al., 2004). This improvement in the
treatment of cancer is reflected in the majority of
paediatric cancers. In Northern Europe, 3 in 4 chil-
dren who have had cancer survive longer than 5
years after their treatment (Gatta et al., 2003), this
time point can often be taken as an indicator of
cure due to the greatly reduced risk of recurrence
after this time. This success now equates to a grow-
ing number of adult survivors. In 1971, there were
1400 adult survivors of childhood cancer in the
UK, of whom only 100 had survived to the age of
30 years. However, by the turn of this century, the
number had increased to 15,000 adult survivors,
including 7000 aged over 30 years (Stiller et al.,
2004). It is predicted that by the year 2010 about 1
in 250 adults will be a survivor of childhood cancer
(Wallace & Green, 2004). The term ‘survivor’ has
been in use since the 1970s, and its use in paedi-
atric oncology has been somewhat controversial.
Strictly speaking, the term ‘survivor’ may be used
to describe any person diagnosed with cancer who
is alive. With problems in early stages of diag-
nosis being very different from those in the long

term, Meadows (2003) offers a practical defini-
tion of a long-term childhood cancer survivor as
a patient who has survived at least five years
from the last indication of disease and is at least
two years from the end of therapy. Most special-
ists accept this definition or slight variations of it
when defining long-term survivors of childhood
cancer.

Interest in long-term follow-up began in the
1970s as a result of improving survival rates for
childhood cancer. Long-term follow-up aims to
optimise the quality of life for survivors of child-
hood cancer. Although many children treated for
childhood cancer will be free of complications
and live completely healthy lives, a significant
minority suffer long-term physical and psycho-
logical damage from their treatment. Paediatric
oncologists and haematologists in the UK currently
recommend that children treated for cancer should
be followed-up for life (Scottish Intercollegiate
Guidelines Network (SIGN), 2004). This ensures
that any adverse effects can be detected and treated
early and, additionally, information can be gath-
ered to influence treatment protocols of the future
(Wallace et al., 2001).

However, as more children survive, the numbers
who suffer adverse effects also increase (Wallace
et al., 2001). Acute and late effects commonly occur
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because of the non-specific nature of cancer treat-
ment. The effects can be static or progressive and
they can appear at the time of treatment or many
years later. Acute problems such as myelosup-
pression, mucositis and alopecia, which emerge
during treatment, last for a short period of time
and usually resolve soon after the completion of
chemotherapy or radiotherapy. On the other hand,
after completion of therapy, longer-term prob-
lems may emerge. Chemotherapy with multiple
drugs, radiotherapy and surgery can cause long-
term problems and the challenge is to identify and
manage the delayed consequences of cancer treat-
ment (Ganz, 2001). The risks of long-term effects
are related to the treatment given, the dose of
chemotherapy or radiotherapy, the extent and site
of surgery, the child’s age at the time of treatment
and gender.

Future challenges

The survivors of childhood cancer need effec-
tive management in order to meet their vary-
ing needs and ensure the best possible future for
them. Currently in the UK the long-term follow-
up service is led by medical teams but this is not
sustainable given the escalation in the numbers of
survivors. Specialist oncology nurses with exper-
tise in late effects can take over the routine moni-
toring of a great many of the survivors; this leaves
the medical teams to focus on survivors with more
complex problems. A model for this approach
already exists in the USA (Gibson & Soanes, 2001),
and recent research in the UK has enabled the
voices of young people who have survived child-
hood cancer to contribute their views on how the
service should be developed in the future (Gibson
et al., 2005).

To guide this follow-up, the National Institute
for Clinical Excellence (NICE, 2005) has recom-
mended that a key worker should be assigned
to each patient. This model of care was the
preferred choice when young people were given
the opportunity to voice their own opinions about
long-term follow-up (Gibson et al., 2005). The
Department of Health (DoH) and the Royal College
of Nursing (RCN) have published policy docu-
ments on transitional care and its implementa-
tion Transition: Getting it Right for Young People

(DoH, 2006) and Adolescent Transition Care (RCN,
2004) respectively. These policy documents recog-
nise the need for health-care professionals to begin
planning for the transfer of adolescent patients
to appropriate adult care. Within the long-term
follow-up service it is recognised that it is inap-
propriate to continue monitoring young adults in
the paediatric setting. Transitional care is a chal-
lenge and it is recognised that young people should
be cared for in age-appropriate facilities (NICE,
2005). Adult services need to be provided and
nurse specialists are able to plan and implement
the transition process (RCN, 2004).

Long-term effects of cancer treatment

The long-term effects of chemotherapy and radio-
therapy may be classified in a number of ways;
they can be discussed by cancer type, by treatment
protocols or by the body system affected. In Part 5,
the late effects are discussed according to the body
system affected since the treatment protocols for
various cancers evolve and change.

The discussion of adverse effects is arranged as
follows:

• endocrinopathies (including gonadal dysfunc-
tion and fertility);

• liver;
• neurological;
• eyes;
• craniofacial and dental;
• skin;
• musculoskeletal;
• hearing;
• gastrointestinal;
• cardiac;
• renal and bladder;
• pulmonary complications;
• second malignancies, including breast care and

meningiomas.

The nursing role

The nursing role is becoming increasingly impor-
tant in long-term follow-up and is discussed later
in this section. Young people need to know about
their past disease and treatment. They need to
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take responsibility for their own health as they
become young adults. The United Kingdom Child-
hood Cancer Study Group (UKCCSG), now the
Childhood Cancer and Leukaemia Group (CCLG),
has produced the After Cure booklet and treatment-
related fact sheets (Griffiths, 2005). Using these
resources, each patient should receive a treatment
summary, including total doses of chemotherapy,
radiotherapy, details of surgery and any antici-
pated late effects they might develop (NICE, 2005).
The nurse with expert knowledge about late effects
can play an important role in providing this infor-
mation by completing the After Cure treatment
summary card (Griffiths, 2005) in collaboration
with the young person.

Young people with busy lives need to under-
stand the benefits for their future health if they
are going to continue attending long-term follow-
up clinics long after their treatment has been
completed. Compliance is a problem and innova-
tive ways need to be developed to monitor young
people. Some cancer centres are extending the
length of time between clinic visits by sending an
annual health questionnaire or offering telephone
support.

Health education

Encouraging healthy lifestyle choices cannot
prevent late effects, but may minimise long-term
problems, as outlined in Chapter 26. Education of
the patient gives them ownership over their own
health care, providing information on their health
risks and what action they would be advised to
take. The patient can be offered the After Cure
booklet (Griffiths, 2005) which gives them informa-
tion on many issues such as why they need to be
seen, healthy living, fertility, insurance, employ-
ment, travel and disability. The booklet is accom-
panied by a treatment card, which summarises the
patient’s own treatment details, and factsheets on
specific late effects.

The role of nurses as health educators is partic-
ularly important. With increasing concerns for the
general population about obesity, smoking, alco-
hol and drug abuse, the specialist nurse has a
golden opportunity to target this group of young
people, helping them to make healthy lifestyle
choices.

Conclusion

Having achieved success in the treatment of child-
hood cancer we now face the challenge of improv-
ing the quality of life in the long term and
Chapter 27 discusses quality of life issues in depth.
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24 Potential Physical Issues
Following Cancer Treatment

Ruth Elson and Susan Mehta

Endocrinopathies

Endocrine abnormalities are the most common
complications of cancer therapy in childhood.
They have a negative impact on growth, body
image, sexual function and quality of life (Darzy
et al., 2004). The endocrine system is composed
of a group of glands, which control many body
functions including growth, pubertal develop-
ment, urine production and stress responses.
The glands include the pituitary, hypothalamus,
thyroid, parathyroid, adrenal, pancreas, ovaries
and testes. The pituitary and hypothalamus glands
have a major role in the endocrine system as
they produce hormones that influence the other
endocrine glands. Hormones are chemical messen-
gers produced by the glands, carried to the rest
of the body in the blood. Hormones have to be
in balance to maintain several bodily functions
such as growth, development and regulation of the
body’s metabolism. Hypopituitarism is when there
is a lack of one or more of the pituitary hormones.
If a patient lacks three or more pituitary hormones,
they are said to have panhypopituitarism.

The pituitary hormones and their functions are:

• Growth hormone (GH) – stimulates the growth of
bone and other tissues.

• Adrenocorticotrophic hormone (ACTH or corti-
cotropin) – stimulates the adrenal glands to
produce cortisol (hydrocortisone). Cortisol has
major effects on glucose, protein and lipid
metabolism as well as the immune system and
enables the body to deal with physical stress
such as illness, fever and trauma.

• Thyroid-stimulating hormone (TSH) – stimulates
the thyroid gland to produce thyroxine.

• Reproductive hormones (gonadotrophins) – includ-
ing luteinising hormone (LH) and follicle stim-
ulating hormone (FSH), stimulate the testes and
ovaries to produce testosterone, oestrogen and
progesterone.

• Anti-diuretic hormone (ADH) – controls water
balance in the body by controlling urine output.

• Prolactin – controls milk production when
women are breast-feeding.

Multi-pituitary hormone deficiency (hypopitu-
itarism) is caused by damage to the hypothalamic-
pituitary axis (HPA). The following treatments or
conditions can cause damage to the HPA:

• brain tumours
• cranial radiation
• cranio-spinal radiation
• nasopharyngeal radiation
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• oropharyngeal radiation
• radiation to the orbit or eye
• radiation to the ear
• infratemporal radiation
• total body irradiation
• surgery to the brain
• infections in the brain
• trauma to the brain
• surgical removal of or impaired development

of the pituitary gland.
(Skinner & Wallace, 2005;

Children’s Oncology
Group (COG), 2006)

Thyroid gland

Potential problems

Abnormalities in structure and function of the
thyroid gland may occur after childhood cancer
and its treatment. The thyroid gland may be
damaged itself or be affected by damage to
the HPA (SIGN, 2004). Chemotherapy-only bone
marrow transplant conditioning regimes using
busulphan have been implicated in causing thyroid
dysfunction (Shalet & Brennan, 2002). However,
the principal cause of thyroid morbidity is irradi-
ation. Direct and indirect radiation to the thyroid
gland may lead to thyroid dysfunction and predis-
pose to thyroid tumours. Radiation damage to the
thyroid gland commonly includes hypothyroidism
and thyroid tumours, although there is a possibil-
ity of hyperthyroidism (Spoudeas, 2004).

Risk factors for thyroid dysfunction include:

• radiotherapy to a field including the thyroid
gland, this includes neck, spine, mantle, medi-
astinum and total body irradiation;

• I-MIBG (metaiodo-benzyl guanidine) treatment
for neuroblastoma;

• bulsulphan-based conditioning.

Thyroid cancer as a secondary primary cancer
is rare but a highly significant potential long-
term problem following childhood cancer treat-
ment (SIGN, 2004). The risk of thyroid tumours
following neck irradiation is dose related (Shalet

& Brennan, 2002). Doses as low as 0.3 Gy have
been associated with thyroid cancer (Spoudeas,
2004). The period between radiation to the neck
and the clinical presentation of a thyroid tumour
may be many years after treatment. Risk of malig-
nant change is thought to be increased, if TSH
is elevated (Skinner & Wallace, 2005). Increased
risk factors for tumour development in an irra-
diated gland are female sex, young age, thyroid
irradiation dose and duration of raised TSH levels
(Spoudeas, 2004).

Assessment

Thyroid dysfunction can occur during treatment or
decades after treatment (Sign, 2004). At each long-
term follow-up clinic the patient’s neck should be
palpated for signs of thyroid nodules or masses
and if found these will need further investiga-
tion. A clinical history may also reveal signs of
hypothyroidism such as fatigue, dry skin, reduced
concentration, constipation and weight gain (Grif-
fiths, 2005). However, abnormal thyroid function
tests (TFTs) may occur in the absence of any clini-
cal signs and symptoms. Survivors who have had
radiotherapy to the neck, spine or brain should
have TFTs including tetraiodothyronine (T4) and
TSH levels on completing therapy and annually
thereafter (Skinner & Wallace, 2005).

Management

Young people who have received any of the risk
factor treatments should be advised to read the
After Cure fact sheet about the thyroid gland which
includes advice about secondary thyroid cancer
and thyroid dysfunction (Griffiths, 2005). Educa-
tion on the recognition of the signs of poten-
tial thyroid dysfunction can be undertaken by
specialist nurses and should include signs and
symptoms of potential problems. Medical atten-
tion should be sought if a neck mass is detected
(SIGN, 2004). Urgent referral to an endocrinologist
and specialist thyroid surgeon is required if the
thyroid gland palpation is abnormal. Ultrasound of
the neck will be required and a fine needle biopsy
of the lump undertaken. Tumours are usually
papillary in nature and have a good progno-
sis if effectively treated with total thyroidectomy.
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Treatment should be undertaken in a recognised
centre of excellence (Spoudeas, 2004).

If a patient’s thyroid function tests are abnor-
mal they should be discussed with or referred
to an endocrinologist. Thyroid hormone replace-
ment therapy is safe and effective. Treatment with
thyroxine is indicated if the TSH is raised on two
successive occasions, whether or not the T4 is low,
to suppress the TSH. This treatment is given as
the risk of malignant change to the thyroid gland
is increased if the TSH is elevated (Skinner &
Wallace, 2005).

Hypothalamic pituitary axis

Potential problems

• deficiency of one or more anterior pituitary
hormones has been described following cranial
irradiation for primary brain tumours;

• tumours involving the HPA;
• nasopharyngeal tumours;
• tumours of the base of the skull;
• solid tumours of the face and neck;
• cranial irradiation in acute lymphoblastic

leukaemia;
• total body irradiation in bone marrow trans-

plant;
• isolated growth hormone deficiency is the

most common manifestation of radiation to the
HP axis.

(Darzy et al., 2004)

There is a strong correlation between total radi-
ation doses and schedule and the development
of pituitary hormone deficits. Low doses of radi-
ation (18–50 Gy given in small fractions of 1.8–
2.5 per day) result in isolated growth hormone
deficiency. Early panhypopituitarism or multi-
pituitary hormone deficiency is caused by high-dose
radiation (greater than 60 Gy) (Darzy et al., 2004).

Pituitary hormones are lost in sequential order of

1. growth hormone (GH);
2. luteinising hormone (LH) and follicle stimulat-

ing hormone (FSH);
3. adrenocorticotrophic hormone (ACTH or corti-

cotropin);
4. thyroid-stimulating hormone (TSH).

The risk of loss of hormones increases, not only
with radiation dose but also with time from treat-
ment (Skinner & Wallace, 2005). In girls, radiother-
apy to the HPA may result in delayed puberty,
the risk increasing with higher doses (30–40 Gy).
Lower doses (less than 24 Gy) are more commonly
associated with precocious puberty in young girls
(Skinner & Wallace, 2005). Girls and boys treated
for brain tumours with high doses of radiation
(25–50 Gy) may develop early puberty (Darzy
et al., 2004). Survivors of childhood cancer may
have impaired growth before, during and after
their cancer treatment. Many factors are respon-
sible, including the disease process, complication
of treatment, e.g. infection, direct effects during
treatment such as nutrition which may have been
depleted by anorexia or vomiting and direct or
indirect late effects caused by the therapy. Cranial
radiation can cause growth hormone deficiency
and growth retardation. This can be compounded
by other pituitary hormone deficiencies particu-
larly adrenocorticotrophin (ACTH), FSH, LH and
TSH (SIGN, 2004).

Localised tumour treatment can adversely affect
growth and function of individual organs, e.g.
spinal growth is affected by spinal radiation and
can result in skeletal disproportion. Sex hormone
deficiencies can also be caused by abdominal
surgery or radiotherapy; this can lead to impaired
growth and pubertal development. These patients
can have an attenuated pubertal growth spurt. Risk
of growth impairment to any survivor depends
upon the cancer type, treatment given and age at
presentation.

Risk factors include:

• radiation to HPA, including CNS, spinal and
TBI;

• brain tumours even in absence of radiotherapy;
• bone marrow transplantation patients who have

received total body irradiation (TBI) condition-
ing after previous cranial radiotherapy are at
the highest risk.

(Skinner & Wallace, 2005)

Assessment

All children who have survived cancer should
have their growth assessed regularly until final
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height has been achieved and puberty completed.
Six-monthly height and weight measurements
should be recorded accurately on the appropriate
growth charts. It is essential for recipients of TBI
or abdominal radiotherapy to have sitting heights
to determine any skeletal disproportion. Tanner
pubertal staging should be undertaken at least
six-monthly and in boys should include a testic-
ular volume assessment using an orchidometer.
Height velocity and annual bone age measure-
ments should also be undertaken to determine any
discrepancy in age and bone maturation (Skinner
& Wallace, 2005).

Management

Referral to an endocrinologist should be consid-
ered in the following circumstances:

• abnormal growth, i.e. growth falling below or
rapidly crossing the growth percentiles for that
child;

• height velocity is below the 25th percentile;
• evidence of puberty at less than 9 years for girls

and 10 years for boys;
• TBI or radiation doses greater than 30 Gy to

the HPA;
• height is less than the 10th percentile;
• discrepancy between their pubertal stage and

growth rate.
(Skinner & Wallace, 2005)

Dynamic pituitary testing needs to be under-
taken to prove growth hormone and or cortisol
(hydrocortisone) deficiency. The insulin tolerance
test (ITT) is the gold standard test to detect
these. Cortisol deficiency may be caused by direct
adrenal gland damage from surgery or radiother-
apy or may be caused by HPA abnormalities;
it can also be suppressed by long-term or high-
dose steroid therapy. If a child is found to be
cortisol-deficient, they should have replacement
corticosteroid therapy, plus advice about cortico-
steroid treatment for intercurrent illness and be
advised to wear a medical alert device. This advice
should be given to the patient, their family and
schools or other agencies caring for them.

Final height below the target height in childhood
cancer survivors is common, due to:

• growth hormone deficiency;
• precocious puberty;
• spinal irradiation.

A target height range should be calculated for each
patient, so that their growth can be monitored
against personal family data. Growth hormone
treatment should be considered for children who
fail to achieve a peak growth hormone response
greater than 20 mu/L during an ITT (NICE, 2005).
Pre-pubertal height gain has an effect on final
height and can be optimised by growth hormone
treatment. Final height is achieved at the end of
puberty when bones have matured and epiphy-
seals fused. A child with precocious puberty has
a reduced time available for growth hormone to
help them grow as their bones will mature and
their epiphysis fuse at an earlier age. It may be
necessary to treat with a gonadotrophin-releasing
hormone (GnRH) analogue to delay puberty while
they have growth hormone treatment to maximise
their height (Darzy et al., 2004). Growth hormone
therapy is safe and there is no evidence of increas-
ing risk of relapse, recurrence or de novo malig-
nancies in children treated with growth hormone
(Skinner & Wallace, 2005).

At the end of growth, growth hormone treatment
should be stopped and the young adult’s HPA
retested. There is evidence to suggest that growth
hormone replacement is important to maintain
normal bone mineral density, body composition,
cardiovascular lipid profile as well as quality of life
in adulthood (Skinner & Wallace, 2005). Growth
hormone may need to be continued in adulthood,
in line with NICE guidance (NICE, 2005). Growth
hormone can be restarted in a young adult if they
have a peak growth hormone response less than
9mu/L during an ITT. This treatment should be
continued until they have achieved ‘peak bone
mass’, usually around 25 years of age. They under-
take further testing and quality of life assessments.

Gonadal dysfunction

Normal pubertal development needs to be recog-
nised and understood by teams caring for chil-
dren who have undergone treatment for childhood
cancer, so that they can diagnose any hormonal
deficiencies early. Table 24.1 outlines the stages of
pubertal development in girls.
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Table 24.1 Girl’s pubertal development

Tanner stage Breast development Pubic hair

Stage 1 Pre-adolescent: elevation of papilla only. Pre-adolescent: The vellus over the pubes is not further
developed than that over the abdominal wall, i.e. no
pubic hair.

Stage 2 Breast bud stage: elevation of breast and papilla as
small mound. Enlargement of areola diameter.

Sparse growth of long, slightly pigmented downy hair,
straight or slightly curled, chiefly along labia.

Stage 3 Further enlargement and elevation of breast and
areola, with no separation of their contours.

Considerably darker, courser and more curled. The hair
spreads sparsely over the junction of the pubes.

Stage 4 Projection of areola and papilla to form a
secondary mound above the level of the breast.

Hair now adult in type, but the area covered is still
considerably smaller than in the adult. No spread to the
medial surface of the thighs.

Stage 5 Mature stage: projection of papilla only, due to
recession of the areola to the general contour of
the breast.

Adult in quantity and type.

Source: Marshall & Tanner (1969). Reproduced with permission of Archives of Disease in Childhood.

The onset of normal female puberty is charac-
terised by the appearance of breast buds (breast
stage 2). This can happen from as early as 8.4 years
to as late as 13.5 years. Girls with breast buds
before 8 years are described as having precocious
puberty, girls with no breast development until
after 13.5 years are said to have delayed puberty.
Both these conditions need referral to a paedi-
atric endocrinologist for assessment. It will take
an average of 2 years from the onset of puberty
to menarche. The attainment of breast stage 4 is a
prerequisite for the onset of menstruation (Skinner
& Wallace, 2005).

Boy’s pubertal assessment (Table 24.2) should
include Tanner staging of secondary sexual char-
acteristics and measuring testicular volume, using
a Prader orchidometer. The pre-pubertal testis
measures approximately 2ml in volume. A boy’s
puberty begins with enlargement of their testes to
4ml volume, at an average age of 11.5 years.

A boy’s growth spurt starts when their testis is
8ml and reaches its maximum rate when testicu-
lar volume is approximately 12ml. A normal adult
testis measures 15 to 25 ml. Azoospermia is likely
if the adult testis measure 10ml or less (Skinner &
Wallace, 2005).

Table 24.2 Boy’s pubertal development

Tanner stage Genital development Pubic hair

Stage 1 Pre-adolescent: testes, scrotum and penis are of
about the same size and proportion as in early
childhood.

Pre-adolescent: The vellus over the pubes is not further
developed than that over the abdominal wall, i.e. no pubic
hair.

Stage 2 Enlargement of the scrotum and testes. Skin of
scrotum reddens and changes in texture. Little
or no enlargement of the penis at this stage.

Sparse growth of long, slightly pigmented downy hair,
straight or slightly curled, chiefly at the base of the penis.

Stage 3 Enlargement of the penis, which occurs at first
mainly in length. Further growth of testes and
scrotum.

Considerably darker, courser and more curled. The hair
spreads sparsely over the junction of the pubes.

Stage 4 Increased size of penis with growth and
breadth and developing glans. Testes and
scrotum larger; scrotal skin darkened.

Hair now adult in type, but the area covered is still
considerably smaller than in the adult. No spread to the
medial surface of the thighs.

Stage 5 Genitalia adult in size and shape. Adult in quantity and type.

Source: Marshall & Tanner (1970). Reproduced with permission of Archives of Disease in Childhood.
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Potential problems

• delayed or arrested puberty;
• precocious puberty;
• impaired fertility;
• adverse pregnancy outcome;
• early menopause;
• erectile dysfunction.

Risk factors

• In girls, radiotherapy to any field including
the ovaries or uterus, this includes: TBI, spinal,
abdominal or flank irradiation.

• In boys, radiotherapy to the testes, including
TBI.

• Chemotherapy from the following agents:

• Alkylating agents
• BCNU
• Busulphan
• CCNU
• Chlorambucil
• Cyclophosphamide
• Ifosphamide
• Melphalan
• Mustine
• Nitrogen mustard
• Thiotepa
• Cisplatin
• Cytarabine
• Dacarbazine
• Procarbazine

• In girls of older age at time of BMT treatment
• In boys of younger age at time of BMT treat-

ment.
(Skinner & Wallace, 2005)

High-dose radiotherapy (>24 Gy) to the HPA as
given for the treatment of brain tumours may
result in delayed puberty, whereas lower doses are
associated with precocious puberty especially in
young girls (Skinner & Wallace, 2005).

Radiation doses in excess of 50 Gy to the
HPA may render a child gonadotrophin-deficient.
The occurrence of gonadotrophin deficiency
increases with time post irradiation of the brain.
Gonadotrophin deficiency may range from subtle,
i.e. only detected by a gonadotrophin-releasing

hormone (GnRH) test, to severe impairment asso-
ciated with low sex hormone levels (Darzy et al.,
2004).

Factors affecting girls

Chemotherapy and radiotherapy may damage
the ovaries resulting in oocyte depletion, loss
of hormone production, uterine dysfunction and
lead to premature menopause (SIGN, 2004).
However, reproductive function is generally
preserved following cancer in childhood treated by
chemotherapy alone.

Total body irradiation, abdominal and pelvic
radiotherapy can all cause impaired ovarian func-
tion and may affect uterine function. High-dose
irradiation to the uterus can cause irreversible
damage to the uterus’s blood supply and prevents
adequate growth. Abdominal radiation involving
the pelvis, i.e. whole or in some cases flank radi-
ation that extends into the pelvis and crosses
the midline, is associated with low birth weight
in offspring, early delivery and birth defects in
offspring if they were treated with abdominal
radiotherapy (Skinner & Wallace, 2005). Cranial
irradiation may indirectly impair ovarian function
by causing hypogonadotrophic hypogonadism
(Critchley et al., 2004).

Factors affecting boys

Pre- and post-pubertal testes are susceptible to
radiotherapy and alkylating agents. Sertoli cells
(germ cells) are more susceptible than Leydig cells
(hormone-producing cells). Direct irradiation to
the testes causes permanently impaired spermato-
genisis and Leydig cell dysfunction. However,
most pre-pubertal boys undergoing bone marrow
transplant who have conditioning which includes
chemotherapy and fractionated TBI can expect to
progress normally through puberty. TBI usually
causes impaired spermatogenesis, but has a vari-
able effect on Leydig cell function.

Decreased testicular volume in post-pubertal
boys is associated with impaired spermatogen-
esis. As testicular volume is reduced in males
with germ cell failure, it is not a good measure
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of pubertal development in post-transplant
patients or any males who have had radiother-
apy to their testes (Skinner & Wallace, 2005).
Loss of Leydig cell function before or during
puberty will result in failure to enter puberty or
arrest puberty. Cytotoxic insult following normal
secondary sexual characteristics can present as
erectile dysfunction loss of libido and fatigue
(Thomson & Wallace, 2004).

Assessment

• All patients should have pubertal staging every
6 months; this should include testicular exami-
nation, both texture and volume assessment in
boys using an orchidometer. In females breast
examination should be included.

• Measure and chart growth until normal puber-
tal spurt is established and continue until
completion of puberty and growth.

• Measure sex hormones (testosterone and oestro-
gen), gonadatrophins (FSH and LH) and Inhibin
B from approximately 8–10 years of age.

• When appropriate, discuss the need for contra-
ception, even in the presence of impaired
fertility.

• Semen analysis when appropriate for males.
• Enquire about menstrual history, menopausal

symptoms and explain the risk of possible
premature menopause for females.

(Skinner & Wallace, 2005)

Management

Refer to endocrinologist if there is concern about:

• growth (as previously discussed in HPA axis);
• delayed pubertal development/precocious

puberty;
• Leydig cell or ovarian failure.

Boys will require androgen supplementation for
induction and progression of puberty and testos-
terone treatment in adulthood. Girls require
slowly increasing doses of oestrogen to encour-
age progression through puberty with normal
breast development and to enhance secondary
sexual characteristics. Girls will also need cyclical

hormone replacement. Girls on hormone replace-
ment may need a trial off therapy to assess possible
ovarian recovery. Refer to reproductive medicine
services as needed (Critchley et al., 2004; Skinner
& Wallace, 2005).

Fertility

Radiotherapy and alkylating chemotherapy can
damage male and female reproductive systems.
The majority of children who survive cancer into
adulthood are fertile but those whose fertility is
impaired suffer physical and psychological late
effects (Grundy et al., 2001).

Female fertility: potential problems

Concern over fertility has also been reported by
survivors in several studies (Wasserman et al.,
1987; Gray et al., 1992). The effects of cancer and
its treatment on reproduction and fertility are well
documented. Most survivors are fertile, with a
small, but significant number of survivors at risk
of infertility (Levitt & Jenney, 1998; Byrne et al.,
2004a,b). Risk factors for infertility include gonadal
irradiation and treatment with alkylating agents
(such as cyclophosphamide). More recently, treat-
ment with high dose (24 Gy) cranial irradiation
before the age of 10 in boys (Byrne et al., 2004a),
and cranial radiotherapy at any dose around the
time of menarche in girls (Byrne et al., 2004b), have
been reported as risk factors for infertility. Radio-
therapy and chemotherapy damage the ovaries
and can accelerate depletion of oocytes, risking
the onset of premature menopause and reduced
hormone production (Critchley et al., 2004).

Chemotherapy

Generally girls are likely to be fertile following
chemotherapy but they are at risk of having an
early menopause (Skinner & Wallace, 2005). The
ovary is less susceptible to damage following
alkylating chemotherapy than the testis (Levitt
& Jenney, 1998; Brennan & Shalet, 2002). Ovar-
ian function usually recovers after high-dose
cyclophosphamide (200mg/kg) when used
in conditioning regimes for bone marrow
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transplantation. However, recovery is unlikely
when treatment with alkylating chemotherapy is
combined with total body irradiation (Levitt &
Jenney, 1998). Girls who have survived treatment
for Hodgkin’s disease are more likely than boys
to retain their fertility but their reproductive life
is likely to be shortened with a risk of early
menopause (Skinner & Wallace, 2005).

Radiotherapy

Focused radiotherapy to the abdomen or pelvis
can cause uterine dysfunction and ovarian impair-
ment (Skinner & Wallace, 2005). When radiother-
apy is given at a young age, pubertal uterine
growth is affected and impaired blood perfusion
can affect the outcome of a pregnancy, increasing
the risk of nulliparity, early miscarriage and small-
for-dates babies (Brennan & Shalet, 2002). The LD50
(radiation dose causing 50 % death of cells) is <4
Gy for the human oocyte (Grundy et al., 2001).
Gonadal damage from radiotherapy can result in
either infertility or premature menopause in adult
life. Cranial radiotherapy >24 Gy can cause pitu-
itary damage and delay pubertal development and
cranial radiotherapy <24 Gy can result in preco-
cious puberty (Skinner & Wallace, 2005). Coming
to terms with infertility or the possibility of an
early menopause can cause psychological prob-
lems for young women and they will need support
and advice about assisted reproductive techniques.

Assessment

Assessment of pubertal development should be
monitored using the Tanner scale as described
in the endocrine section. Normal pubertal
development and onset of menarche with regu-
lar periods is predictive of relatively unimpaired
fertility (Levitt & Jenney, 1998). Young women
should be encouraged to give a menstrual history
and discuss symptoms of early menopause such
as hot flushes and dyspareunia caused by vaginal
dryness (Skinner et al., 2005).

Management

Young women who are at risk of premature
menopause or have impaired fertility should be

referred to a specialist in reproductive medicine
and receive advice on assisted reproduction and
hormone replacement therapy. Women at risk of
premature menopause should be clearly advised
of this to enable them to make a decision to have
children early. Irrespective of the degree of fertil-
ity impairment, women need appropriate advice
about contraception (Skinner & Wallace, 2005).

Preservation of fertility before treatment

• Embryo freezing is more successful than mature
oocyte preservation but is only possible for
adult patients with partners.

• Mature oocyte collection and freezing is possi-
ble for post-pubertal women but the success
rate for subsequent live births is low. The need
for inducing super-ovulation delays the start of
treatment (Critchley et al., 2004).

• The ovaries can be moved out of the field of
radiotherapy to preserve ovarian function. This
is a risky procedure and is rarely recommended
in the UK (Levitt & Jenney, 1998).

• Ovarian tissue cryopreservation is still consid-
ered experimental although one live birth has
been reported in Belgium (Singh, 2004). There
is a risk of reintroducing malignant cells follow-
ing this procedure. The procedure is consid-
ered experimental at present and is not widely
available.

Male fertility: potential problems

The testes are susceptible to gonadotoxic
chemotherapy and radiotherapy damage before
and after puberty. The germinal epithelium where
sperm are produced is more susceptible to toxi-
city from chemotherapy and radiotherapy than
Leydig cells, which are involved in the production
of testosterone (Levitt & Jenney, 1998). Therefore,
pubertal development is rarely impaired but fertil-
ity is more likely to be affected.

• Radiotherapy. Azoospermia usually results after
low-dose radiotherapy (> 1.2 Gy) to the testes
but normal sex hormones are produced because
Leydig cells are preserved at doses up to 12 Gy
(Grundy et al., 2001).
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• Chemotherapy. Alkylating chemotherapy is the
most gonadotoxic of cytotoxic drugs and the
effects are dose dependent. The cumulative
dose of cyclophosphamide >7.5 g/m2 is asso-
ciated with a high risk of azoospermia, but
with doses <3.5 g/m2 fertility is likely to be
preserved (Levitt & Jenney, 1998).

• Surgery. Surgery involving the pelvis can cause
nerve damage resulting in impotence (Levitt &
Jenney, 1998).

Assessment

Long-term follow-up assessment of pubertal devel-
opment and fertility should include:

• Testicular volume and Tanner staging of
secondary sexual development. Normal progres-
sion through puberty is likely even after bone
marrow transplantation. Decreased testicular
volume indicates impaired spermatogenesis and
is likely after high doses of alkylating agents
or testicular radiotherapy (SIGN, 2004).

• Hormone serum levels of luteinising hormone
(LH), follicle-stimulating hormone (FSH) and
testosterone. Raised LH indicates damage
to the Leydig cells, which can result in
abnormal testosterone production and affect
sexual function. Raised FSH indicates damage
to the germinal epithelium and impaired
spermatogenesis.

• Semen analysis can be carried out when the
young person is mature enough to produce an
ejaculate. This is the best way to assess fertility
status and will confirm a normal sperm count,
oligospermia or azoospermia (SIGN, 2004).

Management

Young men who have impaired fertility may bene-
fit from assisted reproduction techniques such
as intracytoplasmic sperm injection (ICSI) and
in-vitro fertilisation (IVF) by donor sperm or
cryopreserved sperm (Grundy et al., 2001). Those
who have failed to enter puberty may need testos-
terone replacement therapy. Irrespective of the
degree of fertility impairment, young men should
be offered appropriate advice on contraception,

as even with a low sperm count they can father
children naturally (Skinner & Wallace, 2005).

Preservation of fertility before treatment

Cryopreservation of spermatozoa should be
offered to postpubertal males providing they can
consent to the procedure themselves (Grundy et
al., 2001; SIGN, 2004). A semen sample would need
to be produced; the nurse has a role in offering
sensitive support and counselling during decision-
making. Ideally this group of patients will be
treated in a specialist adolescent centre where the
procedure will be handled sensitively. The young
person needs to be able to give consent to collec-
tion and storage of sperm and this is possible for
young men around the age of 14 years who are
Fraser-competent (SIGN, 2004). All young men and
women need support and information if they are
at risk of fertility problems and should be given the
CCLG After Cure fact sheet (Griffiths, 2005) about
either male or female fertility. It is also important
to reassure young men and women who have not
received gonadotoxic chemotherapy or radiother-
apy that their fertility is likely to be normal.

Liver

Hepatic complications although uncommon are
primarily observed as acute treatment toxicity
from childhood cancer treatment. There is only
limited information about the long-term outcomes
of liver injury (Hudson, 2004).

Risk factors

• hepatic surgery;
• radiation to field including the liver;
• total body irradiation;
• chemotherapy:

• Actinomycin-D
• Busulphan
• Methotrexate
• Thiopurines especially thioguanine

• multiple blood transfusions.
(Skinner & Wallace, 2005)
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Potential problems

Never intentionally give > 35 Gy hepatic radi-
ation as tolerance = <35 Gy. Radiation doses
over 35 Gy to the liver can cause hepatotoxicity.
Other predisposing factors include young age at
treatment, the use of actinomycin-D and doxoru-
bicin in combination with partial hepatectomy
(Hudson, 2004).

The following cytotoxic drugs can all cause
hepatocellular toxicity; methotrexate, actinomycin-
D, busulphan and thiopurine (Skinner & Wallace,
2005). However, most children have a complete
recovery from acute hepatic injury when the
causative agents are stopped (Hudson, 2004).

Hepatic veno-occlusive disease (VOD)
presents with jaundice, right upper quad-
rant pain, hepatomegaly, liver dysfunction,
ascites and thrombocytopenia, it can be mild
or life-threatening with progressive hepatic
failure. Hepatic veno-occlusive disease can be
caused by both radiotherapy and chemotherapy.
Treatment for VOD is largely supportive, full
recovery has been reported but long-term seque-
lae of hepatic VOD is not yet known (Hudson,
2004).

The commonest cause of chronic liver disease
in survivors of childhood cancer is chronic graft
versus host disease following bone marrow trans-
plant. Patients receiving blood transfusions before
September 1991 are at risk of transfusion-acquired
hepatitis. All blood products since September
1991 are tested for human immunodeficiency
virus (HIV), hepatitis B virus (HBV), hepati-
tis C virus (HCV) and cytomegalovirus (CMV).
Before September 1991 HCV testing was not
included (Skinner & Wallace, 2005). Patients who
had blood transfusions prior to September 1991
should be counselled and offered HCV screen-
ing. It has not yet been established what the
long-term consequences of hepatic injury due to
veno-occlusive disease (VOD), chronic GvHD or
transfusion-acquired hepatitis are. Viral hepati-
tis B and C may result in chronic hepatic
dysfunction, however, chronic hepatitis B and
C do predispose to liver-related morbidity and
mortality from cirrhosis, end-stage liver disease
and hepatocellular carcinoma. Liver disease is
accelerated if both viruses are present (Hudson,
2004).

Assessment

At long-term follow-up clinic patients with any of
the risk factors should have a physical examina-
tion for:

• hepatosplenomegaly;
• spider angioma;
• palmar erythema;
• icterus;
• liver function tests (bilirubin, transaminase and

alkaline phosphtase).

Management

Young people found to have HCV/HBV serol-
ogy should be referred to an infectious disease
specialist or hepatologist. If examinations or inves-
tigations reveal new or significant abnormalities,
these should be investigated as appropriate and
referred to a gastroenterologist or hepatologist
(Skinner & Wallace, 2005). Patients with cirrhosis
should have alpha-fetoproteins (AFP) measured as
a screening tumour marker for neoplasms such as
hepatocellular carcinoma and an utrasound scan
undertaken.

Survivors with liver dysfunction should be coun-
selled about at-risk behaviour such as exces-
sive alcohol intake. Recommended daily units are
stated in the health education chapter of this
section. Immunisation against hepatitis A and B
viruses is also recommended. Patients with chronic
hepatitis should be advised how to reduce trans-
mission of their infection to their household and
sexual partners. Children and young people may
benefit from antiviral therapy if they have chronic
hepatitis (Hudson, 2004).

Neurological impairment

Long-term survivors of leukaemia, lymphoma and
brain tumours who were treated during child-
hood and adolescence are at risk of neurocognitive
and neuropsychological effects (Robison & Bhatia,
2003).
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Neurological: potential problems

• peripheral neuropathy;
• ifosfamide encephalopathy;
• leukoencephalopathy;
• seizures;
• Moya Moya disease;
• intracranal aneurysms;
• radiation necrosis;
• radiation- or chemotherapy-induced

myelopathy;
• benign and malignant central nervous system

(CNS) tumours;
• migraine-like episodes.

Risk factors for neurological impairment include
chemotherapy, radiotherapy and surgery
(Table 24.3).

Table 24.3 Risk factors for neuropsychological impairment

All survivors but
especially

• Central nervous system tumours• Acute lymphoblastic leukaemia (ALL)
treated with central nervous system
(CNS) radiotherapy or intrathecal che-
motherapy• BMT, especially those receiving total
body irradiation at an early age

Peripheral neuropathy can be caused by
vincristine, cisplatin dose greater than 300mg/m2

and thalidomide. It is dependent upon the dose
and duration of therapy. Vincristine neuropathy is
usually fully reversible when treatment is ceased;
however, if a patient has an underlying peripheral
neuropathy such as Charcot-Marie-Tooth disease,
then vincristine peripheral neuropathy can be
more severe (Duffner, 2004).

Chemotherapy-induced encephalopathy espe-
cially with ifosfamide presents with seizures,
visual and auditory disturbances and acute confu-
sion. It can progress to irreversible coma but more
commonly resolves a few days after drug ther-
apy has stopped. Exposure to the causative drug
should be avoided in the future.

Leukoencephalopathy is treatment-induced most
commonly as a consequence of cranial irradiation

and/or methotrexate. On computerised tomog-
raphy (CT) scan it appears as calcification with
diffuse areas of white matter necrosis and widened
subarachnoid spaces. Grading depends upon the
extent of change seen on magnetic resonance imag-
ing (MRI) (Duffner, 2004). Leukoencephalopathy
is associated with memory loss, dementia, focal
motor signs, seizures, ataxia and neuropsycho-
logical dysfunction. Radiation-induced leukoen-
cephalopathy is usually dependent on dose, frac-
tion and volume, age at treatment and time follow-
ing treatment. Patients who receive greater than
70 Gy of radiation are more likely to develop
leukoencephalopathy than those who receive less
than 60 Gy (Duffner, 2004). Methotrexate-induced
leukoencephalopathy may develop in the absence
of either leptomeningial disease or cranial irradi-
ation (Duffner, 2004). Leukoencephalopathy is the
commonest cause of seizures, although they are
associated with chemical meningitis as seen during
acute lymphoblastic leukaemia (ALL) treatment
or as a sign of secondary CNS tumour following
cranial irradiation or bone marrow transplant.

There is an increased prevalence of CNS tumours
after BMT. Meningiomas are being increasingly
reported after cranial irradiation (Leiper, 2002).
A high cumulative radiotherapy dose can cause
secondary tumours. Children who were treated
for a brain tumour with cranial irradiation and
children who have received TBI with previous
craniospinal radiotherapy for CNS prophylaxis (in
previous ALL protocols) are at increased risk (Skin-
ner & Wallace, 2005). These same doubly irradi-
ated patients have been shown to exhibit ‘soft’
neurological signs predominantly of impaired co-
ordination (Leiper, 2002).

Moya Moya disease is a late-onset form of vascu-
lopathy consisting of basilar occlusive disease
(Duffner, 2004). Patients present with a progres-
sive syndrome of transient ischaemic attacks, frank
strokes, seizures, motor weakness and dementia.
It can occur between 7 and 24 years following
cranial radiotherapy. Patients at highest risk are
those whose hypothalamic area was irradiated
with doses greater than 50 Gy or non-fractionated
irradiation.

Intrathecal methotrexate and cytosine have been
associated with a chemotherapy-induced myelopa-
thy. This myelopathy is characterised by weak-
ness or paralysis with loss of bowel and bladder
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function. The prognosis for recovery is very poor
(Duffner, 2004). Radiation necrosis can occur up
to two years following cranial irradiation at doses
of greater than 60 Gy (Duffner, 2004). Vasculopa-
thy, migraine-like episodes and strokes have been
documented in cranially irradiated adults and chil-
dren. Reduced brain perfusion has been shown
to occur after treatment for acute lymphoblas-
tic leukaemia, which did not include cranial
irradiation.

Assessment

At the clinic, children and young people need
a routine neurological assessment. They should
be examined for signs of raised intracranial pres-
sure and the cranial nerves assessed. Periph-
eral neuropathy is often diagnosed by observ-
ing an abnormal gait. A history should be taken
and patients should be asked if they suffer from
headaches. Any history of seizures or headaches
may need referral for a neurology opinion (Skinner
& Wallace, 2005).

Management

Drug treatment should be considered for painful
neuropathy with referral to neurologists, physio-
therapists and occupational therapists as required.
Neuropsychological assessment may also be
needed (Skinner & Wallace, 2005). The nurse
specialist should provide the CCLG After Cure fact
sheet (Griffths, 2005) on radiotherapy to the brain
and second malignant tumours. Discussion about
the possibility of these late problems requires
sensitive discussion and the specialist nurse is in
an ideal position to offer this support.

Neuropsychological

Potential problems

Functional impairment can affect activities of daily
living, education and employment, while cognitive
impairment can cause intellectual decline, atten-
tion deficits and memory deficits.

Young age at treatment

The effects of neuropsychological impairment on a
patient’s quality of life are discussed in Chapter 27,
so will not be discussed here.

Children treated for ALL with cranial radio-
therapy or intrathecal methotrexate and malignant
brain tumour survivors are at risk of neurocog-
nitive deficits. The risk is directly proportional to
the aggressiveness of the CNS therapy received
(Mulhern et al., 2004).

Many factors can contribute to the neurolog-
ical problems associated with ALL and brain
tumour treatments. These can include the age
of the child at treatment; time elapsed from
treatment; and socio-economic status. It is often
difficult to separate the late neurological effects
such as IQ loss and academic failure from
non-biological factors. Loss of social and envi-
ronmental stimulation and missed schooling
which is associated with childhood illness can
also have a negative impact (Mulhern et al.,
2004).

Children treated for brain tumours before the
age of 4 are exposed to neurotoxic agents when
the brain and psychological development are at
their greatest. Unlike children with ALL, children
with brain tumour have multi-focal insults on their
CNS, such as the space-occupying lesion itself,
trauma of surgery, radiotherapy and secondary
effects such as visual impairment and seizures. All
these insults can have an adverse effect on the
patient’s psychological performance (Mulhern et
al., 2004).

Neuropsychological dysfunction occurs more
commonly in children under 3 years of age treated
with BMT who have previously been treated with
cranial irradiation. It is generally accepted that
cranial radiotherapy and young age at treatment
have an adverse effect on cognitive function, which
becomes more apparent the longer the patient is
followed up (Leiper, 2002).

Neurocognitive deficits tend to be progressive
in nature (Robison & Bhatia, 2003). Survivors of
leukaemia who were less than 6 years of age
at the age of treatment may develop significant
decline in IQ, affecting attention and non-verbal
cognitive processing skills. These children have
problems with expressive and receptive language,
attention span and visual and perceptual motor
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skills. They commonly complain of difficulty in
reading, language and mathematics (Robison &
Bhatia, 2003).

Assessment

History and examination should be undertaken at
the long-term follow-up clinic. Enquiries should
be made regarding schooling and education and
employment in young adults. Ability to perform
activities of daily living and self-care should be
assessed. Neurological deficits also need to be
assessed, and this can be done initially by enquir-
ing about memory, attention, intelligence, visual-
spatial, verbal and fine motor function skills (Skin-
ner & Wallace, 2005).

Management

Close liaison is needed with schools for all at-risk
children. Referral to a neuropsychologist or educa-
tional psychologist may be required for patients
experiencing difficulties. A statement of educa-
tional need or extra time in exams for any patient
with difficulties should be considered. Community
child health services need to be involved in plan-
ning care for any child with a disability, any young
adult with a disability needs referral to the young
adult with disability team. Social work referral
may also be necessary if a patient requires help
with benefits and housing, etc. (Skinner & Wallace,
2005).

Eyes

Potential problems

Each of the different tissues of the eyes can be
affected by cancer treatments especially radiother-
apy and steroids such as prednisolone or dexam-
ethasone (Skinner & Wallace, 2005). Radiotherapy
involving the eyes in the field of radiation includ-
ing, total body irradiation pre-bone marrow trans-
plant can all significantly impair vision (Skinner &
Wallace, 2005).

The percentage of children developing cataracts
after TBI has decreased dramatically now that
the dose is given as a fractionated course.

Radiotherapy can also cause watery eyes because
of the damage to the lacrimal duct or conversely
dry eyes (xerophthalmia) because of damage to
the lacrimal glands (Ober et al., 2004). Dry sore
eyes can be a sign of inflammation of the cornea
associated with chronic graft versus host disease
(GvHD). Painless vision loss is a major symptom
of both retinopathy and optic chiasm neuropathy
due to radiation damage to the retina or the optic
nerve. Enucleation of one or both eyes may be
necessary in the treatment for retinoblastoma.

Assessment

A clinical history should include questions about
visual disturbances. Cataracts may present as pain-
less blurring of vision, sensitivity to light or double
vision in one or both eyes and are common follow-
ing TBI. Teachers may have noticed that children
have difficulty reading or seeing in class, chil-
dren and young people may complain of persis-
tent irritation on the surface of their eye or eyelid.
Eyes should be examined with an ophthalmoscope
at each visit (COG, 2006). Children and young
people treated with TBI, radiotherapy to brain, eye
or orbit, or those complaining of vision problems
should be referred to an ophthalmologist (Skinner
& Wallace, 2005).

Management

In the case of cataracts, ophthalmologists will
monitor the patients’ vision over many years and
will only recommend cataract surgery when it
becomes necessary. Cataract surgery is commonly
done as a day case and involves the removal of
the lens from the eye and replacement with an
artificial lens. Dry sore eyes are treated by instill-
ing regular artificial teardrops. Patients who have
undergone enucleation need advice on keeping
their eye socket clean and infection free. They
also need free access to ophthalmology services
to replace prosthetic eyes as and when necessary
and to enhance and protect the remaining vision in
the other eye (COG, 2006). All patients should be
advised to wear UV protection sunglasses in bright
sunlight.
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Craniofacial and dental

Craniofacial, dental development and oral health
can be abnormally affected by treatment for child-
hood cancer, especially that involving radiother-
apy to the head and neck (Leiper, 2002a, b).
Chemotherapy and radiotherapy can both have
significant effects on developing facial structure
and dentition (Sonis, 2004). Asymmetric, irregu-
lar facial and skull development involving bone,
teeth and soft tissues can lead to altered appear-
ance which can result in physical and psychosocial
morbidity (Sonis, 2004).

Risk factors

• cranial and facial radiotherapy;
• TBI;
• chemotherapy;
• treatment at a young age.

Potential problems

Abnormal facial appearance and growth. Cranio-
facial growth may not be proportional. Calvarial
growth is almost complete by 5 years of age while
nasomaxillary, mandibular and dentition growth
continues into adolescence (Sonis, 2004). Suppres-
sion of bony orbital growth can be a life-long
complication for children with bilateral retinoblas-
toma treated with external beam radiotherapy.
Their appearance changes as they grow and they
develop hollow temples, prominent brows, sunken
orbits, shortening and narrowing of the midface
along with a saddle nose shape (Ober et al., 2004).
Children treated with radiotherapy for nasopha-
ryngeal rhabdomyosarcoma can also develop
abnormal facial growth especially affecting their
jaws. Mandibular growth is more sensitive to
radiotherapy than maxillary growth (Skinner &
Wallace, 2005). Children below the age of 5 years
when treated with radiotherapy using doses of 24
Gy or above are at the greatest risk of developing
facial skeletal abnormalities (Sonis, 2004).

Dental caries and periodontal disease

Dwarfism, enamel hypoplasia, root defects (absent
or shortened roots), incomplete calcification, agen-

esis and eruption failure of teeth can all be caused
by exposure to 4 Gy of radiation to developing
teeth (Sonis, 2004). Chemotherapy given during
dental development can also result in abnor-
mal tooth development including tooth dwarfism,
enamel hypoplasia and root anomalies (Sonis,
2004). Children receiving cancer therapy may be
at a greater risk of dental disease owing to the
adverse effects of therapy on the dental struc-
tures and salivary glands (Sonis, 2004). Suscep-
tibility to dental caries increases when saliva
production is compromised. Children receiving
high-dose irradiation (40–60 Gy) to the head and
neck are at an increased risk of dental caries
secondary to salivary dysfunction. These radia-
tion caries develop rapidly and can affect the
entire crown of the tooth (Sonis, 2004). There may
also be an increased risk of dental caries caused
by sucrose-containing medication or fizzy drinks
(Salis, 2004).

Following BMT, patients may complain of
xerostoma. Decreased salivary secretion usually
resolves within four years if patients have received
chemotherapy alone as part of their conditioning
regime. Studies have shown that their salivary
secretion rates are then indistinguishable from
healthy children (Dahlof et al., 1997a). However,
those receiving TBI as part of their condition-
ing continue to have decreased saliva secretion
(Dahlof et al., 1997b). Children with chronic graft
versus host disease may display oral changes simi-
lar to those observed in adult patients. Symptoms
may include mucosal lichenoid lesions, leuko-
plakia, erythemia mucoceles and ulceration. Treat-
ment with cyclosporin may cause non-gingival
tissue growth and require surgical excision (Sonis,
2004).

Assessment

Clinical examination should include an inspection
of the mouth for any suspicious oral lesions and
a clinical history should reveal any difficulty with
swallowing or mastication. All childhood cancer
survivors should undergo regular dental examina-
tion (Skinner & Wallace, 2005). Dentists need to
be informed of the type of treatment patients have
received (Griffiths, 2005).
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Management

Good oral hygiene must be encouraged. Some
children, especially those treated with high-dose
radiotherapy, may require topical fluorides to
make their teeth more acid-resistant (Salis, 2004).
The After Cure fact sheet about teeth should be
given to all at-risk young people (Griffiths, 2005).
Regular dental examination should be encouraged
with referral to a dental surgeon or orthodon-
tist if treatment becomes necessary. Regular clin-
ical photography should be considered to assist
in possible facial reconstruction at a later date.
Patients who require facial reconstruction should
be referred to a maxillofacial surgeon during
puberty to discuss their options (Skinner &
Wallace, 2005).

Skin

Potential problems

Children and young people who have received
any type of chemotherapy or radiotherapy have
an increased risk of all skin cancers including
melanoma, basal cell sarcomas and squamous cell
cancer within the field of radiotherapy. Fibrosis
of skin after radiotherapy and scleroderma caused
by chronic GvHD cause thickened inflexible skin,
which can lead to joint immobility (Benton &
Tidman, 2004).

Assessment

All pigmented skin lesions should be inspected
and monitored during long-term follow-up.
Children and young people should be encour-
aged to inspect their skin regularly and be alert
to changes on their skin. Moles that increase in
size, thickness or change in pigmentation, become
itchy or bleed should be referred to a dermatologist
urgently (Skinner & Wallace, 2005).

Management

If skin cancer is suspected, an urgent referral to a
dermatologist should be made because skin cancer

is curable if treated early. Young people should
be advised about protecting their skin in the sun
and this is discussed in Chapter 26 under health
education. Fibrotic skin needs regular moisturising
and the underlying chronic GvHD has to be treated
to improve scleroderma (COG, 2004).

Musculoskeletal

Musculoskeletal effects have a significant impact
on the quality of life for childhood cancer survivors
(Robison & Bhatia, 2003). They can affect facial
appearance as discussed in the section about cran-
iofacial and dental problems. Survivors of bone
cancer may have undergone amputation or limb
salvage surgery with endoprosthesis.

Potential problems

Skeletal effects are:

• avascular necrosis (AVN)
• osteochondroma (OC)
• osteoporosis
• reduced bone mineral density (BND)
• slipped epiphysis
• scoliosis, kyphosis
• endoprosthetic problems.

Muscular effects are:

• polymyositis
• weakness
• joint problems, sclerodermatous and joint

contractures.

Bone, joints and muscles in radiation fields can
develop fibrosis, stiffness, hypoplasia and defor-
mities (Skinner & Wallace, 2005).

Second malignancies can develop within radia-
tion fields.

Risk factors

Steroids, chemotherapy and radiotherapy includ-
ing TBI, cranial and spinal radiotherapy are risk
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factors for musculoskeletal effects. Endocrinopa-
thy, especially growth hormone deficiency or
gonadal failure, is also a risk factor (Skinner &
Wallace, 2004).

Avascular necrosis commonly occurs during
cancer treatment but can also occur after treat-
ment has been completed. Avascular necrosis is
caused by a temporary or permanent interruption
to the blood supply to the bone. It can occur in any
bone but commonly affects the epiphysis of long
bones such as the femur or humerus (COG, 2006).
Femoral avascular necrosis occurs as a result of
chemotherapy, particularly steroid treatment and
as a consequence of TBI as well as more focal radia-
tion (Levitt & Saran, 2004). Although the hip joint is
most commonly affected by non-traumatic avascu-
lar necrosis in post-transplant patients, other joints
can be affected and there may well be bilateral
involvement (Leiper, 2002a, b).

Multiple osteochondromas are common after
BMT, and can occur centrally or peripherally.
They are associated with TBI but have also been
associated with localised irradiation for other
childhood malignancies. Osteochondromas can
undergo malignant changes to present as osteosar-
coma or osteochondrosarcoma, however this is
very rare (Leiper, 2002a, b).

During childhood and young adulthood, normal
bone formation occurs faster than bone loss
enabling bones to grow and become denser.
This process reverses in adulthood and bones
slowly lose strength as part of the normal ageing
process (COG, 2006). Osteoporosis or osteope-
nia results from too little bone formation or too
much bone loss causing the bones to become
weak. Minimal trauma can then cause frac-
tures. Vertebral collapse may present as back
pain, spinal curvature or loss of height (COG,
2006). Both underlying disease and chemother-
apy affect bone turnover in childhood cancer
patients and both contribute to reduced bone mass
acquisition during treatment (Crofton, 2004).
Steroids, especially prednisolone and dexametha-
sone, are a major component in the treatment
acute lymphoblastic leukaemia and lymphoma
in childhood. Dexamethasone is also used as
an antiemetic and for tumour-associated oedema
especially in brain tumour patients. Glucocorti-
coids enhance bone re-absorption and decrease
bone formation, therefore decreasing bone mass

and increasing the risk of fractures (Brennan, 2004).
High-dose methotrexate also impairs bone forma-
tion and enhances bone re-absorption (Crofton,
2004).

Irradiation indirectly causing growth hormone
deficiency or sex steroid deficiency will also
contribute to reduced bone mineral density
(Brennan, 2004). Too much thyroid hormone can
also result in osteoporosis (COG, 2006). Spinal
deformity can be caused by radiotherapy. If the
radiation field is symmetrical then the main effect
will be a decrease in spinal height (a short back
is often more evident when the patient is sitting).
If the ephyseal plates are irradiated asymmetri-
cally, then scoliosis, kyphosis or kyphoscioliosis
may occur (Morgan & Conrad, 2004). Scoliosis and
kyphosis can result from radiation to the trunk at
doses of 20 Gy or greater (COG, 2006).

Young people and children who have had limb
salvage surgery need follow-up for the rest of
their lives. These patients may have had joint
implants which only last approximately ten years
and require future replacement surgery (Morgan
& Conrad, 2004). A bone continues to grow
throughout childhood and adolescence; patients
often develop limb length discrepancies and need
surgery to help correct them. Prosthetic loosening
may arise, needing further surgery.

Assessment

At the long-term follow-up clinic, a history
should be taken and patients questioned about
diet and exercise. During physical examina-
tion, the spine should be observed for abnor-
mal spinal curvature especially during puber-
tal growth spurts. Enquiries should be made
about any back pain or fractures. Following
bone marrow transplant, children and young
people who have sclerodermatous joint contrac-
tures should be examined for other signs of chronic
graft versus host disease (cGvHD). Dual-energy
X-ray absorptiometry (DEXA) measurements are
used to assess bone mineral density in the follow-
ing patients:

• post-bone marrow transplant;
• those diagnosed with growth hormone defi-

ciency;
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• acute lymphoblastic leukaemia;
• medulloblastoma;
• clinical history of back pain or fractures.

(Skinner & Wallace, 2005)

Patients with signs or symptoms of avascular
necrosis should have magnetic resonance imag-
ing (MRI).

Management

All children and young people should be encour-
aged to take a diet rich in calcium and under-
take weight-bearing exercise to improve their
bone mineral density and bone strength. When a
reduced bone mineral density is diagnosed refer-
ral to a specialist in bone disease is necessary.
Patients with osteochondroma, slipped epiphysis,
scoliosis or avascular necrosis should be referred
to an orthopaedic surgeon. Treatment for avas-
cular necrosis ranges from conservative treatment
(involving pain relief, use of crutches to reduce
weight bearing and physiotherapy exercises), to
surgical treatment which may involve a bone graft,
osteotomy wedge resection or arthroplasty (joint
replacement). Scoliosis should be monitored and
may need to be treated with a brace or surgery.
Patients with musculoskeletal disease associated
with cGvHD should have their immunosuppres-
sive treatment reviewed.

Swelling or lumps which develop in the radi-
ation field should be reported to a general prac-
titioner immediately (Skinner & Wallace, 2005;
COG, 2006). Children and young people who
have endoprostheses need to have any bacte-
rial infections treated promptly with antibiotics.
All abscesses, boils, urinary tract infections and
ingrowing toenails need treatment as bacteria can
settle next to the metal bone replacement and start
an infection. The signs of an infected metal bone
replacement are pain and redness near the scar
and/or development of stiffness and increased
temperature in the limb. If not treated quickly,
the metal replacement may need to be removed.
Children and young people with such prostheses
should also be told that it is imperative that they
tell their dentist that they have metal bone replace-
ment and they will need antibiotic cover for dental
treatment (Griffiths, 2005).

Hearing

Potential problems

There are two types of hearing loss:

1. Conductive hearing loss due to a problem with
transmission of sound through the outer and
middle ear. This is caused by ear infections, if
there is a build-up of ear wax, or if there has
been damage to the ear drum or middle ear
bones.

2. Sensorineural hearing loss caused by damage to
the inner ear or auditory nerve. If the sensory
hair cells have been damaged in the inner ear
then the sound waves cannot be changed into
nerve impulses and so the brain is unable to
recognise sound. High and low-pitched sounds
are processed by different sensory hair cells.
The sensory hair cells which process high-
frequency sounds are often damaged first and
this may be the first indication of hearing loss.
Sensorineural hearing loss is usually perma-
nent whereas conductive hearing loss may
improve over time (COG, 2006).

Risk factors

Hearing loss can be caused by:

• surgery to the brain or ear which affects the 8th
cranial nerve (auditory nerve);

• platinum-based chemotherapy such as cisplatin
(cumulative doses of cisplatin greater than
360mg/m2) increases the risk of auditory
impairment);

• aminoglycoside antibiotics such as gentamicin
or tobramycin;

• loop diuretics such as furosemide;
• radiation to any field involving the ear such as:

• TBI
• infratemporal
• cranial
• craniospinal
• nasopharyngeal.

Radiation to the ear or brain can cause prob-
lems with ear wax, build-up of fluid in the middle
ear, stiffness to the ear drum or middle ear bone
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damage. This damage can present as conduc-
tive hearing loss. Radiation can also damage
the sensory hair cells in the middle ear causing
sensorineural hearing loss (COG, 2006).

Assessment

A full history should be taken at the follow-up
clinic. Children and young people may complain
of tinnitus; however, more commonly parents
say that their children have difficulty in hearing
when spoken to especially if there is any back-
ground noise. Teachers may have also told parents
that their child does not pay attention in class
(Shearer, 2004). Audiograms should be performed
at the end of patient’s treatment and repeated at
regular intervals if there are any signs of hear-
ing loss.

Management

Hearing loss should be diagnosed promptly as
it can affect children’s speech development and
education (Skinner & Wallace, 2005). Early refer-
ral to an audiologist for formal hearing assess-
ment may be necessary. Children who cannot
understand instructions during an audiogram may
need to have their hearing tested using brainstem
auditory evoked responses. Those with ‘glue ear’
need referral to an ENT surgeon for treatment.
Patients with hearing problems may need referral
to community healthcare consultants, educational
psychologists and speech and language therapists
to ensure appropriate needs are addressed (Skin-
ner & Wallace, 2005).

Hearing should be protected by the early treat-
ment of ear infections or excessive ear wax. Auto-
toxic drugs such as aspirin and gentamicin should
be avoided. They should also be advised to protect
their ears from very loud noises, both recreation-
ally and occupationally, by wearing ear protection
(COG, 2006).

Gastrointestinal

Long-term gastrointestinal complications of
childhood cancer treatment can have a major

detrimental effect on nutrition and growth.
Chemotherapy, radiotherapy and surgery can all
damage the gastrointestinal tract. Nutrition is
compromised by the nausea and vomiting caused
by these agents; however, most problems and side
effects associated with chemotherapy are acute.
Chemotherapy combined with radiotherapy may
cause long-term effects.

The enterocyte has a life span of four days and
is therefore affected by chemotherapy, especially
alkylating agents, antimetabolites, vincristine and
vinblastine. In acute stages of treatment, this is seen
as mucositis, which may extend beyond the oral
cavity (Meadows, 2004).

Factors which have equally important effects are:

• increased gastrointestinal permeability;
• mucosal damage;
• alteration of inflammatory response.

These are more likely to result in long-term compli-
cations; nutritional status and bowel flora may also
influence the outcome.

Potential problems

Malnutrition can cause damage to the bowel result-
ing in malabsorption. Most gastrointestinal side
effects from chemotherapy are acute and rarely
result in long-term side effects. However, radio-
therapy, surgery and chemotherapy in combina-
tion may produce chronic problems. Post-bone
marrow transplant patients, who have needed
long-term immunosuppression, may develop life-
threatening infections caused by cryptosporidia or
cytomegalovirus. Cytomeglovirus (CMV) can reac-
tivate at any time causing CMV viremia, the virus
can invade the gastrointestinal epithelium, causing
secondary vasculitis and sub-mucosal ischaemia
(Meadows, 2004).

Of all oncology treatments to the gastrointesti-
nal (GI) tract radiotherapy is most likely to result
in long-term complications. Radiation enteritis has
three phases: early, delayed (months after treat-
ment), and late (several years after treatment).
Delayed and late radiation enteritis present with
diarrhoea, vomiting, signs of obstruction such as
abdominal distension and pain. Histopathology
of the mucosa shows villous blunting with an
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increased plasma cell infiltration in the lamina
propria. There can be full thickness fibrosis of the
bowel wall, which can lead to stricture formation
and result in ulceration of the mucosa and malab-
sorbtion (Meadows, 2004).

Adhesions and strictures present with symptoms
of obstruction while blind loops present with diar-
rhoea (Meadows, 2004). A ‘blind loop’ is an area of
the small intestine, which has poor motility and a
profusion of bacteria. They are difficult to identify
even with barium studies. Adhesions and blind
loops can be caused by abdominal surgery and
radiotherapy. Adhesions are diagnosed by plain
abdominal X-ray and if possible barium studies.
Strictures present with acute or subacute obstruc-
tion and patients may complain of increased pain
on swallowing. A barium meal and follow-through
is required to assess the extent of damage to the
bowel (Meadows, 2004).

Chronic graft versus host disease of the gastroin-
testinal tract may present with difficulty in swal-
lowing, retrostinal pain and anorexia, which
results in severe weight loss. Barium swallow is
again indicated to confirm diagnosis (Meadows,
2004).

Assessment

Gastrointestinal problems often present with fail-
ure to thrive (Meadows, 2004). Children and young
people who have had radiotherapy or surgery to
the GI tract should be asked if they have any
difficulty swallowing, and questioned about their
bowel habits. They should be examined for any
signs and symptoms of malabsorption or intestinal
obstruction. If symptoms are present they should
be acted upon quickly and patients referred for
further investigation (Skinner & Wallace, 2005).

Management

There needs to be a multidisciplinary approach
to the management of long-term complications
of the GI tract following childhood cancer treat-
ment. Oncologists, gastroenterologists, surgeons
and dieticians should work together as a team
when gastrointestinal problems are diagnosed
(Meadows, 2004).

Cardiac

Potential problems

Cardiotoxicity is a significant treatment-related
late effect of chemotherapy (particularly with
anthracyclines) and radiotherapy. The number
of myocytes that comprise the myocardium of
the heart are determined by six months of age.
Cells that are damaged are not able to repli-
cate but undamaged cells respond to increased
demand by hyperplasia and hypertrophy (Levitt
& Saran, 2004). Damage caused by radiotherapy
or chemotherapy may impair this function espe-
cially at times of increased demand such as growth,
strenuous activity such as weight lifting and preg-
nancy (Skinner & Wallace, 2005).

Risk factors for cardiotoxicity (Hinckle et al.,
2004) include:

• high cumulative dose of anthracyclines
(doxorubicin and daunorubicin) >250mg/m2;

• younger age at the time of treatment;
• female gender;
• mediastinal radiotherapy used concomitantly

with anthracycline treatment.

Dexrazoxane has been used with good effect
for the prevention of cardiomyopathy in adults
receiving high doses of anthracyclines (Hinckle
et al., 2004). Although dexrazoxane has proved
effective for reducing acute myocardial injury
in children, long-term benefits have not yet
been established. Radiotherapy can cause heart
disease and affects all the layers of the heart, the
pericardium, myocardium, valves and coronary
arteries. Coronary artery disease caused by radio-
therapy can result in sudden death many years
after treatment has been completed and earlier
than expected in the general population (Levitt &
Saran, 2004).

Assessment

Cardiotoxic effects of anthracycline chemotherapy
and radiotherapy treatment can occur during treat-
ment, or immediately after treatment has been
completed, or many years later. Young people
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should be monitored for signs of impaired function
during treatment, at the end of treatment and then
at regular intervals during adult life. Echocardio-
graphy is a non-invasive investigation; a reduced
shortening fraction or ejection fraction indicates
anthracycline cardiotoxicity (Hinckle et al., 2004).
In the UK it is recommended that after treatment
with anthracyclines, asymptomatic patients should
have echocardiograms every five years (Skinner
& Wallace, 2005), more frequent assessment may
be necessary if there is evidence of deteriorating
function. Young people should be asked how they
feel compared with their peers. At each visit to the
long-term follow-up clinic a detailed health history
may reveal signs indicative of cardiac impairment
(Griffiths, 2005) such as:

• fatigue
• breathlessness
• chest pain
• palpitations
• fainting.

Management

Young people who have received cardiotoxic treat-
ment should know about the long-term risks
(Hinckle et al., 2004); specialist nurses can under-
take this education activity. Young people need
to be advised how to recognise the warning signs
of cardiotoxicity and report symptoms if they
have concerns. Information is found on the CCLG
After Cure fact sheet about the heart (Griffiths,
2005). Young people should be advised about
the increased stress on the heart during preg-
nancy and during heavy weight lifting (Griffiths,
2005). The specialist nurse should advise obste-
tricians about the need for close monitoring and
for cardiac assessment throughout the pregnancy.
Young people should be encouraged to adopt a
healthy lifestyle because it is known that risk
factors for heart disease include:

• smoking;
• obesity;
• high blood pressure;
• inactivity (Hinckle et al., 2004),

The nurse’s role in health education is discussed
in Chapter 26. There is more specific advice about
smoking, weight control and exercise. Referral to
a cardiologist becomes necessary if cardiac func-
tion is impaired (as evidenced by abnormalities
on echocardiography or on clinical examination)
(Skinner & Wallace, 2005). Angiotensin convert-
ing enzyme inhibitors (ACE inhibitors) are used to
treat left ventricular function disorders and heart
failure, but continuing deterioration may necessi-
tate heart transplantation in extreme cases (SIGN,
2004).

Renal and bladder

Potential problems

Treatment for childhood cancer can cause nephro-
toxicity, which can present acutely or it can
develop over time. It may be progressive,
reversible or irreversible (Skinner & Wallace, 2005).

Risk factors for renal impairment (Skinner &
Wallace, 2005) include:

• pre-existing renal impairment;
• cancer affecting the kidney and requiring total

or partial nephrectomy;
• ifosfamide administered to a child under 5 years

in a cumulative dose > 80 g/m2;
• dose of cisplatin > 40 mg/m2 daily;
• radiation dose >12–20 Gy to the field that

includes the kidney;
• previous or concurrent use of nephrotoxins (e.g.

aminoglycoside antibiotics).

Ifosfamide and cisplatin are nephrotoxic and cause
renal impairment in 30–60 % of children. Chronic
ifosfamide nephrotoxicity often leads to tubular
damage, resulting in hypophosphataemic rickets
or nephrogenic diabetes insipidus; glomeru-
lar damage may also occur (Sweetman, 2005).
Methotrexate and nitrosoureas rarely cause severe
problems. Carboplatin is less nephrotoxic than
cisplatin but problems can develop in a similar
way to those seen with cisplatin. Cisplatin causes
damage to the renal tubules and can lead to
hypomagnesaemia, hypocalcaemia, hypokalaemia
and hyponatraemia (Skinner & Wallace,
2005).
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The bladder can be damaged by:

• invasion of the bladder by the tumour;
• surgery involving partial or total removal of the

bladder;
• metabolites of ifosfamide and cyclophos-

phamide are toxic to the bladder, but haem-
orrhagic cystitis and long-term damage are
usually avoided by infusion of mesna with the
chemotherapy;

• radiotherapy to a field that includes the blad-
der can cause acute problems followed by long-
term fibrosis. Treatment at a young age as well
as the volume of bladder irradiated increase the
risk of bladder damage (Raney et al., 2004).

Children who have received bone-marrow trans-
plantation have a particularly high risk of devel-
oping late nephropathy or bladder problems
because their treatment has often included nephro-
toxic drugs and total body irradiation (Leiper,
2002a, b).

Assessment

Young people at risk of impaired renal function
need to have regular measurement of their blood
pressure, urinalysis for proteinuria and growth
monitoring until final height has been reached.
Serum urea, electrolytes and creatinine need check-
ing every 5 years if renal function is normal at the
end of treatment. Glomerular filtration rate (GFR)
is monitored during treatment if nephrotoxic drugs
are used and measurement only needs repeating
if the serum creatinine is elevated or a previous
GFR has been below 90ml/minute/1.73m2 (Skin-
ner & Wallace, 2005). Bladder damage may result
in haematuria or urinary problems, which are
revealed by taking a clinical history and carrying
out routine urinalysis.

Management

Young people should understand the need to have
their blood pressure checked annually either at
the long-term follow-up clinic or by their GP if a
kidney has been removed or if nephrotoxic treat-
ment has caused renal impairment. They should

know that high blood pressure could develop years
later (Griffiths, 2005).

Electrolytes may need to be supplemented
according to serum biochemistry especially follow-
ing treatment with ifosfamide, cisplatin or carbo-
platin (Skinner & Wallace, 2005). Children and
young people with severe renal impairment need
referral to a nephrologist. Children and young
people who develop urinary symptoms may need
referral to a urologist for further investigation.
Young people with a history of chronic haemor-
rhagic cystitis are at a higher risk of second malig-
nant tumours of the bladder (Skinner & Wallace,
2005). The specialist nurse should educate young
people about the risk of developing late renal prob-
lems and inform them of the signs and symp-
toms of bladder complications. The After Cure fact
sheet (Griffiths, 2005) about the kidney and blad-
der should be given to young people at risk of
kidney or bladder problems.

Pulmonary

Potential problem

Chemotherapy, radiotherapy involving the lungs
and thoracic surgery are all risk factors for
developing late respiratory problems (Skinner &
Wallace, 2005).

Chemotherapy

Busulphan, cyclophosphamide and carmustine are
most often associated with pulmonary toxicity. The
risk is higher in children younger than 5 years
treated with carmustine. Bleomycin can cause
severe toxicity in adults and studies by the CCLG
and St Jude’s Children’s Research Hospital have
sought to determine a safe dose of bleomycin for
Hodgkin’s disease and germ-cell tumours in chil-
dren (Marina et al., 2004).

Radiotherapy

Initially, radiotherapy involving the lungs can
cause acute pneumonitis, injuring the type II
pneumocytes, endothelial cells, fibroblasts and
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macrophages. The risk is dependent on the total
dose of radiotherapy administered, volume of
the lung irradiated and the dose of each radia-
tion fraction. Children undergoing bone-marrow
transplantation who receive total body irradiation
together with chemotherapy with alkylating drugs
are at a particularly high risk (Marina et al., 2004).

Radiotherapy carried out at a young age with
high doses and a larger treatment volume of the
lung increases the risk of developing pulmonary
toxicity (Skinner & Wallace, 2005). Growth of
the ribs, sternum, muscles and cartilage can be
impaired by radiotherapy at a young age and this
might impair respiratory function during adult-
hood (Marina et al., 2004). Clinical features of acute
pnemonitis include cough, dyspnoea, chest pain,
pleuritis and low-grade fever. Fibrotic changes
follow the acute symptoms after about 2–4 months.
Long-term deterioration can result from these
fibrotic changes and usually becomes apparent
within 1–2 years. Restrictive respiratory late effects
may also present with chronic cough, dyspnoea
and chest pain (Marina et al., 2004).

Assessment

Assessment of individuals at risk of pulmonary
toxicity should include history of exercise toler-
ance and they should be questioned about smok-
ing. Baseline pulmonary function tests should be
carried out at the end of treatment and if abnor-
mal the tests should be repeated after a year. If the
baseline tests are normal then assessment is based
on symptoms of pulmonary impairment (Skinner
& Wallace, 2005).

Management

Symptomatic patients with abnormal lung func-
tion should be referred to a respiratory specialist.
Patients with lung disease are advised to be vacci-
nated against pneumococcal infection and have
annual immunisation against influenza (Skinner &
Wallace, 2005). The specialist nurse has a respon-
sibility to educate young people about their risk
of pulmonary toxicity and at-risk young people
should be given the After Cure fact sheet about the
lungs (Griffths, 2005). Even asymptomatic patients

may have a degree of lung damage and should
be strongly advised to avoid smoking. Regular
exercise will improve lung function. Chapter 26
gives more information about health education and
smoking cessation programmes. Patient education
about specific risks of treatment is important and
those who have had bleomycin are at risk when
receiving high oxygen concentrations and need to
warn anaesthetists pre-anaesthetic (Griffiths, 2005).

Second malignancies

Potential problem

A second primary cancer is histologically differ-
ent from the first one and develops later (Bhatia,
2004). A large UK-based cohort of patients who
had survived childhood cancer for at least 3 years
were followed up for up to 25 years and found to
have a 4.2 % risk of developing a second malig-
nant neoplasm (Jenkinson et al., 2004). Patients
who have survived childhood cancer treatment for
hereditary retinoblastoma, Hodgkin’s disease and
soft-tissue sarcomas are at the greatest risk for
developing second malignant neoplasms (Neglia
et al., 2001).

Radiotherapy

Exposure to radiotherapy at a young age increases
the risk for developing a second malignancy.
Radiotherapy combined with high doses of an
alkylating agent also increases the risk (Jenkin-
son et al., 2004). Following radiotherapy secondary
bone tumours and sarcomas typically present after
about 10 years (Bhatia, 2004). In the past, second
malignancies occurred anywhere around the field
of radiotherapy but now that radiation borders are
defined better, second malignancies usually occur
within the radiation field.

Patients who have received radiotherapy for
Hodgkin’s disease are at risk of developing
breast cancer or thyroid cancer, depending on the
radiotherapy field and dose (Bhatia, 2004). Bone
tumours usually occur in young adults who have
been treated for retinoblastoma, Ewing’s sarcoma
and other soft-tissue sarcomas. Cranial radiother-
apy for brain tumours or for prophylaxis of central
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nervous system disease in leukaemia can lead to
second gliomas and meningiomas in adulthood
(Neglia et al., 2001).

Chemotherapy

Epodophyllotoxins such as etoposide given at a
young age increase the risk of developing acute-
onset myeloid leukaemia; the risk increases with
the dose given. Alkylating agents given in high
cumulative doses to older children increase the risk
of developing myelodysplasia about 46 years after
such treatment (Bhatia, 2004).

Familial cancer syndromes

A number of familial cancer syndromes such
as Li-Fraumeni syndrome, neurofibromatosis and
Fanconi’s anaemia predispose individuals to
malignancies (Wallace et al., 2001). Hereditary
retinoblastoma also increases the risk for multiple
second malignancies by as much as 69 % (Hawkins,
2004); the risk is higher when radiotherapy was
part of initial treatment. Soft-tissue cancers often
lead to second malignancies, especially if there is
a strong history of cancer in the family (Bhatia,
2004).

Assessment

Long-term follow-up to specifically detect second
malignancies is recommended for patients who
are at high risk. Clinical examination within the
radiation fields is particularly important. The
skin should be examined for the appearance of
pigmented naevi. A medical history and physical
examination may reveal signs of a new primary
tumour (Wallace et al., 2001).

Management

Young people need to know about the risks of
developing second malignancies. All young people
need educating about the risks of their diagnosis
and treatment. The CCLG has produced the After
Cure fact sheet (Griffiths, 2005) relating to the risks

of radiotherapy and this should be given to all
young adults who have had radiotherapy. A fact-
sheet on second malignancies is also available.
The specialist nurse can provide information and
give advice about leading a healthy lifestyle, and
avoiding smoking and exposure to the sun. Young
people should be advised to watch out for features
that might indicate the development of a malig-
nancy. Any worrying signs should receive imme-
diate medical attention.

In relation to pigmented naevi, young people
should look out for changes in size, thick-
ness, pigmentation, itching or bleeding (Skinner
& Wallace, 2005); such changes require imme-
diate referral to a dermatologist. Women who
have received thoracic or mediastinal radiother-
apy (particularly for Hodgkin’s disease) should
be advised to examine their breasts for lumps
(see Chapter 26 for more detailed advice about
self-breast examination). A formal programme for
breast screening is advised in accordance with the
Department of Health 2003 Directive (Skinner &
Wallace, 2005). An annual MRI scan is advised for
all women aged 25 to 29 years; thereafter, screen-
ing should continue by mammography according
to the Department of Health directive (Skinner &
Wallace, 2005).
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25 The Role of the Nurse in
Long-Term Follow-Up

Beverly Horne

The role of the nurse in long-term follow-up (LTFU)
of childhood cancer survivors is a new and devel-
oping speciality. The LTFU nurse is the key worker
for those who are 5 years and more from the end of
their therapy and who live within the geographical
area covered by their particular regional paediatric
oncology unit. Information about the late effects
of those treated for childhood cancer is constantly
emerging and the ever-evolving knowledge base
presents a challenge to the nurse.

The role of the LTFU nurse involves:

• assessment, planning, implementation and
evaluation of programmes of care;

• support and advice;
• liaison and education;
• provision and facilitation of alternative models

of care;
• research and audit;
• health promotion provision;
• participation in other specialist LTFU clinics.

Assessment, planning, implementation
and evaluation of programmes of care

A patient who is referred to the clinic will
require their treatment, physical and psychological

complications and any other health issues
summarised. From their individual summary the
potential late effects of their treatment will be
assessed using national guidelines (SIGN, 2004;
Skinner & Wallace, 2005). A plan for the patient’s
follow-up will then be compiled and screening for
the potential late effects organised. As the majority
of the patients only attend once a year interven-
tions will be implemented on the day of the clinic
visit if possible. This helps to encourage atten-
dance and means less time away from school or
work. In the patient’s plan, as well as screening for
potential late effects, there should also be identi-
fication of possible health promotion target areas,
e.g. for a woman who has had chest radiother-
apy it would be appropriate to inform her about
breast awareness due to her increased risk of breast
cancer, compared to the general population (Bhatia
et al., 1996). There are many issues involved in
the planning of care for the LTFU patient with
each plan being individually tailored to target the
potential late effects of each patient. Implementa-
tion of the patient’s care will occur through the
investigations ordered from the nurse consulta-
tion session and from the medical review. During
the nurse consultation session health promotion
topics can be covered with adolescent and adult

Cancer in Children and Young People Edited by Faith Gibson and Louise Soanes
© 2008 John Wiley & Sons, Ltd



384 Late Effect of Cancer Therapies

survivors (explored in further detail in Chapter 26).
The patient can have a general health check,
including measurement of body mass index (BMI),
blood pressure, urinalysis and given the opportu-
nity to discuss any issues that are important to
them, covering subjects such as fertility, employ-
ment, insurance, second malignancies and psycho-
logical problems. Outcomes of recent investiga-
tions can be evaluated and a management plan for
issues discussed and put into action, in consulta-
tion with the rest of the LTFU team, the relevant
specialist or GP for continuing care as appropriate.

Support and advice

The LTFU nurse with specialist knowledge of
potential late effects provides support and advice
to the patient and other health professionals.
Informing a patient of the possible risks can cause
great anxiety and this may be lessened by the infor-
mation being broached in a sensitive but appropri-
ate way in order to induce a realistic awareness.

Psychological issues arise and the LTFU nurse is
often the first port of call before a referral to the
psychology services. Psychology input is sought
when the problems stem from having had cancer
and/or cancer treatment. All survivors of child-
hood cancer have the potential to suffer from
psychological problems, and a significant number
are likely to experience heightened anxiety over
such issues as general health, relapse of disease
or fertility (Zeltzer, 1993). All experiences are rele-
vant and significant to the individual and there
must be a conscious recognition of this on the
part of the nurse. It is important not to compare
patients’ experiences and underestimate those who
perhaps had minimal treatment and low-grade
cancers. Referral to a psychologist who works with
young people who have had cancer is desirable
as skills and knowledge needed in helping this
cohort of patients are quite unique. Understand-
ing and empathy of their journey go a long way
in developing a rapport with the childhood cancer
survivors.

Patients and their families also have concerns
about acute medical problems and whether these
are connected with their cancer or treatment,
concerns about whether they have relapsed and
what to look out for, or if what they have heard

in the media applies to them. Employment issues
arise and one particular area that causes diffi-
culties for the long-term follow-up patients are
the armed services which are very reluctant to
take cancer survivors. Insurance and employment
will also be the subject of advice sought as some
patients experience problems getting insurance,
being asked to pay inflated premiums many years
after the end of treatment. Referral to a social
worker can help with educational or employment
difficulties or for finding resources for the disabled
survivor. Second malignancies are a potential risk,
and advice is sought on symptomatology, risk and
lifestyle choices. Lifestyle choices are an important
area of focus at the LTFU clinic and health promo-
tion forms part of the care.

Liaison and education

Liaison and education will form part of the LTFU
nurse’s role on a daily basis, providing specialist
knowledge on late effects of childhood cancer treat-
ment. The patient, service providers (GP, shared
care centres, professional colleagues), members of
the multidisciplinary team and other health profes-
sionals are among those who may require the
expert knowledge that can be provided by the
LTFU nurse.

Education of patients gives them ownership of
their own health care, providing information on
their health risks and what action they would
be advised to take. The patient can be offered
an After Cure booklet (Griffiths 2005) which gives
them information on many issues such as why
they need to be seen, healthy living, fertility, insur-
ance, employment, travel and disability. The book-
let is accompanied by a treatment card, which
summarises the patient’s own treatment details,
and information sheets on specific late effects.
These booklets are useful as the patient may have
been too young to remember what their treatment
or illness involved. Their parents may not be able
to recall all the relevant details and perhaps asking
their parents to relate what was a very difficult and
painful time of their lives may be unacceptable for
the patient. The LTFU nurse can fulfil this role by
providing details of their previous cancer and its
treatment and problems that may have occurred
during the treatment or subsequently. Late effects
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of childhood cancer is a specialised field and one
of the responsibilities of the LTFU nurse is in the
education of other health professionals. There are
only 22 regional paediatric oncology units across
the UK and therefore late effects expertise is a rare
but developing speciality.

Provision and facilitation of
alternative models of care

There is great variety in the models of care that are
in place within LTFU clinics. Traditionally child-
hood cancer survivors are never discharged and
are given a medical review annually. However, a
change in the way patients are followed up has
had to come about in order to manage the growing
number of LTFU patients. The majority of patients
are still followed up in the traditional way but
some have a low risk of late effects of their treat-
ment and suggestions have been made regarding
alternative ways (Table 25.1). The patients do not
necessarily need a medical review once a year,
some can attend every two years and the LTFU
nurse can facilitate follow-up in between by post
or telephone with a health status screening ques-
tionnaire (Figure 25.1). The purpose of this is to
provide a point of contact with the patient and

to give an opportunity for them to inform the
LTFU team of any problems that may have arisen
in the previous year. They also provide a means
of keeping track with GP changes, marital status,
offspring, change of address, etc. These question-
naires have been found to be acceptable to the
patient and prove a popular alternative to having
to attend the hospital for an appointment (Horne,
2004). Ways forward for the future for those at
low risk of late effects could include follow-up by
e-mail or mobile phone text between their medi-
cal reviews. When consulted the childhood cancer
survivors felt that a key worker was important
to the LTFU service. A key worker whom they
were able to develop and maintain a rapport with,
who knew about their cancer and cancer treatment
and who was able to communicate with them and
support them and their parents (Gibson et al., 2005).

In the USA there are established nurse-led LTFU
clinics whereas in the UK this is not yet the norm.
Certainly for the patients who are at low and
moderate risk of late effects, it would seem appro-
priate for them to be followed up by LTFU nurse
specialists. Nurse-led clinics that have evolved in
the UK have been evaluated as cost effective, safe
and acceptable to patients (Campbell et al., 2000;
Connor et al., 2002; Cox & Wilson, 2003). Nurses
taking a leading role in LTFU are one of the ways

Table 25.1 Proposed levels of follow-up

Level Treatment Method of
follow-up

Frequency Examples of tumours

1 Surgery alone Post or
telephone

1–2 years Wilms’ tumour stage I or II

Low-risk
Chemotherapy

Langerhans cell histiocytosis
(single system disease)
Germ cell tumours (surgery only)

2 Chemotherapy Led by nurse or
primary care
doctor

1–2 years Most patients (e.g. acute
lymphoblastic leukaemia in first
remission)

Low-dose cranial
irradiation (<24 Gy)

3 Radiotherapy, except
low-dose cranial
irradiation

Medically
supervised late
effects clinic

Annual Brain tumours

Megatherapy Post-bone marrow transplant
Patients with stage IV tumours
(any type)

Source: Wallace et al. (2001).
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LONG-TERM FOLLOW-UP QUESTIONNAIRE

Name. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Date . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Hospital no . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Date of birth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Date of next visit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Please complete the following details:-
Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Telephone No . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
GP + Address . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
How is your health at the
moment? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
How has your health been since your last
visit to clinic? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
What medication, if any, are you taking? . . . . . .
What is your current educational/employment
situation?
(Please give details of courses, exams passed,
etc.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Have you had any major changes in your
domestic life? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Is there anything else you would like us to
know about? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
PLEASE CONTINUE OVER THE PAGE IF
NECESSARY
Thank you, please return in the envelope
provided.

Figure 25.1 Postal questionnaire for long-term follow-up.

in which to manage the care of this ever-increasing
cohort of patients (Gibson & Soanes, 2001) and also
to fulfil the role of key worker which the survivors
themselves have felt is important to the service
(Gibson et al., 2005).

Care can sometimes be carried out in primary
and secondary settings as well as in the tertiary
regional centre. Some LTFU clinics can be situ-
ated in shared care centres, they can be facili-
tated by the LTFU nurse and/or oncologist from
the regional centre, or by the shared care team
or by a collaboration of both. The advantage of
this form of follow-up is that it is nearer to the
patient’s home, thereby increasing convenience
and consequently the likelihood of attendance and
also reducing travelling time. There is also the

possibility that some GPs may be willing to under-
take the LTFU care under the direction of the LTFU
team, and this may be instigated by the patient
or the GP.

Transition of care to adult services at an appro-
priate age and level of development is theoreti-
cally an ideal way forward for childhood cancer
survivors. However, the adult oncology services
are stretched with patients of their own and the
adult physician may not have the knowledge or
experience of the paediatric protocols or the late
effects these treatments may have had on the devel-
oping child. Unlike the paediatric team they would
not gain from the increase in knowledge of late
effects to inform their new treatment protocols.
Therefore would there be enough benefit for the
adult services to research as extensively as the
paediatric services into the late effects of treat-
ment? There is a danger that opportunities would
be lost to add to the knowledge base of this special-
ity; thus the paediatric teams have a vested inter-
est in maintaining a comprehensive and efficient
service for the adult survivors of childhood cancer.
With follow-up from the paediatric centre moni-
toring for late effects and gate-keeping for the
referral to specialist adult services, the patient has
the added advantage of still being in contact with
their treatment centre.

Research and audit

Collaboration with and instigation of research are
an important component of the LTFU nurse’s
role. It is only in the past 30 years that survival
rates for childhood cancer have started to improve
(Robertson et al., 1994; Gatta et al., 2003), therefore
in medical terms this is a new speciality and one in
which there are many areas to be explored. There is
also a need to develop more evidence-based prac-
tice in caring for this cohort of patients that takes
the risk/benefit ratio of continuing to attend the
LTFU clinic into account. The protection and advo-
cacy of the patient need to be actively pursued
while undertaking the research, as they are a
new and interesting group but consequently can
be in danger of being over-researched. The types
of research can include the exploration of medi-
cal, psychological and social late effects. LTFU,
however, does need to be the subject of research
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in order to inform care and provide follow-up that
is evidence-based (Hawkins, 2004).

Audit is essential in discovering if the patient
is receiving efficient and appropriate interven-
tions, looking at the needs of the patient and
if they are being met. Are the patients satisfied
with the service? How could it be improved?
These are questions that audit can answer.
It is important to ascertain the service users’
views to provide a service that fulfils their
requirements.

Health promotion provision

The LTFU clinic is an ideal place to provide
health promotion. The patients already attend the
clinic focusing on health issues and are likely
to have built up a trusting relationship with the
LTFU nurse. Childhood cancer survivors are at
an increased risk of developing a second malig-
nancy and also have other potential health risks
due to their previous cancer treatments, therefore
the lifestyle choices that they make can increase
or reduce that risk (Hawkins, 2004). Consequently
provision of health promotion can increase the
quality of the care that the patient receives
and this will be explored comprehensively in
Chapter 26.

Participation in specialist LTFU clinics

Specialist clinics can add to the quality of the
care that the patients receive. These can include
fertility, neuro-oncology, bone marrow transplant
and endocrine clinics. Neuro-oncology and bone
marrow transplant clinics focus on a specific
cohort of patients with the benefit of special-
isation and consequently increased knowledge
and experience. The endocrine and fertility clin-
ics deal with late effects of the treatment. The
LTFU nurse can be involved in all of these
clinics and, certainly, in those run by other
specialists the nurse can contribute with exper-
tise of late effects of the particular treatment that
the patient received. The nurse can also act as
advocate and support for the patient in these
situations.

Conclusion

The LTFU nurse is working in an ever-evolving
field as treatment protocols change and to a certain
extent potential late effects. Research is prolific
targeting childhood cancer survivors so there is
a need to keep up to date and anticipate the
future needs of the service. For the nurse who has
looked after acutely ill children with cancer it is
uplifting to see those who are followed up long
term going to university, gaining employment,
getting married and having families. The role of
the nurse in LTFU can be both challenging and
rewarding.
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26 Health Promotion for Long-Term
Follow-Up Patients

Beverly Horne

Health promotion encompasses activities that
address increasing levels of well-being and
attempts to maximise a person’s health potential
(Pender, 1987). Risks to health can come from a
number of factors, for example, genetic make-up,
environment, health behaviours and exposure to
infections. Reducing the risk of cancer is one of the
most important reasons to carry out health promo-
tion as cancer will affect one in three people within
their lifetime, with the most common cancers being
lung and breast (Department of Health, 2000a).

For a long-term follow-up (LTFU) patient, access
to health promotion can improve the quality of the
care that they receive. There is a risk in this cohort
of patients of developing a second malignancy
due to the carcinogenic potential of chemother-
apy and radiotherapy given as treatment for the
original cancer, along with the genetic predispo-
sition in some individuals to develop tumours.
Statistics from research looking at rates of second
malignancies is retrospective as treatment proto-
cols change, so it is very difficult to predict what
each individual’s risk of developing a second
malignancy might be (Olsen et al., 1993; Rosso
et al., 1994; de Vathaire et al., 1999). Research,
however, does tend to support the occurrence of
second malignancies as a significant risk for child-
hood cancer survivors (Hawkins, 2004). Therapy

for childhood cancer can also have late effects on
various body systems – heart, lungs, kidneys, etc.
(see Chapter 24) – so by choosing to adopt adverse
behaviours that risk their health, such as smok-
ing or excessive alcohol consumption, they may
be adding to a risk that they already have. Or
conversely, by choosing to abstain from behaviours
that risk their health, they will not be adding to that
risk. Risk-taking behaviours of childhood cancer
survivors can be influenced by health profession-
als, addressing any knowledge deficits, ensuring
survivors know where their areas of vulnerability
are and providing a health promotion intervention
that is targeted to their particular circumstances
(Hudson & Findlay, 2006). These health promotion
interventions have been shown to be successful
in changing risk-taking behaviours and increasing
the motivation and perception of personal risk in
this cohort of patients (Cox et al., 2005).

There are a number of research studies
comparing childhood cancer survivors with the
general population as regards to health-risk-taking
behaviours (Hollen & Hobbie, 1996; Bauld et al.,
2005). These studies have found either no differ-
ence between the two groups or that the child-
hood cancer survivors were at a lower risk of
indulging in health-risk behaviours. Neverthe-
less as this cohort already have a propensity to
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potential health risks due to their treatment, they
would still benefit from a health promotion inter-
vention.

The purpose of primary health promotion is
to encourage people to adopt a healthier lifestyle
with secondary health promotion aimed at those
who have a particular risk of developing a health
problem (Webb, 1994). For LTFU patients both
primary and secondary health promotion is impor-
tant. When the patients attend a clinic, they are
already focusing on their health, they will usually
have developed a rapport with and have confi-
dence in their LTFU nurse, therefore it is an
ideal opportunity to talk to them about primary
and secondary health promotion. Women have
contact with health professionals and the benefit
of primary health promotion at times when they
seek contraceptive advice or when they become
pregnant. For men, however, this opportunity
does not always present itself, therefore to have
the chance to focus on their health and issues
that are important to them is one that should
be taken advantage of in the LTFU clinic. Train-
ing in health promotion and keeping up to date
with new developments may be facilitated through
the public health resource facility with advice on
what health promotion models might be useful
in the relatively short time available with the
LTFU patient. As the nurse gained experience,
confidence in tackling sensitive subjects would
develop. Resources could be made available for
the patients such as leaflets, help-line numbers,
web addresses as well as the discussion, informa-
tion and advice around the relevant issues. The
LTFU nurse has a responsibility to highlight areas
that need secondary health promotion and this will
be covered in more detail in the topics explored
next. The Long Term Follow Up Therapy Based Guide-
lines (Skinner & Wallace, 2005), SIGN Guide-
lines (SIGN, 2004) and Children’s Oncology Group
(COG) Guidelines (COG, 2006) have been used
to identify the following potential late effects of
treatment.

Topics that can be covered within health promo-
tion for LTFU patients are listed below but are by
no means comprehensive as other issues may come
to light within the nurse consultation session:

• smoking;
• alcohol consumption;

• recreational drug use;
• nutrition, physical activity and achieving a

healthy weight;
• breast awareness;
• testicular self-examination;
• sexual health;
• sun protection.

These areas will be explored individually, how-
ever, it is the nurse’s responsibility to keep up to
date with new developments in each area and to
develop close contact with the local public health
resource library and training centre.

Smoking

A third of all cancers are caused by smoking –
lung cancer predominantly but it is also a major
cause of mouth, nasal passages, larynx, blad-
der and pancreatic cancers (Cancer Research UK,
2007a). Smoking is the biggest single cause of
cancer in the world but smoking can also cause
heart disease, stroke, bronchitis and emphysema
(Cancer Research UK, 2007a). Smoking is addic-
tive but most smokers would like to quit and
there are positive health benefits to stopping smok-
ing at any age (Perceval, 2002). There is a wealth
of help available to assist those who would like
to quit:

• NHS smoking cessation services.
• NHS smoking help-line.
• Nicotine replacement therapy – in the form of

gum, patches, lozenges, nasal spray, inhalator
and tablets – are available from the pharmacy
and also on prescription. They work by giving
fixed amounts of nicotine in each dose but with-
out the harmful chemicals in tobacco smoke.
They can help by reducing the cravings and
break the habit so allowing the person to wean
him or herself off smoking (Consumers Associ-
ation, 2001).

• Zyban – a prescription-only medicine that is
thought to work on parts of the brain that are
involved in the addiction to nicotine. It is recom-
mended starting Zyban 1–2 weeks before stop-
ping smoking and taken for 7–9 weeks in total
(Electronic Medicines Compendium, accessed
April 2007).
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People can also help themselves by adopting the
following (Perceval, 2002):

• Making plans for coping with stressful
situations.

• Plan for the date to stop, one that will be as
stress-free as possible and stick to it.

• Think positively – concentrate on the good
things about stopping smoking.

• Take one day at a time and congratulate them-
selves every day.

• Give up with a friend and support each other.
• Use nicotine replacement therapy or Zyban to

help with the cravings.
• In the beginning avoid places where they know

they will be tempted to smoke.
• Keep themselves busy and try and keep active.
• Add up all the money saved and spend it on

themselves.
• Don’t try ‘just one’ cigarette – it will make them

start again.

The LTFU patients who will need secondary health
promotion will be those who have had radiother-
apy or surgery involving the lung or chemotherapy
agents that can affect the lung such as bleomycin,
busulphan or CCNU; also those who have received
potentially cardiotoxic treatment such as radiother-
apy involving the heart or chemotherapy agents
such as the anthracyclines including daunorubicin,
doxorubicin, epirubicin, mitozantrone.

Alcohol consumption

The risks from drinking more alcohol on a regu-
lar basis than the daily benchmarks are: liver
damage, cirrhosis of the liver and cancer of throat
and mouth. The risk of throat and mouth cancer
increases in people who also smoke. Psychological
problems including depression can also occur with
over-indulgence of alcohol in the long term.

The daily benchmarks are:

• men – less than 3 to 4 units per day;
• women – less than 2 to 3 units per day.

Keeping to these recommended units would mean
that there are no significant risks to health. Drinks
vary in strength and size but some examples are:

• A half pint of ordinary strength lager, beer or
cider = 1 unit

• 25ml measure of spirits = 1 unit
• Small glass of wine (9 %abv) = 1 unit.

Sometimes people underestimate how much they
drink and actually getting them to work out their
intake in units can be enough to encourage them
to cut down to an amount that is not going to
do them long-term harm. For those people who
are having trouble stopping, help will be avail-
able through their GP or Alcoholics Anonymous
or other alcohol-related charities.

The LTFU patients who will need secondary
health promotion will be those who have had
liver tumours or surgery or radiotherapy that has
included the liver and chemotherapy agents such
as methotrexate; also those patients who have had
any cancer involving the mouth or throat or any
surgery or radiotherapy on those areas.

Recreational drug use

The risks from recreational drugs may be unex-
pected. Drugs that are sold on the ‘street’ may have
been mixed with other substances so users can
never be sure what they’re getting. Users can also
become tolerant to some drugs so that they need
to take more to get the effect that they want. Users
may also overdose where they take more than their
bodies can handle and this can prove fatal (Health
Education Authority, 1996a; Department of Health,
2002). Drugs have a variety of risks, as shown in
Table 26.1.

The LTFU patients who need to be targeted for
secondary health promotion will be dependent on
the recreational drug being used. However, most
of the recreational drugs have neuro-psychological
effects and this could cause increased prob-
lems in those patients who have had brain
tumours, radiotherapy to the central nervous
system or chemotherapy treatment with intrathe-
cal methotrexate or cytarabine.

Nutrition, physical activity and
achieving a healthy weight

An unhealthy diet may be responsible for up to a
third of all cancer deaths. A diet that is considered
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Table 26.1 Classification of drugs

Drug Classification Risks

Cannabis C Affects short-term memory, co-ordination, ability to concentrate. Increases risk of
respiratory problems. Can make users paranoid and anxious. Smoking cannabis
with tobacco can lead to addiction to cigarettes.

Cocaine A Heart problems, chest pains, convulsions. May make users restless, confused and
paranoid. Snorting cocaine can permanently damage the inside of the nose.

Crack A Can cause fatal heart problems, chest pains, convulsions, lung damage. The user
can feel restless, nauseous and have problems sleeping.

Ecstasy A Tightening of the jaw, nausea, sweating, an increase in the heart rate, liver and
kidney problems, possibly affecting brain chemistry. Users can feel tired and
depressed afterwards.

Heroin A Dizziness and vomiting on first use. Can cause coma and death. Highly addictive
drug with tolerances developing leading to the need for increasing amounts of the
drug. Injecting can lead to damage of veins and gangrene, hepatitis and HIV.

LSD A Hallucinogenic effect called a ‘trip’, which once started cannot be stopped.
Hallucinogenic effects may be extremely unpleasant and even terrifying. Users can
feel paranoid and out of control. Users may experience flashbacks where parts of
the trip are re-lived.

Magic mushrooms A (when prepared) Stomach pains, sickness and diarrhoea. Eating the wrong kind of mushroom can
prove fatal. Can cause bad trips similar to LSD.

Speed B Tiredness, depression; can affect sleep, memory and concentration. Can cause
heart problems and mental illness such as psychosis.

healthy is high in fruit, vegetables and cereals and
low in salt, fat and sugar. People who eat at least
five portions of fruit and vegetables a day are better
protected against cancer and heart disease (Depart-
ment of Health, 2007). Changing to a diet that’s
healthy should be done in small steps in order
to maximise the potential of the changes being
permanent. It can include changing the type and
variety of foods eaten, when they are eaten, how
much is eaten and how they are prepared (Depart-
ment of Health, 2007).

Physical activity can bring about many physi-
ological and psychosocial benefits – lower blood
pressure, increased lung function, lower
blood sugar, lower blood cholesterol, decreased
mineral bone loss, decreased body fat and weight,
improved flexibility, increased stamina, improved
sleep quality, decreased stress levels, improved
mood and self-esteem, to name but a few (Bomar,
1996). It is also thought to reduce the risk of certain
cancers (Department of Health, 2000a). Becoming
more physically active is possible for any age of
person. Like dietary change, increasing activity
should be done gradually in order to make the
chance of sticking to a new routine more likely. It
is important to choose an activity that is preferred

and fits in with their lifestyle and exercising with
a friend can help with motivation as well as
enjoyment. If undertaking strenuous exercise, it
is advisable to warm up before and cool down
afterwards, be aware of how the body feels and
not to overdo it, this will help to reduce risk of
injuries. Activities that would be suitable include
brisk walking, cycling, swimming, gardening and
dancing. The ideal amount of physical activity is
30 minutes of moderate exercise per day (Health
Education Authority, 1996b).

Being overweight can lead to an increased risk of
high blood pressure, heart disease, some cancers,
gall bladder disease and osteoarthritis. A way of
measuring body fat is the Body Mass Index or BMI;
the way to calculate this is by dividing body weight
in kilograms by the square of the body height in
metres (Bomar, 1996). There are also charts avail-
able which makes the assessment of BMI easier
especially when time with the patient is limited;
the healthy range for BMI is between 19 and 25.
To achieve a healthy weight, a healthy eating habit
must be adopted or an increase in physical activ-
ity, but ideally a combination of both is usually
the most effective (Health Education Authority,
1996b). The LTFU patients who may be targeted
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for secondary health promotion are those who
have had acute lymphoblastic leukaemia especially
females who have been found to be at an increased
risk of obesity (SIGN, 2004).

Breast awareness

Breast cancer is the most common cancer in women
(Department of Health, 2003) and breast aware-
ness can help in finding a cancer at an earlier and
more treatable stage (Austoker, 1994). Being breast
aware means that a woman knows what her breast
normally looks and feels like, knows what changes
to look out for, will report changes to her GP
straight away and will attend breast screening if
over the age of 50 years (Austoker, 1994). Changes
to be aware of are:

• a change in the outline, shape or size of the
breast;

• puckering or dimpling of the skin on the breast;
• any lump in the breast or armpit or any area of

thickening;
• any discharge from the nipple;
• any unusual pain or discomfort in the breast;
• any change in appearance of the nipple;
• constant pain in one part of the breast or in the

armpit.

(Breast Cancer Care, 2005)

The LTFU patients who would need secondary
health promotion of breast awareness are those
who have received chest radiotherapy including
the breast tissue (Bhatia et al., 1996). It is important
to target this group of patients in order to inform
and encourage them to practise breast aware-
ness (Horne, 2004). The Department of Health
now classes childhood cancer survivors who have
had this particular treatment as being at a higher
risk of developing breast cancer than the general
population and have put in place a high-risk
screening programme for them (Department of
Health, 2003).

Testicular self-examination

Testicular cancer is rare but it is the most common
cancer in men who are under the age of 35. Like

breast cancer, the earlier it is found, then the more
successful treatment is likely to be (Department
of Health, 2000b). Testicular self-examination is
recommended as a way of early detection of testic-
ular cancer. The following advice can be given
(Department of Health, 2000b):

• Hold the scrotum in the palm of the hand and
notice changes in the heaviness, shape or size
of the testicles (it is normal for one testicle to
hang lower than the other).

• Examine each testicle by using the hands to roll
them between thumbs and fingers, they should
feel smooth.

• Compare for any differences between the two
testicles, there is little likelihood of something
unusual being found in both.

• Other signs to look out for are a dull ache in the
groin or abdomen, heaviness in the scrotum or
pain in the testicle.

It is best for them to examine themselves in the bath
or shower when the testicles are softer, making
it easier to detect any changes. Testicular cancer
is not the only cause of abnormalities though
as the testicle can develop cysts or fluid collec-
tions, but an early review by the GP is essential
to obtain a diagnosis. LTFU patients who need
secondary health promotion addressing testicu-
lar self-examination include those who have had
radiotherapy that has included the testes.

Sexual health

There is a risk of developing sexually transmitted
diseases, including hepatitis B, HIV, chlamydia,
genital warts and genital herpes for people who
are sexually active, both homosexual and hetero-
sexual. An extra risk for women is cervical cancer
which has been linked to multiple sexual partners,
early sexual activity or a history of sexually trans-
mitted diseases (Nettina, 2006).

Having safer sex is recommended in order
to reduce the likelihood of the risks of sexu-
ally transmitted diseases and also of unplanned
pregnancies. Safer sex involves the use of
condoms as barrier contraception (Department of
Health, 2000b), and condoms still need to be used
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even if another contraceptive method is being used
(Family Planning Association (FPA), 1995). Some
Family Planning Association clinics and GP surg-
eries provide free condoms and the FPA has a help-
line service that provides confidential information
and advice on contraception and sexual health.

Sun protection

The main cause of skin cancer is the sun; most
people do know about this but do not necessarily
protect themselves from the risk (Department of
Health, 2000a). People who are generally at risk
are those with white skin, those who have lived
in sunny countries and those with lots of moles.
Also more specifically people with fair or freckled
skin that doesn’t tan; with red or fair hair and
pale eyes; who have suffered from severe sunburn,
especially in childhood; who have a personal or
family history of melanoma; who have an outdoor
job; or who have unusual moles – large, irregular
and multi-coloured (Cancer Research UK, 2007b).

To protect the skin from the sun, the follow-
ing advice is recommended (Cancer Research UK,
2007b):

• Take care not to burn.
• Avoid the sun between 11am and 3pm.
• Use a sunscreen all the time (SPF 15 or higher

with UVA protection) even if tanned.
• Wear a wide-brimmed hat, UV protected

sunglasses, tightly woven, loose-fitting clothing
or keep in the shade.

A doctor should be consulted immediately if a
mole or dark patch is getting larger or a new one
is growing, if a mole has a ragged outline, if a
mole has a mixture of different shades of black and
brown. A doctor should be consulted within two
weeks if the following signs have not resolved –
inflammation of the mole or a reddish edge; bleed-
ing, oozing or crusting mole, an itchy mole; or one
that is noticeably larger than all the other moles.
Patients attending the LTFU clinic who would
need secondary health promotion of advice on sun
protection are those that have received any radio-
therapy as they are at a slightly increased risk of
getting a skin cancer within the radiotherapy field.

Theoretical approaches and models

There are a number of theoretical approaches and
models that can be used within health promotion.
In caring for patients within a LTFU setting time
is limited and the patients only return once a year
so the practicalities need to be borne in mind for
whatever approach and model adopted. A vari-
ety of topics are likely to be discussed and this
may call for a range of approaches in any one
session.

Approaches – examples (Naidoo & Wills, 2000):

• Behavioural change approach may be needed
with a person who wishes to stop smoking.

• Educational approach may be used in guiding
someone towards eating a healthier diet.

• Medical approach may be used in encouraging
women to attend for cervical screening.

• Empowerment approach may be used with
drug abusers.

There are also various models that could be used
and just one example – the Health Belief Model –
is explored below but others may be of use in
this setting such as the Health Action Model
which looks at issues of motivating factors
and inhibitors to change behaviour (Tones &
Tilford, 1994); or perhaps the Stages of Change
model which describes behavioural change as
pre-contemplation (not even considering chan-
ging behaviour), contemplation, action and main-
tenance of the change. Relapse is possible at any
stage and the model stresses that realistic aims
and commitment are essential for success (Katz &
Perberdy, 1997).

Health Belief Model

In order to understand how a health professional
might influence a LTFU patient to lead a healthier
lifestyle, the Health Belief Model will be exam-
ined. The model is based on the assumption that
a person must believe that they are at risk of
developing a health problem in order for them
to take action (Becker, 1974). The main circum-
stances that can influence behaviour are said to
be: a person’s perceived susceptibility to a disease;
perceived severity of a disease; perceived costs and
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benefits of taking preventative action; perceived
barriers to taking action; and cues to action. Cues
to action encompass such situations as getting
advice from peers, media campaigns, having a
friend or family with an illness, or reading or hear-
ing a news article relating to the problem (Becker,
1974).

Using a theoretical framework can help the
health professional ascertain what might be useful
in encouraging the LTFU patient to adopt a partic-
ular action, for instance, for those patients requir-
ing secondary health promotion, the perceived
susceptibility of a disease can be explored in rela-
tion to the previous cancer treatment. Perceived
barriers can be explored for all the topics and
advice may be able to be given that can help in
overcoming these, for instance, one of the barriers
to stopping smoking may be the fear of weight
gain and this can be addressed by information on
healthy diet and exercise. Each person will need
to be individually assessed with regard to his or
her health promotion intervention and information
and advice given appropriately.

Conclusion

A realistic expectation of what can be achieved
with health promotion in the LTFU clinic is needed
as time with the patient is limited and infrequent
but over the years hopefully a trusting therapeu-
tic relationship will develop. The nurse will be
able to re-visit what has been discussed previously,
to explore progress on any behavioural changes
planned and provide up-to-date information and
advice on a variety of lifestyle choices. The qual-
ity of care that the LTFU patient receives will be
enhanced by access to health promotion within a
therapeutic setting.
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27 Quality of Life in Long-Term
Survivors of Childhood Cancer

Anthony Penn

In the past thirty to forty years, advances in
the diagnosis, treatment and support as well as
the centralisation of care of children with cancer
have resulted in improved long-term survival.
Between 70 and 75 % of children and adoles-
cents treated for cancer in the United States and
Western Europe will achieve long-term survivor-
ship (Gloeckler Ries et al., 2003, Steliarova-Foucher
et al., 2004). Increased risk stratification aims to
ensure that patients with good prognosis are not
over-treated and put at risk for unnecessary late
effects, and allows those with worse prognosis to
have the best chance of cure. As a result, some
children with cancer receive less intense treat-
ment, while others with poorer prognoses receive
more intense treatment than ever before. As more
children are surviving cancer into adulthood and
beyond, it has been recognised that the qual-
ity as well as the quantity of life is important
when considering outcome in childhood cancer.
Quality of life measures have become increasingly
important in quantifying the burden of morbidity
faced by children treated for childhood cancer. The
Medical Research Council (UK) and the National
Cancer Institutes (in the United States and Canada)
insist that all clinical trials requiring sponsorship
must include quality-of-life measures (MRC, 1996;
Nayfield et al., 1992).

Defining quality of life in the
health-care setting?

Agreement on an acceptable definition of
quality of life (QOL) has been difficult to attain.
Bradlyn & Pollock (1996) suggested that it includes
the social, physical and emotional functioning of
the child or adolescent (and family), and that it
is sensitive to the changes that occur through-
out development. Quality of life is therefore
multidimensional. It should take into account the
survivor’s ability to participate in everyday activ-
ities and where appropriate, family functioning. It
is subjective, and measures of quality of life should
always be made by the cancer survivor themselves,
wherever possible.

It is important in the understanding of QOL that
the same disease and/or treatment may not neces-
sarily have an equal impact on each individual.
The impact also depends on past experiences, life-
style, hopes for the future, dreams and ambitions
of the survivor and their ability to adapt to changes
brought about by their illness and its treatment
(Schipper et al., 1996). For example, lower limb
surgery for bone tumour may impact differently
on different people. For a keen sportsman, loss of
previous mobility may mean giving up dreams of
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becoming a professional athlete as well as loss of
access to previous social, sporting activities and
friendships. For others, loss of mobility may not
be so great and have little effect on their QOL.

Physical function

Physical late effects of treatment such as cardiomy-
opathy, endocrine disorders, obesity or physical
defects due to surgery or radiotherapy can all affect
the health status, physical functioning and QOL in
survivors of childhood cancer. While there have
been many reports on adverse physical late effects
or outcome in survivors of childhood and adoles-
cent cancer, little has been done to define the effects
these physical disabilities have on quality of life.

Reports on physical function in childhood cancer
survivors differ, depending on cancer type, treat-
ment received and measures used to define physi-
cal health status. Generally survivors of childhood
cancer report good physical health in compari-
son to normal controls, with the important excep-
tion of brain tumour, bone tumour and sarcoma
survivors, who tend to score their physical health
as being worse than other cancer survivors and/or
normal controls (Apajasalo et al., 1996; Moe et al.,
1997; Novakovic et al., 1997). This is despite the fact
that approximately 65–75 % of childhood cancer
survivors are reported to have one or more physi-
cal late effects (Lackner et al., 2000; Oeffinger et al.,
2000).

To date, the most relevant study addressing late
effects, including physical function in long-term
survivors of childhood cancer, is the large multi-
institutional Childhood Cancer Survivor Study
(CCSS). The group have produced some semi-
nal work on health status, HRQL and other
outcome measures in survivors of various types
of childhood cancer (Gurney et al., 2003; Hudson
et al., 2003; Nagarajan et al., 2004; Punyko et
al., 2005). The study found that survivors were
more likely than a randomly selected cohort of
survivors’ siblings, to report adverse heath status
in the physical domains (Hudson et al., 2003).
Predictably, adverse health status was more likely
to be reported by survivors of brain tumours, bone
tumours and sarcomas, due to aggressive multi-
modality treatment and its effect on areas of the
body like the developing brain. A second report by

the CCSS on bone tumour patients found similar
physical health and HRQL in amputee survivors
compared with those who underwent limb-sparing
surgery. Both groups of survivors reported excel-
lent physical function and quality-of-life (Nagara-
jan et al., 2004).

Survivors report that treatment-related symp-
toms does not impact as negatively on QOL
as long-term effects like aches, pain and fatigue
(Zebrack & Chesler, 2002). Glaser et al. (1999)
reported that pain affected approximately one-
third of brain tumour survivors. Most studies of
fatigue in survivors of cancer diagnosed in adult-
hood showed an increased reported incidence of
fatigue (Holzner et al., 2003; Loge et al. 1999;
Howell et al., 2000; Ruffer et al., 2003), with only a
few finding no difference between survivors and
controls (Smets et al., 1998). There is less published
data on the prevalence of fatigue in the paediatric
oncology population, and although some stud-
ies have shown excess fatigue in children under-
going or recently off treatment for cancer, the
prevalence of fatigue in long-term survivors is
not as clear. Langeveld et al. (2000) found fatigue
to be a significant problem for some survivors.
In contrast, a more recent report by the same
group found no excess fatigue in survivors who
had completed treatment an average of 15 years
prior to there study (Langeveld et al., 2003). In a
recent study by Meeske et al. (2004), children with
brain tumours off treatment for more than a year
(average 5.6 years without treatment) had signif-
icantly lower mean scores for fatigue than that
in the normal population, suggesting increased
fatigue in this population. Acute lymphoblastic
leukaemia patients (average 6.5 years without
treatment) scored in the normal range. Fatigue
severity was inversely related to overall HRQL in
this study (Meeske et al., 2004).

Psychological function

The incidence of psychological disturbance in
survivors of childhood cancer has been well
described, although findings vary. Some studies
have found a significantly higher incidence of
psychological problems compared to population
norms and normal or sibling controls (Zeltzer
et al., 1997; Zebrack & Chesler, 2002; Glover
et al., 2003). In contrast, other studies reported
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no significant difference in psychological status
between survivors and controls, with survivors
being similar to the normal population or even
doing better with regards to psychological function
and QOL (Gray et al., 1992; Apajasalo et al., 1996;
Elkin et al., 1997; Eiser et al., 2000). Gray et al., (1992)
found that survivors reported significantly more
positive mood, less negative mood, higher inti-
macy motivation, more perceived personal control,
and greater satisfaction with life than controls.
However, the same study found that survivors
were more likely than peers to have repeated
years at school, be worried about issues of fertil-
ity, and to express dissatisfaction with important
relationships

Post-traumatic stress disorder (PTSD), charac-
terised by unwanted re-experiencing of a traumatic
event, avoidance of reminders of the trauma and
psychological arousal is increasingly being used
to help explain the psychosocial consequences of
having cancer as a child (Hobbie et al., 2000, Kazak
et al., 2004, Langeveld et al., 2004, Schwartz &
Drotar, 2005). In order for a diagnosis of PTSD
to be given, a person must have been exposed to
an event defined as an imminent threat to life or
a serious injury (in this case, cancer) and must
manifest a psychological reaction (usually fear) to
the event. Between 4.5 and 25 % of survivors of
childhood cancer have symptoms that meet the
criteria for a diagnosis of PTSD, with additional
survivors experiencing trauma symptoms, but not
meeting the criteria for diagnosis of PTSD. The
occurrence of PTSD in survivors appears to be
associated with retrospective appraisal of threat to
life at diagnosis, the degree to which the survivors’
experience of the treatment was ‘hard’ or ‘scary’
as well as general anxiety, history of other stress-
ful life events, female gender and lack of family
or social support (Zebrack et al., 2005). Interest-
ingly, PTSD and post-traumatic stress symptoms
seem to be more common in parents of survivors,
than in the survivors themselves (Kazak et al.,
2004).

More recently the concept of post-traumatic
growth (PTG) in survivors of childhood cancer has
been introduced, suggesting that some survivors
may not only ‘survive’, but also derive benefit or
‘thrive’ as a result of their difficult, life-threatening
experience. Survivors who have a sense of purpose
in life and perceive positive changes as a result

of cancer, report higher quality of life (Zebrack &
Chesler, 2002). Some authors have suggested that
such reports may be due to denial mechanisms on
the part of the survivor (Apajasalo et al., 1996, Elkin
et al., 1997), but Zebrack and Chesler (2001) showed
that adolescents and young adults with cancer can
experience positive self-images and outlook on life
without necessarily denying their true condition or
fears.

Cognition

Deficits in cognition, particularly in children
treated with cranial irradiation and/or intrathe-
cal methotrexate for brain tumour or leukaemia,
may also adversely affect QOL in long-term
survivors of childhood cancer. Cognitive deficit
may affect academic achievement, limit occupa-
tional opportunities and contribute to difficulties
in establishing independence and social integra-
tion in long-term survivors. Principal risk factors
for children treated for brain tumours have been
outlined in a recent paper (Grill et al., 2004). Young
age at diagnosis, neurofibromatosis type 1, hydro-
cephalus at presentation, surgical complications,
increasing interval since treatment and impor-
tantly, the use of cumulative dose and volume of
cranial irradiation were all described as certain risk
factors for cognitive impairment.

Social function

Educational attainment, employment status, medi-
cal insurance, interpersonal relationships, marital
status, parenthood and living situation have all
been used to estimate differences in social inte-
gration between survivors and either the general
population using population statistics, sibling
controls or ‘normal’ non-cancer controls. The use of
different outcome measures and different controls,
as well as small numbers of survivors in some stud-
ies makes interpretation of the literature challeng-
ing. The hypothesis that survivors will do worse
than the normal population in the above measures
of achievement does not take into account that the
cancer experience may change an individual’s view
on what is important in life, and that survivors’
goals and ambitions may change as a result (Eiser
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1998). Nevertheless, social integration is important,
and does impact significantly on the QOL of child-
hood cancer survivors.

Education

Diagnosis of cancer and its treatment may affect
school and education in many ways. Children
may suffer cognitive deficits as a result of treat-
ment. They may also miss a lot of school while
hospitalised or recovering from treatment and as
a result may fall behind their peers academi-
cally. Many studies have found little difference
between survivors in general and either controls
or population samples with regard to educa-
tional achievement (Allen et al., 1990; Hays et al.,
1992; Dolgin et al., 1999; Pastore et al., 2001).
However, subgroups of survivors who did not
do as well with regard to educational achieve-
ment were identified. Hays et al. (1992) report
decreased educational status in survivors of CNS
tumours which is not surprising considering the
aggressive multi-modal treatment used in some
intracranial tumours, and the deleterious effect
of cranial radiotherapy (CRT) on the developing
brain.

Studies assessing academic achievement in
survivors of acute lymphoblastic leukaemia (ALL)
have revealed inconsistent results, although CRT,
especially when given to young children does seem
to play a major role (Mulhern et al., 1992; Haupt
et al., 1994; Moe et al., 1997; Kingma et al., 2002).
Kingma et al. (2002) found a significant differ-
ence in secondary education between survivors
of ALL treated with CRT and siblings, with
younger survivors fairing worse than those over
7 years of age. A recent large study from
the CCSS by Mitby et al. (2003) found that
survivors of all the major childhood cancer
diagnoses were at increased risk of utilis-
ing special education services, with survivors
of CNS tumours, ALL and Hodgkin disease
at highest risk. The study also found that
survivors of CNS tumours, leukaemia, non-
Hodgkin’s lymphoma and neuroblastoma were
significantly less likely than siblings to complete
high school. Time off school, limitations in partic-
ipation in physical activities as well as expe-
riencing a unique life-threatening event may

also lead to social isolation from their peers
and difficulties in establishing lasting mean-
ingful relationships, as well as limiting future
employment.

Employment and insurance

Independent living with the prospect of finan-
cial independence contributes to an individual’s
QOL (Jenney & Levitt, 2002). Some studies have
reported job discrimination, decreased employ-
ment or decreased income in survivors of child-
hood cancer which in general seems to be most
prevalent in survivors of CNS tumours (Mostow
et al., 1991; Dolgin et al., 1998; Pui et al., 2003).
A large study by Pui et al. (2003) on long-term
survivors of childhood ALL found that the rates
of health insurance coverage and employment in
survivors treated without CRT was similar to age
and sex- adjusted national averages for the United
States. Survivors may also have difficulties acquir-
ing jobs or placements in the military services,
either due to not fulfilling entry criteria, or as a
result of history of cancer (Dolgin, et al., 1999;
Hays, 1993). Other studies found no difference in
employment status or job discrimination between
survivors and either controls or the general public
(Evans & Radford, 1995; Pastore et al., 2001; Boman
& Bodegard, 2004).

Regarding insurance, many survivors report
having had difficulties when applying for health
or life insurance (for instance when applying for
a mortgage) (Teta et al., 1986; Hays, 1993; Vann
et al., 1995). Survivors may have to pay higher
premiums, accept exclusion clauses, be refused
certain types of insurance such as critical illness
cover, or in some cases be refused health or
life insurance altogether (personal communica-
tion with childhood cancer survivors). Increasing
awareness of the prevalence of late effects and
disability following childhood cancer may have the
unfortunate effect of making it more difficult, or
expensive for survivors to attain insurance in the
future. A recent American study on the health care
of young adult survivors of childhood cancer by
Oeffinger et al. (2004) found a significant relation-
ship between absence of health insurance and not
reporting a general physical examination, a cancer-
related visit, or a cancer centre visit which suggests
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that the presence or absence of health insurance
may determine the extent of follow-up and health
care in this potentially at-risk population.

Survivors also seem to worry about employment
and insurance and this may affect QOL. Unem-
ployed survivors report lower global self-worth
scores than employed, and among survivors,
predictors of negative self-concept included unem-
ployment and believing that cancer treatment
limited employability (Seitzman et al., 2004).

Interpersonal relationships
and marriage

Problems with establishing and maintaining close
interpersonal relationships have been reported
among long-term survivors (Mackie et al., 2000).
Prior social networks may not provide the type
or kind of support that long-term survivors seek
(Chesler & Barbarin, 1984). Specifically, adoles-
cents and young adults report feeling that some
friends are no longer able to relate to their life situ-
ation and get uncomfortable continuously talking
with the patient about cancer, resulting in feel-
ings of being ‘different’ and apprehensive about
forming new friendships (Chesler et al., 1992).
Consequently, many of these young people form
(or would like to form) new friendship circles,
often with other cancer patients and survivors
with whom they feel can relate to their current
life situation and past experience with cancer.
National and international survivor meetings such
as the International Confederation of Childhood
Cancer Parents Organization (ICCCPO) Survivors’
Conference allow fellow survivors to meet and
discuss their experiences and feelings without
feeling awkward and embarrassed, or worrying
whether they will be understood. Such meetings
also allow cancer survivors to learn about rele-
vant, important issues such as late effects, long-
term follow-up and life insurance.

With regard to interpersonal relationships, many
studies have used marriage as a proxy for success-
ful long-term relationships. Although some studies
have found no difference in marital status (Dolgin
et al., 1999), the majority of larger studies have
found that survivors of childhood cancer are less
likely to be married or to live as married than either
normal controls, siblings or the general population

(Byrne et al., 1989; Nagarajan et al., 2003; Stam et al.,
2005). When comparing tumour types, survivors of
CNS tumours, particularly males, were less likely
to have ever married and more likely to divorce or
separate compared to those with other cancer diag-
noses and the general US population. This once
again emphasises the impact CNS disease and its
treatment may have on QOL.

A recent Dutch study compared the course
of life (attainment of developmental tasks and
milestones) and socio-demographic outcomes in
young survivors of childhood cancer with that of
normal controls. Survivors achieved fewer mile-
stones, or achieved them at an older age than
their peers with regard to autonomy, social and
psychosexual development (Stam et al., 2005). For
example, survivors were found on average to have
gone on holiday without their parents and experi-
enced sexual intimacy at a later age than controls.
Survivors also reported having fewer friends at
secondary school than controls. Survivors were
also found to differ from controls in some socio-
demographic areas, including being less likely
to be married or living with a partner, or be
employed. The authors conclude, based on devel-
opmental psychology theory, that a course of life
hampered by cancer and its treatment may lead to
adjustment difficulties later in life, and that atten-
tion to specific deficits or gaps may assist health
care providers in promoting favourable outcome
for children with cancer both during and after
treatment.

Conclusion

In summary, the literature available on quality of
life in survivors of childhood cancer shows that
while most survivors report a good quality of
life, there is an important minority with physical
and/or psychosocial lateeffects impacting nega-
tively on their health status and quality of life.
What has also become clear is that some survivors
seem to experience a higher quality of life after
their illness, as a result of their experience, than
before. More research is needed to better define the
variables both during and after treatment that may
affect QOL in survivors, and to explain why some
survivors thrive while others do not. This will help
with the design of appropriate interventions and
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create support systems for children with cancer
and their families to ensure good quality of life and
promote post-traumatic growth for all childhood
cancer survivors.
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