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Haemoglobinopathies are the most prevalent in-
herited diseases that afflict mankind, and constitute
a major health problem in many countries. There is
a perceived need among practising health profes-
sionals and students for a book on sickle cell disease
and thalassaemia designed to fill the gap between
the major reference texts and the smaller ‘hand-
books’ on the subjects. Such a book is expected to
meet the day-to-day requirements of a growing
number of trainees and health-care professionals
working in the field. The need for a medium-
sized textbook that deals with practical aspects 
of the laboratory, clinical and community care 
of people affected by haemoglobinopathies has 
increased as population screening programmes
have been instituted in various countries, and 
general improvements in medical care have led to
longer life expectancy of persons born with the 
disorders.

In this book, a multidisciplinary group of profes-
sionals who work on various aspects of haemo-
globinopathy have attempted to share their 
experiences with colleagues in the field. It begins

with an overview of the holistic care required by 
affected persons, proceeding to practical details of
laboratory diagnosis, clinical management, com-
munity care, psychosocial support and counselling.
The final chapter deals with the challenges faced by
health-care professionals who attend to people who
have sickle cell disease and thalassaemia, and offers
suggestions on how to meet them. It is the profound
hope of the contributors that this concise text will
go a considerable way towards enabling health-
workers to provide optimal care for people with
sickle cell disease and thalassaemia.

The authors would like to thank Jackie Marsh
and the secretaries who helped in preparing the in-
dividual chapters, Elizabeth Callaghan and Maria
Khan – editorial staff of Blackwell Publishing 
Ltd in Oxford – for all their assistance, Dr Joy 
Okpala for her comments and support, and Mrs 
Patricia Moberly, Chairperson of the Management
Board of Guy’s & St Thomas’ Hospitals Trust, 
London, UK, for kindly writing the foreword to 
this book.

IE Okpala
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Guy’s & St Thomas’ NHS Trust is proud of its 
annual week-long international conference on 
sickle cell disease and thalassaemia. The haematol-
ogists at the Trust, with the support of the whole 
organization, are leading the provision of services
in Lambeth, Lewisham and Southwark for our
many residents who experience these conditions.

We all know that sickle and thalassaemia are
among the commonest of mankind’s inherited
problems, with millions of sufferers across the
world. The UK has the highest number of people
with sickle cell disease in Europe, and within the UK
one of the largest cohorts of patients is in our area of
Central London. We estimate that over a quarter of
the residents in our three boroughs are at risk of in-
heriting the sickle cell gene, and numbers are bound
to rise. Therefore, we have an immediate and press-
ing need to ensure that our own local people receive
the best possible care and treatment. Those affected
by sickle cell disease and thalassaemia include of
course the patients and their families and friends
who themselves need support and advice. We at
Guy’s and St Thomas’ therefore have not only direct
responsibility for a significant group of people but
also the opportunity as a famous teaching institu-
tion to lead research, to promote better understand-
ing of both the causes and treatment of disease, and
to share good practice. Mutual learning between
patients, clinicians, researchers and voluntary sec-

tor workers can only be beneficial, and I know that
all participants at our conferences leave encouraged
by the example and commitment of others.

This book has contributions from many authors
and has been compiled in response to requests from
those who attended the course in previous years. It
will, I hope, reach a wide audience so that many
people who did not attend will also benefit from the
ideas and discussions generated during the con-
ference. The book demonstrates the co-operative
efforts of the multidisciplinary team of health 
professionals and others who, at various times,
have generated ideas during the course. I recom-
mend its contents to everyone who provides ser-
vices for those who suffer from sickle cell disease
and thalassaemia, as it is only through real joint
working that comprehensive care can be delivered.
This wide-ranging and forward-looking approach,
which seeks to understand all the needs of patients,
is an approach that this Trust is proud to communi-
cate to others. The example set by the team leading
the conference is well demonstrated by this publica-
tion, and I am grateful to Dr Okpala and others for
their work both in organizing the event and bring-
ing this book together.

Patricia Moberly
Chairperson, Management Board

Guy’s & St Thomas’ Hospital Trust
London, UK
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Definition of sickle cell disease

Sickle cell disease (SCD) is a general name for a
group of inherited conditions that have two charac-
teristics in common: the presence of sickle- or 
crescent-shaped red cells in the blood, and develop-
ment of illness (disease) as a result of having sickle
cells. Simply put, sickle cell disease means disease
caused by sickle cells. Clinical illness as a result of
the presence of sickle red blood cells occurs in 
various inherited conditions that are types of SCD.
These genetic disorders include homozygous
(HbSS) sickle cell disease or sickle cell anaemia and
compound heterozygous states such as sickle cell
haemoglobin C (HbSC) disease, sickle cell thalas-
saemia (HbSthal), HbS/HbD Punjab (Los Angeles),
HbS/HbO-Arab, HbS/HbE, and HbS/Hb Lepore
Boston [1]. The carrier state, sickle cell trait
(HbAS), is not considered as SCD because it does
not cause clinical illness.

What is comprehensive care of SCD?

This is the multidisciplinary, holistic care of people
affected by SCD. In addition to individuals who
have SCD, the affected persons include relatives,
friends and others whose lives are significantly
affected by the patient’s illness. A mother who is
absent from work to take her child to the hospi-
tal, the brother or sister who suffers maternal 
deprivation as a result, as well as the patient whose
daily schedule could be suddenly interrupted by a
sickle cell crisis without forewarning; all these
individuals might need psychological support 

and counselling. The provision of facilities to
enhance in-house mobility, and the construction of
a ramp to ease access to the house, are non-medical
services that improve the quality of life of a person
with SCD complicated by stroke.

The medical care of individuals who have SCD 
is best provided by a team of different specialists 
because it is a multi-system disease that affects 
virtually every organ of the body. Although SCD is 
primarily a blood disorder, its clinical management
should not be the sole responsibility of haematolo-
gists because, as blood flows to all parts of the body,
the fundamental pathological process in SCD –
blood vessel occlusion with reduced supply of 
oxygen and nutrients – can occur in any tissue, 
resulting in damage and diminished function of 
affected organs. Thus, effective management of
stroke in SCD requires joint treatment by neurolo-
gists and haematologists; people with avascular
necrosis of the hip joint benefit from a combined 
orthopaedic and haematology clinic; while expec-
tant mothers who have SCD are best seen by a team
of obstetricians, specialist nurses/midwives and
haematologists.

The co-operation of people affected by SCD is 
indispensable for effective provision of the 
above medical and non-medical services. Without 
such partnership, comprehensive care cannot be 
delivered. The affected person is at the apex of the 
triangle of holistic management of SCD (Fig. 1.1).
However efficacious or well-meaning the care plan
for an individual is, if it is not presented in an 
acceptable, culturally appropriate manner that
wins the patient’s or parent’s co-operation, very 
little may be achieved.

1
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Co-operative Affected Person

Non-medical Care Medical Care

Fig. 1.1 The triangle of comprehensive care of sickle cell 
disease (SCD).

Components of comprehensive care of SCD 

A comprehensive sickle cell service is dynamic, its
composition evolves in response to changing situa-
tions. The component services discussed below are
not meant to be exhaustive. Certain services are so
crucial that no comprehensive care system could
function without them. Others could be obtained
by referral to relevant specialist units. It may not be
feasible to provide all the component services with-
in a single comprehensive care system, and appro-
priate referral should be made when necessary.

Haematology services

As appropriate for a primary genetic abnormality
of the blood, the diagnosis and core clinical man-
agement of SCD has been the traditional role of
haematologists who co-ordinate overall care of af-
fected individuals, and liaise with providers of other
component services in comprehensive care. The 
effectiveness of comprehensive care is critically 
dependent on efficient co-ordination of the various
components to ensure that they work as a whole
and provide a seamless service. Close collaboration
between the children’s and adults’ haemoglo-
binopathy services is crucial. This facilitates accu-
rate planning for the provision of the adult service
in the future. A clinic held jointly by the paediatric
and adult haematologists for young adults aged
16–18 years fosters this co-operation. Such a transi-
tion clinic provides opportunities for children to fa-
miliarize themselves with the adult team and their
services before they are completely transferred to
adult care. The haematologist is in a vantage posi-
tion to provide initial explanation of the diagnosis

and the nature of SCD to affected individuals. This
should be supplemented by further information
from sickle cell centres and counsellors.

Information about SCD

Various means of communication in non-technical
language are used to share relevant information 
on SCD with affected individuals. Individual and
group discussion, portable cards showing the 
person’s haemoglobin genotype, leaflets, booklets,
video or audio cassettes, and posters are effective
means of conveying information about the haemo-
globinopathy. On a larger scale, public sickle cell
awareness events could be held to increase the level
of information about the condition in the commu-
nity. As much as possible, communication should
be in lay language, to facilitate understanding. 
Following the usually unpleasant effect of being 
told one has SCD, it is helpful to consolidate and
further clarify this at a later date when the affected
persons would have had time to think about it, and
probably have questions about the practical impli-
cations of the diagnosis. While this could be carried
out by specially trained counsellors or other health-
care professionals, it is crucial that the information
provided is consistent, and that this important 
interaction takes place in a less formal and time-
constrained atmosphere than that usually experi-
enced in a busy clinic or ward round. The non-
clinical setting of a Sickle Cell and Thalassaemia
Centre enables this communication to be informal,
and if practicable, a home visit to the affected 
person is ideal. If the above options are not feasible,
consolidation of initial information could be 
carried out during a follow-up clinic visit.

Subsequent reinforcement and expansion of the
initial information should be carried out when ap-
propriate, such as when the child is about to start
schooling, during adolescence, before transfer from
the childhood to adult comprehensive care, and be-
fore starting a family. Genetic counselling, includ-
ing information about pre-implantation genetic
and prenatal diagnoses, is beneficial for couples
whose haemoglobin genotypes are such that their
offspring could have a clinically significant haemo-
globinopathy [2, 3]. For such at-risk couples, 



genetic counselling is best done pre-conceptually.
Failing that, it needs to be done early enough to
allow fetal tissue sampling by 11–12 weeks of 
gestation and possible termination of pregnancy
thereafter. Genetic counselling is inextricably
linked with antenatal screening. Close co-operation
between the haematology laboratory and maternity
services ensures that at-risk couples are referred 
to the medical geneticist at an early stage for 
assessment, and discussion of the intrinsic risks and
error rate of prenatal diagnosis. The consultation is
non-directive; it is ultimately the woman’s decision
whether or not to carry on with an affected preg-
nancy. When health-care professionals invest time
and effort in providing relevant information about
SCD to affected individuals, it is very rewarding
subsequently. It facilitates bridge-building between
both parties, makes a sometimes-uneasy relation-
ship cordial, and helps to win the patient/parent
confidence and co-operation that is indispensable
in the delivery of comprehensive care.

Prevention of infections

People who have SCD are prone to infection 
because of reduced splenic function, defective acti-
vation of the alternative pathway of complement
and impaired ability of neutrophils to kill microbes
[4–9]. The infection precipitates a sickle cell 
crisis, which may be life-threatening or may 
cause excruciating pain. Therefore, prevention of
infection is an essential cornerstone of comprehen-
sive care in SCD. Specific measures include prophy-
lactic antibiotic or antimalarial therapy, and
immunization against pneumococcus, meningo-
coccus, Haemophilus influenzae type B, and 
hepatitis B and influenza viruses. A vaccine against
parvovirus B19, which causes aplastic crisis, is
available in some countries. Commencement of
prophylactic penicillin at around the age of 3
months has been shown to reduce mortality from
pneumoccocal septicaemia [10].

Social services

The clinical manifestation of sickle cell disease is in-
fluenced by the social and economic circumstances

of affected persons. The nature of a patient’s or 
parent’s occupation, level of general education and
specific information about SCD, the suitability or
spaciousness of the residential accommodation; all
these have an impact on the patient’s health. Appro-
priate heating of the house in which an affected 
person lives helps to prevent chest infections that
can predispose the individual to sickle cell crisis.
This reduces the need for hospital attendance or 
admission, and frees up health-care staff and hospi-
tal beds, ultimately saving resources for the health
service. Some issues that affected persons have to
contend with are not medical. Social workers have
very important roles in the comprehensive care of
patients with haemoglobinopathies. It is their re-
sponsibility to assess the specific social needs of af-
fected persons and ensure that services are provided
to meet identified needs. Social services needed by
individuals may include registration as disabled,
practical help at home, and adaptations to the home
such as constructing a ramp or installing a lift to 
facilitate mobility for people with SCD complicated
by stroke or hip damage.

In some countries, currently available regula-
tions for provision of social services are not ade-
quate for the specific needs of people affected by
haemoglobinopathies, and need to be reviewed.
Some children with SCD fall within the group re-
garded as being in need. These are children who are
disabled, or who require provision of social services
to achieve a reasonable standard of health or devel-
opment, or to prevent impairment of health or 
development. The Social Services Department has
the responsibility to provide the right level of inter-
vention and support that will enable people with
haemoglobinopathies to achieve their potential in
life.

Psychological support

An immense psychological burden is associated
with a chronic illness manifesting as painful
episodes that may be life-threatening and occur
without forewarning [11, 12]. It is a credit to their
resilience that most affected persons cope well with
SCD despite this psychological stress. Unvoiced
fears about sudden illness or even death, feelings of

The concept of comprehensive care of sickle cell disease
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carrying their burden alone or being depressed as 
a result, and anxiety about the uncertainty of their
future are psychological issues for people who have
SCD. These can increase the feeling of pain experi-
enced during crisis or other physical illness [13],
and make medical management difficult. As a re-
sult, some affected individuals may ask for inappro-
priate medical intervention such as opiate therapy
when this is not really needed. Psychological distur-
bances could lead to withdrawal from family and
friends, communication problems, poor perform-
ance at school or work, unemployment, poverty,
dependence at an inappropriate age and low self-
esteem. Recurrent priapism or prolonged penile
erection is a source of anxiety in males who may not
volunteer this information or may not even be
aware that it is caused by SCD [14]. This can lead to
suboptimal sexual function and can affect relation-
ships. Psychological support for persons affected by
SCD is needed for chronic pain, challenging behav-
iour, learning or attention difficulty, transition from
paediatric to adult care, depression or anxiety
states, and relationship problems. Psychological
support may be provided for groups of affected 
persons, rather than individuals. Such Sickle Cell
Support Groups enable people to learn from the 
experiences of others who have experienced chal-
lenges similar to theirs, and to appreciate that they
are not alone. An important component of psycho-
logical evaluation is to assess the person’s quality 
of life. Cognitive behaviour therapy, a type of 
psychotherapy, helps affected people to cope with
the chronic pain and psychological problems 
associated with SCD [15].

Drug dependency services

A very small minority of people with SCD become
dependent on opiates or other addictive drugs. In
most cases this results from use of these drugs in the
treatment of SCD. Therefore, the situation calls for
understanding, compassion and supportive man-
agement. The large amount of health service re-
sources used up by the affected individuals is very
much out of proportion to their small number.
Health-care personnel have a duty to ensure effec-
tive analgesia for people with SCD. However, it is
important to recognize when requests for opiates

and other addictive drugs, such as temazepam, ex-
ceed the medical needs of the affected individual.
The problem might not be obvious, or it may mani-
fest as an apparently unconnected issue such as
poor performance at school or work, difficult rela-
tionships with family, friends and health-care staff,
or unusually frequent sickle cell crises. Affected 
individuals may use different names and personal
details such as date of birth and address, and regis-
ter with more than one hospital or general practice
to enable them to receive prescriptions from differ-
ent doctors without each one knowing of the other.
Whereas differences in (the subjective) impression
of the level of pain between doctors and patients are
to be expected, a patient’s incessant objections to
reduction in the dose of opiates considered medical-
ly appropriate after clinical review, habitual argu-
ments about the starting dose, frequent requests for
increasing the dose (especially if made to doctors-
on-call after normal working hours), insistence on
directing the dose and frequency of opiates pre-
scribed by doctors without caring as much about
antibiotics or other medications; all these should
make one consider drug dependence. Opiate addic-
tion is very rare among people with SCD [16, 17].
Addicts may acquire drugs unlawfully, and may
commit crimes such as forging and altering pre-
scriptions in attempts to obtain drugs or materials
for injecting them. People who misuse drugs may be
neither dependent nor addicted, yet they strive to
obtain more than their medical needs and dispose of
the rest. As opiates and other addictive drugs such
as temazepam have street values, SCD might be
used as a reason to obtain drugs that are completely
disposed of, and it may be that none are taken 
personally.

The affected person should be referred to the
Drug Dependency Unit for expert assessment if
drug dependence or addiction is a differential diag-
nosis. Support from the family and the psychologist
is important in management. Treatment requires
the co-operation of affected individuals, some of
who may not accept that there is an issue because of
embarrassment, reluctance to go through treat-
ment, or loss of any personal benefits from disposal
of drugs. Only medically required doses of drugs
should be prescribed at all times, so that inappro-
priate use is not encouraged.

Chapter 1
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Specialty medical care

Although it is primarily a blood disorder, SCD 
affects virtually every part of the body through
vaso-occlusion, ischaemia and infarction. As a 
result, SCD is a multi-organ disease that requires
the co-operation of different medical specialties for
optimal management. These include nephrologists
for sickle nephropathy, neurologists for stroke, 
cardiologists for pulmonary hypertension, chest
physicians for acute chest syndrome and chronic
sickle lung disease, and gastroenterologists for 
peptic ulcer and liver impairment.

The life expectancy of people with SCD has 
increased continually with improvements in their
medical and non-medical care. As a result an 
increasing number are surviving long enough to 
develop long-term complications of SCD such as
nephropathy and pulmonary hypertension. The
renal manifestations of SCD lead to considerable
illness and loss of lives [18–21]. Therefore, pro-
active management of kidney disease is an essential
component of comprehensive care for people with
the haemoglobinopathy. Joint clinics run by haema-
tologists and nephrologists facilitate co-operation
between the specialties, formulation and imple-
mentation of joint treatment protocols, and ulti-
mately, better care of people who have sickle
nephropathy. Similar arrangements for joint 
management could be made with other medical 
specialties as necessary.

Orthopaedic and other types of surgery

The skeleton is the commonest site of infarction in
SCD. The tissue necrosis involves bone and bone
marrow, and predisposes to osteomyelitis because
dead tissue is less able to resist infection than living
cells. Other skeletal manifestations of the haemo-
globinopathy include the pathognomonic hand-
foot syndrome, bone pain crisis, septic arthritis and
avascular necrosis of joints. The hip, shoulder and
spine are commonly affected by avascular necrosis;
the ankle and knee less frequently. The prevalence
of avascular necrosis of joints increases with age;
the hip alone is affected in about 41% of adults, 
although symptomatic in 3–5% [22–26]. Or-
thopaedic treatment is needed in cases of acute 

ostomyelitis with subperiosteal fluid collection,
chronic osteomyelitis requiring sequestrectomy,
avascular necrosis with chronic pain uncontrol-
lable by medications, and other situations advised
by the surgeon. Co-operation between haematolo-
gists and orthopaedic surgeons is essential for man-
agement of such cases, and joint consultation in a
comprehensive clinic facilitates delivery of such
care.

General surgery input in SCD is required for 
patients with symptomatic gall bladder stones or
acute surgical abdomen. The latter may mimic
vaso-occlusive crisis affecting abdominal organs,
and may cause difficulty in differential diagnosis
[26]. The management of major priapism unre-
sponsive to medical therapy, or erectile dysfunction
resulting from this manifestation of SCD, fall into
the province of urosurgery [14]. Vaso-occlusive 
infarction may occur in the mandible or maxilla,
predisposing to infection and loosening of the teeth.
Dental assessment is beneficial in such cases, 
and tooth extraction may be necessary. Special
measures to reduce the risk of hypoxaemia and red
cell sickling are essential during anaesthesia and
peri-operative management of people with SCD.

Obstetric care

The clinical severity of sickle cell disease may be 
increased during pregnancy, and the prevalence of
complications of pregnancy is higher in people with
SCD compared with HbAA individuals [27–31].
Therefore, pregnancy in SCD is considered high
risk and appropriate for specialist obstetric care;
preferably by health-care professionals with experi-
ence in attending to people who have this blood dis-
order. The multidisciplinary team of professionals
may include obstetricians, genetic counsellors, mid-
wives, specialist sickle cell nurses and haematolo-
gists. Monthly reviews in haematology clinics are
recommended during pregnancy, and regular ex-
change blood transfusion for individuals with mul-
tiple pregnancy, poor obstetric history and frequent
sickle cell crisis. Considering the risks associated
with pregnancy in SCD, with a perinatal mortality
as high as 15%, it is advisable to refer the expectant
mother to a centre with considerable expertise if
this is not available locally.
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Specialist sickle cell nursing in the hospital 
and community

In both clinical and community settings, special
sickle cell nursing has made increasing contribu-
tions to comprehensive care. The role of the 
clinical sickle cell nurse specialist includes initial 
assessment of patients in haematology clinics, 
exchange blood transfusion, desferrioxamine 
therapy in conjunction with pharmacists, data col-
lection and management for the sickle cell register
and database, and general nursing duties as and
when necessary. The community sickle cell nurse
specialist provides a link between the patient’s
home, the hospital and community-based services.
These include social workers, voluntary agencies,
adult disability teams, rehabilitation centres, 
community occupational therapists and physio-
therapists, housing officers, visual impairment
teams, council staff who provide help at home, and
general practitioners.

Developing and monitoring 
a comprehensive sickle cell service

A fundamental requirement of a comprehensive
haemoglobinopathy service is the multidisciplinary
team to deliver it. The team’s skill-mix should be 
appropriate to enable them to provide the 
various components of comprehensive care out-
lined above. While it may not be feasible in some
circumstances to have the full complement of 
required professionals, every effort should 
be made to involve as many as possible. Once 
assembled, the team’s effectiveness and success 
depend critically on co-operation among its 
members. This is enhanced by leadership that 
actively promotes interaction and cohesion within
the team, while supporting and encouraging 
individual roles. Co-ordination between hospital
and community-based services is crucial. These 
two arms, by and large, deliver the bulk of 
comprehensive care; and it is important that each
hand knows what the other is doing. To this 
end, regular briefing and planning meetings of the
team are very useful. The comprehensive care team
achieves better results by working in partnership

with management staff of the hospital or the 
community-based services, the local health author-
ity, and non-governmental agencies with similar
goals such as the Sickle Cell Society and the Organ-
isation for Sickle Cell Anaemia Research.

A service development that has had a great 
impact on the provision of holistic care to people 
affected by SCD is the establishment of a Compre-
hensive Sickle Clinic. This omnibus clinic provides
the opportunity for affected persons to see various
professionals in one place during a single hospital
visit. Currently, the components of the Comprehen-
sive Sickle Clinic in our centre are the Transition/
Adolescent, Antenatal, Orthopaedic, Iron Over-
load and Renal Clinics. More components could be
added in the future as the service evolves. The psy-
chologist, sickle cell nurse specialist, counsellors
and haematologist attend to affected persons with
the appropriate medical or surgical specialist, de-
pending on the clinic. The presence of a physiother-
apist increases the quality of care delivered in the
Sickle Orthopaedic Clinic, and a pharmacist dedi-
cated to iron chelation therapy attends the Iron
Overload Clinic. The comprehensive sickle clinic
makes it possible to provide a wide range of services
on an outpatient basis.

A comprehensive sickle cell service can be moni-
tored effectively by regular audit of established
practices, management protocols and treatment
guidelines. Monitoring is greatly facilitated by 
having a patients register or a computer database
that can, with appropriate controls, talk to 
regional, national or international networks. The
service should be assessed continually, and 
improvements made to reflect findings from audit,
research and suggestions from team members or
users of the service.

A multidisciplinary team providing holistic care
for people affected by haemoglobinopathies is a
rich resource for continuing professional develop-
ment (CPD) and for raising public awareness of 
globin gene disorders. Unique opportunities for
training and education are available within a com-
prehensive haemoglobinopathy care system. Re-
sources and protected time should be set aside for
lectures and seminars to enhance the professional
skills and knowledge of team members and staff of
other units or organizations.



Advantages of comprehensive care over
episodic treatment of SCD

Holistic care enhances the quality of life for people
affected by SCD. A better overall result is achieved
by interaction of a co-operative patient with the
team of various professionals and organizations
working in partnership. Comprehensive care re-
duces the number of hospital admissions for people
with SCD, and shortens the length of hospital stay
(Fig. 1.2a,b). These translate to considerable sav-
ings in the cost of health care. Complications of
SCD such as renal impairment and avascular joint
necrosis are detected and treated earlier; so reduc-

ing disease-related morbidity and mortality. The
immense psychological burden for affected persons
is ameliorated, enabling them to live a fuller life.
The holistic approach provides opportunities for
health promotion, community-based care and 
improved communication between various disci-
plines. When people affected by SCD experience the
benefits of holistic care, they are more compliant
with medical treatment and co-operate more will-
ingly with professionals providing the non-medical
aspects of the care. The advantages of comprehen-
sive care over episodic treatment of SCD have been
observed in various centres in different parts of the
world, and include the benefits of proactive blood
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transfusion therapy for primary prevention of the
devastation brought to the lives of affected persons
by stroke [32, 33], a smoother transition from 
children’s to adult care [34], striking reduction in
childhood mortality from splenic sequestration 
crisis achieved by parent education [35] and 
enhanced ability to secure employment as a result of
psychosocial services [36]; all of which are achieved
at lower cost to the health service [37].

These positive effects of comprehensive care
make it the preferred mode of service delivery to
people affected by sickle cell disease.
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Introduction

The normal adult red blood cell contains three types
of haemoglobin, approximately 95% haemoglobin
A (HbA) with haemoglobin A2 (HbA2) and F
(HbF) forming minor fractions. Globin chains of
amino acids linked to form a tetramer are an inte-
gral part of the haemoglobin molecule. HbA com-
prises two alpha and two beta chains (a2b2), HbA2
has two alpha and two delta chains (a2d2) and HbF
has two alpha and two gamma chains (a2g2). 
Variations from normal can be classified into three
major categories: structural variants, thalassaemias
and hereditary persistence of fetal haemoglobin
(HPFH).

Structural haemoglobin variants result from 
mutations that give rise to the formation of globin
with an abnormal structure; the majority are point
mutations. HbS is one of the best known of these
and results from the substitution of the amino acid
valine for glutamic acid at position six of the beta
chain [1]. Other documented causes of structural
variants include double point mutations, mutations
resulting in shortened or lengthened chains and
gene fusion [2–8].

Thalassaemias result from mutations that cause a
defect in the synthesis of one or more globin chains
disturbing the ratio of alpha to non-alpha chains.
Beta thalassaemia results from deletional, frame-
shift and point mutations and can be divided into
two types: beta zero in which no beta chains are
produced and beta plus in which there is reduced
chain production. Alpha thalassaemia is primarily
caused by gene deletions. Again the nomenclature
of alpha plus and alpha zero is used. This relates to

the number of genes which are non-functional and
therefore to the amount of alpha chains produced
and thus clinical severity. HPFH refers to a benign
group of conditions in which the synthesis of fetal
haemoglobin remains raised throughout life.

Haemoglobinopathies have arisen in areas where
malaria has been endemic and different mutations
occur within the same ethnic group. Therefore, an
important point to consider when diagnosing
haemoglobinopathies is that it is possible for more
than one type of abnormality to be co-inherited. It is
clear that homozygosity for these abnormalities can
lead to clinical disease such as sickle cell disease
(SCD) or thalassaemia major. However, it is also
possible for different types of beta chain variants,
such as HbS and HbC, and for beta and alpha chain
variants to be co-inherited. Globin chain variants
may also be co-inherited with thalassaemia and/or
HPFH. Similarly, alpha and beta thalassaemia may
be seen in the same individual.

The purpose of this chapter is to provide an
overview of the first-line laboratory tests for the 
diagnosis of haemoglobinopathies and interpreta-
tion of data obtained from these procedures. It is
not intended to be comprehensive. If the results 
of routine laboratory tests do not provide enough
information for definitive diagnosis, it may be 
necessary to determine the haemoglobin genotype
by mass spectrometry or DNA analysis.

Blood counts

The full blood count (FBC) and blood film are 
important primary screening tests in haemoglo-
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binopathy diagnosis. Neonatal screening is the ex-
ception, as dried blood spots are frequently used,
precluding FBC analysis. If the FBC is available 
it should be noted that normal ranges are age-
dependent. Of particular interest are the red cell 
indices: red count (RBC), haemoglobin (Hb), mean
cell volume (MCV) and mean cell haemoglobin
(MCH). These are essential in thalassaemia diagno-
sis. Classically the picture in thalassaemia trait is
described as one with a mildly raised RBC, normal
Hb and reduced MCV and MCH; these are referred
to as thalassaemic red cell indices. However, this
may not always be the case because other condi-
tions, such as concomitant iron deficiency and co-
inheritance of alpha and beta thalassaemia trait,
will influence the results. Iron deficiency has the 
effect of lowering the red cell indices and has also
been reported to lower the HbA2 value [9, 10]. 
Co-inheritance of alpha and beta thalassaemia may
cause the red cell indices to normalize, as excess
alpha chains are partly responsible for the 
pathology in beta thalassaemia.

Red cell indices are also useful in the differential
diagnosis of delta beta thalassaemia trait and
HPFH, as those with delta beta thalassaemia will
have classically thalassaemic indices while those
with HPFH will be normal.

A blood film can provide valuable information 
in the diagnosis of haemoglobinopathies. There 
are characteristic red cell features, such as sickle-
shaped cells, basophilic stippling and target cells

which may point to the haemoglobin variant pres-
ent. Figure 2.1 shows a blood film with the charac-
teristic sickle- or crescent-shaped cells seen in sickle
cell disease, target cells can also be seen. Nucleated
red cells are seen in some states including thalas-
saemia intermedia and major and SCD. The reticu-
locyte count should also be performed: with
unstable haemoglobin variants and other chronic
haemolytic processes, reticulocytes are elevated
and the level can relate to the severity of haemolysis
[11].

Tests used in haemoglobin analysis

High-performance liquid chromatography (HPLC)

HPLC systems are today the primary haemoglo-
binopathy screening mechanism in many laborato-
ries. Usually automated, these systems comprise a
reservoir for the mobile or liquid phase, pump, 
injector, chromatographic column, detector and a
system for recording and processing data. In com-
mon with most other separation systems, HPLC
uses the fact that most mutations cause a change 
in the charge of the molecule. For the analysis of
haemoglobin variants, weak cation exchange
columns are used. The column is negatively charged
and the positively charged globin molecules bind
with varying degrees of affinity according to the
charge present on the molecule. Buffer of increasing
cation concentration is passed through the column,
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Fig. 2.1 Blood film showing sickle–shaped
cells.



causing competition with bound globin molecules
and elution of the globin at a time relative to the
positive charge. Within each system the time of elu-
tion or as it is more commonly known, the retention
time, is characteristic for each normal or variant
analysed. The haemoglobins eluted are represented
graphically and quantified optically as they pass
through the detector. This allows accurate quantifi-
cation of Hb variants and HbA2 and HbF, a major
advantage over screening systems that utilize elec-
trophoresis, as these require secondary methods for
quantification of haemoglobins.

HPLC system manufacturers identify variants,
which separate from HbA, in different ways. The
more common haemoglobin variants, e.g. HbS and
HbC, have well characterized retention times. In

some systems, the instrument software will identify
variants as the haemoglobin into which retention
time window they have eluted. Haemoglobins elut-
ing outside of these defined times will be labelled as
unknown. Care must be taken when interpreting
HPLC plots even when the variant has fallen into a
known retention time window. It is possible for
variants to overlap and for more than one haemo-
globin to elute within a given window. Examples
are Hb Lepore and HbE, which elute in the same
window as HbA2. Thus all variants should have
further confirmatory tests. Despite these limitations
it is possible to provisionally identify a greater 
number of haemoglobin variants than by conven-
tional electrophoresis screening methods. Figure
2.2(a–c) illustrates typical Biorad Variant HPLC
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(a)

(b)

Fig. 2.2 Typical Biorad Variant
HPLC elution patterns (Biorad
Laboratories, Hercules, CA, USA).
(a) Normal. (b) Haemoglobin SS
(HbSS). (c) Haemoglobin SC
(HbSC). (d) Sickle cell trait (haemo-
globin AS, HbAS). (e) Haemoglo-
bin G (HbG) Philadelphia trait. 
(f) Haemoglobin S/G (HbS/G)
Philadelphia compound 
heterozygote.
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(e)Fig. 2.2 Continued



elution patterns for normal, HbSS and HbSC 
samples.

The confirmatory tests performed will depend on
which variant or variants are detected. Haemoglo-

bins eluting in the HbS window should have a 
sickle solubility test performed to confirm the pres-
ence of a sickling haemoglobin. Because of the evi-
dent clinical significance of a sickling haemoglobin,
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some suggest that a sickle solubility test should
probably be performed on all samples with a
haemoglobin variant and as a minimum on samples
with unidentified variants to ensure that these are
not one of the other sickling haemoglobins [12].
HbC can be confirmed by electrophoresis at acid
pH, where HbC is clearly separated from other
haemoglobin variants. Unidentified variants may
require a far greater range of tests such as elec-
trophoresis at alkaline and acid pH, isoelectric 
focusing and mass spectrometry, before identifica-
tion can be reached.

Electrophoresis

Electrophoresis enables the separation of different
haemoglobins on the basis of charge and, for a long
time, has been the most common technique for 
initial detection and characterization of variant
haemoglobins. Today, when not used as a primary
screening method, electrophoresis has a valuable
place as a confirmatory technique following HPLC
screening. Electrophoretic separation at two pH
values, alkaline and acid, enables identification 
of common haemoglobin structural variants
A/F/S/D/G, C/E/O-Arab, H, as well as other less
common variants. Most mutations cause a change
in the charge of the molecule and thus a change 
in electrophoretic behaviour. HbA is negatively
charged at alkaline pH and moves towards the 
positive electrode during electrophoresis. Other
haemoglobins are interpreted according to their
movement relative to HbA. If a variant haemoglo-
bin is detected at alkaline pH, it is necessary to 
confirm its identity by an alternative technique such
as electrophoresis at acid pH using either citrate
agar or agarose gel. In this case the separation of the
haemoglobin depends not only on the electrical
charge but also on interaction with components in
the gel medium, particularly agaropectin [13]. 
Use of both acid and alkaline techniques will 
allow differentiation of HbS from HbD/G but 
will not usually differentiate HbD from HbG. 
HbC is also separated from HbE, HbC Harlem 
and HbO-Arab. If electrophoresis is used as a 
primary screening method additional techniques
are required for accurate quantification of 
haemoglobins.

Solubility test

Red cells that contain a sickling haemoglobin form
a characteristic sickle shape at low oxygen pressure
[14]. Sickle solubility tests utilize this principle to
induce sickling in red cells by subjecting them to low
oxygen tension using a buffer containing a reducing
agent such as sodium dithionite. Under such con-
ditions HbS or other sickling haemoglobins will 
sickle and precipitate within the red cells, prevent-
ing lysis and leading to a turbid solution. While HbS
is the best known sickling haemoglobin, there are
others, which include HbC Harlem, HbS Travis,
HbC Zignixchor, HbS Antilles, HbS-Oman and
HbS Providence [15].

The sickle solubility test is not reliable at HbS 
levels below 15–20%, the minimum proportion re-
quired to give a positive result. This means that it is
not reliable in neonates, and may be unreliable in 
infants and people with HbS who have recently
been transfused with normal (HbAA) blood. In
such circumstances it is possible to use an alterna-
tive method in which freshly made sodium bisul-
phate is used to induce sickling with subsequent
micro-scopic examination of the preparation [16].
This may enable detection of sickling haemoglobins
present at reduced levels.

It should be noted that a positive test indicates only
that a sickling haemoglobin is present and does not
enable definitive diagnosis of what the haemoglo-
bin is or which other haemoglobins may be present.

Identification of haemoglobin variants

Combined data from HPLC, electrophoresis at 
alkaline and acid pH, and the sickle solubility test
enable definitive identification of HbA, HbF, HbS,
HbC, and several others. They differentiate HbC,
HbE and HbO and distinguish HbS from variants
that migrate like HbS at alkaline pH. Data must be
interpreted with appropriate control samples to 
ensure that techniques are working and to provide 
a reference for unknowns. As a minimum all 
electrophoretic strips should have a control, which
contains HbA, HbS and HbF.

HPLC data interpretation can be complicated by
the fact that the separation of glycosylated and



acetylated haemoglobins is different from that 
of non-glycosylated and acetylated forms. Gly-
cosylated HbA elutes before HbA, and is usually
observed as a series of small peaks preceding the
HbA peak. However, the levels of glycosylated
haemoglobin are usually elevated in individuals
with diabetes and in addition some haemoglobin
variants such as HbJ can elute at the same time as
the glycosylated HbA fraction.

Some clinically significant mutations are referred
to as electrophoretically silent in that there is no 
alteration in electrical charge. While some may be
separated at acid pH or by HPLC but not at alkaline
pH, others are not detected by any of these tech-
niques. One group of clinically significant haemo-
globins, which are frequently electrophoretically
silent, are high-affinity haemoglobins such as Hb
Johnston [17]. If such haemoglobins are suspected
other techniques such as an oxygen affinity curve or
mass spectrometry are recommended.

Quantification and interpretation of HbA2 levels

Accurate quantification of HbA2 is required for 
the diagnosis of alpha and beta thalassaemia. HbF
levels can be useful in these circumstances but are
essential for diagnosis of delta beta thalassaemia
trait and HPFH. Each laboratory should establish
relevant reference ranges, but an HbA2 value 
between 4% and 7% with the classical thalassaemic
red cell indices is usually considered diagnostic of
beta thalassaemia trait.

Mutations or combinations of mutations that
present without the classical phenotype can cause
some problems with the diagnosis of beta thalas-
saemia trait. The phenotypes are: normal red cell
indices with a raised HbA2, normal red cell indices
with a normal or borderline normal HbA2 and 
abnormal red cell indices with a normal HbA2 [12].
One advantage of using HPLC as a primary screen-
ing method for beta thalassaemia is that a HbA2
value is provided on all samples. This allows diag-
nosis of beta thalassaemia trait in samples with 
normal red cell indices and will also identify border-
line normal values. Such situations may be missed 
if criteria such as low red cell indices are used to 
select samples for secondary HbA2 and/or HbF
quantification following electrophoresis.

A normal HbA2 value with reduced MCV and
MCH may be due to several factors and establish-
ing the exact cause can be difficult using standard
screening procedures. The most common causes of
such a picture are iron deficiency and/or alpha tha-
lassaemia trait. The ethnic background of the indi-
vidual being tested will influence the frequency of
alpha thalassaemia and the underlying genotype.
The diagnosis and significance of alpha thalas-
saemia are discussed in more detail in Chapter 5.

Quantification and interpretation of HbF levels

There are various underlying mechanisms for in-
creased HbF production; increased values may be
due to a genetic disorder of haemoglobin produc-
tion or may be acquired in a variety of different
haematological conditions [18, 19].

Delta beta thalassaemia results from a failure of
delta and beta chain synthesis and the heterozygous
phenotype is classically described as having thalas-
saemic red cell indices, a normal HbA2 with HbF
levels of 5–20%. As a clinically significant muta-
tion, which can lead to a thalassaemia major pheno-
type, it is important to distinguish this from HPFH.
This can be difficult using only phenotypic data 
because individuals do not always present with 
the classical picture. Furthermore it is suggested
that because these mutations occur within the same
locus they are in fact, overlapping syndromes [19].
For this reason genetic analysis may be required to
obtain a correct diagnosis.

HbF values can also be of value in the monitoring
of hydroxyurea therapy, which raises the HbF level
[20]. Care should be taken when interpreting 
results of SCD individuals with raised HbF levels as
this may be caused by therapy and may not be 
innate.

Distinguishing between alpha and 
beta chain variants

When identifying a haemoglobin variant it is im-
portant to determine whether the variant present is
alpha or beta chain. This is of particular importance
for the purposes of genetic counselling. With uni-
versal neonatal screening this may become simpler
because alpha chain production is activated early in
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fetal life, while beta chain production is not fully 
activated until the neonatal period. Thus inherited
alpha chain abnormalities will be expressed
throughout life in both fetal and adult haemoglo-
bins while beta chain variants will not become ap-
parent until the fetal to adult haemoglobin switch is
made. The ratio of normal to abnormal haemoglo-
bin reflects the genetic composition, each person
having two beta globin chain genes and four alpha
globin chain genes. In a normal adult each beta gene
produces approximately 50% of the beta chains
while each alpha gene produces approximately
25%. When a beta chain variant is present, these
proportions alter such that heterozygosity for a
beta chain mutation will result in approximately
40% variant haemoglobin detected. Figure 2.2(d)
shows a Biorad Variant HPLC analysis plot for an
individual heterozygous for HbS with HbA and
HbS in the appropriate ratio. If there is a single
alpha gene mutation, the quantity of variant de-
tected will be approximately 25%, with the remain-
ing haemoglobins being HbA, HbA2 and HbF.

There are three situations in which this does not
apply: variants produced in thalassaemic quanti-
ties, such as HbE and Hb Constant Spring, con-
comitant thalassaemia and unstable haemoglobins.
HbE, a beta chain variant, is usually present at
about 30% of the total haemoglobin. The mutation
results in reduced beta globin chain production and
this is reflected in the red cell indices. However, 
values up to 45% with normal red cell indices have
been reported [21].

Co-inheritance of thalassaemia should also give
the classical picture of thalassaemic red cell indices.
A compound heterozygote for a beta chain variant
and beta zero thalassaemia will lead to the absence
of HbA with the variant haemoglobin being the 
predominant haemoglobin detected. HbA2 is often
raised. Co-inheritance of a beta plus thalassaemia
mutation and a beta chain variant classically results
in 15–20% HbA with the remainder being the vari-
ant haemoglobin. Again, HbA2 is often raised. In
situations where the variant haemoglobins co-elute
with HbA2, such as HbC or HbE, HbA2 quantifica-
tion by conventional methods will not be possible.

Co-inheritance of a beta chain variant with alpha
thalassaemia has the effect of lowering the amount
of the variant present to 25–30%. In this situation it

may be possible to confuse a beta chain variant with
an alpha chain variant. When an alpha chain vari-
ant is present, all alpha chain-containing haemo-
globins will be affected by the variant. Therefore,
samples containing alpha chain variants will not
only show a variant band but will also have a split
HbA2 and HbF. These are frequently more easily 
visualized on HPLC plots, particularly the split
HbA2 with slow alpha chain variants, than by elec-
trophoretic methods. An example of an alpha chain
variant, HbG Philadelphia analysed by Biorad 
Variant HPLC is shown in Fig. 2.2(e). The reduced
quantity of variant haemoglobin and the split
HbA2 can be noted. Delta chain variants also show
a split HbA2. These are usually regarded as clinical-
ly insignificant and in these cases there will be no
other variant bands. Where there is a split HbA2
due to a delta chain variant, the two peaks must be
added to give a total HbA2 or beta thalassaemia
trait may be missed. A further point to be noted
with the HbA2 is that in some HPLC systems a
falsely elevated value can be seen with haemoglobin
variants that elute soon after HbA2. This is most
frequently observed with HbS, and is thought to be
due to gylcosylated HbS [22, 23].

Complicated HPLC plots will be seen when both
alpha and beta chain variants are co-inherited.
There will always be four haemoglobins: normal
HbA (a2b2), haemoglobin containing the alpha
chain variant (aa(variant)2b2), haemoglobin contain-
ing the beta chain variant (a2bb(variant)) and haemo-
globin comprising both the alpha and beta chain
variant (aa(variant)bb(variant)). These may not all elute
separately. However, when multiple peaks are seen,
co-inheritance of alpha and beta chain variants
should be suspected. Figure 2.2(f) shows a Biorad
Variant HPLC analysis of a compound heterozy-
gote for HbS and HbG Philadelphia. The four
haemoglobins described can be visualized; normal
HbA (a2b2), HbS (a2bb(S)), HbG Philadelphia
(aa(G Philadelphia)b2) and the hybrid haemoglobin
(aa(G Philadelphia)bb(S)).

Homo-tetramer haemoglobins

Haemoglobins such as HbH and Hb Barts elute
very quickly from HPLC columns; this may occur
before the programmed analysis period. They can
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be seen as a sharp peak at the beginning of the
HPLC trace but may not be recognized by the soft-
ware and thus not labelled. When reviewing plots
care should be taken to check for such peaks. 
In adults the characteristic thalassaemic red cell 
indices should be present and a HbH preparation
should confirm the presence of HbH bodies.

Fusion haemoglobins

Hb Lepore is a structural variant in which the non-
alpha chains consist of part delta and part beta
chains termed delta beta fusion chains. The affected
chromosome is unable to synthesize normal delta or
beta chains [24]. Hb Lepore is clinically significant
and can lead to a thalassaemia major phenotype.
Hb Lepore trait shows a phenotype of thalassaemic
red cell indices, the variant is present at 5–10% of
total haemoglobin and elutes near HbA2 on HPLC
and HbS on alkaline gel. There are also a group of
beta delta fusion haemoglobins sometimes referred
to as the anti-lepores such as Hb Miyada. These
have normal haematology and are not clinically 
significant [25].

Haemoglobins resulting from fusion of other
chains also exist such as Hb Kenya, which is the 
result of a beta gamma fusion [26, 27].

Unstable haemoglobins

Unstable haemoglobin variants may occur in all
globin chains and have varying degrees of instabil-
ity. Some haemoglobin variants are so unstable that
they almost completely precipitate in the red cells
shortly after synthesis, e.g. Hb Indianapolis [28].
Other haemoglobin variants may be mildly un-
stable and present in reduced quantities on the
HPLC plot. The amount of variant present usually
relates to the instability. However, some unstable
haemoglobin variants cause no change in charge
and therefore do not separate from HbA, such as
Hb Bushwick [29]. Care should be taken not to con-
fuse mildly unstable beta chain variants with alpha
chain variants, nor should small peaks be dis-
regarded. If the unstable haemoglobin is a beta
chain variant the HbA2 may be slightly increased.
Further tests for unstable haemoglobins include the
isopropanol stability test and heat instability test
[16].

Elongated alpha chain variants

There are a group of haemoglobin variants such 
as Hb Constant Spring, Hb Icaria and Hb Koya
Dora that are produced by a mutation in the stop
codon of the alpha chain. This results in elongated
alpha chains and gives rise to a phenotype of mild
alpha thalassaemia trait. The elongated chains tend
to degrade, particularly with storage, as there are
several sites susceptible to proteolytic attack; con-
sequently they present as slow variants in trace
amounts with very small peaks or electrophoretic
bands [30, 31]. There are frequently two fractions;
however, the number depends on the degree of
degradation. These haemoglobins are always found
in relatively low quantities and, as the haematology
tends to be nearly normal, they may easily be
missed.

Conclusion

Owing to the diverse nature of haemoglo-
binopathies and the limitations of many of the 
procedures, no single phenotypic screening test can
provide a diagnosis. Most routine techniques are
based on the physicochemical properties of the
haemoglobin and therefore can only provide pre-
sumptive identification. If an accurate diagnosis is
to be reached the results of several investigations
must be interpreted with the appropriate clinical
data. Misdiagnosis may occur if the correct data are
not obtained or the data are not correctly inter-
preted. It is important to remember that classical
pictures are not always seen in practice, as many
factors may combine to influence the results. Cur-
rently only techniques such as mass spectrometry or
DNA analysis will provide a definitive understand-
ing of the nature of the mutation.
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History and epidemiology

Oral history passed down the generations in Africa
gives account of an inherited chronic disease 
characterized by recurrent episodes of bone pain 
associated with cold weather [1]. The first written
account of the condition was published in 1874 by
Africanus Horton [2]. Born in 1835 of Igbo parents
from Nigeria who lived in Sierra Leone, Africanus
Horton qualified from the medical school of King’s
College London, UK, at the young age of 24 years.
Postgraduate medical training and research earned
him a Doctor of Medicine degree from the Universi-
ty of Edinburgh, after which he worked as a clini-
cian in West Africa. In his book, The Diseases of
Tropical Climates and their Treatment, Africanus
Horton described various features of the inherited
disease – including persistent abnormality of blood,
painful crisis associated with fever and increased
frequency of the painful episodes during the rainy
season. In 1910, Dr James Herrick working in
Chicago, USA, reported ‘Peculiar elongated and
sickle shaped red blood corpuscles in a case of 
severe anemia’ [3]. The inherited disease was 
subsequently called sickle cell anaemia, and has
continued to attract the attention of medical scien-
tists to the present day. The sustained interest of the
scientific community led to a major breakthrough
in 1949 when Linus Pauling and colleagues discov-
ered that sickle cell anaemia is caused by a mutation
in the gene for beta globin [4]. So, three-quarters 
of a century after the original documentation by
Africanus Horton, sickle cell anaemia became the
first human disease to be described at the molecular
level. The Nobel Prize for Medicine was awarded to

Pauling in honour of this seminal work that marked
the dawn of an era of studies on the pathophysi-
ology of sickle cell disease (SCD). It soon became
apparent that SCD affects every part of the body
and has protean clinical manifestations [5].

The feasibility of accurate molecular diagnosis
encouraged epidemiological studies which revealed
that SCD was more prevalent than was initially ap-
preciated. The inherited condition affects people of
European, Arabian, Indian, Oriental and African
ancestry [6]. About 300000 children are born an-
nually with SCD and millions of people are affected
across the continents; making it a major public
health problem on a global scale, and the common-
est inherited blood disorder that afflicts mankind
[7]. The paradox of how the gene for a multi-organ
disease that led to death in childhood not only 
survived natural selection over the generations, but
also became very widespread, was initially not un-
derstood. Insight came from the observation that
the original geographical distribution of SCD was
identical to that of malaria [8]. Children heterozy-
gous for the sickle cell gene (HbAS) are less likely
than HbAA or HbSS homozygotes to have cerebral
malaria – the commonest cause of childhood mor-
tality in malaria endemic regions [9]. So, HbAS het-
erozygotes have a survival advantage over HbAA or
HbSS homozygotes in parts of the world where
malaria occurs. This phenomenon, called balanced
polymorphism, has ensured the selection and
spread of the sickle cell gene through the gener-
ations. The variable severity of SCD among homo-
zygous (HbSS) individuals led to the discovery of
other genetic factors that modulate its manifesta-
tion [10]. Today, the challenge is to translate the
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Parents  A      S   A     S 

Offspring        A A           A S A S                 S S 
Normal      Sickle cell trait        Sickle cell anaemia

wealth of information on the pathophysiology of
SCD into effective, safe and affordable treatment
for the benefit of affected individuals.

Genetics and inheritance

The sickle cell gene is the result of a point mutation
(GAGÆGTG) in the sixth codon of the gene for
beta globin [4]. So, the sixth amino acid in the beta
chain of haemoglobin S (HbS) is valine, instead of
glutamic acid as found in the usual adult haemoglo-
bin (HbA). This amino acid substitution is ex-
pressed as b6 gluÆval. Some, but not all, the
haemoglobin variants that interact with HbS to
cause clinical illness (i.e. sickle cell disease, SCD) in
the compound heterozygous state also have amino
acid substitutions in the beta globin chain. HbC, a
result of the mutation GAGÆAAG in the sixth
codon, has lysine as the sixth amino acid of the beta
chain; b6 gluÆlys. In HbD Punjab (Los Angeles)
glutamine replaces glutamic acid in position 121;
b121 gluÆgln. HbE is the result of a similar muta-
tion that gave rise to HbC, but in the 26th codon:
b26 gluÆlys. HbO-Arab has a similar amino acid
substitution in position 121, b121 gluÆlys, and 
migrates like HbC on electrophoresis. Some of the
variants that result from mutations in codon 121,
such as HbO-Arab, cause clinical disease because
they stabilize the HbS polymer. Lepore haemoglo-
bins result from unequal cross-over between the
genes for beta and delta globin chains; both genes
are replaced by a db hybrid gene. This Hb Lepore
gene is not well expressed and the condition is a
form of thalassaemia.

The frequency of sickle cell gene varies consider-
ably between different populations. The carrier
state (HbAS) occurs in 1 in 4 Nigerians, 1 in 5
Ghanaians, and 1 in 10 Afro-Caribbeans. HbC
gene is most prevalent in a region of West Africa in-
cluding Northern Ghana and Burkina Fasso, where
it is thought to have originated. HbC is most com-
mon among people whose ancestry can be traced to
that geographical area. It is less common in regions
of West Africa east of the River Niger, which was a
natural barrier to migration of people with high
prevalence of HbC. Similarly, the low prevalence of
HbS (< 1%) in the part of Africa south of the River

Zambesi is considered the result of such a natural
barrier to population movements from Central
Africa where the carrier rate is about 25%. The fre-
quency of bs gene also varies according to geograph-
ical and historical factors in North and South
America, the Mediterranean region, Northern 
Europe, the Middle East, India and the Far East.
Whereas haemoglobin genotype is the type of glo-
bin genes a person has (SS or S/thal), the bs haplo-
type (literally type of chromosome) could be viewed
as the genetic background in which the gene exists.
Haplotype studies in different populations suggest
that the GAGÆGTG mutation which results in
HbS has probably occurred at least five times in
human history; corresponding to the Bantu, Benin,
Cameroon, Senegalese and Saudi-Indian bs haplo-
types [11]. This is of practical importance because
Bantu and Benin haplotypes are associated with
clinically severe SCD, Senegalese with moderate,
and Saudi-Indian with mild disease.

As each person has two genes for beta globin, 
the possible haemoglobin genotypes in children of 
parents with sickle cell trait (HbAS) are shown in
Fig. 3.1. From the pattern of inheritance of beta glo-
bin genes, it can be seen that for each pregnancy,
there is a 1 in 4 chance of having a normal child, 1 in
2 chance of having a child with sickle cell trait, and 
1 in 4 chance of having a child with sickle cell
anaemia. Using the same method, it can be worked
out that if one parent has Hb genotype AA and the
other SS, all the children will have sickle cell trait. If
one parent has sickle cell trait and the other sickle
cell anaemia, the chances are 1 in 2, respectively,
that the child will have sickle cell trait, or sickle cell
anaemia. In the unusual event of both parents 
having sickle cell anaemia, all their children will
have sickle cell anaemia.

HbC is inherited in the same way as HbS. The
possible Hb genotypes of a child if one parent has
haemoglobin C trait (HbAC), and the other has

Fig. 3.1 Inheritance of sickle cell anaemia.



sickle cell trait, are shown in Fig. 3.2. For each preg-
nancy, there is a 1 in 4 chance, respectively, that the
child will be normal, have haemoglobin C trait,
sickle cell trait, or sickle cell haemoglobin C (HbSC)
disease. If one parent is normal and the other has
HbSC disease, the chances are 1 in 2 that their child
will have sickle cell trait, and 1 in 2 of having
haemoglobin C trait. In the unlikely event of one
parent having sickle cell anaemia, and the other
HbSC disease; there is a 1 in 2 chance in each preg-
nancy that the child will have sickle cell anaemia, or
HbSC disease. If both parents are carriers of HbC
gene, the situation is analogous to that of parents
who have sickle cell trait illustrated in Fig. 3.1. The
possible Hb genotypes in the offspring of parents
both of whom have HbC trait are: AA (1 in 4
chances), AC (1 in 2) and homozygous haemoglo-
bin C (HbCC) disease (1 in 4 chances). If one parent
has sickle cell trait and the other has beta thalas-
saemia trait, there is a 1 in 4 chance, respectively,
that each pregnancy results in a normal child or one
with sickle cell beta thalassaemia (HbSbthal), and 1
in 2 chances of a child who has beta thalassaemia
trait (HbA/bthal).

Pathophysiology

The mechanisms of SCD include three fundamental
pathological processes: vaso-occlusion, sickling of
red blood cells and susceptibility to infections. SCD
is associated with proneness to infections because
of hyposplenism [12], a defect in the alternative
pathway of complement activation [13, 14], and 
reduced ability of neutrophils to kill pathogenic 
organisms [15, 16]. Hyposplenism results from 
repeated infarction of splenic tissue, leading to 
virtual absence of the spleen in most adults 
(autosplenectomy). Also, even in childhood before
autosplenectomy occurs, splenic function is 
reduced although the spleen may be enlarged 

(functional asplenia). The basis of reduced 
neutrophil function in SCD is not clear. Similarly,
the cause of the defect in activation of the alterna-
tive pathway of complement has not been eluci-
dated. The serum concentration of factor B, the C3
convertase in the alternative pathway, was not re-
duced in a study of people with homozygous SCD
[14]. Although the exact cause of the complement
defect is unknown, it is of such clinical importance
that the frequency of sickle cell crisis increases with
the degree of the defect [14]. The overall suscepti-
bility to infections has even greater clinical rele-
vance in SCD. Infection is the most common
precipitating factor for sickle cell crisis, and the
leading cause of mortality in SCD [17].

When haemoglobin S loses oxygen, it crystallizes
within the erythrocytes. The affected red blood cells
develop various abnormal shapes [18], including
the characteristic crescent or sickle shape that gave
SCD its name. Sickled erythrocytes are more rigid
than normal red cells, and are more readily de-
stroyed by the reticulo-endothelial system. This
process of haemolysis is the cause of anaemia in
SCD. It is mostly extravascular, although some 
intravascular haemolysis occurs in people with 
the haemoglobinopathy. Intravascular haemolysis
appears to be important in the pathogenesis of 
pulmonary hypertension secondary to SCD and
other chronic haemolytic conditions, such as 
thalassaemia and paroxysmal nocturnal haemo-
globinuria. This is discussed in greater detail in 
Chapter 14.

Occlusion of blood vessels is the most important
pathological process in SCD. The parts of the body
so deprived of blood and nutrients suffer from 
ischaemia and infarction. Recurrent and wide-
spread vaso-occlusion is the cause of the multi-
organ organ damage and loss of functional
parenchymal tissue in SCD. A process that is fairly
simple in conception, blood vessel occlusion in 
SCD is devilishly complex in pathogenesis; and the
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Fig. 3.2 Inheritance of sickle cell 
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details are not fully understood. The current model
of vaso-occlusion in SCD views the process as a 
result of interaction of erythrocytes, leucocytes,
platelets, plasma proteins and vascular endo-
thelium [19]. The pathophysiology of microvascu-
lar (small vessel) occlusion is different from that of
macrovascular (large vessel) occlusion. Interaction
of blood cells with vascular endothelium is more
important in microvascular occlusion, and typi-
cally results in generalized painful crisis. Occlusion
of larger blood vessels such as the carotid and cere-
bral arteries, which leads to stroke, results from 
hyperplasia of the tunica intima of the vessel wall.
Both types of vaso-occlusion could occur in the
same organ and increase the likelihood of ischaemic
tissue damage.

The role of erythrocytes in vaso-occlusion 

Early workers recognized that sickled red cells are
rigid, could obstruct the lumen of small blood ves-
sels, and so contribute to the vaso-occlusive process
in SCD [5]. More recent studies have shown that
both sickled and unsickled erythrocytes attach to
the vascular endothelium via adhesion molecules
such as phosphatidylserine, a4b1 integrin, CD36
and the Lutheran blood group antigen [20–24]. In
this way, red blood cells contribute to vaso-
occlusion in SCD through an active process distinct
from passive mechanical obstruction. Both sickle
and unsickled red blood cells also attach to leuco-
cytes or platelets and form cell aggregates that
could obstruct the lumen of blood vessels more 
easily than single cells [19, 25–27]. Although it is
difficult to ascertain the relative contribution of 
erythrocytes in this multicellular process, the clini-
cal importance of the role of red cells that contain
HbS (and could sickle) in SCD is underlined by 
the efficacy of exchange blood transfusion in the
prevention and treatment of vaso-occlusive mani-
festations such as stroke, acute chest syndrome 
and sickle cell crisis [28]. Conditions that promote 
erythrocyte sickling include dehydration, acidosis,
slow blood flow, high plasma osmolality and high
metabolic rate in a tissue with resultant hypoxia.
These conditions also predispose to sickle cell crisis,
and occur in the sinusoidal circulations of the pla-
centa, bone marrow and penis, but are particularly

marked in the kidneys, where even the red cells of
people with sickle cell trait undergo sickling [29,
30].

The role of leucocytes in vaso-occlusion

It is intriguing to consider the contribution of white
blood cells to vaso-occlusion in SCD – a condition
traditionally regarded as a disorder of red blood
cells. Similar to the contribution of erythrocytes
containing HbS, the clinical significance of the role
of white blood cells in vaso-occlusion is illustrated
by observations that the number of vaso-occlusive
events in SCD increases with leucocyte count 
[15, 31], and reducing white blood cell count 
by hydroxyurea therapy decreases the frequency of
vaso-occlusive crisis, even when there is no increase
in fetal haemoglobin [32–34]. White blood cells
contribute to vaso-occlusion in SCD by adhering to
the wall of blood vessels, and by forming cell aggre-
gates with each other as well as other blood cells
[19]. Leucocyte adherence to vascular endothelium
and aggregation with other blood cells are mediated
by adhesion molecules. People with high expression
of the leucocyte adhesion molecules aMb2 integrin
and L-selectin have severe manifestations of SCD
[35]. The importance of leucocyte–endothelial 
interaction in the pathogenesis of vessel occlusion is
supported by observations that the post-capillary
venule where leucocytes normally attach to vascu-
lar endothelium before entering the extravascular
space [36] is the same site at which microvascular
occlusion occurs in SCD [37–39].

Leucocytes indirectly enhance vaso-occlusion 
in SCD by activating vascular endothelium, as
demonstrated for peripheral blood monocytes 
[40]. Monocytes activate vascular endothelium 
by secreting the inflammatory cytokines tumour
necrosis factor-alpha (TNF-a) and interleukin-1b
[40]. Activated endothelial cells increase their 
expression of ligands for adhesion molecules on
leucocytes and erythrocytes, such as intercellular
adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1) [41, 42]. In this
manner, monocytes facilitate adherence of circulat-
ing blood cells to the vessel wall and enhance vaso-
occlusion. Infection precipitates vaso-occlusive
crisis partly by increasing the interaction of leuco-



cytes with vascular endothelium. The number of
white blood cells is increased, they are activated and
express more adhesion molecules; vascular endo-
thelial cells are also activated and express more 
ligands (receptors) for adhesion molecules on leu-
cocytes. Increased numbers of activated leucocytes
attach to the endo-thelium at several sites in the 
microvasculature, in attempts to enter the tissues
and kill the infecting organisms. This facilitates 
occlusion of small blood vessels in several parts 
of the body, with ischaemia and infarction in the 
affected tissues, leading to generalized painful 
crisis.

The roles of platelets and plasma proteins 

In contrast to the established clinical relevance of
the contributions of erythrocytes and leucocytes,
the role of platelets in the vaso-occlusive process
that characterizes SCD is not clear. Although a role
for platelets in vaso-occlusion is suggested by in
vitro observations that activated platelets promote
sickle erythrocyte adherence to vascular endo-
thelium by releasing thrombospondin and other 
adhesive plasma proteins [43], clinical studies give
variable reports on the relationship between
steady-state platelet count and the occurrence of
vaso-occlusive manifestations of SCD [44, 45].

While our understanding of the pathophysiology
of sickle cell disorders continually improves, a
major challenge is to translate the immense body 
of knowledge on the mechanisms of these diseases
into clinically efficacious therapy for affected 
individuals.
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Introduction

Beta thalassaemia can be broadly defined as a syn-
drome of inherited haemoglobin disorders charac-
terized by a quantitative deficiency of functional
beta globin chains. The keywords here are quantita-
tive and functional, and the definitive diagnostic
test is an imbalanced alpha/non-alpha globin syn-
thesis ratio. Although it is defined as a reduction in
the synthesis of beta globin, some forms result from
structural haemoglobin variants that are ineffec-
tively synthesized or are so unstable that they result
in a functional deficiency of the beta chains and a
thalassaemia phenotype [1]. The most common
forms are those that are prevalent in the malarial
tropical and subtropical regions where a few muta-
tions have reached high gene frequencies because of
the protection they provide against malaria. In
these countries where beta thalassaemia is preva-
lent, a limited number of alleles (four to five) ac-
count for 90% or more of the beta thalassaemia,
such that a focused molecular diagnostic approach
can be undertaken [2]. In other countries such as the
UK, where there is an ethnic mix, a screening ap-
proach may be more appropriate and effective. This
chapter reviews the clinical and haematological 
diversity encountered in beta thalassaemia and
their relationships with the underlying genotypes.

The beta globin gene – structure, function
and expression

Beta globin is encoded by a structural gene found in
a cluster with the other beta-like genes on the short

arm of chromosome 11, band 11p15.4 (Fig. 4.1).
The cluster contains five functional genes, 5¢-e-Gg-
Ag-yb-d-b-3¢, which are arranged in the order of
their developmental expression. The two fetal
gamma genes lie 15 and 20 kb downstream of the
embryonic epsilon gene, followed by the adult delta
and beta genes at 35 and 43 kb further downstream.
Upstream of the entire beta globin complex is the
locus control region (LCR) which consists of five
DNase 1 hypersensitive (HS) sites (designated
HS1–5) distributed between 6 and 20 kb 5¢ of the
epsilon gene. There is one other hypersensitive site
~20kb 3¢ to the beta gene. The two extreme HS sites
flanking the beta complex have been suggested to
mark the boundaries of the beta globin gene 
domain. The beta globin complex is embedded in a
cluster of olfactory receptor genes (ORG), part of
the family of ~1000 genes that are widely distrib-
uted throughout the genome, and expressed in the
olfactory epithelium [3].

The entire beta globin complex has been 
sequenced, and many of the regulatory sequences
have been defined (http://ncbi.nlm.nih.gov). Two
categories of repetitive sequences have been identi-
fied in the complex. One category consists of short
sequence repeats – a microsatellite of (CA)n, where
n is usually 17, and another of (ATTTT)n between
the delta and beta genes. The other category con-
sists of long stretches of interspersed repetitive
DNA – the Alu and L1 families of repeat DNA 
sequences. Alu repeats occur 5¢ of the epsilon gene
(inverted pairs) and on either side of the gamma
gene pair; inverted pairs also occur upstream of the
delta gene and downstream of the beta gene. There
are two long stretches (~6 kb each) of L1 repeat 
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sequences, one between the epsilon and Gg genes,
and the other downstream of the beta gene. The pre-
cise role of these repetitive DNA sequences is not
known. Alu1 and L1 repeats may be contributory
to the generation of the various deletions of the beta

globin cluster, while the microsatellites have been
proposed as candidates for the recombination ‘hot
spot’ between the delta and beta genes.

The cluster also contains numerous single 
nucleotide polymorphisms (SNPs), many of which
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affect cleavage sites for restriction endonucleases
(REs) giving rise to restriction fragment length
polymorphisms (RFLPs). Each of the RE sites can
be present (+) or absent (-) and are combined in a
limited number of haplotypes, that are in linkage
disequilibrium with the beta globin gene mutations
[4]. Beta haplotype analysis provides information
on the chromosomal background on which the beta
thalassaemia mutations have occurred and has
been of considerable value in population studies
and prenatal diagnosis (PND) before direct detec-
tion of the mutations became a practical reality [5].
Based on haplotype analysis, it became apparent
that non-random association of the RFLPs occurs
within two regions; a 5¢ segment, from the epsilon
gene to the 5¢ end of the delta gene, and a 3¢ segment
extending 19 kb in a 3¢ direction from the 5¢ end of
the beta gene. Between the 5¢ and 3¢ clusters, there is
a 9-kb region that displays random association with
either segment, and has therefore been proposed as
a recombination ‘hot spot’ [6]. To date, five families
with recombination within this region have been
observed [7–11].

The general structure of the beta globin gene is
typical of the other globin loci. The genomic 
sequence which codes for 146 amino acids spans
1600 bp; the transcribed region is contained in
three exons separated by two introns or intervening
sequences (IVSs) (Fig. 4.1b).The first exon encodes
amino acids 1–29 together with the first two bases
for codon 30; exon 2 encodes part of residue 30 to-
gether with amino acids 31–104; and exon 3 en-
codes amino acids 105–146. Exon 2 encodes the
residues involved in haem binding and ab dimer 
formation, while exons 1 and 3 encode for the 
non-haem-binding regions of the beta globin chain.
Many of the amino acids involved in globin subunit
interactions required for the Bohr effect, and 2,3-
DPG (diphosphoglycerate) binding, are found in
exon 3. Conserved sequences important for gene
function are found in the 5¢ promoter region, at the
exon–intron junctions, and in the 3¢ untranslated
region (3¢-UTR) at the end of the mRNA sequences.
The beta globin gene promoter includes three posi-
tive cis-acting elements: TATA box (positions -28
to -31), a CCAAT box (positions -72 to -76) and
duplicated CACCC motifs (proximal at positions 
-86 to -90, and distal at position -101 to -105).

While the CCAAT and TATA elements are found in
many eukaryotic promoters, the CACCC sequence
is found predominantly in erythroid cell-specific
promoters. Binding of the erythroid Krüppel-like
factor (EKLF) to the CACCC motif appears to be
crucial for normal adult beta globin expression. In
addition to these motifs, the region upstream of the
beta globin promoter contains two binding motifs
for the erythroid transcription factor GATA-1. The
importance of these various 5¢-flanking sequences
for normal gene expression is underscored by beta
thalassaemia arising from point mutations in these
sequences specifically in and around the TATA box
and the CACCC motifs in the -80 to -100 region.
An enhancer is also found in intron 2 and 3¢ of the
globin gene, 600–900 bp downstream of the poly
(A) site.

The 5¢ untranslated region (5¢-UTR) occupies a
region of 50 nucleotides between the CAP site, the
start of transcription and the initiation (ATG)
codon. There are two prominently conserved 
sequences in the 5¢-UTR of the various globin genes
(both alpha and beta). One is the CTTCTG hexa-
nucleotide found 8–13 nucleotides downstream
from the CAP site, i.e. at positions +8 to +13. The
second conserved sequence is CACCATG, in which
the last three nucleotides form the initiation codon
(ATG). Again, the importance of these sequences in
the regulation of the beta gene expression is exem-
plified by the several mutations in the 5¢-UTR caus-
ing beta thalassaemia.

The 3¢-UTR constitutes the region between the
termination codon (TAA) and the poly (A) tail. It
consists of 132 nucleotides with one conserved 
sequence, AATAAA, located 20 nucleotides up-
stream of the poly (A) tail. This consensus hexa-
nucleotide serves as a signal for the cleavage of the
3¢ end of the primary transcript and addition of a
poly (A) tract, which confers stability on the
processed mRNA and enhances translation. Several
mutations affecting the AATAAA sequence and
other sequences in the 3¢-UTR causing beta thalas-
saemia have been described.

The LCR plays a critical role in beta globin gene
expression, it maintains an ‘open’ globin locus 
domain and acts as a powerful enhancer of globin
gene transcription, in the absence of which the level 
of gene expression is low. Four of the sites (HS 1–4)
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are erythroid-specific, encompassing binding 
sequences for erythroid-restricted transcription
factors (GATA-1 and NF-E2), while HS5 is ubiqui-
tous and is thought to form the 5¢ boundary of the
beta globin domain.

The developmental regulation of the globin genes
reflects their sequential activation in a 5¢–3¢ direc-
tion. While the alpha-like genes undergo a single 
developmental ‘switch’ (embryonic Æ fetal/adult),
the beta-like genes undergo two ‘switches’ (embry-
onic Æ fetalÆ adult). Transcription of the epsilon
gene in the embryonic yolk gene switches after the
sixth week of gestation to the transcription of the
two gamma genes in the fetal liver, and then around
the prenatal period, to that of the delta (minor
adult) and beta (major adult) genes. At 6 months
after birth, HbF comprises < 5% of the total haemo-
globin and continues to fall; reaching the adult level
of < 1% at 2 years of age. It is at this stage that 
mutations affecting the beta gene become clinically
apparent. The ‘switch’ from fetal (gamma) to 
adult (beta) haemoglobin production is not total, in
that small amounts of gamma expression persist 
in adult life. The residual amount of fetal haemo-
globin (a2g2) is present in a subset of erythrocytes
called F cells which also contain adult (a2b2)
haemoglobin.

The tissue- and developmental-specific expres-
sion of the individual globin genes is governed by
the direct physical interactions between the globin
promoters and the bLCR [12, 13], the interaction is
mediated through binding of tissue-restricted and
ubiquitous transcription factors. This precise devel-
opmental expression relies on two mechanisms,
gene silencing and gene competition, mediated by
the different transcription factors in embryonic,
fetal and adult cells. While the epsilon and gamma
globin genes are autonomously silenced at the 
appropriate developmental stage, expression of the
adult beta globin gene depends on lack of competi-
tion from the gamma gene for the LCR sequences.
This is supported by the down-regulation of the cis
beta gene when gamma gene is up-regulated by
point mutations in their promoters as illustrated by
the non-deletional hereditary persistence of fetal
haemoglobin (HPFH) [14]. Also, mutations which
affect the beta promoter, which remove competi-
tion for the bLCR, tend to be associated with 

variable increases in the gamma and delta gene 
expression.

Pathophysiology and clinical diversity of
beta thalassaemia

The underlying pathophysiology of beta thalas-
saemia relates to the deficiency of functional beta
globin chains, which leads to an unbalanced globin
chain production and an excess of alpha globin
chains [1, 15]. The latter aggregate in red cell pre-
cursors forming inclusion bodies, causing mechani-
cal damage and their premature destruction in the
bone marrow, i.e. ineffective erythropoiesis. Red
cells that survive to reach the peripheral circulation
are prematurely destroyed. Anaemia in beta thalas-
saemia thus results from a combination of ineffec-
tive erythropoiesis, peripheral haemolysis and an
overall reduction in haemoglobin synthesis. It is
quite clear that the severity of beta thalassaemia is
directly related to the severity of chain imbalance.
Thus factors that reduce the degree of chain imbal-
ance and the magnitude of alpha chain excess in the
red cell precursors will have an ameliorating effect
on the phenotype. At the primary level, this is re-
lated directly to the nature of the beta thalassaemia
mutation itself. At the secondary level, the severity
of globin chain imbalance is influenced by variabil-
ity at two loci: alpha globin and gamma globin
genes. Co-inheritance of alpha thalassaemia re-
duces the amount of redundant alpha globin and
alpha/beta chain imbalance with an ameliorating
effect, while the presence of extra alpha globin
genes will have an adverse effect. Similarly an inher-
ent capacity for producing gamma chain which
combines with the excess alpha to form HbF (a2g2),
will have an ameliorating effect.

A direct effect of the anaemia is the increased pro-
duction of erythropoietin, which leads to intense
proliferation and expansion of the bone marrow
with the resulting skeletal deformities. To a large
extent these secondary complications of bone dis-
ease – splenomegaly, endocrine and cardiac damage
– can be related to the severity of anaemia and the
iron loading that results from the increased gastro-
intestinal absorption and the blood transfusions.
Recently, it has become apparent that these compli-
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cations of beta thalassaemia may be genetically
modified by variability at other loci (tertiary 
modifiers).

The clinical manifestations of beta thalassaemia
are extremely diverse, spanning a broad spectrum
from the transfusion-dependent state of thalas-
saemia major to the asymptomatic state of thalas-
saemia trait. The most severe end of the spectrum is
characterized by the complete absence of beta 
globin production and results from the inheritance
of two b0 thalassaemia alleles, homozygous or 
compound heterozygous states. This condition is
referred to as beta thalassaemia major and, at 
their worst, the patients present within 6 months of
life, and if not treated with regular blood trans-
fusions, die within their first 2 years. Conversely,
many patients who have inherited two beta thalas-
saemia alleles may have a milder disease, ranging
from a condition that is only slightly less severe than
transfusion dependence through a spectrum of de-
creasing severity to one that is asymptomatic and
often mistaken for beta thalassaemia trait. This 
diverse collection of phenotypes between the two
extremes of thalassaemia major and trait constitute
the clinical syndrome of thalassaemia intermedia.
The underlying genotypes are equally heteroge-
neous, resulting from the interaction of other gen-
etic variables with the inheritance of one or two
beta thalassaemia alleles.

Beta thalassaemia trait, which forms the other
end of the phenotypic spectrum of beta thalas-
saemia, is usually associated with the inheritance of
a single beta thalassaemia allele, b0 or b+. Carriers
for beta thalassaemia are clinically asymptomatic;
they may have a mild anaemia with characteristic
hypochromic microcytic red blood cells, elevated
levels of HbA2 and variable levels of HbF. How-
ever, even the heterozygous states for beta thalas-
saemia show a phenotypic diversity comparable to
that of thalassaemia major. In some cases, the beta
thalassaemia allele can be phenotypically ‘silent’,
with no anaemia or haematological abnormalities.
In others, the heterozygous state causes a pheno-
type almost as severe as the major forms, i.e. the
beta thalassaemia allele is dominantly inherited.

Although definition of the two extremes of 
the clinical spectrum of beta thalassaemia is easy, 
assigning the severity of the intermediate form can

be problematic. Criteria such as age and level of
haemoglobin at presentation, transfusion history
and the requirements for intermittent blood trans-
fusion have been used, but these have their inherent
limitations and are highly clinician-dependent.

Mechanisms underlying phenotypic
diversity of beta thalassaemia

Progress in our understanding of the mechanisms
underlying the remarkable phenotypic variability
of beta thalassaemia has been made possible by a
combination of the analysis of the molecular basis
of the different forms of thalassaemia, family 
studies and analysis of the genotype/phenotype 
relationship of the thalassaemia intermedias.

Heterogeneity and variable severity of 
beta thalassaemia alleles

The most common forms of beta thalassaemia 
alleles are those that are prevalent in the 
Mediterranean, tropical and subtropical regions 
including the Middle East, parts of Africa, the 
Indian subcontinent and South-East Asia, but they
are by no means confined to those regions [2]. With
the exception of a few deletions, the vast majority of
beta thalassaemias are caused by point mutations
within the gene or its immediate flanking sequences.
A few beta thalassaemia mutations which segregate
independently of the beta globin cluster have been
described in several families [16]; in such cases,
trans-acting regulatory factors have been implicat-
ed. Examples of reduced beta globin production
caused by mutations in loci outside the beta globin
complex include those arising in the general tran-
scription factor TF11H [17] and the erythroid-
specific transcription factor GATA-1 [18].

b0 vs b+ and b++ thalassaemia alleles

Functionally, the beta thalassaemia alleles can be
classified as b0 or b+ reflecting the resulting pheno-
type: b0 thalassaemia in which there is a complete
absence of beta globin production and the most 
severe possible, and b+ thalassaemia in which there
is some, although reduced beta globin product.
There is very mild reduction of beta chain produc-
tion with b++ alleles.
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Deletions causing beta thalassaemia are rare and
result in a complete absence of beta globin product.
Fourteen deletions which involve the structural
beta globin gene alone, have been described [16];
only the 619-bp deletion at the 3¢ end of the beta
gene is common, but even that is restricted to the
Sind and Punjab populations of India and Pakistan
where it accounts for ~20% of the beta thalas-
saemia alleles. The other deletions, although ex-
tremely rare, are of particular functional and
phenotypic interest because they are associated
with an unusually high level of HbA2 in hetero-
zygotes. These deletions differ widely in size, but re-
move in common a region (from positions -125 to
+78 relative to the mRNA cap site) in the beta pro-
moter, which includes the CACCC, CCAAT and
TATA elements. The mechanism underlying the
markedly elevated levels of HbA2 and the variable
increase in HbF in heterozygotes for these deletions
appears to be related to the removal of the 5¢ pro-
moter region of the beta gene. This removes compe-
tition for the upstream LCR leading to its increased
interaction with the gamma and delta genes in cis,
enhancing their expression. Although the increases
in HbF are variable, and moderate in heterozygotes,
they are adequate to compensate for the complete
absence of beta globin in homozygotes for these
deletions [19, 20]. This mechanism may also ex-
plain the unusually high HbA2 levels that accompa-
ny point mutations affecting the promoter regions.

Other deletions affecting the beta globin cluster
are much more extensive; they down-regulate the
beta gene as part of (egdb)0 thalassaemia. They can
be classified into two groups: three upstream dele-
tions remove all or part of the bLCR but leave the
beta gene itself intact, and eight extensive deletions
that remove the entire beta globin cluster [21].

Transposable elements may occasionally disrupt
human genes and result in their inactivation. The
insertion of such an element, a retrotransposon of
the family called L1, has been reported with the
phenotype of b+ thalassaemia. Despite the insertion
of 6–7 kb DNA into its IVS2, the affected gene ex-
presses full-length beta globin transcripts at a level
corresponding to about 15% of normal beta globin
mRNA [22].

The point mutations causing beta thalassaemia
result from single base substitutions, minor inser-

tions or deletions of a few bases within the gene or
its immediate flanking sequences [16]. They may af-
fect any level of genetic regulation and they are clas-
sified according to the mechanism by which they
affect gene function: transcription, RNA process-
ing or RNA translation. Mutations affecting tran-
scription can either involve the conserved DNA
sequences that form the beta globin promoter or the
stretch of 50 nucleotides in the 5¢-UTR. Generally
they result in a mild to minimal deficit of beta globin
output reflecting the relatively mild phenotype of
these b+ thalassaemias. The C-T mutation at posi-
tion -101 to the beta globin gene appears to cause
an extremely mild deficit of beta globin such that it
is ‘silent’ in heterozygotes who have normal HbA2
levels and normal red cell indices. Several mutations
in the 5¢-UTR, e.g. CAP+1A-C, also have a ‘silent’
phenotype.

Mutations that affect RNA processing can in-
volve either of the invariant dinucleotides (GT at 5¢
and AG at 3¢) in the splice junction, in which case
normal splicing is completely abolished with the re-
sulting phenotype of b0 thalassaemia. Mutations
within the consensus sequences at the splice junc-
tions reduce the efficiency of normal splicing to
varying degrees and produce a b+ phenotype that
ranges from mild to severe. Mutations within in-
trons or exons might also affect the splicing pattern
of the pre-mRNAs. For example, a cryptic splice
site that contains the sequence GT GGT GAG G has
been found in exon 1 of the beta globin gene, span-
ning codons 24–27. Three mutations within this 
region activate this cryptic site, which acts as an 
alternative donor site in RNA processing. The mu-
tation in codon 26 (GAC Æ AAE) that gives rise to
HbE (b26 Gln Æ Lys) is one such mutation that ac-
tivates this cryptic splice site, with a reduction of the
normal splicing that produces the HbE variant. As
HbE production is also quantitatively reduced, the
compound heterozygous state, HbE/beta thalas-
saemia results in a clinical picture closely resem-
bling homozygous beta thalassaemia – ranging
from severe anaemia and transfusion dependency
to thalassaemia intermedia. Other RNA process-
ing mutants affect the polyadenylation signal
(AATAAA) and the 3¢-UTR. These are generally
mild b+ thalassaemia alleles.

Mutations that are expressed at the level of
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mRNA translation involve either the initiation or
extension phases of globin synthesis and are all as-
sociated with a b0 phenotype. Approximately half
of the beta thalassaemia alleles are characterized by
premature termination of beta chain extension.
They result from the introduction of premature ter-
mination codons due to frameshifts or nonsense
mutations and nearly all terminate within exon 1
and 2. Mutations that result in premature termina-
tion early in the sequence (in exons 1 and 2) are 
associated with minimal steady-state levels of 
b-mRNA in erythroid cells, owing to an accelerated
decay of the abnormal mRNA referred to as non-
sense-mediated mRNA decay (NMD) [23]. In het-
erozygotes for such cases, no beta chain is produced
from the mutant allele and only half the normal beta
globin is present, resulting in a typical asympto-
matic phenotype. By contrast, mutations that pro-
duce in-phase termination later in the beta sequence
(in exon 3) are not subjected to NMD, resulting in
substantial amounts of abnormal b-mRNA com-
parable to that of the normal allele [24, 25]. The 
abnormal mRNA is presumably translated into
variant beta chains that are not only non-functional
but deleterious, causing a dominant negative phe-
notype. Hence, these mutants are usually domi-
nantly inherited (see later).

The variable severity of the different beta thalas-
saemia alleles is reflected in their phenotypic effect
in heterozygotes, in the degree of hypochromia and
microcytosis as indicated by the mean cell haemo-
globin (MCH) and mean cell volume (MCV) 
values, respectively. Rund et al. [26] showed that the
b0 thalassaemia alleles, which are associated with
the most severe phenotype, demonstrated a fairly
tight range of MCVs (63.1 fl, SD = 3.4), while the b+

alleles were associated with a wider range of MCVs
(69.3 fl, SD = 5.6). The cut-off point between the 
b0 and b+ thalassaemias was 67 fl. The broader
range of MCV in b+ thalassaemia, when compared
with b0 thalassaemia, is not surprising given the
broad range in the deficit of beta globin production,
from barely detectable levels at the severe end, to
just a little less than normal in the very mild or
‘silent’ alleles.

A more recent study has taken the correlation 
between the severity of beta thalassaemia alleles
with haematological parameters to a finer level.

Skarmoutsou et al. [27] measured a series of 
haematological parameters, including reticulocyte
haemoglobin content (CHr), soluble transferrin 
receptor (sTfR), reticulocytes and HbA2 and HbF
levels in 57 iron-replete individuals with hetero-
zygous beta thalassaemia. There was a negative 
correlation between the values of sTfR, a reliable
quantitative assessment of the erythropoietic activ-
ity, and the severity of the beta thalassaemia alleles;
the values were lowest in the very mild beta thalas-
saemia (bsilent), and highest in b0 thalassaemia 
heterozygotes. CHr, a product of reticulocyte
haemoglobin and volume, was lower in bsilent tha-
lassaemia compared with normals but the differ-
ence was not statistically significant. However, the
CHr values between the bsilent and the severe groups
(b+ and b0 thalassaemia alleles) was significant,
being much higher (27.0–32.0pg) in the former,
compared with the latter group (19.5–25.3pg).
Furthermore, while sTfR values showed a positive
correlation with HbA2, there was a significant neg-
ative correlation between CHr and HbA2 levels.
This study confirms that all heterozygous beta 
thalassaemias have some degree of ineffective 
erythropoiesis that varies with the severity of the
beta thalassaemia mutation.

The ‘silent’ mutations are normally identified in
the compound heterozygous states with a severe
beta thalassaemia allele, which results in thalas-
saemia intermedia, or in homozygotes who have a
typical phenotype of beta thalassaemia trait. The
‘silent’ beta thalassaemia alleles are not common,
except for the -101 C-T, which accounts for a large
number of the milder forms of beta thalassaemia in
the Mediterranean [28].

The mild beta thalassaemia alleles are associated
with clearly defined changes in heterozygotes and
result in disorders of intermediate severity in 
homozygotes. Interactions with the severe alleles
are less predictable because of the wider range of
beta globin output, and extend from transfusion 
dependence to intermediate forms of beta thalas-
saemia at the mild end of the spectrum [29, 30].

Ameliorating effect of HbF owing to nature of
beta thalassaemia alleles

Although some of the phenotypic variability of beta
thalassaemia can be explained by the differing
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severity of the beta thalassaemia alleles, it does not
explain why identical mutations in different ethnic
groups sometimes produce a different phenotype or
why individuals with b0 thalassaemia deletions
have milder disease despite the complete absence of
beta chain production. Both situations can be ex-
plained by an inherent propensity to produce HbF
for different reasons. Although a given mutation is
generally found within one ethnic group, a number
of identical mutations have been described in differ-
ent racial groups. In these cases the mutations may
have arisen on different beta chromosomal back-
grounds, some of which contain the common genet-
ic variant, C-T at position -158 of the gamma
globin gene, also referred to as the Xmn1-Gg poly-
morphism. Although Xmn1-Gg polymorphism 
has little effect in normal individuals, under
haematopoietic stress, the presence of this site can
have the effect of increasing HbF levels, resulting in
a milder disease in homozygous beta thalassaemia
[31]. The increased HbF output observed in dele-
tions or mutations that involve the promoter 
sequence of the beta globin gene reflect the competi-
tion between the gamma and beta globin gene 
promoters for interaction with the LCR or rate-
limiting transcription factors. Hence, although
such deletions cause a complete absence of beta 
globin product, the severity of the phenotype is 
offset by the concomitant increase in HbF [19].

Dominantly inherited beta thalassaemia

The common beta thalassaemia alleles that are
prevalent in the malarious regions are inherited 
typically as Mendelian recessives; heterozygotes are
clinically asymptomatic and the inheritance of two
mutant alleles – as homozygotes or compound het-
erozygotes – is required to produce clinical disease.
However, some forms of beta thalassaemia are
dominantly inherited, in that inheritance of a single
beta thalassaemia allele in the presence of a normal
alpha globin genotype results in a clinically 
detectable disease [32, 33]. Heterozygotes have a 
thalassaemia intermedia phenotype with moderate
anaemia, splenomegaly and a thalassaemic blood
picture. Apart from the usual features of hetero-
zygous beta thalassaemia, such as increased levels 
of HbA2 and the unbalanced alpha/beta globin

biosynthesis, large inclusion bodies similar to those
seen in thalassaemia major are often observed in the
red cell precursors, hence the original term of ‘inclu-
sion body beta thalassaemia’ [34].

This unusual form of beta thalassaemia was
probably first described in an Irish family in 1973
[35]; several members of the family spanning three
generations had a thalassaemia intermedia pheno-
type that was clearly inherited as a Mendelian 
dominant. Since the first description, more than 30
dominantly inherited beta thalassaemia alleles have
now been described [32, 36]; they include missense
mutations, minor deletions leading to the loss of 
intact codons, frameshifts arising from minor 
insertions and deletions resulting in elongated beta
variants with abnormal carboxy-terminal ends,
and truncated beta variants resulting from non-
sense mutations. The common denominator of
these mutations is the predicted synthesis of highly
unstable beta chain variants, so unstable that in
many cases they are not detectable and only impli-
cated from the DNA sequence. The predicted syn-
thesis is supported by the presence of substantial
amounts of abnormal b-mRNA in the peripheral
reticulocytes [25], comparable in amount to that
produced from the normal beta allele. Indeed, the
large intra-erythroblastic inclusions, that are so
characteristic of this form of beta thalassaemia,
have subsequently been shown to be composed of
both alpha and beta globin chains [37]. In contrast,
the inclusion bodies in homozygous beta thalas-
saemia consisted only of precipitated alpha globin.

How is it that some premature termination muta-
tions cause thalassaemia intermedia while the 
majority are clinically asymptomatic in the hetero-
zygous state? The answer appears to lie in the 
differential effects of these in-phase termination
mutants on the accumulation of mutant mRNA.
The in-phase termination mutations that are reces-
sively inherited terminate in exon 1 or 2, while those
that are dominantly inherited terminate much later
in the sequence of the beta globin gene, in exon 3 or
beyond. Premature stop codons near the 3¢ end of
the gene, in exon 3 of beta gene, are less likely to
trigger the surveillance mechanism of NMD, lead-
ing to an accumulation of the mutant b-mRNA 
and to the synthesis of truncated beta chain 
variants [38]. These in-phase termination muta-
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tions exemplify how shifting the position of a non-
sense codon can alter the phenotype of recessive 
inheritance caused by haplo-insufficiency, to a
dominant negative effect caused by the synthesis of
an abnormal and deleterious protein.

The pathophysiology of these beta chain variants
relates to their hyper-instability caused by the 
nature and position of the mutations [33]. The mol-
ecular mechanisms include: substitution of the crit-
ical amino acids in the hydrophobic haem pocket
displacing haem, leading to aggregation of the glo-
bin variant; disruption of secondary structure due
to replacement of critical amino acids; substitution
or deletion of amino acids involved in ab dimer for-
mation; and elongation of subunits by a hydro-
phobic tail [39]. Again, a spectrum in phenotypic
severity of this class of beta thalassaemia variants is
observed, that can be related to variation in the de-
gree of instability of the beta globin products. The
dominantly inherited beta thalassaemias, charac-
terized by the synthesis of highly unstable beta
chain variants, resembles the intermediate forms 
of beta thalassaemia by virtue of the ineffective 
erythropoiesis, but there is also a variable degree of
peripheral haemolysis.

Unlike recessive beta thalassaemia, which is
prevalent in malaria-endemic regions, dominant
beta thalassaemias are rare, occurring in dispersed
geographical regions where the gene frequency for
beta thalassaemia is very low. The vast majority of
the dominant beta thalassaemia alleles have been
described in single families, many as de novo events.
It is likely that the low frequency of the dominant
beta thalassaemia alleles is due to the lack of posi-
tive selection that occurs in the recessive forms.
Clinically, since spontaneous mutations are com-
mon in dominant beta thalassaemia, it is important
that the disorder should be suspected in any patient
with a thalassaemia intermedia phenotype even if
both parents are haematologically normal and the
patient is from an ethnic background where beta
thalassaemia is rare.

Secondary modifiers

The severity of anaemia in beta thalassaemia re-
flects the degree of globin chain imbalance and the
excess of alpha globin chains with all their deleteri-

ous effects on the red cell precursors. This globin
chain imbalance can be genetically modified by two
factors – variation in the amount of alpha globin
production and variation in fetal haemoglobin 
response.

Alpha globin genotype

In many populations in which beta thalassaemia is
prevalent, alpha thalassaemia also occurs at a 
high frequency and hence it is not uncommon to 
co-inherit both conditions. Homozygotes or com-
pound heterozygotes for beta thalassaemia who co-
inherit alpha thalassaemia will have less redundant
alpha globin and tend to have a less severe condi-
tion. As with beta thalassaemia, the different alpha
thalassaemias that predominate in different racial
groups display a wide range of severity. This inter-
action alone provides the basis for considerable
clinical heterogeneity; the degree of amelioration
depends on the severity of the beta thalassaemia 
alleles and the number of functional alpha globin
genes [29, 30]. Co-inheritance of a single alpha 
gene deletion has very little effect on the phenotype
of b0 thalassaemia, while individuals with two
alpha gene deletions and homozygous b+ thalas-
saemia may have a mild form of thalassaemia inter-
media. At the other extreme, patients who have
co-inherited HbH (equivalent of only one function-
ing alpha gene) and homozygous beta thalas-
saemia, also have thalassaemia intermedia.

Just as co-inheritance of alpha thalassaemia can
reduce the clinical severity of homozygous beta tha-
lassaemia, the presence of increased alpha globin
product in beta thalassaemia heterozygotes tips the
globin chain imbalance further, converting a typi-
cally clinically asymptomatic state to that of thalas-
saemia intermedia. In the majority of cases, this is
related to the co-inheritance of triplicated alpha
globin genes. Triplicated alpha genes (aaa/) occur
in most populations at a low frequency. The 
co-inheritance of two extra alpha globin genes
(aaa/aaa) or (aaaa/aa) with heterozygous beta
thalassaemia results in the thalassaemia intermedia
[40, 41]. However, the phenotype of a single extra
gene (aaa/aa) with heterozygous beta thalas-
saemia is more variable and depends on the severity
of the beta thalassaemia allele [42, 43]. There 
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appears to be a critical threshold of globin 
chain imbalance in each individual above which 
clinical symptoms appear. This may be related 
to the efficiency of the proteolytic mechanism 
of the erythroid precursors or perhaps to the level 
of the newly discovered alpha haemoglobin-
stabilizing protein (AHSP), a chaperone of alpha
globin [44].

Variation in fetal haemoglobin production

The role of increased HbF response as an ameliorat-
ing factor becomes evident in the group of homo-
zygous b0 thalassaemia patients who have a mild
disease and are able to maintain a reasonable level
of haemoglobin all of which is HbF. Production of
fetal haemoglobin after the neonatal period in beta
thalassaemia is an extremely complex process and
still poorly understood. There appears to be a 
genuine increase in gamma chain synthesis, pre-
sumably reflecting the expansion of the ineffective
erythroid mass. The effect is augmented by the 
selective survival of the erythroid precursors that
synthesize relatively more gamma chains. Hence all
beta thalassaemias, heterozygous or homozygous,
have variable increases in their levels of HbF.
Against this background, there are undoubtedly 
genetic factors involved. Recent studies have shown
that the level of HbF and F cells (a subset of erythro-
cytes that contain HbF) are overwhelmingly geneti-
cally controlled [45]. About one-third of the genetic
variance is due to determinants linked to the beta
globin gene complex but more than 50% of the 
genetic variance in F cell levels is due to factors not
linked to the beta chromosome [46]. These trans-
acting factors presumably play an important role 
in the fine-tuning of gamma globin production in
adult life. Linkage studies have mapped loci con-
trolling HbF and F cell levels to three regions of the
genome – chromosomes 6q23, Xp22 and 8q (see
below).

There are several determinants within the beta
globin gene cluster that are associated with a defect
in the normal switch from fetal to adult haemoglo-
bin production leading to increased HbF levels in
adult life. They constitute the group of hereditary
persistence of fetal haemoglobin (HPFH) and delta
beta thalassaemias. These are caused by large dele-

tions of the beta globin complex or point mutations
in the gamma globin promoters and are clearly 
inherited as alleles of the beta globin complex in a
Mendelian fashion with HbF levels of 5–35% in the
heterozygous state [14]. These variants, however,
are rare. Much more common is a genetic variant,
C-T polymorphism, at position -158 of the Gg
globin gene, also referred to as Xmn1-Gg poly-
morphism. The Xmn1-Gg site is common in all 
population groups and is present at a frequency of
0.32–0.35 [46]. Our linkage studies indicate that it
accounts for up to 35% of the F cell variance in the
general population [46]. Although the increases in
HbF and F cells are minimal in normal people, clin-
ical studies have shown that, under conditions of
haematopoietic stress, for example, in homozygous
beta thalassaemia and sickle cell disease (SCD), the
presence of the Xmn1-Gg site favours a higher HbF
response [47, 48]. This could explain why the same
mutations on different beta chromosomal back-
grounds (some with and others without the Xmn1-
Gg site) are associated with different clinical
severity.

Although the presence of the cis Xmn1-Gg site is
a modulating factor, clearly there are some patients
who have enhanced HbF response despite being
Xmn1-Gg –/– [29, 48]. In many cases, family studies
have shown that there is an inherent capacity for
producing HbF and that the genetic determinant is
not linked to the beta globin cluster. This is in keep-
ing with our sib-pair studies which showed that 
> 50% of the F cell variance in the general popula-
tion is accounted for by trans-acting factors. 
Indeed, analysis of a single large family spanning
seven generations has assigned one such quantita-
tive trait locus (QTL) for F cell to chromosome
6q23 [50]. Analyses of similar families indicate that
there are other QTLs for HbF and F cells and that
they are not linked to 6q or the beta globin gene
complex [51]. A genetic determinant which is asso-
ciated with F cell variance in SCD has been assigned
to chromosome Xp [52] but its role, if any, in deter-
mining the level of HbF in beta thalassaemia is not
clear. Recently, another QTL for F cell levels has
been assigned to chromosome 8q; the effects of this
locus are conditional on the Xmn1-Gg site [53]. As
the genetic basis of the propensity to produce HbF
becomes unravelled it is becoming clear that the
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conglomeration of the Xmn1-Gg polymorphism,
the QTLs on 6q, Xp and 8q and others, linked and
unlinked to the beta globin complex, constitute the
loosely defined syndrome of heterocellular HPFH
[54]. Until the different entities become better 
defined, detection of an inherent capacity for 
increased HbF production is, at present, difficult
and usually inferred from family studies.

Mosaicism due to somatic deletion 
of beta globin gene

This novel mechanism was recently described in an
individual who had moderately severe thalassaemia
intermedia despite being constitutionally heterozy-
gous for b0 thalassaemia with a normal alpha geno-
type [55]. Subsequent investigations revealed that
he had a somatic deletion of a region of chromo-
some 11p15 including the beta globin complex giv-
ing rise to a mosaic of cells, 50% with one and 50%
without any beta globin gene. The sum total of the
beta globin product is ~25% less than the normally
asymptomatic beta thalassaemia trait.

This unusual case once again illustrates that the
severity of anaemia of beta thalassaemia reflects the
defective beta globin chain production. Further-
more, with respect to potential gene therapy, ex-
pression of a single beta globin gene in a proportion
of the red blood cells appears to be sufficient 
to redress the chain imbalance to produce a condi-
tion mild enough not to need major medical 
intervention.

Tertiary modifiers

With the increasing lifespan of the beta thalas-
saemia patients, subtle variations in the phenotype
with regard to some of the complications have be-
come apparent and evidence suggests that they may
be affected by genetic variants.

Hyperbilirubinaemia and a propensity to gall-
stone formation is a common complication of beta
thalassaemia and is attributed to the rapid turnover
of the red blood cells, bilirubin being a break-down
product of haemoglobin. Varying degrees of jaun-
dice have often been observed in the thalassaemia
syndromes – from thalassaemia trait through to
thalassaemia major [56–58]. Studies have shown

that the levels of bilirubin and the incidence of gall-
stones in beta thalassaemia are related to a poly-
morphic variant (seven TA repeats) in the promoter
of the uridine diphosphate-glucoronyltransferase
IA (UGTIA) gene, also referred to as Gilbert’s syn-
drome. Normal individuals who are homozygous
for the [TA]7 variant instead of the usual six, tend to
have higher levels of bilirubin [59]. The [TA]7
variant has also been shown to be associated 
with increased bilirubin levels in SCD and other
haemolytic anaemias [60]. In vitro studies indicate
that the variant causes a reduced expression of the
UGTIA gene [59].

A common complication of beta thalassaemia in-
volves organ damage from iron overload, not just
from blood transfusions but also from increased 
absorption. Preliminary studies suggest that the
common mutation C282Y in the HFE gene that
causes hereditary haemochromatosis, predisposes
to iron loading in thalassaemia intermedia [61].
The co-existence of beta thalassaemia trait aggra-
vates and accentuates iron loading in C282Y HFE
homozygotes [62]. As the C282Y mutation is rare
in populations in which beta thalassaemia is com-
mon it has a limited role in iron loading among
these patients [63]. Much more common is the HFE
gene polymorphism, H63D, whose functional role
is still being investigated. None the less, a recent
study showed that beta thalassaemia carriers who
are homozygotes for H63D have higher serum fer-
ritin levels than carriers without the polymorphism, 
suggesting that the H63D polymorphism may have
a modulating effect on iron absorption [64]. As
other genes in iron homeostasis become uncovered,
it is likely there will be genetic variants in these loci
that influence the different degrees of iron loading
in beta thalassaemia [65].

Similarly, there is increasing evidence that 
progressive osteoporosis and osteopenia, another 
increasingly common complication encountered in
young adults with beta thalassaemia [66], may be
modified by polymorphisms in the genes for the 
vitamin D and oestrogen receptor, and the COLIA1
gene that regulates synthesis of type 1 collagen [67].
Genetic variants implicated in other complications
of beta thalassaemia include the apolipoprotein E
(APOE) e4 allele in cardiac damage [68]; specific
HLA alleles in the tendency to hepatitis and liver
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cirrhosis; genetic variants in factor V, prothrombin
and MTHFR; and the tendency to thrombosis.

Conclusion

There is a spectrum of phenotypes in beta thalas-
saemia, the severity of which relates directly to the
degree of chain imbalance and the alpha globin 
excess. Much of the variation can be explained by
heterogeneity of the molecular lesions affecting the
beta globin gene itself but it is also clear that vari-
ability at the two loci – alpha and gamma globin
genes – is important in determining the phenotype,
which is extremely encouraging for genetic coun-
selling. However, while genotyping at the beta 
globin and alpha globin loci is relatively easy to 
incorporate into the prenatal diagnosis and couns-
elling programme, detecting an inherent ability to
increase HbF in response to haematopoietic stress is
still difficult. The presence of such heterocellular
HPFH determinants is usually implicated from
studies of family members who are often not avail-
able. Until the quantitative trait loci for HbF are
better defined, it would appear that it is still not pos-
sible to consistently predict phenotype from geno-
type apart from the two categories of extra alpha
globin genes with heterozygous beta thalassaemia,
and the inheritance of mild b+ thalassaemia alleles.
Ethnicity and environment are important factors in
the analysis of genotype/phenotype relationships.
Studies have shown that all three categories of 
genetic modifiers – primary, secondary and tertiary
– are population-specific. The tertiary locus in-
cludes the many different genetic polymorphisms
that form the background genes, some of which
have been co-selected with the thalassaemias.

Acknowledgement

I thank Claire Steward for help in preparation of the
manuscript and Helen Hunt for Fig. 4.1a.

References

1. Weatherall DJ, Clegg JB. The Thalassaemia Syndromes.
Oxford: Blackwell Science, 2001.

2. Flint J, Harding RM, Boyce AJ, Clegg JB. The population
genetics of the haemoglobinopathies. In: Rodgers GP, 
ed. Bailliére’s Clinical Haematology, Vol. 11. London:
Bailliere Tindall, 1998: 1–52.

3. Bulger M, Bender MA, van Doorninck JH et al. Compar-
ative structural and functional analysis of the olfactory
receptor genes flanking the human and mouse b-globin
gene clusters. Proc Natl Acad Sci U S A 2000; 97:
14560–5.

4. Antonarakis SE, Boehm CD, Giardinia PJV, Kazazian
HHJ. Non-random association of polymorphic restric-
tion sites in the b-globin gene cluster. Proc Natl Acad Sci
U S A 1982; 79: 137–41.

5. Orkin SH, Kazazian HHJ, Antonarakis SE et al. Linkage
of b-thalassaemia mutations and b-globin gene polymor-
phisms with DNA polymorphisms in human b-globin
gene cluster. Nature 1982; 296: 627–31.

6. Chakravarti A, Buetow KH, Antonarakis SE et al.
Nonuniform recombination within the human b-globin
gene cluster. Am J Hum Genet 1984; 36: 1239–58.

7. Gerhard DS, Kidd KK, Kidd JR, Egeland JA, Housman
DE. Identification of a recent recombination event with-
in the human b-globin gene cluster. Proc Natl Acad Sci U
S A 1984; 81: 7875–9.

8. Old JM, Heath C, Fitches A et al. Meiotic recombination
between two polymorphic restriction sites within the b
globin gene cluster. J Med Genet 1986; 23: 14–18.

9. Camaschella C, Serra A, Saglio G et al. Meiotic recombi-
nation in the b globin gene cluster causing an error in pre-
natal diagnosis of b thalassaemia. J Med Genet 1988; 25:
307–10.

10. Hall GW, Sampietro M, Barnetson R et al. Meiotic re-
combination in an Irish family with beta-thalassaemia.
Hum Genet 1993; 92: 28–32.

11. Smith RA, Ho PJ, Clegg JB, Kidd JR, Thein SL. Recombi-
nation breakpoints in the human beta-globin gene clus-
ter. Blood 1998; 92: 4415–21.

12. Carter D, Chakalova L, Osborne CS, Dai YF, Fraser P.
Long-range chromatin regulatory interactions in vivo.
Nat Genet 2002; 32: 623–6.

13. Tolhuis B, Palstra RJ, Splinter E, Grosveld F, de Laat W.
Looping and interaction between hypersensitive sites in
the active beta-globin locus. Mol Cell 2002; 10:
1453–65.

14. Wood WG. Hereditary persistence of fetal hemoglobin
and db thalassemia. In: Steinberg MH, Forget BG, Higgs
DR, Nagel RL, eds. Disorders of Hemoglobin: Genetics,
Pathophysiology, and Clinical Management. Cam-
bridge, UK: Cambridge University Press, 2001: 356–88.

15. Schrier SL. Pathophysiology of thalassemia. Curr Opin
Hematol 2002; 9: 123–6.

16. Thein SL. Beta thalassaemia. In: Rodgers GP, ed. Bail-
lière’s Clinical Haematology, Sickle Cell Disease and
Thalassaemia, Vol. 11:1. London: Baillière Tindall,
1998: 91–126.

The genetics and multiple phenotypes of beta thalassaemia

37



17. Viprakasit V, Gibbons RJ, Broughton BC et al. Muta-
tions in the general transcription factor TFIIH result in
beta-thalassaemia in individuals with trichothiodystro-
phy. Hum Mol Genet 2001; 10: 2797–802.

18. Yu C, Niakan KK, Matsushita M et al. X-linked throm-
bocytopenia with thalassaemia from a mutation in the
amino finger of GATA-1 affecting DNA binding rather
than a FOG-1 interaction. Blood 2002; 100: 2040–5.

19. Craig JE, Kelly SJ, Barnetson R, Thein SL. Molecular
characterization of a novel 10.3 kb deletion causing b-
thalassaemia with unusually high Hb A2. Br J Haematol
1992; 82: 735–44.

20. Schokker RC, Went LN, Bok J. A new genetic variant of
b-thalassaemia. Nature 1966; 209: 44–6.

21. Game L, Bergounioux J, Close JP, Marzouka BE, Thein
SL. A novel deletion causing (egdb)zero thalassemia in a
Chilean family. Br J Haematol 2003; 122: 1–6.

22. Divoky V, Indrak K, Mrug M et al. A novel mechanism of
b thalassemia: the insertion of L1 retrotransposable ele-
ment into b globin IVS II. Blood 1996; 88:148a.

23. Maquat LE. When cells stop making sense: effects of
nonsense codons on RNA metabolism in vertebrate cells.
RNA 1995; 1: 453–65.

24. Maquat LE, Carmichael GG. Quality control of mRNA
function. Cell 2001; 104: 173–6.

25. Hall GW, Thein SL. Nonsense codon mutations in the
terminal exon of the b-globin gene are not associated
with a reduction in b-mRNA accumulation: a mecha-
nism for the phenotype of dominant b-thalassemia.
Blood 1994; 83: 2031–7.

26. Rund D, Filon D, Strauss N, Rachmilewitz EA, 
Oppenheim A. Mean corpuscular volume of heterozy-
gotes for b-thalassemia correlates with the severity of
mutations. Blood 1991; 79: 238–43.

27. Skarmoutsou C, Papassotiriou I, Traeger-Synodinos 
J et al. Erythroid bone marrow activity and red cell 
hemoglobinization in iron sufficient b-thalassemia het-
erozygotes as reflected by soluble transferrin receptor
and reticulocyte hemoglobin in content. Correlation
with genotypes and Hb A2 levels. Haematologica 2003;
88: 631–6.

28. Maragoudaki E, Kanavakis E, Trager-Synodinos J et al.
Molecular, haematological and clinical studies of the 
-101 C->T substitution in the b-globin gene promoter in
25 b-thalassaemia intermedia patients and 45 heterozy-
gotes. Br J Haematol 1999; 107: 699–706.

29. Ho PJ, Hall GW, Luo LY, Weatherall DJ, Thein SL. Beta
thalassemia intermedia: is it possible to consistently pre-
dict phenotype from genotype? Br J Haematol 1998;
100: 70–8.

30. Camaschella C, Maza U, Roetto A et al. Genetic interac-
tions in thalassemia intermedia: analysis of b-mutations,
a-genotype, g-promoters, and b-LCR hypersensitive
sites 2 and 4 in Italian patients. Am J Hematol 1995; 48:
82–7.

31. Thein SL, Hesketh C, Wallace RB, Weatherall DJ. The
molecular basis of thalassaemia major and thalassaemia
intermedia in Asian Indians: application to prenatal 
diagnosis. Br J Haematol 1988; 70: 225–31.

32. Thein SL. Is it dominantly inherited b thalassaemia or
just a b-chain variant that is highly unstable? Br J
Haematol 1999; 107: 12–21.

33. Thein SL. Structural variants with a b-thalassemia phe-
notype. In: Steinberg MH, Forget BG, Higgs DR, Nagel
R L, eds. Disorders of Hemoglobin: Genetics, Patho-
physiology, and Clinical Management. Cambridge, UK:
Cambridge University Press, 2001: 342–55.

34. Fei YJ, Stoming TA, Kutlar A, Huisman THJ, Stamatoy-
annopoulos G. One form of inclusion body b-
thalassemia is due to a GAA->TAA mutation at codon
121 of the b chain. Blood 1989; 73: 1075–7.

35. Weatherall DJ, Clegg JB, Knox-Macaulay HHM et al. A
genetically determined disorder with features both of
thalassaemia and congenital dyserythropoietic anaemia.
Br J Haematol 1973; 24: 681–702.

36. Thein SL. Dominant b thalassaemia: molecular basis and
pathophysiology. Br J Haematol 1992; 80: 273–7.

37. Ho PJ, Wickramasinghe SN, Rees DC et al. Erythroblas-
tic inclusions in dominantly inherited b thalassaemias.
Blood 1997; 89: 322–8.

38. Hentze MW, Kulozik AE. A perfect message: RNA sur-
veillance and nonsense-mediated decay. Cell 1999; 96:
307–10.

39. Bunn HF, Forget BG. Hemoglobin: Molecular, Genetic
and Clinical Aspects. Philadelphia, PA: WB Saunders,
1986.

40. Thein SL, Al-Hakim I, Hoffbrand AV. Thalassaemia 
intermedia: a new molecular basis. Br J Haematol 1984;
56: 333–7.

41. Galanello R, Ruggeri R, Paglietti E et al. A family with
segregating triplicated alpha globin loci and beta thalas-
saemia. Blood 1983; 62: 1035–40.

42. Camaschella C, Kattamis AC, Petroni D et al. Different
hematological phenotypes caused by the interaction 
of triplicated a-globin genes and heterozygous b-
thalassemia. Am J Hematol 1997; 55: 83–8.

43. Traeger-Synodinos J, Kanavakis E, Vrettou C et al. 
The triplicated a-globin gene locus in b-thalassaemia
heterozygotes: clinical, haematological, biosynthetic
and molecular studies. Br J Haematol 1996; 95: 
467–71.

44. Kihm AJ, Kong Y, Hong W et al. An abundant erythroid
protein that stabilizes free alpha-haemoglobin. Nature
2002; 417: 758–63.

45. Garner C, Tatu T, Reittie JE et al. Genetic influences on F
cells and other hematological variables: a twin heritabil-
ity study. Blood 2000; 95: 342–6.

46. Garner C, Tatu T, Game L et al. A candidate gene study of
F cell levels in sibling pairs using a joint linkage and asso-
ciation analysis. GeneScreen 2000; 1: 9–14.

Chapter 4

38



47. Thein SL, Wainscoat JS, Sampietro M et al. Association
of thalassaemia intermedia with a beta-globin gene 
haplotype. Br J Haematol 1987; 65: 367–73.

48. Labie D, Pagnier J, Lapoumeroulie C et al. Common
haplotype dependency of high Gg-globin gene expression
and high Hb F levels in b-thalassemia and sickle cell 
anemia patients. Proc Natl Acad Sci U S A 1985; 82:
2111–14.

49. Galanello R, Dessi E, Melis MA et al. Molecular analysis
of bo-thalassemia intermedia in Sardinia. Blood 1989;
74: 823–7.

50. Craig JE, Rochette J, Fisher CA et al. Dissecting the loci
controlling fetal haemoglobin production on chromo-
somes 11p and 6q by the regressive approach. Nat Genet
1996; 12: 58–64.

51. Craig JE, Rochette J, Sampietro M et al. Genetic hetero-
geneity in heterocellular hereditary persistence of fetal
hemoglobin. Blood 1997; 90: 428–34.

52. Dover GJ, Smith KD, Chang YC et al. Fetal hemoglobin
levels in sickle cell disease and normal individuals are
partially controlled by an X-linked gene located at
Xp22.2. Blood 1992; 80: 816–24.

53. Garner CP, Tatu T, Best S, Creary L, Thein SL. Evidence
for genetic interaction between the beta-globin complex
and chromosome 8q in the expression of fetal hemoglo-
bin. Am J Hum Genet 2002; 70: 793–9.

54. Thein SL, Craig JE. Genetics of Hb F/F cell variance in
adults and heterocellular hereditary persistence of fetal
hemoglobin. Hemoglobin 1998; 22: 401–14.

55. Badens C, Mattei MG, Imbert AM et al. A novel mecha-
nism for thalassaemia intermedia. Lancet 2002; 359:
132–3.

56. Galanello R, Perseu L, Melis MA et al. Hyperbilirubi-
naemia in heterozygous b-thalassaemia is related to co-
inherited Gilbert’s syndrome. Br J Haematol 1997; 99:
433–6.

57. Sampietro M, Lupica L, Perrero L, Comino A, 
Martinez di Montemuros F. The expression of uridine
diphosphate glucuronosyltransferase gene is a major 
determinant of bilirubin level in heterozygous b-

thalassaemia and in glucose-6-phosphate. Br J 
Haematol 1997; 99: 437–9.

58. Galanello R, Piras S, Barella S et al. Cholelithiasis and
Gilbert’s syndrome in homozygous b-thalassaemia. Br J
Haematol 2001; 115: 926–8.

59. Bosma PJ, Chowdhury JR, Bakker C et al. The genetic
basis of the reduced expression of bilirubin UDP-
glucuronosyltransferase 1 in Gilbert’s syndrome. N Engl
J Med 1995; 333: 1171–5.

60. Passon RG, Howard TA, Zimmerman SA, Schultz WH,
Ware RE. Influence of bilirubin uridine diphosphate-
glucuronosyltransferase 1A promoter polymorphisms
on serum bilirubin levels and cholelithiasis in children
with sickle cell anemia. Am J Pediatr Hematol Oncol
2001; 23: 448–51.

61. Rees DC, Luo LY, Thein SL, Sing BM, Wickramasinghe
S. Nontransfusional iron overload in thalassemia: asso-
ciation with hereditary hemochromatosis. Blood 1997;
90: 3234–6.

62. Piperno A, Mariani R, Arosio C et al. Haemochromato-
sis in patients with beta-thalassaemia trait. Br J Haema-
tol 2000; 111: 908–14.

63. Merryweather-Clarke AT, Pointon JJ, Shearman JD,
Robson KJH. Global prevalence of putative haemochro-
matosis mutations. J Med Genet 1997; 34: 275–8.

64. Melis MA, Cau M, Deidda F et al. H63D mutation in the
HFE gene increases iron overload in beta-thalassemia
carriers. Haematologica 2002; 87: 242–5.

65. Andrews N. Iron homeostasis: insights from genetics
and animal models. Nature Rev Genet 2000; 1: 208–16.

66. Wonke B. Bone disease in b-thalassaemia major. Br J
Haematol 1998; 103: 897–901.

67. Dresner Pollack R, Rachmilewitz E, Blumenfeld A, 
Idelson M, Goldfarb AW. Bone mineral metabolism in
adults with beta-thalassaemia major and intermedia. 
Br J Haematol 2000; 111: 902–7.

68. Economou-Peterson E, Aesspopos A, Kladi A et al.
Apolipoprotein E e4 allele as a genetic risk factor for left
ventricular failure in homozygous b-thalassemia. Blood
1998; 92: 3455–9.

The genetics and multiple phenotypes of beta thalassaemia

39



40

Chapter 5

The diagnosis and significance of alpha thalassaemia

AD Stephens

Introduction

Alpha thalassaemia occurs because of inadequate
production of alpha globin chains and this is usu-
ally caused by an inherited abnormality of the genes
responsible for the production of alpha globin. Two
allelic pairs of genes situated on chromosome 16
control the alpha globin chains, whereas a single 
allelic pair of genes on chromosome 11 controls the
beta globin chains. Therefore, there are four genes
which code for the alpha globin chain and the so-
called ‘classical’ alpha thalassaemia is due to dele-
tion of one or more of these four genes and this
results in four different phenotypes. There are also
some rarer non-deletional mutations, which can
cause alpha thalassaemia. The reduced synthesis of
alpha chains leads to chain imbalance with excess
gamma chains in the fetus and neonate and excess
beta chains in later life. These excess chains form g4
and b4 tetramers, respectively. The haematological
consequence of reduced alpha globin chain produc-
tion is a reduced production of haemoglobin, 
which reduces both the mean corpuscular haemo-
globin (MCH) and the mean corpuscular volume
(MCV). The g4 and b4 tetramers have a 
high affinity for oxygen, making it difficult to 
deliver oxygen to the tissues; they are also unstable,
leading to ineffective erythropoiesis and haemo-
lysis. The extent of these changes is very variable 
depending on how many of the alpha genes have
been deleted, or are otherwise ineffective. In the
mildest situation the changes are so small that they
may not be detected by the full blood count, where-
as the most severe case where no alpha chains 
are made is incompatible with postnatal life and 

affected fetuses usually die in utero by 30 weeks of
gestation.

Although there are now more than 100 muta-
tions known to cause alpha thalassaemia, the dele-
tional mutations can usefully be divided into two
groups: those where two genes are deleted on the
same chromosome are called alpha zero (a0),
whereas those where only one gene is deleted on a
chromosome are called alpha plus (a+), so that the
a0 deletions cause a more marked reduction in a glo-
bin production than the a+ deletions. Both a+and a0

can occur as the heterozygous or homozygous state
or there may be the compound heterozygous state
of a+/a0 (see Fig. 5.1). The rarer non-deletional
forms of alpha thalassaemia are denoted by aT and
these vary in severity from a+ to a0 depending on
how many alpha chains are produced by that gene.
There is also a very rare form of a0  thalassaemia 
associated with mental retardation known as ATR.
Over the years various names have been given to
different combinations of mutations and these are
summarized in Table 5.1. It may seem confusing
that the two-gene deletion is called alpha thalas-
saemia-1 and the one-gene deletion is called 
alpha thalassaemia-2, but like much in medicine
there is a good historical reason in that the clini-
cally more severe condition was found first and 
when the milder condition was found they were
called types 1 and 2, respectively. It was only 
later that gene analyses showed the underlying
causes.

Similarly, the clinical condition associated with
deletion of three alpha globin genes is called HbH
disease, because when it was first investigated an
unusual haemoglobin was found to be present and



named HbH. It was only later shown that HbH was
composed of a tetramer of four normal beta chains.
Similarly when blood was examined from a dead,
hydropic fetus, no fetal haemoglobin (HbF) and no
adult haemoglobin (HbA) were present, only an un-
usual haemoglobin that had previously been called
haemoglobin Barts. Hb Barts had first been de-
scribed in a young Chinese girl with HbH disease
and it was only later shown that Hb Barts was 
composed of a g4 tetramer.

Clinical significance

The clinical syndrome of alpha thalassaemia trait
(deletion of one or two alpha globin genes) is very
similar to beta thalassaemia trait in that the MCH
and MCV will be reduced, the haemoglobin con-
centration may be slightly reduced but the red count
will be higher than expected for the haemoglobin
level. Various mathematical formulae have been 
derived to make use of these changes and these are
often called discriminatory functions, but unfortu-
nately they are only a guide and are not diagnostic
and they do not differentiate alpha from beta tha-
lassaemia. At first sight, the red cell indices can be
confused with iron deficiency but people with alpha
or beta thalassaemia trait should only be treated
with iron if they are also shown to be iron-deficient.
Alpha thalassaemia trait will never do the affected
individual any harm but can be confused with both
beta thalassaemia trait and iron deficiency. How-
ever, some people may have two, or even three, of
these conditions; for instance, one individual may
have both alpha and beta thalassaemia and iron 

deficiency at the same time. HbH disease is associ-
ated with a moderate anaemia of 7–8g/dl, a reduced
MCH and MCV and a very abnormal blood film,
which can best be described as bizarre with micro-
cytes, macrocytes, fragmented cells, target cells,
polychromasia and occasional nucleated red cells
and splenomegaly. In spite of these abnormalities
affected people usually lead quite normal lives 
with full exercise tolerance and no treatment is
needed. Occasionally hypersplenism occurs and if
so splenectomy will be necessary. Sometimes blood
transfusion is required and this is most likely to
occur during pregnancy. HbH disease is sometimes
confused with severe iron deficiency but affected
people should only receive iron supplements if 
iron deficiency has been documented. Occasionally
HbH disease is clinically more severe and these 
individuals have usually inherited one of the 
non-deletional (aT) forms of alpha thalassaemia
(Table 5.1).

As stated earlier, homozygous a0 thalassaemia
leads to ‘Hb Barts hydrops’ in which the developing
fetus is unable to make any alpha globin chains and
hence cannot make any fetal or adult haemoglobin.
The only ‘normal’ haemoglobins that can be made
are the embryonic haemoglobins: Hb Portland
(z2g2) and Hb Gower 1 (z2e2). Some Hb Barts (g4) is
also present, but it has very little capacity to deliver
oxygen to the fetal tissues. By approximately 16
weeks of gestation the fetus becomes oedematous
(hydropic) and this can be detected by ultrasound.
The pregnant mother often suffers from severe 
pre-eclampsia and the fetus usually dies at about 
30 weeks gestation. A few untreated fetuses have
survived a few minutes after delivery. It is hard 
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Alpha thalassaemia trait HbH 
Disease 

Hb Barts 
hydrops 

a +  /  a a +  /  a + a0 / a0a0 / a+a0 / a

a    /  a 

Normal genotype 

Fig. 5.1 Deletional (‘classical’) alpha thalassaemia.

Table 5.1 Classification of alpha thalassaemia

Inherited deletional (a+, a0)
Alpha thalassaemia-2 trait - a/aa or a+/a
Alpha thalassaemia-1 trait - a/- a or a+/a+

aa/– or a/ao

HbH disease - a/– or a+/ao

Hb Barts hydrops –/– or ao/ao

Inherited non-deletional (aT)
Alpha thalassaemia with mental retardation (ATR-16 and
ATR-X)
Acquired alpha thalassaemia with MDS (ATMDS)



to understand how the fetus can survive so long 
in utero without any fetal haemoglobin. As stated
above the only haemoglobins present are Hb 
Barts and small amounts of two embryonic 
haemoglobins.

Geographical distribution

Alpha thalassaemia occurs in all populations, but it
is only common in those areas of the world where
malaria used to be, and may still be, a common
killer disease. It is now known that the distribution
of alpha thalassaemia, like sickle cell disease and
G6PD deficiency, is linked to malaria. Neither het-
erozygous nor homozygous a+ thalassaemia causes
clinical problems, although homozygous a0 or the
compound heterozygote of a+ with a0 do so. It is
therefore very important to know which people are
at risk of having a0 thalassaemia. The latter is only
common in South-East Asia, although it also occurs
in the Eastern Mediterranean and it is therefore
only people whose ancestors came from these areas
that are at risk of having HbH disease or Hb Barts
hydrops. Conversely, as the a0 gene is extremely
rare in people whose ancestors came from Africa 
or South Asia (India, Pakistan and Bangladesh)
such people can be reassured that they are highly
unlikely to have children with HbH disease or Hb
Barts hydrops. With increasing mixing of popula-
tions there will come a time in the future when it will
be harder, or even impossible, to make such predic-
tions on the geographical origins of people’s ances-
tors. As stated earlier, sporadic cases of a+ and a0

thalassaemia can occur anywhere in the world and
so no absolute predictions can be made on the
knowledge of ancestral origins. a+ Thalassaemia is
common in people of African descent and studies in
Jamaica have shown that approximately 20% of
the population are heterozygous for a+ thalas-
saemia and 3% are homozygous for this mutation.
In some East Indian islands the incidence is even
higher, with levels of > 80% being reported, so in
situations like this it can hardly be called abnormal.
a0 and aT thalassaemia are very much rarer but as
stated above a0 thalassaemia is most common in
parts of South-East Asia.

Diagnosis of alpha thalassaemia trait

In routine clinical laboratories alpha thalassaemia
trait is much more difficult to diagnose than beta
thalassaemia trait, as there is no reliable marker for
alpha thalassaemia such as the raised HbA2 level
which can be used to diagnose beta thalassaemia
trait. The diagnosis is usually one of ‘exclusion’,
which is similar to most medical diagnoses. The first
step in diagnosis is to examine the blood count. If
the haemoglobin and red cell indices are within nor-
mal limits it is highly unlikely that the individual has
alpha thalassaemia trait. If the blood count shows
hypochromic, microcytic red cell indices and the
red cell count is relatively high for the haemoglobin
level, then the individual probably has one of the
forms of thalassaemia trait and the HbA2 level
should be measured. If the HbA2 is raised the indi-
vidual has beta thalassaemia trait, but if it is normal
or low, then iron deficiency and/or alpha thalas-
saemia should be considered. If both the HbA2 and
the iron status are normal then it is reasonable to
infer that the individual has alpha thalassaemia
trait. If the full blood count (FBC), iron status and
HbA2 are all measured at the same time the process
will be expedited. HbH ‘bodies’ can be detected in
some cases of two-gene deletion but this is a very
time-consuming test and so many laboratories in
the UK have given up looking for HbH bodies in
suspected alpha thalassaemia trait; however if they
are seen it confirms the diagnosis. As only one HbH-
containing red cell may be seen in 1000–10 000 cells
examined, a laboratory worker has to inspect each
microscope slide for 15–20 minutes and even then
alpha thalassaemia trait cannot be excluded if HbH
bodies are not seen.

The only definitive way to diagnose alpha thalas-
saemia trait is to analyse the DNA for the common
mutations from some nucleated cells – mature red
cells cannot be used, as they have no nuclei. Cur-
rently, such techniques are only available to confirm
or exclude a provisional diagnosis of alpha thalas-
saemia in people considering prenatal diagnosis of a
fetus at risk of having a clinically significant form of
alpha thalassaemia. The techniques of DNA analy-
sis have not yet reached a stage where very large
numbers of samples can be tested on a daily basis in
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routine laboratories. Therefore in most situations
the diagnosis of alpha thalassaemia has to be made
by exclusion of iron deficiency or beta thalassaemia
trait in someone with low red cell indices. How-
ever, real life is even more complicated, because 
as stated above one individual can have alpha 
thalassaemia, beta thalassaemia and iron de-
ficiency, but the elucidation of such a diagnosis is
beyond the scope of this chapter. In the future it 
may be possible to test any individual with low 
red cell indices for alpha thalassaemia trait by 
DNA techniques.

HbH disease

This is much more easily accomplished than the 
diagnosis of alpha thalassaemia trait. The Hb, red
blood cell (RBC) count, MCH and MCV will all be
reduced but the RBC count will be higher than ex-
pected for the haemoglobin level. As stated earlier
the red cells have a very bizarre appearance on the
stained blood film. Haemoglobin electrophoresis
should reveal a band (HbH) anodal to HbA. How-
ever, it may be necessary to watch the haemoglobin
migration very carefully and reduce the elec-
trophoresis ‘run time’ by up to 20%, as HbH 
migrates so quickly that it may run off the anodal
end of the electrophoresis strip and be lost onto the
electrophoresis wick. High-performance liquid
chromatography (HPLC) can be used, but the peak
detector may not recognize the peak, as the peak
elutes very quickly and often during a period when
the peak detector is switched off in order to exclude
non-haemoglobin artefacts that elute with, or
shortly after, the void volume. It is therefore essen-
tial to examine the chromatogram carefully and not
rely on electronic interfaces. If HbH disease is sus-
pected it is important to examine both the blood
film and HbH preparation carefully, as the blood
film will be very abnormal; and the HbH prepara-
tion will reveal 20–80% of the red cells to contain
HbH bodies. It will therefore only take a few 
moments to examine the HbH preparation in this
situation.

Alpha thalassaemia associated with 
mental retardation

There are two very rare conditions known as ATR-
16 and ATR-X in which there is genetic linkage 
between alpha thalassaemia and mental retarda-
tion. In ATR-16 the condition is due to a large dele-
tion of several genes at the tip of chromosome 16
and this is associated with a variable phenotype
probably related to the extent of the deletion in a
particular individual. In ATR-X there is no appar-
ent abnormality on chromosome 16, but the condi-
tion appears to be caused by an abnormality on the
X chromosome, which affects the expression of 
the alpha globin genes. In this condition there is a 
uniform phenotype of severe mental retardation.

Acquired alpha thalassaemia with
myelodysplasia (ATMDS)

This is a rare condition and can affect an individual
from any racial group. Males are affected more
commonly than females. Although it was thought
to occur in several bone marrow disorders, it is now
known that almost all cases are associated with
myelodysplasia (MDS) where up to 20% of the red
cells may contain HbH bodies. The proportion of
HbH tends to reduce when the MDS is in remission.

Treatment

No treatment is needed for any of the alpha thalas-
saemia traits caused by one- or two-gene deletions.
Such alpha thalassaemia traits should not cause any
clinical symptoms and usually the only problem
that occurs is of confusion with iron deficiency or
some other form of thalassaemia. Affected people
should not be given iron supplements unless they
are first shown to be iron-deficient. They may of
course have iron deficiency as well as alpha thalas-
saemia; if so it will need investigation and treatment
like any other cause of iron deficiency.

No treatment is usually necessary for people with
HbH disease, but like people with alpha thalas-
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saemia trait it may also be confused with iron 
deficiency. Occasionally folic acid supplements 
are needed but this usually only happens in mal-
nourished individuals. Blood transfusion may be 
required, although most affected individuals com-
plete their lives without needing any blood trans-
fusion. A few people with HbH disease develop
hypersplenism and require splenectomy. Rarer
forms of HbH disease due to non-deletional alpha
thalassaemia (aT) may have a more severe clinical
outcome and require frequent blood transfusions.

Most fetuses with Hb Barts hydrops are so
anaemic that they become anoxic and oedematous
and then die during the mid-trimester, with very few
surviving beyond 30 weeks gestation. In a few cases
intrauterine transfusions have been tried, but the
outcome is often extremely poor, with many 
congenital abnormalities being reported.

Screening, DNA diagnosis and counselling

When should we look for alpha thalassaemia? The
most severe form of alpha thalassaemia is Hb Barts
hydrops, which is due to homozygous a0 thalas-
saemia and usually leads to intrauterine death of 
the fetus and often to severe pre-eclampsia in the
mother. This situation most often occurs in people
whose ancestors came from South-East Asia, but
occasionally occurs in people from the Eastern
Mediterranean, especially in those from Greece and
Cyprus. If the ancestors of both members of a 
couple who are expecting or planning for a baby
came from these areas, and they have hypochromic, 
microcytic red cell indices, it is important that 
they are referred as soon as possible to a unit where
the precise genotype can be identified by DNA 
techniques. If the woman is pregnant, the couple
should be referred, if at all possible, before 9 weeks
of gestation. This will then allow time for the
parental diagnosis to be elucidated and the couple
can be offered prenatal diagnosis if indicated, 
followed by the offer of a first trimester termination
if the fetus has homozygous alpha thalassaemia.

Alpha thalassaemia should also be considered in
people with a blood count and red cell morphology
typical of HbH disease. If people have thalassaemic
red cell indices, it is important to consider both

alpha and beta thalassaemia trait and to measure
the HbA2 and iron status. If these two tests are nor-
mal then it is reasonable to assume that the person
has alpha thalassaemia trait.

As with any other medical diagnosis and espe-
cially with inherited conditions it is very important
to explain the results of laboratory tests and their
clinical significance to the couple and to any 
children they may have.

Conclusion

Alpha thalassaemia has a very high incidence
throughout the world, which is largely in people
whose ancestors came from those parts of the Old
World where malaria was a common killer disease,
although sporadic cases can occur in any popula-
tion. However, severe clinical symptoms (Hb Barts
hydrops in homozygous a0) are very uncommon ex-
cept in people of South-East Asian origin. The other
genotypes rarely cause significant clinical disability
but can cause confusion with iron deficiency. At the
time of writing (2003), precise genetic diagnosis is
only available for a few cases and therefore usually
has to be restricted to couples at risk of having 
a pregnancy affected by homozygous a0 thalas-
saemia. At present, diagnosis in other situations is
therefore largely one of ‘exclusion’ following the
exclusion of iron deficiency and beta thalassaemia
in an individual with hypochromic, microcytic red
cell indices.
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Introduction

This chapter describes the main pathological as-
pects of sickle cell disease (SCD) and sickle cell trait.
It is intended for clinicians and others who care for
sickle cell patients and particularly for pathologists
wishing to have an account of the disease, to help
interpret the autopsy findings following a death in
such a patient. Therefore the focus is limited to the
most important organs in which damage from the
disease processes can produce significant morbidity
and mortality. The term ‘morbid anatomy’ is used
because the great majority of studies on the mor-
phology of SCD take place on the dead, rather than
on biopsies of the living. Incidental identification of
the disease process is made by diagnostic histopath-
ologists (e.g. examining maternal sinus red cells in
the placenta). But depiction of the most of the life-
threatening complications of the haemoglobino-
pathy (e.g. the acute chest syndrome) is rarely
effected on biopsies; they are elucidated when a pa-
tient dies unexpectedly and the autopsy suggests the 
underlying processes. As the management of SCD
improves with more effective neonatal screening
and proactive treatment including blood trans-
fusion, hydroxyurea therapy and haemopoietic
stem cell transplantation, the incidence, patterns, 
morbidity and mortality of the disease-related
pathologies are bound to alter. The message for
pathologists is to communicate with clinicians 
in order to correlate the complex pathological 
findings in patients with clinical manifestations and
treatment.

SCD

Sickle cell disease includes:
• Homozygous (HbSS) sickle cell disease, or sickle
cell anaemia
• HbSC disease
• Other compound heterozygous states in which
the presence of HbS in the blood leads to develop-
ment of clinical disease, e.g. HbS/beta thalassaemia
and HbS/hereditary persistence of fetal haemo-
globin (HPFH).

Although sickle cell trait (HbAS) can lead to
organ damage in some individuals, it is traditionally
not included in the definition of SCD. Homozygous
(HbSS) sickle cell disease is the commonest, and
most of the following descriptions pertain to this en-
tity. In varying proportions, the same processes can
occur in HbSC disease, HbS-beta thalassaemia, and
other compound heterozygous states. HbSC indi-
viduals are the more likely to present with acute
sickle-related clinical pathology having had little or
no previous problems, and often having retained
their spleen intact [1]. Sickle cell trait is, of course,
more frequent in populations with the sickle cell
gene, but rarely causes disease; when it does, the
critical pathological processes are similar.

The sickling process

Table 6.1 shows the major general pathological
processes that take place in SCD. Evidently, 
the most important is the phenomenon of red cell
sickling in small vessels – small arteries, arterioles,
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capillaries and venules. A critical factor is the rela-
tive time it takes for red cells to undergo the internal
changes that result in morphological elongation
(i.e. sickling) compared to the time it takes (the
delay time) for the cells to traverse the segments of
the vessel where internal and external factors may
promote sickling. The many factors that predispose
to intravascular sickling are summarized in Table
6.1, and their consequent direct organ damage is 
illustrated in Fig. 6.1. It is increasingly evident 
that genetic factors that influence the expression of 
endothelial cell adhesion molecules, red cell mem-
brane ligand expression, local inflammatory cell 
responses, as well as the ambient levels of red cell

Table 6.1 Factors influencing the tendency to intravascular
sickling

1. Local temperature – cooling
2. Local pO2 – hypoxia
3. Local pH – acidity
4. Local hypertonicity
5. Immature larger red cells
6. Fat/marrow embolism
7. Endothelial adhesion molecule expression
8. Red cell membrane ligand expression
9. Neutrophil adhesion to endothelial cells

10. Rate of blood flow in vessel – delay time
11. Concentrations of HbA2 and HbF in red cells

pH

tonicity

endothelial adhesion
fat embolism
neutrophil adhesion

pO2

normal RBC
sickled
RBC

endothelial
cell

SICKLE CELL
OCCLUSION

local
thrombosis

Obstruction to blood flow

Congestion

Organomegaly

Infarction

Atrophy

Glomerulosclerosis

Arterial fibromuscular
dysplasia

Fig. 6.1 Simplified diagram of the 
sickling process: predisposing factors,
sickle–endothelial cell adhesion, and
the local pathological sequelae. RBC,
red blood cells.
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HbF and HbA2, all play a role in determining the
variation in the tendency to sickle at a given time.
Thus the clinical and pathological manifesta-
tions of SCD in individual patients, how they 
progress through life, and their susceptibility to
sudden and potentially fatal disease-related events
are variable [2, 3]. This is considered in more detail
in Chapter 18. Further pathophysiological infor-
mation may come from in vivo microscopic studies
of small vessels, e.g. in the conjunctiva [4]. These
show reduced vascularity and blood flow velocity
in SCD patients compared with HbAA controls,
even when they are not in clinically overt sickle cell
crisis. During crisis, there is further decrease in
small vessel diameter and red cell flow.

Histopathology and sickling

Interpretation of histopathology in understanding
how microvascular sickling develops and affects
tissues is obviously limited by being a snapshot in
time (and often post-mortem) and subject to the
necessary artefacts of tissue processing, as well as
sickling continuing as a post-vital phenomenon. As
with HbSS-containing cells, HbAS red cells can
sickle where there is hypoxia and acidosis, but have
a higher threshold before doing so. Observed sick-
led red cells in biopsy material are not necessarily
sickling at the time of sampling or (in the case of pla-
centae) delivery. Most formalin (the standard tissue
fixative) solutions used for histopathological fixa-
tion do not include buffers, and are acidotic; fur-
ther, the tissue milieu becomes progressively
hypoxic after immersion in fixative. Thus the sick-
ling process takes place during fixation. Similar
processes occur in tissues after death and can cause
confusion at autopsy. After death, tissues undergo
autolysis and become progressively hypoxic and
acidotic, thus encouraging sickle trait (as well as
HbSS and HbSC) cells to sickle. Anecdotally, con-
fusing phenomena may occur, such as the unsick-
ling of red cells in lung and other tissues during the
interval of several days between the first and second
autopsy of a sickle trait person, and absence of sick-
ling in liver sinusoids in HbSS patients when blood
vessels in all other organs do show erythrocyte 
sickling.

Causation of sickle cell crisis

The factors that induce sickle cell crises (such as
bone infarction, acute chest syndrome) are many,
complex and, in many instances, unknown. The
classical Jamaican study documented skin cooling,
emotional stress, physical exertion, pregnancy, and
infection [5]; other factors include dehydration,
drug-induced metabolic acidosis, high altitude,
sleep and sleep apnoea [1]. For the autopsy pathol-
ogist, it is often impossible, without pre-crisis 
clinical data, to be certain what might have been 
the relevant factors, if known. An epidemiolo-
gically recent factor that could prove important is
anti-retroviral therapy for HIV disease. Highly 
active anti-retroviral therapy (HAART) was 
considered a likely precipitator of repeated 
bone pain crises in a patient with HbSC disease. 
The proposed pathogenesis is altered cytokine 
status from HAART and consequent impact on 
endothelial–red cell interactions [6].

Bone and bone marrow

The volume of bone marrow that is actively
haemopoietic is markedly increased in SCD as com-
pensation for haemolysis. In adults, haemopoiesis
extends beyond the normal central zones of 
vertebral bones and proximal femur. Thus the 
skull marrow space may be markedly thickened,
and the middle and distal femur marrow may 
contain not just fat but active red marrow. 
Histologically there is relative erythroid hyper-
plasia. If there is folic acid deficiency, megaloblastic
change in erythroid and myeloid precursor cells is
evident.

Parvovirus B19 infection

The aplastic crisis in SCD is now firmly recognized
as the result of infection with parvovirus B19 [7, 8],
and is more common in children compared with
adults. The infection is temporary and the virus in-
fects erythroblasts, causing them to stop maturat-
ing to reticulocytes, and die. In survivors, there is a
reactive proliferation of erythroblasts, and only in
the immunosuppressed patient is there chronic 



infection. Examination of the marrow at time of cri-
sis shows unaffected myeloid and megakaryocyte 
series but depleted erythroid precursors; those re-
maining have prominent intranuclear eosinophilic
viral inclusion bodies with the nuclear chromatin
pushed to the periphery of the nuclei [9]. Detection
of serum antibodies to parvovirus B19 can confirm
the infection, as can electron microscopy of the 
infected cells, and use of the polymerase chain 
reaction to identify the viral genomic material in 
biological samples.

Bone and marrow necrosis

The bone marrow and associated bony trabeculae
are the site of avascular necrosis, which is the mor-
phological basis of the classic painful crisis (Plate 1,
shown in colour between pp. 54 and 55). Any bones
with hyperplastic marrow can be affected, but
pathologists are most likely to see necrotic femoral
heads when removed surgically, vertebrae and the
femur at autopsy, and iliac crest at biopsy. The cause
of necrosis is occlusion of the vasculature in the
marrow by sickling, with resultant anoxia [10].
Necrotic marrow, fat and bone trabeculae are dis-
tributed in small or large areas, together with repair
processes of new bone formation and fibrosis. The
embolism of fat and necrotic marrow to the lungs is
a result of this necrosis.

Osteomyelitis

Children and young adults are the most susceptible
to osteomyelitis. The long bones of the humerus, 
radius, tibia, femur and ulna are the most 
commonly affected, the mandible sometimes. In-
fection occurs in the diaphysis as well as the 
epiphyseal–meta-physeal junctions. The organisms
most frequently responsible are Staphylococcus au-
reus, followed by non-typhoid Salmonella spp., and
Strepto-coccus pneumoniae. The pathogenesis is
usually haematogenous seeding into bone at the
sites of avascular necrosis, which renders them par-
ticularly vulnerable to infection [1]. Healing with
antibiotic therapy is often protracted, leaving
densely sclerosed bone and associated joint irregu-
larity. It is not clear why Salmonella spp. are signifi-

cant causes of bone infection and bacteraemia in
SCD. The association of salmonella bacteraemia
with SCD might be explained by an increased rate
of carriage of the organisms in diseased gall blad-
ders. However, no positive evidence is yet available
for this hypothesis [11], nor is there evidence of 
prolonged intestinal carriage of Salmonella spp. 
in people with SCD [12].

Liver and gall bladder

The hepatobiliary lesions associated with SCD may
be classified as direct, and indirect or secondary.
The indirect pathologies are:
1 haemosiderosis – excess iron storage following
repeated blood transfusions
2 viral hepatitis B and C – from contaminated
blood products or other routes
3 gallstones and cholestasis
4 extramedullary haemopoiesis.

While haemosiderosis is commonly seen in sickle
cell patients’ livers, it is not as severe as that encoun-
tered in patients with beta thalassaemia major, and
rarely appears to present as the end-fibrotic stage of
haemochromatosis. Increased quantities of stain-
able iron are seen in the Kupffer cells and portal
macrophages. None the less, mortality among SCD
patients is higher in those with iron overload [13].
Hepatitis caused by hepatitis B and C viruses is no
different in sickle patients from usual [14]. It may
lead to cirrhosis and sometimes hepatocarcinoma,
not different from that in the non-SCD population
[15]. SCD does not per se result in cirrhosis, so 
causes such as alcoholism should be sought in such 
patients who do have viral infections. Gallstones,
due to precipitation of the high levels of excreted
bilirubin, are common in SCD [1]; they often pres-
ent at an early age, in children. The stones are 
pigment-type and radiological studies indicate a
prevalence of cholelithiasis of between 40% and
80% of patients [16]. Acute and chronic cholecysti-
tis are the expected complications, frequently re-
quiring cholecystectomy. There is no meta-analysis
in the literature but peri-operative complications
(open or laparoscopic procedure) may occur more
frequently – and with higher mortality – than in the
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normal population [17–19]. Acute large bile 
duct obstruction by a stone causes cholestasis and
sometimes ascending cholangitis. Compensatory
extramedullary haemopoiesis is frequently ob-
served in the liver sinusoids.

The direct liver pathologies are:
1 congestion and sequestration of sickled red 
cells
2 intrahepatic cholestasis.

Chronic sinusoidal congestion in the liver proba-
bly accounts for the repeated observations that the
liver is enlarged in SCD [1]. At autopsy, it is usual
for the liver to be enlarged and dark red in colour,
with sickled red cells packed in the sinusoids. Peri-
sinusoidal fibrosis is described as a consequence of
chronic sinusoidal congestion [20]. Some patients
suffer an acute sequestration crisis of the liver, with
abnormally severe congestion and sickling within
the sinusoids (i.e. sequestration), with a resultant
fall in haemoglobin level and sometimes death. In
some cases, this is associated with a painful crisis. In
a few patients, thrombosis occurs in the hepatic
vein (presumably the result of red cell–endothelial
cell interaction, as in the pulmonary arteries), so
precipitating sequestration [21]. Another common
autopsy finding is centri-acinar ischaemic-type de-
generation. As these are not generally found on liver
biopsies [14], they represent terminal changes of
shock and/or cardio-pulmonary failure. Percuta-
neous liver biopsy in patients undergoing an acute
crisis shows the expected sequestration and sinu-
soidal dilatation. However, a recent study suggests
that this procedure is unwarranted: it provides little
new clinico-pathological information and is associ-
ated with significant mortality through intractable
bleeding from the liver [22]. Cholestasis, with 
bile plugs in the canaliculi but no significant portal
tract changes, is a result of acute hepatic damage
from erythrocyte sickling and blood vessel 
occlusion.

Spleen

The major pathologies affecting the spleen are:
1 progressive shrinkage, infarction and asplenia
2 acute sequestration crisis

3 hypersplenism
4 hyperhaemolysis syndrome.

Shrinkage and infarction

The spleen in classical HbSS disease undergoes a 
sequence of predictable changes [23]. In early life
there is progressive enlargement through expansion
of the red pulp. There is congestion of sickled red
cells, which remain in and engorge the sinusoids,
with masses of elongated sickled cells visible histo-
logically (Plate 2, shown in colour between pp. 54
and 55). Macrophages lining the sinuses phago-
cytose the abnormally shaped red cells; this
haemophagocytosis promotes hyperplasia of the
macrophages. Over time, repeated episodes of sick-
ling in the arterioles (which become progressively
sclerosed) and sinusoids causes ischaemic necrosis
of segments of spleen tissue. These resolve by fibro-
sis (the spleen does not regenerate) and scarring,
and the spleen progressively shrinks. Eventually the
state of ‘autosplenectomy’ is reached where the
spleen is a small nubbin of tissue, < 20g in weight,
comprising scar tissue and deposits of crystalline
iron and calcium-rich material that includes
haemosiderin (the Gandy–Gamna nodules). Some
patients suffer a more acute regional infarction of
parts of the spleen as part of a sickle crisis or multi-
organ failure. It is more frequent in those with
HbSC and sickle thalassaemia than with HbSS [1].
Such infarction is also the probable basis of splenic
abscesses which, like osteomyelitis, are usually due
to non-typhoid Salmonella infection.

Consequences of asplenia

The lack of a spleen in many patients with sickle cell
disease is well known to predispose to bacteraemia,
particularly pneumococcal, through complex 
immunological abnormalities [24]. Bacterial infec-
tions are notably more frequent in the blood and all
organs of SCD patients than in HbAS and normal
populations [1].

HIV and SCD

One possible benefit from autosplenectomy, of 
unclear epidemiological significance, is the effect on

The morbid anatomy of sickle cell disease and sickle cell trait

49



the progression of HIV disease in HbSS or HbSC 
individuals. The chronic lack of the T-cell pool in
the spleen appears to be associated with a slower
progression to AIDS – i.e. higher CD4+ T-cell count 
and lower HIV load – than in non-SCD controls
[25]. On the other hand, pneumococcal sepsis and
meningitis are significantly more common in 
HIV-positive SCD patients than the HIV-negative
majority [26].

Acute sequestration crisis in the spleen

This mainly occurs in children and is a significant
cause of mortality [1], although it is occasionally
fatal in adults [27]. Obviously it can only occur in
patients who have retained their spleen. Clinically,
the spleen is palpable well below the left costal 
margin, and there is severe anaemia. An underlying
precipitating factor is usually not evident. The
pathological finding is a large dark red spleen, 
with the sinusoids dilated and packed with sickled
red cells. In non-malaria regions, splenectomy 
may be performed as treatment for recurrent
episodes when the patient has attained the age of 2
years.

Hypersplenism

There is an unusual syndrome of chronic enlarged
spleen with consequent depletion of the circulating
blood cells. It appears to be more frequent in HbSC
disease [28]. Pathological studies are limited, but
erythrocyte sickling, sinusoidal dilatation and
haemophagocytosis by macrophages are seen.

Hyperhaemolysis syndrome

A few patients – adults and children – undergo an
abnormal reaction to apparently matched blood
transfusion that results in severe protracted
haemolysis and splenomegaly. There is destruction
of both transfused and autologous red cells; sero-
logical studies might reveal multiple red cell allo-
antibodies, but usually the serology is negative
[29]. Pathologically, there is erythroid hyperplasia
in the marrow and splenomegaly [30], indicating
peripheral destruction of red cells. The spleen
shows congestion and hyperactive macrophages

with erythrophagocytosis. Intravenous immuno-
globulin therapy may arrest the haemolysis (by
blocking adhesion of sickled red cells and reticulo-
cytes to macrophages), but death may occur from
severe anaemia. The syndrome is most common 
in HbSS patients but has also been seen in sickle 
thalassaemia [31].

Intestines

The intestines are rarely critically affected in SCD
[1], and there is no chronic malabsorption syn-
drome. The clinical syndrome of abdominal painful
crisis appears to relate mainly to rib bone pain,
spleen and liver sequestration, possibly to mesen-
teric lymph node, and to small bowel ileus. A single
case report documents ischaemic mucosal necrosis
of the colon during a crisis, due to microvascular
sickling [32]. Occlusion of the major intra-
abdominal vessels is uncommon, in line with the
lack of deep vein thrombosis in SCD [33]. Portal
vein thrombosis, and associated occlusion of 
hepatic, mesenteric and splenic veins, has occa-
sionally been documented as a cause of abdominal
crisis [34] and following laparoscopic surgery [35].

Kidney

Overview

The renal lesions found in sickle patients are the
most variable and complex that affect any organ
[36, 37]. This is because the vascular micro-
anatomy of the kidney is highly organized, and 
red cell–endothelial cell interactions are critical.
Good overviews are presented by Bhathena [38]
and Wesson [39]. The main pathologies are:
• papillary necrosis and interstitial nephritis
• hypercellularity and enlargement of glomeruli
• focal segmental glomerulosclerosis and 
nephrotic syndrome
• membranoproliferative and other glomerulo-
nephritides
• end-stage chronic renal failure
• acute renal cortical necrosis
• carcinoma of the kidney.

The kidneys of chronically ill SCD patients typi-
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cally are smaller than normal, with cortical scarring
from glomerular and interstitial disease. In earlier
more acute presentations, they are engorged 
and the individual glomeruli are visible through 
congestion and enlargement.

Papillary necrosis

Papillary necrosis is common in SCD, and is caused
by vaso-occlusion within the vasa rectae vessels of
the medulla – associated with hypertonicity and
acidity [40]. The necrotic slough may occasionally
block the ureters to cause acute renal failure; other-
wise, it is associated with reduced concentrating
ability. Morphologically the pyramids are missing,
with secondary hydronephrosis.

Glomerular disease

Hypercellularity

A universal finding in SCD patients is enlarged
glomeruli due to hyperplasia. Ultrastructural stud-
ies show capillaries with double contours, associ-
ated with mesangial interposition [41]. Epithelial
podocytes are also abnormal with stretch lesions
and eventual loss, as they cannot replicate [42],
leading to impairment of the filtration barrier.
These lesions are associated with hyperfiltration,
and are the result of interaction between sickle cells
and glomerular endothelial cells, and endothelial
injury. It is presumed that they are the precursor 
lesions to focal segmental glomerulosclerosis in
SCD. Although immune complexes may be found
in glomeruli, they are secondary phenomena, not
the cause of the abnormality [38].

Focal segmental glomerulosclerosis (FSGS)

End-stage renal failure (ESRF) occurs in up to 20%
of SCD patients who survive to adulthood [43] and
at a significantly earlier age than in the general 
population. The cause of this ESRF is predominant-
ly focal segmental glomerulosclerosis (FSGS) (Plate
3, shown in colour between pp. 54 and 55). This is
the ‘classic’ form of FSGS (not the ‘collapsing’ 
variant as typified by HIV nephropathy) [39]. 
The pathogenesis of FSGS is unclear and there are

several hypotheses concerning the initial lesion:
local capillary thrombosis, raised intracapillary
pressure, capillary disruption, mesangial inter-
position are all posited – the result of sickle and 
endothelial cell interactions. The consequent pro-
gressive inflammatory mediator damage leads to
tuft adhesion between glomerular capillary and
Bowman’s capsule [38, 39]. The capillary wall
hyalinizes and the lumen becomes obliterated.
Mesangial cell matrix production contributes to the
sclerosis. The parietal epithelium ruptures, en-
abling leakage of filtrate in the renal interstitium,
and contributing to the interstitial chronic inflam-
mation that accompanies FSGS. There is secondary
atrophy and dilatation of the renal tubules. It is be-
coming evident that genetic variations in response
to injury are important in determining which SCD
patients are more likely to develop FSGS.

Membranoproliferative and 
other glomerulonephritides

The other patterns of glomerulonephritis encoun-
tered, apart from that associated with parvovirus
(see below) are not so specific to SCD patients. They
are not as frequent or significant as FSGS. Membra-
noproliferative glomerulonephritis is similar mor-
phologically to the usual form in general patients,
but immune complexes are not so frequently seen
[39]. The usual causes of acute immune complex-
mediated glomerulonephritis, e.g. post-streptococ-
cal, can occur in SCD patients. One notable
association is with parvovirus B19 infection.
Nephrotic syndrome with segmental proliferative
glomerulonephritis was found in SCD patients
within days of aplastic crisis due to parvovirus B19
infection. The outcomes included complete recov-
ery, death from chronic renal failure and chronic
impaired renal function [44].

Acute cortical necrosis

Focal infarction of the superficial cortex is due to
microvascular sickling and obstruction of the small
arteries (arcuate) in the kidney (Plate 4, shown in
colour between pp. 54 and 55). It is found in con-
junction with generalized vaso-occlusion in many
organs, part of the multi-organ failure syndrome,
and thus diagnosed mainly at autopsy.
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Carcinoma of the kidney

An unusual renal tumour has been specifically asso-
ciated with SCD. Renal medullary carcinoma – 
clinically, genetically and pathologically distinct
from collecting duct carcinoma – is described in
children and adults with HbSS, HbSC or HbAS
genotype. It presents with haematuria, or suspected
renal and urinary tract infection, and metastases.
The mortality rate is high with a mean survival of 4
months [45]. At the time of presentation, there are
usually distant metastases (e.g. lung, brain) and
lymphatic involvement [46]. The diagnosis has
been made by fine-needle aspiration [47]. The
pathogenesis is postulated to involve chronic 
hypoxia of the renal medulla.

Lung

Pulmonary involvement in SCD is a major cause of
morbidity and mortality; its aetio-pathogenesis is
not completely understood. The main clinico-
pathological syndromes can be divided into acute
and chronic.

Acute syndromes

1 Pulmonary sequestration and acute chest syn-
drome (ACS).
2 Bacterial pneumonia – which is not pathologi-
cally different from usual patterns.

Acute chest syndrome

Acute chest syndrome has a clinical rather than a
patho-morphological case definition. There is chest
pain, fever, hypoxia, dyspnoea, new infiltrates on
chest X-ray and declining haemoglobin level. It is
important because it may develop rapidly, is a
major cause of mortality in SCD, and yet is treatable
with good prognosis if managed in time. Acute
chest syndrome is precipitated by many often over-
lapping factors [19, 48–50]:
• community-acquired pulmonary and systemic
infections
• rib fracture

• bone sickle crisis (infarction)
• fat or bone marrow embolism
• surgical operations.

The pulmonary infections associated with acute
chest syndrome include Chlamydia pneumoniae,
Streptococcus pneumoniae and Haemophilus in-
fluenzae [1, 51]; however, in up to half of acute chest
syndrome cases, no identifiable precipitating factor
is found [52]. The pathology is characteristic (Plate
5, shown in colour between pp. 54 and 55). Grossly
the lungs are dark red and heavy, without macro-
scopically evident pulmonary embolism. Histologi-
cally, the small arterioles, capillaries and venules of
the pulmonary circulation are dilated and stuffed
with sickled red cells. In the arterioles in many cases
– especially where a bone vaso-occlusive crisis has
been the precursor of acute chest syndrome – fat
emboli and sometimes bone marrow emboli are
found [53]. These originate in the bone marrow, fol-
lowing infarction there, and may be seen embedded
in fibrin within the vessel. Infarction of the lung tis-
sue may be seen: this may be regional or, more fre-
quently, focal and evident only microscopically [54,
55]. Essentially, acute chest syndrome is an intra-
vascular sickling crisis occurring in the small ves-
sels of the lung, seizing up the blood flow, inducing
cardio-pulmonary failure with acute right heart
strain, and sometimes causing local lung infarction.
Pathogenetically, the lung is predisposed to such
sickling: the mixed venous oxygen tension in the
pulmonary capillary bed is low, as is the pH; there
may be shunting of blood within the pulmonary cir-
culation; and uniquely, the pulmonary vascular bed
constricts with hypoxia [55, 56]. Diagnostically, in
cases of fat embolism, broncho-alveolar lavage
(BAL) frequently reveals fat globules in alveolar
macrophages [50].

Chronic

1 Pulmonary thromboembolism.
2 Pulmonary hypertension.

As is generally agreed, there is no predilection in
SCD patients to develop deep leg vein thrombosis,
and autopsy studies do not commonly find gross
pulmonary emboli in the pulmonary vasculature
[57]. However, there is a syndrome of chronic lung



The morbid anatomy of sickle cell disease and sickle cell trait

53

disease with progressive vascular thrombotic 
obstruction, pulmonary hypertension and cor pul-
monale [58, 59]. The lungs of these patients may
show old (grey) and recent (reddish) obliteration of
the lumens of small pulmonary arteries on careful
gross examination. Microscopically, there is mild to
severe muscular hypertrophy of the arteries, the
mark of pulmonary hypertension (Plate 6, shown in
colour between pp. 54 and 55). Using the standard
histological grading scheme for this disease, intimal
fibro-elastosis, dilatation lesions and plexiform
(aneurysmal) lesions may also be found, but the
most advanced angiomatoid lesions and fibrinoid
necrosis of arteries are not seen [58]. The second
group of arterial lesions are recanalization of
thrombi [58, 59]. Their pathogenesis is not well 
understood, but if thrombus is present it is probably
formed locally, not embolic. In some cases, previous
fat or marrow embolism may have precipitated the
process. The complex interactions of sickled red
cells with endothelial cells in an environment of 
hypoxia are also critical. Shear stress, inflammatory
cytokines, altered adhesion properties of endothe-
lial cells, local prothrombotic factors and altered
local nitric oxide synthase production are among
the factors proposed as relevant [58, 60].

Heart

There is no SCD-specific cardiomyopathy [61, 
62] but a range of changes are encountered 
in people who have this haemoglobinopathy. 
These include work hypertrophy and the sequelae 
of ischaemic damage with fibrosis. A challenge 
for the pathologist is to identify (or exclude) subtle 
cardiac lesions in people with SCD and sickle 
cell trait who have suddenly and unexpectedly died, 
and assess their contribution to death. Because 
of the anaemia and increased cardiac work, left 
ventricular hypertrophy is usual in children as 
well as in long-term survivors [63]. Right 
ventricular hypertrophy accompanies pulmonary 
hypertension (see above), but is also regularly seen 
in milder form in those without clinical hyper-
tension. Fibrosis, irregularly distributed through 
the left myocardium, is a persistently noted feature 

of the heart in SCD [1], without myocardial 
disarray.

Myocardial infarction

Acute myocardial infarction is uncommon in SCD
[64]. A US autopsy series from 1950 to 1982 docu-
mented 10% of patients as having old or recent 
infarction in the absence of classical coronary 
atherosclerosis and superimposed occlusive throm-
bosis [65, 66]. Instead, microthrombi were seen in
intramyocardial arterioles; this is very similar to the
phenomena encountered in the lungs with in situ
thrombosis in the more distal pulmonary arteries,
and the pathogenetic mechanisms are probably
similar (see above). Other series have not found 
evidence of infarction, and conclude that heart fail-
ure results from chronic anaemia reducing the heart
muscle reserve with superimposed pulmonary dis-
ease or acquired valvular disease [62]. Much evi-
dently depends on case selection. Circumstances
that predispose to regional myocardial infarction in
SCD include anaesthesia, cor pulmonale and sepsis
[67, 68]. Personal experience of hearts from sickle
patients who have died unexpectedly notes an in-
creased prevalence of micro-scars in the left ventric-
ular myocardium which are presumably the result
of episodes of microvascular sickling, obstruction
and local ischaemia. Ultrastructural observations
of sickle heart myofibres, through endomyocardial
biopsy, find degenerative cellular changes and local
oedema that are consistent with microvascular 
occlusion [69]. Patients who died from multi-organ
failure frequently show micro-infarction in the left
ventricle muscle on microscopic examination. The
presence of an acute inflammatory reaction helps to
establish that these lesions are pre-terminal. If there
are only contraction band necroses, then the pos-
sible pathogenetic contribution of inotropic agents
during attempted resuscitation may be impossible
to distinguish from pre-mortem microvascular 
obstruction and ischaemia. Patients who had acute
chest syndrome, with effective cessation of pul-
monary blood flow, may show acute contraction
band necrosis of the right ventricular muscle; this is
presumably due to acute pulmonary hypertensive
stress.
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Autonomic dysfunction and arterial dysplasia

Physiological studies on sickle cell patients show
differences from control subjects that suggest auto-
nomic dysfunction [70] and, because autonomic
nervous dysfunction is associated with sudden car-
diac death in other disease, it has been proposed
that this might explain such deaths that occur in
people with SCD and sickle cell trait where gross
changes (e.g. infarction) are not evident. The mor-
phological bases for this proposal have not been
systematically studied, and with few normal con-
trols, but a detailed and thoughtful paper [71] pro-
vides some clues. Fibrosis of the atrioventricular
(AV) node, the bundle of His and upper septal 
muscle are documented and, throughout the heart
and particularly near the conducting system, fibro-
muscular dysplasia (FMD) of arterioles (Plate 7,
shown in colour between pp. 54 and 55). This 
includes some medial thickening and prominent 
intimal thickening that comprises fibroblasts, 
smooth muscle cells and some elastic reduplication. 
The FMD induces local ischaemic damage and 
fibrosis. The cause of FMD is proposed to be the 
cumulative physical effect of sickled cells damaging 
endothelium.

Brain

Overview

The brain is frequently affected by SCD, par-
ticularly in children who are not under optimal 
management, and the major pathologies are due to
cerebrovascular disease. Bacterial meningitis is also
common, but is a manifestation of the general
predilection to sepsis in SCD. In order of frequency,
the major abnormalities encountered, over all age
groups, are:
1 cerebral infarction
2 subarachnoid haemorrhage
3 intracerebral haemorrhage
4 fat embolism
5 dural venous sinus thrombosis.

Cerebral infarction

The incidence of cerebral infarction peaks in chil-
dren (< 15 years) and adults > 30 years. Intracranial

haemorrhage is uncommon in children and occurs
mainly in adults [72]. Cerebral infarction in sickle
syndromes predominantly affects the internal cap-
sule and the boundary zones between the main cer-
ebral arteries, particularly the anterior-middle 
artery territories [73]. The grey and white matter
pathology of old and recent infarcts is similar to
that in non-SCD subjects, but the underlying arteri-
al pathology differs. The vascular pathology is bet-
ter documented in the literature by angiography
than morbid anatomy. The circle of Willis, the main
cerebral arteries and their proximal main branches
show intimal hyperplasia, thrombi, and organiza-
tion and recanalization of these thrombi [74, 75].
Less frequently the internal carotid artery is throm-
bosed, with intimal hyperplasia [76]. Exactly how
SCD leads to thrombosis and intimal damage 
in these relatively large arteries is still unclear. 
Suggestions that occlusion of the vasa vasorum 
of the cerebral arteries is the initial lesion are con-
troversial, and unlikely given the rarity of such
intra-arterial vessels in the cerebral circulation.
Complex prothrombotic tendencies, secondary to
red cell–endothelial cell interactions, are postulated
[77], but their importance is not yet clear. An 
association of inherited thrombophilic states with
cerebrovascular disease in sickle patients is not yet
supported [78].

Haemorrhage

Infarction and intracerebral haemorrhage can
occur simultaneously [75]. The pathogenesis of the
intracranial haemorrhage syndromes is not so well
understood. Intracerebral haemorrhage is less 
common than subarachnoid haemorrhage (SAH),
and the presence of an identifiable arterial
aneurysm associated with SAH increases with age,
being uncommon in children [79]. Aneurysms are
multiple in more than half of the patients with SAH,
in different locations from the non-SCD-related
berry aneurysms [80]. A unifying hypothesis to 
account for both intracerebral and SAH has been
proposed [81]: adherent sickled red cells damage
the endothelium; the resulting injury reaction frag-
ments the elastic lamina of the media and causes
smooth muscle degeneration (analogous to athero-
sclerotic processes and aneurysm formation);



haemodynamic stress results in aneurysm forma-
tion and rupture. Ruptured (and hence invisible)
aneurysms on small intracerebral arteries could 
account for the haemorrhages there. In a rare case
of spinal cord involvement, the dorsal cervical 
cord was infarcted in association with recanalized
thrombi in the vertebral artery and smaller arach-
noid arterioles [82].

Fat embolism

Fat embolism to the brain causes multiple white
matter lesions with focally limited perivascular
necroses and ring haemorrhages [83]. This is no dif-
ferent from fat embolism encountered following
fractures and orthopaedic surgical procedures in
non-SCD patients, and has pathophysiological 
similarities to the small vessel obstruction seen in
falciparum malaria. It is likely that fat embolism
underlies some of the reported cases of demyelinat-
ing leukoencephalopathy associated with the acute
chest syndrome [84, 85], as marrow embolism is a
frequent precipitator of acute chest syndrome.

Venous thrombosis

Venous thrombosis is generally uncommon in SCD.
Rare fatal cases of dural venous sinus thrombosis
with coma and cerebral haemorrhage are reported
[86]; dehydration is a factor, and a similar syn-
drome may rarely occur in sickle cell trait [87].

Pethidine-induced seizures

When pethidine was more frequently used for pain
control in sickle crisis, fatalities occurred, because
pethidine can induce seizures [1]. There are no 
specific morphological features in addition to the
standard changes of hypoxic encephalopathy if the
patient has survived more than a day or so, and of
sickled cells within congested cerebral vessels.

Multi-organ failure

Individual organ failure and pathology has been
considered separately up to this point. However, in
reality, it has long been recognized that in many
acute clinical syndromes in SCD patients more than

one organ may be significantly damaged. In several
accounts of painful sickle cell crisis, combinations
of acute lung, liver and renal failure were noted [1,
88]. In series which document painful crises, autop-
sies find sequestration crisis (in liver and spleen),
marrow and fat embolism to the lung, and infection
(pneumonia and septicaemia) [89]. However, the
deaths of a significant proportion of such patients
remain unexplained in terms of gross pathology.
From other published and personal observations it
is likely that many result from microvascular sick-
ling and ischaemic damage in critical organs such as
the heart and lungs. This occurs in all phenotypic
types of SCD. Multiple small foci of acute infarctive
necrosis are seen in the heart (similar geographical-
ly to that found in acute cocaine and inotrope tox-
icity, where microvascular spasm is the accepted
pathophysiology), in the pituitary [55], and in the
peripheral renal cortex. The lungs may also show
multiple areas of infarction, not necessarily related
to small arterial thrombi [55]. Colonic infarction
during sickle cell crisis is discussed above. A useful
analogy of severe multi-organ failure in SCD has
been made with thrombotic thrombocytopenic
purpura (TTP) [90]. Although the aetio-pathogen-
esis of the two syndromes is different, the micro-
vascular ischaemic effect on many of the organs is
similar.

Maternal mortality

In the UK, with a generally low maternal mortality
rate, HbSS and HbSC diseases are still dispropor-
tionately associated with death related to pregnan-
cy [91, 92]. In countries with markedly higher
overall rates of maternal mortality, SCD patients
have even higher death rates [93]. The precise
pathological causes of these deaths, which mostly
occur around the time of delivery, are not well 
documented, but they include both direct causes
(obstetric disease) and indirect causes (other 
conditions exacerbated by pregnancy, such as
SCD). They include:
• genital tract haemorrhage
• pulmonary thromboembolism and chronic sickle
lung disease [94, 95]
• acute chest syndrome
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• septicaemia
• hypertensive disorder with chronic renal disease
• multi-organ failure with disseminated intravas-
cular coagulation [91]
• acquired cardiac disease including myocardial 
fibrosis
• ischaemic necrotizing colitis with sickling in 
arterioles [96]
• aorto-caval compression [97].

Maternal mortality and sickle cell trait

Sickle cell trait is also reported in association with
maternal morbidity and mortality, although there
are no epidemiological series to support a true
causal relationship. The exertion associated with
delivery could induce red cell sickling and blood
vessel occlusion in some people with sickle cell 
trait; a situation similar to vaso-occlusive crisis in
SCD. The documented abnormalities encountered 
include:
• post-partum hypopituitism [98]
• fatal peripartum cardiomyopathy exacerbated
by intravascular sickling [99].

Pathology of sickle cell trait

Severe pathology from sickling in HbAS individuals
is very uncommon, as disease caused by sickling-
related processes is fortunately rare. However,
under certain circumstances, the red cells will sickle
in small vessels and induce the related pathology. It
is now agreed that a limited number of clinical 
syndromes are epidemiologically more frequent
among HbAS persons compared with HbAA con-
trols [1, 100]. These include:
• haematuria
• hyposthenuria
• renal medullary carcinoma
• bacteriuria in pregnant and non-pregnant
women
• splenic infarction at reduced oxygen levels (e.g. 
altitude)
• pulmonary embolism
• sudden unexplained death.

The renal abnormalities of haematuria and
hyposthenuria are generally explained as following

disruption of the vasa recta vascular system, al-
though the aetiology of the carcinoma is unknown.
Splenic infarction can also occasionally occur in
sickle cell trait without altitude or similar hypoxic
stress [101]. Many of the other abnormalities en-
countered in SCD occur occasionally in sickle cell
trait. These include:
• subcortical cerebral infarction with arteriolar
sickling but not thrombosis [102]
• sagittal sinus thrombosis [87]
• avascular necrosis of the femoral head [103]
• pulmonary infarction and acute chest syndrome
[54, 104].

Exertional rhabdomyolysis and sudden death in
sickle cell trait

The most important aspect of the pathology of 
sickle cell trait revolves around sudden death. The
literature contains numerous case reports of HbAS
persons who have collapsed and died unexpectedly,
nearly always under conditions of extreme exer-
tion. They include athletes and military personnel,
and co-risk factors include heat stress, viral illness,
poor physical conditioning and dehydration [105].
In the landmark epidemiological study of US army
recruits, Kark et al. [106] found an odds ratio 
of x27.6 for HbAS soldiers to die of unexplained
causes compared with HbAA soldiers. The major-
ity of these unexplained deaths occurred through
cardio-respiratory failure, co-morbidities having
been excluded. Two clinico-pathological patterns
emerge from the case reports:
1 Many of the patients had developed exertional
rhabdomyolysis. They present in collapse with 
profound metabolic acidosis, lactic acidaemia,
myoglobinuria, renal failure and disseminated 
intravascular coagulation (DIC). At autopsy, wide-
spread multi-organ small vessel sickling is seen and
the lungs often have the typical histopathology of
acute chest syndrome [107–110].
2 Other patients, also having exerted themselves,
do not have rhabdomyolysis. They collapse and
show the widespread sickling, often with small in-
farcts in many organs, and are presumed to have
died of multi-organ failure of which the most im-
portant aspect is cardio-pulmonary arrest [106,
111, 112].
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One unfortunate aspect of this exertion–collapse
syndrome, albeit uncommon, is death in custody
with body restraint or following police pursuit. 
Agitation is sometimes a precursor factor. This 
is best documented in the USA [113, 114] 
but also happens in the UK (personal observations). 
Again, not all the patients have had rhabdo-
myolysis. Finally, there may be an association 
between fatal multi-organ sickling of red 
blood cells in sickle cell trait and dehydration 
from hyperosmolar diabetic coma (personal 
observations).

Causes of death in SCD

As indicated, there is significant variation over time
and place in when and why SCD patients die. In de-
veloped countries, the majority of patients now live
beyond 50 years [115], but previously undiagnosed
HbSS and HbSC individuals may still present with
fatal, acute SCD-related illness [49, 116]. Universal
screening at birth cannot prevent this, because some
of the affected individuals might have moved to the
area of screening later in life. Two decades ago in 
Jamaica [117], the main causes of SCD-related
death were:
• acute chest syndrome
• bacterial infections
• acute splenic sequestration
• chronic renal failure
• cerebrovascular accident.

A recent European survey found the following
main causes of death [118]:
• multi-organ failure with intravascular sickling
• acute chest syndrome
• bacterial infections
• chronic organ disease – mainly liver cirrhosis.

Of practical significance is the fact that over one-
third of those dying of multi-organ failure and acute
chest syndrome had had only mild disease before
the final events [118].

Appendix

The autopsy in SCD and sickle cell trait

The following guidelines are adapted from the

Royal College of Pathologists ‘Guidelines for 
Autopsy Practice’ on the website www.rcpath.org
(2003).

The role of the autopsy

To determine the pathologies that led to death and
the contribution of SCD or sickle cell trait.

A significant proportion of deaths occur peri-
operatively and require careful examination to 
determine what took place.

Abnormalities and causes of death encountered
at autopsy

The main causes of death in HbSS and HbSC indi-
viduals include:
1 Acute chest syndrome (ACS).
2 Pulmonary vascular thrombosis and cor 

pulmonale.
3 Sudden cardiac failure from fibrosis in adults.
4 Multi-organ failure following sickle cell crisis.
5 Bacterial infections: pneumonia, meningitis,

bacteraemia, osteomyelitis.
6 Acute splenic sequestration (in children).
7 Chronic renal failure.
8 Cerebrovascular accident.
9 Pregnancy-related: with multi-organ failure

and pulmonary disease.
10 Hyperhaemolysis (post-transfusion) syndrome
in adults.
11 Aplastic crisis (in children).
12 Seizures induced by pethidine.
13 Respiratory depression from fentanyl patches
and other opiates.

In patients with HbAS (sickle cell trait), unex-
plained death from acute cardio-respiratory arrest
is ~28 times more frequent than among normal
HbAA persons; this usually occurs after severe 
exertion [106].

Clinical information relevant to the autopsy

• All the present relevant and past medical history
details: particularly the mode of death, recent 
operation records, drug and pain relief therapy, 
current radiology; laboratory results such as blood
cultures must be gathered.
• Discussion with the clinicians is always helpful 

The morbid anatomy of sickle cell disease and sickle cell trait

57



Chapter 6

58

to understand the complex patho-physiological
processes taking place.

The autopsy procedure

Standard full autopsy should be done, with careful
attention to the coronary, pulmonary and cerebral
arteries. Include vertebral bone marrow sampling.
If agreement is obtained (and stress its importance),
remove one femur and split it longitudinally; 
this enables examination of marrow hyperplasia
and sampling of old and recent sites of bone in-
farction. It can be replaced to strut the leg during 
reconstruction.

Minimum blocks for histological examination

Histological studies are essential in all cases 
of SCD-related death. Gross observation and
pathological guesswork only will fail to provide 
the correct cause of death within the complex 
of sickle cell disorders, will not satisfy the clinicians
or help them with clinical governance issues, 
and will certainly not satisfy the relatives of the 
deceased. The following represents recommended
practice:
• Heart: if cardiac malfunction is the likely signifi-
cant event, take at least three blocks of the left 
ventricle and one of the right ventricle. Ideally, also
take the right AV septal block for fixation and serial
slicing to examine the AV node and the bundle of
His area.
• Lungs: multiple samples (at least one per lobe) to
identify acute chest syndrome, pneumonia, or small
pulmonary arterial thrombosis.
• Vertebra, femoral bone and marrow (proximal,
mid and distal).
• Both kidneys.
• Spleen.
• Liver.
• Skeletal muscle (particularly if crush injury is 
suspected).
• Any recent operation sites.
• Brain if a CVA was clinically suspected or is
pathologically evident.

Fix the samples in buffered formalin, to reduce
artefactual post-mortem sickling of red cells.

Other samples required

1 Urine, blood, meninges and lung cultures for 
sepsis.
2 Peripheral blood, urine and vitreous humour if
opiates were administered during the final medical
management. (Note: fentanyl is not detected by 
routine screening for drugs of abuse, it must be
specified.)
3 Centrifuged blood for serology, e.g. parvovirus
B19 infection; for mast cell tryptase analysis if acute
anaphylaxis is suspected.
4 Whole blood for haemoglobinopathy screen-
ing if the Hb genotype had not been determined 
pre-autopsy but is suspected clinically or morbid
anatomically.

The clinico-pathological summary

• Determine whether SCD is the underlying factor
in the cause of death sequence, played a contribu-
tory role, or was irrelevant to the cause of death.
• Consider whether drug overdose caused fatal 
respiratory depression or seizures.
• Lay out the pathological sequence logically; the
clinicians and relatives are going to study the aut-
opsy report closely.
• Consult a more experienced pathologist to re-
view the case and histology, etc. if the pathology
and cause of death are not clear.

Specimen cause of death opinions/statements

1a. Acute cardio-respiratory failure
1b. Acute chest syndrome following painful crisis
1c. Sickle cell disease
1a. Anaemia
1b. Hyperhaemolysis syndrome
1c. Sickle cell disease
1a. Septicaemia
1b. Cholecystitis (laparoscopic cholecystectomy
on dd/mm/yy)
1c. Sickle cell disease
1a. Acute cardio-respiratory failure
1b. Exertion and sickle cell trait (HbAS)
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Definition

Occlusion of blood vessels in various parts of the
body occurs continually in sickle cell disease (SCD).
If the resultant ischaemic or infarctive pain is con-
sidered negligible or mild, it could be ignored or
treated with analgesics without the attention of
health professionals. Episodes of such negligible or
mild pain occur in ‘steady-state’ SCD and are not re-
garded as crises by affected persons or health-care
staff. People with SCD on hydroxyurea report a de-
crease in the frequency of these ‘niggling’ pains dis-
tinct from acute painful crises. There is evidence 
of inflammatory reaction to the ischaemic tissue 
damage caused by such subclinical vaso-occlusive
painful episodes in the form of increased levels of
acute phase proteins during steady-state [1]. They
indicate that recurrent inflammation occurs even
during steady-state SCD. It is apparently when the
pains are of greater severity, generalized, or affect-
ing some vital organ that medical attention is
sought. Sickle cell crisis is therefore an increase in
the intensity of what usually happens during
steady-state SCD. It can be defined as an acute ill-
ness characterized by exacerbation of the clinical
features of SCD, such as pain, anaemia or jaundice.
Sickle cell crisis is a sudden change in the individ-
ual’s state of health defined on clinical grounds.
This sometimes makes it difficult to differentiate
crisis from steady-state disease.

What brings on sickle cell crisis?

A number of conditions within or external to the in-

dividual precipitate sickle cell crisis, although in a
considerable proportion of people no precipitating
factor is identified. Infection stands out as the pre-
dominant precipitant of sickle cell crisis. Hypoxia,
exposure to cold, dehydration, physical exertion,
acidosis, extensive trauma or injury, and psycho-
logical stress can also bring on crisis. Improved 
understanding of the importance of interaction 
between vascular endothelium, blood cells and
plasma proteins in the pathogenesis of small vessel
occlusion has shed some light on how different con-
ditions could lead to sickle cell crisis [2]. Acute in-
flammatory reaction to infection or tissue injury
increases the local and circulating levels of tumour
necrosis factor-alpha (TNF-a) and interleukin-1b,
which activate leucocytes to express more adhesion
molecules on their surfaces, and vascular endothe-
lial cells to express more ligands (receptors) for the
adhesion molecules on blood cells. This increases
aggregation of blood cells to each other and their
adhesion to the vessel wall, reducing the size of the
lumen. Erythrocytes adhere more to the activated
endothelium and leucocytes, leading to microvas-
cular occlusion and sickle cell crisis. Dehydration
causes loss of water from erythrocytes. This in-
creases the concentration of HbS inside red cells,
and encourages crystallization of HbS and sickling.
Sickled erythrocytes are more rigid than their nor-
mal counterparts, and attach more readily to vas-
cular endothelium and leucocytes. This facilitates
vaso-occlusion. Acidosis causes an increase in the
plasma concentration of hydrogen ions, which dis-
place oxygen from HbS. It is deoxy-HbS, and not
oxy-HbS, that crystallizes and causes sickling. Hy-
poxia has a similar effect. Exposure to cold causes
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vasoconstriction and narrows the lumen of blood
vessels. The hormonal and neuronal interactions of
the limbic and endocrine systems with each other
and the blood vessel wall might be the basis of ob-
servations that psychological stress predisposes to
sickle cell crisis.

Management of sickle cell crisis

Specific therapy for sickle cell crisis depends on the
type. However, irrespective of whether it is vaso-
occlusive, aplastic or sequestration crisis, some
broad guidelines are helpful in clinical manage-
ment.
• Make the patient comfortable.
• Give effective analgesia.
• Administer oxygen if there is hypoxia (SaO2 <
92%).
• Ensure optimal hydration.
• Antimicrobial therapy for infections.
• Blood transfusion if indicated.
• Treat specific clinical problems, e.g. priapism.

Acute chest syndrome and stroke are special
forms of sickle cell crisis discussed in Chapters 10
and 15, respectively. If the patient is in pain, it is ad-
visable to conduct a quick clinical evaluation with-
in minutes and administer an appropriate dose of
an analgesic before going on to detailed medical his-
tory, physical examination and investigations. This
approach helps to keep the patient comfortable and
to win the co-operation required for the other man-
agement measures. Attempts to take a full clinical
history, examine or take samples for investigations
from a patient in crisis pain may be met with poor
co-operation and lack of confidence in the health-
care professional. Once pain is adequately con-
trolled, one could proceed to full clinical evaluation
and the following investigations that may facilitate
diagnosis of the specific type of sickle cell crisis, and
guide medical treatment.
• Full blood count with reticulocyte count.
• Examination of the blood film.
• Plasma levels of total and conjugated bilirubin.
• Serum urea, electrolytes and creatinine levels.
• Infection screen on blood or other specimens.
• X-rays or other imaging of relevant parts of the
body.

• Pulse oximetry or measurement of arterial blood
gases.

Vaso-occlusive crisis

Vaso-occlusive crisis is the hallmark of clinical pres-
entation of SCD. It is characterized by skeletal 
or soft tissue pain of sudden onset; the result of 
ischaemia or infarction caused by obstruction of
blood vessels [2]. Signs and symptoms of a precipi-
tating factor such as infection may be present; or the
patient might give suggestive history, such as having
been out in cold weather. The importance of effica-
cious therapy for the acute pain of sickle cell crisis
(and chronic pain in SCD) is such that a separate
chapter (Chapter 8) has been devoted to pain 
management. Sickle cell crisis tends to reduce the 
patient’s appetite for food and water. Dehydration
should be sought for and treated, or prevented if not
yet present. Oral hydration is preferred; however, if
the patient is unable to take fluid orally, parenteral
fluid administration is advised. With the common
feature of inability to concentrate urine (hypos-
thenuria), patients in sickle cell crisis who are not
receiving sufficient fluid input may become dehy-
drated and run the risk of complications such as
acute renal shutdown. Optimal hydration is re-
quired. Too much fluid may lead to pulmonary
oedema and increase the risk of the life-threatening
acute chest syndrome.

A total daily fluid intake (oral and parenteral) of
1.5L/m2 is advised; equivalent to about 3L/day 
for most adults. The type of parenteral fluid given 
is important. Hyposthenuric patients cannot 
excrete the sodium in normal saline as well as nor-
mal individuals [3]. If normal saline (0.09% NaCl
solution) is infused continuously, plasma osmolali-
ty may build up, with intracellular dehydration of
erythrocytes, increasing the concentration of HbS
inside the cells. This facilitates crystallization of
HbS and sickling of red blood cells. Therefore, 5%
dextrose solution or 5% dextrose in 25% saline
(dextrose in saline) is preferred.

Oxygen therapy is only needed if there is hypox-
aemia (blood oxygen saturation < 92%). Humi-
dified oxygen is given, so as not to facilitate 
dehydration. Different methods of oxygen delivery
are used; techniques like continuous positive air-



ways pressure (CPAP) may be appropriate for 
patients with acute chest syndrome being ventilated
in the High Dependency or Intensive Care Units. 
Although sickling of red blood cells is caused by 
hypoxia and pathophysiological considerations
might lead one to administer oxygen to all patients
in sickle cell crisis, there is no evidence from large
clinical trials on which to base such practice. Hy-
poxaemia is not a common feature of uncompli-
cated sickle cell crisis, and its presence should alert
one to look out for acute chest syndrome. Two
small clinical trials that were randomized and con-
trolled showed no benefit from routine oxygen ther-
apy [4, 5]. People with chronic sickle lung disease
may have blood oxygen saturation < 92% even in
steady-state, and this ought to be taken into ac-
count if they are in sickle cell crisis. Pulse oximetry 
readings will suffice in the majority of SCD patients, 
although the readings do not correlate with arterial 
blood gas measurements as well as in HbAA 
individuals. This is because HbS has a lower 
oxygen affinity than HbA, and a different oxygen 
dissociation curve. If in doubt, pulse oximetry 
readings should be confirmed with arterial blood 
gas measurement. However, this is not often 
necessary.

In the presence of fever suggestive of infection
(temperature > 38°C) broad-spectrum antibiotics
should be started after taking specimens for infec-
tion screen. Mortality in SCD patients is most fre-
quently caused by infections, which are also the
most common precipitating factors for sickle cell
crisis. Therapy for infections should therefore be
prompt and vigorous, more so because people with
SCD have various immunological abnormalities
that reduce their ability to kill microbes [6–9].
Common pathogens in SCD include staphylococ-
cus, salmonella organisms and atypical microbes.
An example of effective combination chemo-
therapy would be flucloxacillin for staphylococcus,
ciprofloxacin for salmonella and clarithromycin for
atypical pneumonia. In cases of tooth infection or
osteomyelitis of the jawbones, anaerobic cover
with metronidazole is required. Clinical experience
shows that long-term antibiotic therapy for 2–3
months is usually necessary in SCD patients with
acute osteomyelitis or septic arthritis to avoid
chronicity of the infection.

The most reliable indication for blood transfu-
sion is the presence of acute symptoms or signs of
anaemia, such as getting tired more easily than
usual, weakness, unexplained breathlessness or
tachycardia. These imply that oxygen delivery to
the tissues is not sufficient. The body has had time to
adjust to the chronic anaemia in steady-state SCD,
and affected individuals are usually haemodynami-
cally stable. Therefore they do not need blood
transfusion just because the Hb level is lower than
normal. Rather, the aim of blood transfusion is to
abolish the acute clinical features of anaemia that
may develop during sickle cell crisis as a result of in-
creased sickling and haemolysis with further reduc-
tion in Hb level. In most people simple (top-up)
transfusion to restore the Hb level to the steady-
state value will suffice. If the individual’s steady-
state Hb level is not known, a threshold value of
6g/dL could be used as a guide below which trans-
fusion may be given, especially if the reticulocyte
count is below 100 ¥ 109/L. Very high reticulocyte
counts (e.g. > 200 ¥ 109/L) indicate good bone mar-
row response to the symptomatic anaemia. In such
situations, if the Hb level is 5–6g/dL, blood transfu-
sion could safely be withheld because spontaneous
recovery to the usual steady-state value may occur.
Acute signs and symptoms of anaemia may be 
expected to develop when the Hb level falls by 
> 2 g/dL below the steady-state value; which ranges
from 7 to 9g/dL in the majority of HbSS individu-
als. Such a patient whose steady-state Hb level is
known should be considered for blood transfusion
if it drops by > 2g/dL during sickle cell crisis. 
Exchange blood transfusion may be indicated for
special forms of crisis such as cerebrovascular 
accidents and acute chest syndrome (discussed in
Chapters 10, 11 and 15). SCD patients develop 
antibodies against blood group antigens more 
frequently than HbAA controls and, in all cases,
should be transfused with blood matched for the six
red cell antigens that most frequently cause allo-
immunization: K, C, E, S, Fy and Jk [10].

Vaso-occlusive crisis involving abdominal or-
gans could be difficult to distinguish from acute 
surgical abdomen. Affected patients benefit from
review by the surgeons. If the differential diagnosis
is not clear and the patient is improving clinically 
on conservative medical treatment, this should be 
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continued and surgery deferred. Clinical deteriora-
tion despite conservative management calls for 
surgical intervention.

Splenic/hepatic sequestration crisis

Splenic/hepatic sequestration crisis is acute pooling
of a large proportion of circulating erythrocytes in
the spleen or liver. The spleen is more frequently 
involved than the liver, and HbSS children are af-
fected more often than adults, who are likely to
have undergone autosplenectomy. However, adults
with Hb genotype SC or Sb thalassaemia may have 
sequestration crises because infarction of the spleen
is less extensive in these two conditions. The symp-
toms and signs of acute splenic or hepatic sequestra-
tion include extreme weakness or irritability in
children, abdominal pain, tenderness and disten-
sion, very severe pallor, progressive enlargement of
the spleen and/or the liver, tachycardia, low volume
or weak pulses, with cold and clammy extremities.
As a large proportion of the circulating blood is
trapped in the spleen, the patient has clinical fea-
tures of circulatory collapse or hypovolaemic
shock. The degree of pallor worsens very rapidly as
the haemoglobin level falls precipitously; it may
drop below 3g/dL in < 5 hours. A good bone mar-
row response (manifesting as reticulocytosis and/or 
numerous nucleated red cells in the blood film)
helps to differentiate sequestration from aplastic
crisis, the latter is characterized by a low reticulo-
cyte count. This is useful in differential diagnosis
when aplastic crisis occurs in a person with pre-
existing (chronic) enlargement of the spleen or liver,
as could be found in malaria-endemic regions of the
world.

Timely transfusion of red blood cell concentrate
revives the patient. Top-up transfusion is more fea-
sible in the emergency situation than exchange
transfusion. Following transfusion of normal red
cells containing HbA, the patient’s HbS-containing
red cells trapped in the spleen/liver gradually return
to the circulation, and the total haemoglobin level
rises more than would be expected from the number
of units of blood given. In attempt to reduce high
childhood mortality from splenic sequestration,
which can recur in up to half of affected individuals,
splenectomy has been done in those older than 

2 years who have one severe episode or recurrent
mild/moderate episodes [11, 12]. This improved
survival in Jamaica [13], and can be safely done in
other malaria-free countries. Where malaria exists,
removal of the spleen in young children may in-
crease the risk of death from cerebral malaria. An
effective alternative in that situation is regular ex-
change blood transfusions (EBT) or a hypertransfu-
sion programme. EBT is less likely to cause iron
overload than hypertransfusion, although both 
increase body iron. In both malaria-endemic and
malaria-free regions, educating parents and those
who look after affected children on how to examine
the abdomen for hepato-splenomegaly facilitates
early diagnosis of sequestration crisis, with reduc-
tion in associated loss of lives.

Aplastic crisis

Aplastic crisis is caused by infection of immature
blood cells in the bone marrow by parvovirus B19
[14]. Although other microbial infections have
been reported in association with transient ery-
throid hypoplasia in SCD [15], this is uncommon.
The virus gains entry into haemopoietic cells by at-
taching to the P blood group antigen (globoside) 
in the cell membrane [16]. As this antigen is well 
expressed by erythroid cells relative to other
haemopoietic cells, and fully mature red cells that
have the antigen lack nuclei and the protein syn-
thetic machinery required by parvovirus B19 for 
its replication, nucleated erythroid precursor cells
bear the brunt of the infection. As a result, only a
minority of bone marrow erythroid cells mature 
beyond the normoblast stage; and the number of
young red cells or reticulocytes is markedly reduced
in the peripheral blood. Whereas reticulocytopenia
(< 2%) is the main diagnostic feature of aplastic 
crisis caused by parvovirus B19, reduction in the
platelet or white blood cell count also occurs [12].
This suggests that the virus may also infect nucleat-
ed haemopoietic cells that have the capacity to dif-
ferentiate into white blood cells or megakaryocytes.
Consistent with this possibility is the finding that in-
trauterine infection of the fetus by parvovirus B19
leads to anaemia, leukopenia, and thrombocytope-
nia [14]. Other features of aplastic crisis include
fever, easy tiredness of insidious onset because the



Hb level falls gradually over a number of days
rather than hours (unlike in sequestration crisis),
marked pallor, skin rash in the cheeks, circulating
IgM antibodies to parvovirus B19, and the presence
of the viral DNA in plasma and nucleated erythroid
cells in the blood/bone marrow. IgM antibodies are
used for diagnosis because IgG antibodies may be
the result of a previous infection. Aplastic crisis is
more common in children than adults, who are
more likely to have had contact with parvovirus
B19 in childhood, usually with lifelong immunity.

The first step in the practical management of
aplastic crisis is to isolate the patient. In particular,
contact with expectant mothers should be avoided
because, as noted above, parvovirus B19 infection
of the fetus causes long-term aplastic anaemia last-
ing well beyond birth [14]. With the objective of
bringing the Hb level up to the patient’s steady-state
value, blood transfusion is given when necessary.
Intravenous immunoglobulin therapy may be re-
quired in patients with immunodeficiency. In most
people with SCD, no specific antiviral treatment is
required and the infection runs its natural course,
with recovery in 1–2 weeks. In normal individuals
parvovirus B19 infection does not lead to as much
reduction in haemoglobin level as in people with
haemolytic states such as SCD, hereditary sphero-
cytosis or thalassaemia. This is because the lifespan
of red blood cells in the circulation is about 120
days, and arrest of erythropoiesis during the com-
paratively short viral infection of 2 weeks is not
likely to make the Hb level drop to values at which
symptoms of anaemia occur.

Hyperbilirubinaemia

The three types of sickle cell crisis may be asso-
ciated with increased destruction of red blood cells
and increased plasma bilirubin level. Other causes
of hyperbilirubinaemia may need to be considered
in differential diagnosis. Malaria causes haemolysis
and, in the main, a rise in the level of unconjugated
bilirubin. Diagnosis is based on detection of plas-
modium in red blood cells. This task, which could
sometimes be tricky, is made a lot easier by the use
of quinacrine buffy coat (QBC) stain; rather than
the more traditional examination of stained periph-
eral blood films. Red blood cells infected by the

malaria parasite are less dense than normal unin-
fected erythrocytes. After centrifugation of a blood
sample stained with quinacrine, red blood cells con-
taining the parasite are found in the buffy coat layer
with white blood cells, which are also less dense
than uninfected erythrocytes. Plasmodium DNA
stained with quinacrine fluoresces under ultraviolet
light. As the mature red blood cell has no nucleus,
the test can detect as few as one infected red cell out
of a million non-infected cells. This degree of sensi-
tivity approaches that of DNA analytic procedures
and is clearly a quantum leap from that of examina-
tion of blood films which require a critical level of
parasitaemia to give positive results. It is also perti-
nent to bear in mind that, as a major systemic infec-
tion, malaria often precipitates and can therefore
co-exist with sickle cell crisis.

Blood transfusion reactions also cause haemoly-
sis and increased levels of unconjugated bilirubin.
The diagnosis is made from a positive direct anti-
globulin test. Delayed reactions manifesting as 
hyperbilirubinaemia 1–2 weeks after the blood
transfusion are less likely to be detected than imme-
diate reactions. As they are more likely to need a
blood transfusion than healthy individuals, people
with SCD are at increased risk of infection by hepa-
titis viruses, which are blood-borne pathogens.
Viral hepatitis is another cause of predominantly
unconjugated hyperbilirubinaemia, and is diag-
nosed by positive viral serology and detection of
specific viral RNA or DNA. By contrast, gall blad-
der stones, a common complication of SCD, cause a
rise in the level of conjugated bilirubin. Ultrasono-
graphy is the mainstay of diagnosis.

Priapism

Priapism is a form of vaso-occlusive crisis affecting
the penile circulation. This causes prolonged
painful erection with or without prior sexual stimu-
lation. It is a common manifestation of SCD. Vari-
ous studies found that 42–89% of affected males
have experienced priapism by the age of 20 years
[17, 18]. Rarely, priapism occurs in people who
have sickle cell trait [19]. The exact magnitude of
the problem in SCD or sickle cell trait is difficult 
to determine because affected persons may be re-
luctant to give the information even when it is 
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specifically requested, and even less likely to give
the history voluntarily. This is more so when seeing
a female health professional. As a result, priapism
may be under-reported, under-recognized, and so
under-treated. It is more likely that a positive 
history will be obtained if male staff attend to the 
affected person. Clinical experience and research
findings show that priapism usually starts at night
and early morning, and less often in the afternoon
[17, 20]. There are two types of priapism.

The more severe variety is called major or fulmi-
nant priapism. It can last from 1 hour to several
days and can lead to infarction and fibrosis of the
erectile tissue of the phallus, loss of the ability to
have erection and psycho-social problems [21].
Stuttering priapsm is the more frequent, less severe,
form that lasts < 1 hour and resolves on its own
without medical treatment.

Over 67% of episodes of major priapism are pre-
ceded by repeated occurrence of the stuttering vari-
ety. A person with frequently recurring stuttering
priapism could therefore be regarded as being at in-
creased risk of developing a fulminant attack, and
offered preventive therapy.

Assessment of the patient with priapism includes
medical history to ascertain when the episode
began, if the major or stuttering variety had oc-
curred in the past, and whether the person is able to
pass urine. A general clinical examination is carried
out before the specifics to detect the presence of
bladder distension, urinary retention, tenderness
and turgidity confined to the corpora cavernosa or
also involving the corpus spongiosum. A soft glans
penis and ability to pass urine imply that the corpus
spongiosum is not involved, and that a glans–
cavernosa shunt operation may confer clinical ben-
efit if considered necessary. On the other hand, uri-
nary retention and engorgement of the glans suggest
that the corpus spongiosum is involved and possibly
infarcted. In such situations, a glans–cavernosa
shunt may not be effective in relieving the priapism
[22]. When the spongiosum is affected, a shunt be-
tween the corpus cavernosum and the dorsal vein of
the penis may lead to detumescence. The urology
surgeons may also consider shunting blood from the
cavernosa to the great saphenous vein in the thigh.

Before blood shunting procedures are initiated,
conservative medical treatment should be given.

The first essential step is to provide effective analge-
sia for the pain of major priapism while taking
measures to achieve detumescence. The urology
surgeons have a major role in the management of
major priapism in SCD, and should be involved at
an early stage for optimal results. Even with timely
treatment, the results are not always satisfactory,
and the search continues for an effective way of
bringing about detumescence. Various studies have
found the alpha-adrenergic agonist, etilefrine, to be
effective in the prevention and treatment of pri-
apism caused by SCD in 50–100% of patients [17,
20, 23, 24]. In St Thomas’ Hospital, London, UK,
the following protocol is used for specific manage-
ment of priapism in SCD. People with normal 
erectile function who have recurrent stuttering 
priapism or have had one previous major attack are
given prophylactic treatment with slow-release
etilefrine tablet 25–100mg daily. Prophylaxis is
started with 25mg of the tablet, which has a dura-
tion of action of 8–9 hours, taken at bedtime. The
rationale is to achieve effective blood concentra-
tions of the drug during the critical hours of the
night and early morning when the onset of priapism
is most likely. The dose is increased by 25mg every
fortnight until the patient has good clinical re-
sponse: absence of major priapism, with stuttering
episodes not more than once in 2 weeks and not
longer than 10 minutes in duration. The maximum
daily dose is 100mg, as recommended by the manu-
facturers. Daily doses > 50mg are divided into
25–50mg taken by 4–5pm, and 50mg at bedtime.
The blood pressure and erectile function are closely
monitored. People who have hypertension, cerebral
vascular disease, transient ischaemic attacks or
other contraindications to the use of etilefrine are
not treated with the drug. Although there is no 
evidence from its use to date that etilefrine reduces 
penile erectile function, the drug is not given to pa-
tients with erectile dysfunction based on theoretical
consideration that a drug that prevents and relieves
priapism might affect normal penile erection. 
Individuals with erectile dysfunction are referred to
urosurgeons for expert management, including
consideration for the implantation of penile pros-
thesis. People with recurrent priapism not prevent-
able with etilefrine 100mg/day are given, in
addition, the oestrogen analogue stiboesterol, or
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the anti-androgen cyproterone, or hydroxyurea
[20]. If recurrent priapism is unresponsive to any of
the above combinations, a programme of regular
exchange blood transfusion (EBT) is usually effec-
tive in preventing further attacks [20].

Treatment of major attacks of priapism in our
centre depends on whether or not the affected indi-
vidual was previously on prophylactic etilefrine.
People on prophylactic etilefrine are advised to take
50mg orally and to attend the Accident and Emer-
gency Department of the hospital if they have pri-
apism that lasts up to 1 hour (major episode). On
arrival at the hospital, the patient is kept comfort-
able and assessed, given analgesics, hydrated and
observed while the urosurgeon is called. A bladder
catheter is inserted in cases of urinary retention. If
the priapism does not resolve satisfactorily 1 hour
after the 50mg etilefrine was taken, the urosur-
geons irrigate the corpora cavernosa with 6–10mg
of etilefrine diluted in 5% dextrose solution. This is
repeated after 1 hour if no clinical benefit is ob-
served. Surgical operation to shunt blood from the
corpora cavernosa is performed if a second irriga-
tion with dilute etilefrine does not lead to resolution
of the priapism. Individuals not previously on pro-
phylactic etilefrine who develop major priapism are
given 50mg of oral etilefrine in the Accident and
Emergency Department, and observed for 1 hour as
above. If there is no satisfactory detumescence after
this period, they are treated with intracavernous ir-
rigation using dilute etilefrine. In contrast to the ef-
ficacy of regular EBT for preventing priapism, the
procedure does not usually reverse an already es-
tablished major episode. It could be that a sufficient
amount of transfused normal blood does not flow
into the penile blood vessels once fulminant pri-
apism is fully established. Following a single
episode of major priapism, prophylactic etilefrine is
commenced if the patient has no contraindications.
The person is also advised to empty the bladder be-
fore going to bed, avoid conditions that precipitate
sickle cell crisis such as dehydration, and minimize
intake of alcohol, a potent diuretic that can cause
dehydration.

The mechanism of action of etilefrine in priapism
is not known. Other alpha-adrenergic agonists such
as phenylephrine have similar but less potent ef-
fects. It is paradoxical that a drug that causes vessel

constriction prevents and ameliorates priapism,
which is thought to result from vaso-occlusion in
SCD. Elucidation of its mode of action may shed
light on why etilefrine does not work in some pa-
tients [20]. It is intriguing that a small proportion of
people with sickle cell trait (HbAS) experience pri-
apism [19, 20]. A number of biological and envi-
ronmental variables influence the manifestation
and severity of SCD. These include the number of
alpha globin genes inherited by the individual and
proportion of HbF in the blood [25], leucocyte
count [8, 26], and the expression of adhesion mole-
cules on white blood cells [27]. It is also conceivable
that the likelihood of vaso-occlusion in an HbAS 
individual is affected by these variables and the 
percentage of HbS in the blood, which ranges from
25% to 45%. Thus an HbAS person who has five
alpha globin genes (aa/aaa), %HbS, leucocyte
count and adhesion molecule expression in the
upper limits of normal, and a low HbF level, might
be predisposed to develop vessel occlusion during
an episode of infection or dehydration. Such a com-
bination of inherited and acquired factors may also
account for the occurrence in some HbAS indivi-
duals of renal papillary necrosis, haematuria 
and hyposthenuria [28, 29], or red cell sickling,
rhabdomyolysis and sudden death after strenuous
exercise or exposure to extreme cold [30].

Is it sickle cell crisis?

Case no. 1

A 40-year-old black man presented at night to the
Accident and Emergency Department with a hist-
ory of fever and severe bone pains in the hips, shoul-
ders and knees for the previous 3 days. He had a
temperature of 38.1°C, pallor with Hb of 9.7g/dL,
leucocyte count 6.7 ¥ 109/L, platelet count 96 ¥
109/L, jaundice with a bilirubin level of 38mmol/L
(reference range 0–22), normal levels of liver en-
zymes and creatinine, total protein level 95g/L (ref.
64–86), albumin 28g/L (ref. 35–46), bilateral crepi-
tations in the lung fields, and no abnormality on 
abdominal examination. High-performance liquid
chromatography (HPLC) could not be done to de-
termine the Hb genotype because it was outside
normal working hours, but the sickle solubility test
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gave a positive result. The clinical impression was
of sickle cell crisis precipitated by respiratory tract
infection. Myeloma and lymphoma were noted as
differential diagnoses. He was started on broad-
spectrum antibiotics for the infection, diamorphine
injections to relieve the severe bone pains, and ad-
mitted into the hospital ward.

On review the following morning the patient was
feeling much better, his pains were well controlled
on the opiate injections, and the temperature was
down to normal. Further history taking revealed
that (at the age of 40 years) he had no previous
episode of generalized severe bone pains, had never
had a blood transfusion and no member of his nu-
clear or extended family had SCD. The working di-
agnosis of sickle cell crisis was re-considered. HPLC
on his blood sample was expedited. It showed his
Hb genotype as AS. To find out the basis of his
anaemia and jaundice, investigations for the causes
of haemolytic anaemia were done. The direct anti-
globulin test was positive. In the absence of any 
previous blood transfusion, the diagnosis was 
autoimmune haemolytic anaemia. A bone marrow
aspiration and biopsy were done the same day, in
search of the cause of his severe bone pains, hyper-
proteinaemia and borderline thrombocytopenia.
The reference range for platelet count in black peo-
ple is 100–300 ¥ 109/L [31]. The marrow aspirate
showed numerous immature plasma cells (Plate 8,
shown in colour between pp. 54 and 55). Final 
diagnosis: multiple myeloma complicated by auto-
immune haemolytic anaemia. Among the unusual
aspects of this patient’s illness is that auto-
immune haemolytic anaemia is uncommon as a
complication of myeloma, although it is more usual
in other lymphoproliferative disorders such as
chronic lymphocytic leukaemia and lymphoma. On
the whole, the mode of presentation was an inter-
esting reminder to keep an open mind when dealing
with a clinical problem.

Case no. 2

A young woman known to have HbSS disease
sought urgent medical attention because in the pre-
vious 48 hours she had fever, abdominal distension,
constipation and lower abdominal pain not relieved
by combination of paracetamol with codeine. On

clinical examination she was pale, jaundiced and
febrile. There was fullness in the lower abdomen,
tenderness on deep palpation of the suprapubic 
region and both iliac fossae, and reduced bowel
sounds. She had no dysuria, abnormalities in the
chest or skeletal tenderness. Urinalysis gave normal
results. The differential diagnoses included sepsis
with no identified focus of infection, vaso-occlusive
crisis involving the bowels and surgical acute 
abdomen. Samples of blood and mid-stream urine
were sent for microbiology and broad-spectrum 
antibiotics were started. Urgent ultrasound scan of
the abdomen and pelvis was requested. Ultrasono-
graphy detected 33 mm of fluid in the pouch of 
Douglas and adhesions between the adnexae, 
suggestive of pelvic inflammatory disease. The 
patient was referred to gynaecologists for further 
management.
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Introduction

From the point of view of affected persons, pain is
the most distressing symptom of sickle cell disease
(SCD). Its intensity in sickle cell crisis could be so
much that the patient is deeply frightened and con-
cerned about surviving the painful episode. This
psychological distress adds to the feeling of pain,
which is subjective in essence. Pain is an emotional
and unpleasant experience associated with actual
or potential damage to the body. The subjective 
nature of pain and lack of an objective method of
measuring its intensity mean that clinical assess-
ment depends on the feeling of the patient and the
opinion of the health-care giver. Therefore, the field
of pain management is a fertile ground for differ-
ences in opinion between individuals, and practice
between health-care centres. In recognition of this,
the treatment regimens and modalities described in
this chapter reflect the practice in the author’s insti-
tution. Whatever the place or the method of treat-
ment, pain control is crucial in relieving suffering
from SCD. Failure to achieve adequate analgesia
creates problems in the relationship between 
patients and health-care professionals.

A very common and characteristic feature of
SCD, pain was given due prominence in the history
of this illness passed by word of mouth down gener-
ations in Africa [1], and in the first written des-
cription of the condition [2]. Considering the 
geographical distribution of the haemoglobino-
pathy and the total number of people affected
worldwide, pain caused by SCD is a major public
health problem on a global scale [3]. Two types of
pain that may co-exist in the same person are direct

results of tissue damage in SCD. Acute pain, typical
of vaso-occlusive crisis, is caused by a recent tissue
infarction. It is usually of sudden and unpredictable
onset, intense, affects bony or soft tissues, and stops
when the sickle cell crisis has resolved. Chronic pain
is usually due to avascular necrosis of bone in the
joints; leg ulceration is another cause. The femoral
head is most commonly involved, the shoulder less
frequently, the ankle seldom. The spine is usually af-
fected by avascular necrosis. This shows on radio-
graphs as ‘fish-mouth’ vertebrae. The knee is rarely
affected. Chronic pain caused by SCD is not simply
a continuation of acute pain from sickle cell crisis.
Acute and chronic pain due to SCD can occur 
simultaneously in the same person; for example, a
patient who has previous avascular joint necrosis
with acute exacerbation of pain in the same joint as
a result of new injury induced by movement or 
recent vaso-occlusive event. Similarly, generalized
painful crisis could develop in an individual who
had chronic pain in one or more sites. Pain control
measures that produced satisfactory analgesia for
the chronic pain caused by avascular necrosis may
become inadequate when acute pain supervenes. In
such situations, it is appropriate to discontinue
medications such as parenteral opiates when the
crisis resolves. The cause of pain in SCD patients
may be unrelated to the haemoglobinopathy, e.g. a
surgical acute abdomen or rheumatoid arthritis.

Case no. 1

A 35-year-old HbSS female with avascular necrosis
of the left femoral head developed very severe pain
of increasing intensity in the right hip. The pain was
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not relieved with doses of opiates that produced
analgesia in the left hip. Pelvic radiographs and
magnetic resonance imaging (MRI) scan showed no
abnormalities. Over the following 2 weeks she be-
came anorexic, more anaemic and lost about 5kg 
in weight. A repeat MRI detected excess fluid in 
the right hip joint. Recalling that she was treated 
for tuberculosis 5 years previously, the joint fluid
was aspirated and sent for bacteriology. Initial 
Ziehl–Neelsen (Z–N) staining showed no tubercle
bacilli. After 6 weeks culture of her joint aspirate,
the mycobacterium was isolated. Anti-tuberculosis
treatment was started, and the right hip pain sub-
sequently resolved.

Acute pain

With respect to pain control, people with SCD may
be regarded as either opiate-naive or -tolerant. The
regime and modality of pain treatment in SCD de-
pend on degree of tolerance to opioid analgesics,
and the type of pain. It is advisable to use analgesics
in a stepwise manner, similar to methods for treat-
ing high blood pressure or hyperglycaemia. Patients
who are not known to the health-care staff can be
asked what doses and types of painkillers have been
effective previously; these are used for the current
painful episode so long as there are no contraindica-
tions. This approach generally saves the patient a
lot of distress; although the few individuals with
opiate-seeking behaviour may exaggerate the de-
gree of their pain or the effective doses so as to re-
ceive more medication. Analgesics are administered
at regular intervals for acute pain. In opiate-naive
individuals, mild to moderate pain can be treated
with dihydrocodeine tablets 30mg 4-hourly com-
bined with paracetamol 1g 6-hourly. As an alterna-
tive, two tablets of co-codamol or co-proxamol
could be given every 4 hours. Even opiate-naive 
patients may require small doses of these drugs 
for effective control of severe crisis pain, e.g. 
subcutaneous (s.c.) diamorphine injection 3–5mg
given 4–6-hourly. By contrast, opiate-tolerant peo-
ple would normally require such drugs for satisfac-
tory treatment of mild to moderate pain. Examples
are immediate-release morphine sulphate (tablet or
suspension) 10–20mg or hydromorphone tablets

1.3–3.9mg, both given 4-hourly. Adequate control
of severe pain in opiate-tolerant patients invariably
requires administration of parenteral preparations
of these analgesics, such as diamorphine s.c. 10–
20mg given 4-hourly.

Although diamorphine is usually given at inter-
vals of 4–6 hours, some people become so opiate-
tolerant that more frequent doses every 2 hours are
needed to maintain effective pain control. Such high
degrees of tolerance create difficulties in pain con-
trol because there is a limited number of parenteral
opioids available suitable for severe acute pain. To
minimize the chances of developing high levels of
tolerance, analgesics with different modes of action
(such as paracetamol and non-steroidal anti-
inflammatory drugs, NSAIDs) are used in conjunc-
tion with diamorphine, to reduce the dose of the
opiate. Another beneficial effect of NSAIDs is re-
duction of the inflammatory component of the pain
caused by ischaemia or infarction in vaso-occlusive
events. SCD patients without contraindications to
NSAIDs (kidney dysfunction, asthma, peptic ulcer)
have a cyclo-oxygenase 2 (Cox-2) inhibitor such as
rofecoxib added to the analgesic regime for acute
pain. NSAIDs that are not specific Cox-2 inhibitors,
such as ibuprofen and diclofenac, are less prefer-
able. However, a diclofenac suppository has two
advantages: it can be given to patients who are vom-
iting or otherwise unable to intake orally, and rectal
administration bypasses the stomach and reduces
the risk of peptic ulceration. Another side-effect 
of NSAIDs that is relevant in the context of SCD 
is nephrotoxocity, because it can worsen sickle
nephropathy. Therefore, NSAIDs tend not to be
used for more than 10 days for the treatment of pain
in people with the haemoglobinopathy.

If the acute pain is not relieved by intermittent in-
jections of the initial opiate dose, small increments
(e.g. diamorphine 2–3mg) are made every 4–6
hours to reduce the risk of respiratory depression.
The dose is reduced by similar amounts as the sickle
cell crisis and pain resolve. This strategy prevents
development of opiate withdrawal syndrome. 
Clinical features of opiate withdrawal include dys-
phoria, tremors, seizures, nasal congestion, nausea,
diarrhoea, vomiting and a feeling of increased pain.
Therefore, opiate withdrawal can mimic sickle cell
crisis. Diarrhoea and vomiting may cause dehydra-
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tion and exacerbate an already resolving sickle cell
crisis or precipitate a new one. The patient may re-
peatedly return to hospital with apparently ‘recur-
rent crises’ if opiates are stopped abruptly after
administration for a few days when the crisis and
pain have resolved. If intermittent injection of 
diamorphine is started with a dose > 10mg, oral 
immediate-release morphine sulphate is given in-
stead when the dose has been reduced to < 10mg per
injection. In patients started on < 10mg per injec-
tion, oral morphine equivalent to the last dose of in-
jection is given for about 3 days before stopping
opiate therapy. The equivalent dose of oral immedi-
ate-release morphine sulphate is twice the dose of
diamorphine injection. For example, 10mg of oral
morphine is equivalent to 5mg of diamorphine in-
jection, because 1 mole of diamorphine is metabo-
lized to 2 moles of morphine in the body. The
amount of oral morphine given should depend on
how sensitive the individual is to opiates, and not
solely on the theoretical equivalent doses. In people
who are very sensitive to opiates, there is a risk of
overdosage with depression of the central nervous
system if the dose of oral morphine is based exclu-
sively on the theoretical equivalent amounts.

Patient-controlled analgesia (PCA) is an alterna-
tive method of administering parenteral opiates. It
is effective, safe, and preferred by some patients [4].
Continuous subcutaneous infusion of an opioid
provides background analgesia that is supple-
mented by intermittent bolus doses when the 
patient feels the need for more pain relief. The total
amount of opiate that can be delivered is set within
safe limits and according to the intensity of pain.

Diamorphine is used in preference to pethidine in
treatment of acute pain because it has several ad-
vantages. Norpethidine, a metabolite of pethidine,
is neuro-excitatory. It may accumulate in the body
and cause convulsions. Diamorphine is a more po-
tent analgesic than pethidine. Unlike the latter, it is
sufficiently soluble to be given as subcutaneous in-
jections. Pethidine, on the contrary, needs to be
given intramuscularly. The muscles are damaged by
repeated injections, heal by fibrosis, and may devel-
op contractures. This limits movement around the
joints served by the damaged muscles. Moreover, as
fibrotic tissue does not have as many blood vessels
as skeletal muscles, absorption of subsequent injec-

tions of pethidine from the site is impaired. As a re-
sult, the analgesic effect is reduced, and larger doses
are needed, causing more fibrosis. Of greater con-
cern, it also increases the risk of opiate dependence
or addiction (discussed further in Chapter 21).

Other side-effects of opiates more often experi-
enced during therapy are constipation, nausea,
vomiting and respiratory depression. Constipation
is treated with laxatives such as lactulose, senna,
sodium docussate, glycerol suppository or phos-
phate enema. Nausea or vomiting can be relieved
with metoclopramide or cylizine. Pruritus does not
imply allergy to an opiate and it does not often war-
rant switching to another drug. To avoid further 
sedation of the patient on opiates, non-sedative 
antihistamines (such as desloratadine) are preferred
for its treatment. Opiate-induced pruritus appears
to be more common in black people than in other
ethnic groups, suggesting a genetic basis for its 
occurrence. By far the most serious side-effect of
opiate therapy is respiratory depression because 
it is a life-threatening emergency that calls for 
urgent treatment with opiate antagonists such as
naloxone.

Chronic pain

Multidisciplinary treatment is given to people who
have chronic pain due to SCD. Management in-
volves the use of analgesic medications, adjuvant
therapy, physiotherapy, psychological support that
includes cognitive behaviour therapy (CBT), and
orthopaedic intervention or surgery. A combina-
tion of paracetamol and dihydrocodeine or the
compound formulation co-proxamol is used for
mild chronic pain. If the pain is of such intensity
that it is not relieved by maximum doses of the
above drugs, it is regarded as moderate/severe, 
and morphine is given. Long-term, background 
analgesia is provided with slow-release tablets of
morphine sulphate or hydromorphone, taken 
12-hourly. For breakthrough pain, immediate-
release tablets of morphine sulphate or hydromor-
phone are taken. When tolerance develops to one
drug, a switch is made to the other. Clinical experi-
ence shows that after a long time of not taking a par-
ticular opiate to which tolerance had developed, it
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may be used again with significant benefit. Other
morphine-based drugs such as oxycodone and 
fentanyl can be used. NSAIDs are used for short 
periods not exceeding 10 days in the management
of chronic pain, usually in combination with 
other analgesics.

Patients who need opioids for relief of chronic
pain are considered for other modalities of therapy.
Psychotherapy, especially CBT, enhances the per-
son’s coping strategies for dealing with the emo-
tional aspects of chronic pain and other types of
psychological stress associated with SCD [5]. Phys-
iotherapy helps to prevent muscle contractures and
reduces joint pain and stiffness, as well as overall
physical disability. People who have avascular
necrosis of joints with chronic pain uncontrolled by
medications are reviewed jointly by orthopaedic
surgeons and haematologists in the Sickle/Ortho-
paedic component of the Comprehensive Clinic as
discussed in Chapter 1. Appliances that provide
back support and make up for the difference in
length between the legs ameliorate chronic pain in
the back and hips. Some patients have avascular
necrosis with chronic pain that can only be effec-
tively relieved by orthopaedic surgery. For such
people, early surgery is preferred. In others, surgery
is deferred for as long as the individual can cope on
other modalities of pain treatment. This policy is
adopted because certain procedures such as hip 
replacement confer clinical benefit for a limited 
period [6, 7], usually not longer than 10 years.
Thereafter, repeat surgery may be required. Adju-
vant therapy, with medications that enhance pain
relief although they are strictly not regarded as
analgesics, helps in chronic pain control. For exam-
ple, gabapentin and amitryptiline have been found
to be beneficial by some patients who have neuro-
pathic pain. Similarly, transcutaneous electrical
nerve stimulation (TENS) machines are regularly
used by some people to enhance analgesia. Chronic
pain from avascular necrosis of the femoral heads,
intervertebral joints or shoulders can be ameliorat-
ed for periods up to 3 months following local nerve
block by the anaesthetists. This procedure helps to

reduce the doses of opiates required by the indi-
vidual, and so reduces the risk of side-effects.

Case no. 2

A young man with homozygous (HbSS) SCD and
avascular necrosis of the left femoral head under-
went osteotomy in the left hip to relieve chronic
pain. The surgery was complicated by infection
with methicillin-resistant Staphylococcus aureus
(MRSA). Healing of the surgical wound was de-
layed. The chronic pain in the left hip persisted, un-
controllable with opiate analgesics. The probability
of reactivating MRSA infection made it inadvisable
to perform further orthopaedic surgery. The anaes-
thetists carried out left hip nerve block, which re-
duced the chronic pain to such an extent that it was
subsequently controllable with hydromorphone
16mg 12-hourly. Repeat nerve blocks were needed
about every 4 months to maintain satisfactory 
analgesia.

References

1. Konotey-Ahulu FID. Hereditary qualitative and quantita-
tive erythrocyte defects in Ghana: an historical and geo-
graphical survey. Ghana Med J 1968; 7: 118–19.

2. Africanus Horton JB. The Diseases of Tropical Climates
and their Treatment. London: Churchill, 1874.

3. Weatherall DJ, Clegg JB. Inherited haemoglobin disor-
ders: an increasing global health problem. Bull World
Health Organ 2001; 79: 704–12.

4. Gonzales ER, Bahal N, Hansen LA et al. Intermittent in-
jection vs patient controlled analgesia for sickle cell crisis
pain. Comparison in patients in the emergency depart-
ment. Arch Intern Med 1991; 51: 1373–6.

5. Thomas VJ. Cognitive behavioural therapy in pain man-
agement for sickle cell disease. Int J Palliat Nurs 2000; 6:
434–42.

6. Iwegbu CG, Fleming AF. Avascular necrosis of the femoral
head in sickle cell disease. J Bone Joint Surg 1985; 67:
29–32.

7. Moran MC. Osteonecrosis of the hip in sickle cell haemo-
globinopathy. Am J Orthoped 1995; 24: 18–24.

Treatment modalities for pain in sickle cell disease

75



76

Introduction

The outcome in childhood sickle cell disease (SCD)
has improved greatly over the past two decades
since the introduction of neonatal screening. Early
diagnosis allows the introduction of penicillin pro-
phylaxis by 3 months of age to prevent invasive
pneumococcal infection, and the education of par-
ents to recognize significant signs such as sudden
enlargement of the spleen in acute splenic seques-
tration. Mortality in the first few years of life can be
reduced to < 1% [1] but there is still an increased
risk of death in the first 18 years of life due to com-
plications such as acute chest syndrome and stroke.
Because of the variability of the disorder there are
children who may have few symptoms and can be
managed in primary care or in the outpatient set-
ting. Over two-thirds, however, will have a hospital
admission at some point in their lives and many
school days are lost due to repeated episodes of
painful crisis or ill health. Most vaso-occlusive
episodes can be managed safely at home. A small
minority of children will have frequent hospital 
admissions but even this number is less than pre-
viously due to the introduction of hydroxyurea. 
Attention should therefore be paid to improving
quality of life and allowing children to participate
fully in all activities according to their tolerance. In
addition, inclusion and access to education is im-
portant, as there has been a growing awareness of
the impact that silent stroke can have on a child’s
learning and self-esteem and ability to cope with
their illness. An estimated 20% will have evidence
of infarction on magnetic resonance (MR) scanning
by the time they are 20 years old [2].

This chapter sets out a guide to the management
of children with sickle cell disorders, recognizing
that not all units will necessarily have as much ex-
pertise and resources as others. The key to success-
ful paediatric management is:
1 having a neonatal screening programme
2 engaging the family early (during the antenatal
period if possible) and the child as soon as they 
are able to understand simple aspects of their 
condition
3 having a multidisciplinary team that can provide
holistic care to the child and family
4 having recourse to specialist services as and when
they are needed.

Neonatal screening

Neonatal screening for haemoglobinopathies 
will be universal throughout England from 2004
[3]. Similar programmes are implemented or
planned in several countries. There is no benefit
from screening without counselling and good 
paediatric and haematology follow-up. In the UK,
there are currently no national guidelines for 
follow-up arrangements or clinical management 
of SCD in childhood.

Children will still be diagnosed after the neonatal
period either because they were born before the uni-
versal screening programme was introduced or they
moved to the area where neonatal screening is done.
Therefore, health professionals will need to be alert
to the diagnosis. Dactylitis is pathognomic of SCD
and overwhelming pneumococcal sepsis or acute
splenic sequestration may be the first indication
that a child has the condition.

Chapter 9
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Types of sickle cell disorders

The most commonly encountered forms of SCD
are:
• Sickle cell anaemia (HbSS)
• HbSC disease
• HbS b0 thalassaemia
• HbS b+ thalassaemia
• HbSD Punjab.

Haemoglobin HbS/HPFH (sickle with hereditary
persistence of haemoglobin) is not considered to be
a significant sickle cell disorder. It should not be
confused with the more common HbSS with a high
HbF level. Unless both parental phenotypes are
known it is impossible to distinguish HbSS from
HbS b0 thalassaemia and HbS/HPFH at birth.
HbSC and HbS b+ thalassaemia are more likely to
run a milder course than HbSS, HbS/HbD or HbS
b0 thalassaemia. Although these conditions vary 
in presentation and prognosis, routine outpatient
management should be identical, at least in the
early years. However, clinicians should be 
aware of the particular phenotype, especially on 
admission, as steady-state Hb levels vary greatly 
and certain complications, e.g. stroke, are much 
less frequent in HbSC disease or HbS/b+

thalassaemia.

Multidisciplinary team

The multidisciplinary team will vary depending on
the stage of the child’s life. The following is a guide
to the optimal team.
• Antenatal period: GPs, midwives, genetic coun-
sellors, and/or specialist nurse counsellors for
haemoglobinopathies, haematologists.
• Neonatal period: specialist nurse counsellors,
health visitors, GPs, paediatricians, paediatric
haematologists.
• Paediatric care: as above for neonatal 
period, clinical psychologists, school nurses, 
community paediatricians, teachers, educational
psychologists, specialist nurses, Accident and
Emergency staff.
• Joint clinics/protocols: paediatric neurologists,
orthopaedic surgeons, ophthalmologists.
• Transition: haematology team for adults with
SCD.

Recourse to specialist services

A paediatrician, or a paediatric haematologist with
experience of general paediatrics, should lead the
multidisciplinary team. SCD can affect all aspects
of a child’s growth and development. It is important
to have good links with specialist paediatric ser-
vices such as neurology for investigation of stroke
and other neurological problems, orthopaedic sur-
geons for the management of avascular necrosis
and endocrinologists for those children who may be
severely growth delayed or iron overloaded as a 
result of regular transfusion therapy. Children will
need to be referred to a specialist unit if bone mar-
row transplantation is being considered.

An approach to outpatient care

The care of a child who has SCD is mostly carried
out in the outpatient setting. The rationale for regu-
lar follow-up is to prevent or anticipate some of the
complications of the condition and for parents to
feel confident in managing most of the straightfor-
ward episodes themselves. Regular follow-up from
birth can reduce hospital admissions significantly.
The aims of the clinic should be explicit and com-
municated with parents, as otherwise the value of
attending clinic will not be apparent and, as with
many chronic conditions, attendance will decline.
Usual practice is to register the child in the paed-
iatric clinic at about 2 months of age, assuming that
the child was picked up by the neonatal screening
programme and that the diagnosis has already been
disclosed to the parents. In high prevalence areas,
the diagnosis is usually imparted at home by spe-
cialist nurses, but if not, this should be done by an-
other professional with knowledge and expertise.

Prevention strategies

• Primary: penicillin prophylaxis, pneumococcal
and other immunization.
• Secondary: education of parents to manage 
simple complications and to recognize and anti-
cipate serious illness; education of children and care
plans for transition to adult clinic.
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• Tertiary: screening for cerebral vasculopathy,
chronic lung disease, renal disease.

Primary prevention

Children with SCD are liable to develop splenic hy-
pofunction in the first 6 months of life as their fetal
haemoglobin declines and episodes of infarction
occur in the spleen. Splenic hypofunction and the
absence of type-specific antibody means that young
children are at great risk of infection by organisms
containing polysaccharide-coated antigen such as
Pneumococcus or Haemophilus influenzae.

Penicillin prophylaxis

This works if taken regularly [4]. Resistance has not
become a major problem in the UK, currently being
found in about 6% of infections.

Penicillin V dosage:
• 62.5mg orally twice daily at < 1 year (or <10kg)
• 125mg orally twice daily at 1–5 years
• 250mg orally twice daily at > 5 years.

If there is a genuine allergy to penicillin, erythro-
mycin can be substituted. In the UK it is recom-
mended that penicillin is continued throughout life
and certainly throughout childhood. The incidence
of pneumococcal infection in the general popula-
tion falls dramatically after the age of 5 years and it
may be possible with the introduction of conjugate
pneumococcal vaccination to discontinue penicillin
much earlier.

Immunization

See Table 9.1 for a proposed vaccine schedule.

Pneumococcal infection
The heptavalent conjugate pneumococcal vaccine
(Prevenar®) has been licensed for use in under 2-
year-olds since January 2002 [5]. Infectious disease
specialists also recommend its use in at-risk children
over the age of 2 years [6]. As the polysaccharide
vaccine, Pneumovax®, is 23 valent, it should also be
given at 2 years and 5-yearly thereafter.

The recommended scheme comprises 7 valent
Prevenar®, three doses of 0.5mL intramuscularly
(i.m.) at 2, 3 and 4 months (with DPT, Hib, MenC

and polio). If a child misses the primary course, the
catch-up scheme comprises two doses of 0.5mL
i.m. at > 6 < 12 months at least 1 month apart and a
third dose at 12–16 months or two doses of 0.5mL
i.m. at > 12 < 23 months at least 1 month apart and
23 valent Pneumovax, one dose of 0.5mL i.m. at 24
months and 5-yearly thereafter.

Haemophilus influenzae
The conjugate Hib vaccine is part of the primary
course of immunization together with diphtheria,
tetanus, pertussis, meningitis C and polio and
should be given at the same time as the Prevenar® at
2, 3 and 4 months.

Hepatitis B
Children with SCD are likely to receive one or more
blood transfusions in their life and it is good prac-
tice to safeguard them from hepatitis B. Many ante-
natal clinics screen for hepatitis B and neonates will
automatically be offered immunization in positive
cases. In the rest a course of hepatitis B vaccination
should be given at the beginning of the second year
of life.

Influenza
There is no impaired immune response to viral in-
fections such as influenza but it is considered good
practice to offer influenza vaccination annually in
order to prevent chest complications.

Table 9.1 Proposed vaccine schedule

Vaccine Age

DPT, Hib, polio, MenC, Prevenar® 2 months
DPT, Hib, polio, MenC, Prevenar® 3 months
DPT, Hib, polio, MenC, Prevenar® 4 months
MMR 13 months
HepB 12 months
Hep B 15 months
Hep B 18 months
Prevenar 6, 8 and 14 months or twice in

second year of life if no
Prevenar® in primary course

Pneumovax® 2 years
Pneumovax® 7 years
Pneumovax® 12 years
Pneumovax® 17 years
Influenza Annually from 2 years of age
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Secondary prevention

1 Written information, e.g. parent handbook [7] or
pages in parent handbook or child passport
2 Haemoglobinopathy card with diagnosis,
steady-state haemoglobin and blood group
3 Verbal reinforcement at every clinic visit or other
contact, e.g. by specialist nurse.

The areas that should be covered and con-
tinually reinforced are:
• Simple understanding of condition
• Crucial importance of penicillin prophylaxis and
pneumococcal vaccination
• Recognition of pallor (very important in aplastic
crisis, acute splenic sequestration)
• Palpation of spleen
• Knowledge of steady-state haemoglobin level
• Temperature measurement and management
• Recognition of dactylitis
• Pain relief
• When to come to hospital
• The importance of visual disturbance parti-
cularly in HbSC disease
• Genetic counselling
• Information for future pregnancies.

Children who have parents who manage their
condition grow up to be adults who can cope 
with their condition [8]. It is therefore important to
communicate effectively with parents as they will
be the role models for their children, but children
must also be actively engaged from an early age.
Mishandling of a sickle cell admission early on can
lead to loss of trust by the parent and poor adjust-
ment by the child. A good transition plan will stop
adolescents falling out of clinic follow-up and help
to ensure that they are able to manage their condi-
tion satisfactorily.

The sickle cell team should address the following:
1 An understanding of a child’s view of illness and
pain at different ages by all staff
2 Education and training of all staff to assess and
manage the condition effectively
3 Continuity of care
4 Children’s and teenage workshops
5 Videos and leaflets for children
6 Teenage handbook
7 Transition clinics and a different model for ado-
lescent care.

Tertiary prevention

1 Monitoring of cerebral blood flow velocities to
anticipate stroke
2 Measuring lung function, steady-state oxygen
saturation levels by pulse oximetry
3 Monitoring blood pressure
4 Monitoring urine for microalbuminuria.

What should take place in the clinic?

The first visit will be important in going over the
likely diagnosis, exploring the parents’ understand-
ing, answering any questions and taking a confir-
matory blood sample. Follow-up visits should
address the following topics.

General examination

Children should be examined on most clinic visits.
Presence of pallor, jaundice and splenomegaly
should be noted. Height and weight measurements
should be recorded on appropriate centile charts.
The spleen should be palpated and measured. In
children under 5 years the parents should be taught
how to feel the spleen. Most children who are
anaemic have a short ejection systolic murmur
heard loudest at the left sternal edge. This does not
need further investigation if the rest of the cardiac
system is normal.

Monitoring steady-state values

The value of monitoring haematological, biochem-
ical or other steady-state values is to be able to com-
pare if the child becomes unwell and requires
admission to hospital. If the child is well, blood tests
should only be done on an annual or possibly 2-
yearly basis. The added advantage of this approach
is that the child is less likely to become phobic of
needles and the outpatient visit can be a relaxed
event. A suggested plan for steady-state investiga-
tions is set out in Table 9.2.

Blood pressure, urinalysis and an oxygen 
saturation level when well should be recorded 
annually. Blood pressure levels are lower in 
patients with sickle cell anaemia and this should be



taken into account when deciding on intervention
[9].

An outpatient guide to pain relief

Most young children with pain will find relief from
paracetamol (12mg/kg/dose) 4-hourly and ibupro-
fen (10mg/kg/dose) 8-hourly for mild to moderate
pain. Codeine phosphate (0.5–1mg/kg/dose) can be
added in for severe pain. If there is no improvement
and/or there are other factors such as a high temper-
ature, the parent should seek medical advice.

Monitoring growth

Children typically are thin, although they grow
steadily along the standard centiles despite an al-
most universal complaint by parents that they eat
hardly anything. However, compared with ethni-
cally matched controls, children are both shorter
and thinner [10]. Chronic haemolytic anaemia and
an increased metabolic rate are the accepted reas-
ons for poor growth, and folate supplementation is
often prescribed. However, specific nutritional defi-
ciencies have not been described except for possible
zinc deficiency [11]. The reason for the relative
anorexia is not well understood although most chil-
dren will drink large volumes of fluid because of
functional hyposthenuria, due to sickling within
the renal medulla affecting the concentrating 
mechanism.

Many children have pica for a range of sub-
stances, paper, foam and plaster being the common-
est. Managing pica is difficult in the absence of an
obvious nutritional deficiency and behavioural
management techniques may only result in the pica

becoming secretive. Children start puberty on aver-
age 2 years later than their peers [12] and growth
will slow in the early teenage years. Measurement
of bone age reveals a bone age 2–3 years behind
chronological age, and reassurance that they will go
into puberty is normally sufficient. It is rare that a
referral has to be made to a paediatric endocrinolo-
gist although some children, particularly boys, may
have psychological difficulties due to their short
height and a discussion with a specialist may be
helpful.

Monitoring neurodevelopment

Most children will have surveillance by a health vis-
itor in the pre-school years, although neurodevel-
opmental screening has become more targeted [13].
Because children with sickle cell anaemia are at risk
of silent cerebral infarcts it is important to monitor
their development not only during the pre-school
years but also once they have started in school.
Many children with SCD are not properly evalu-
ated, as lack of progress is put down to their condi-
tion and time lost through illness. There should be
good links with community services and school
health teams to ensure that this does not happen. It
is not infrequently found that children are missing
school not because of illness but because they find
the schoolwork difficult. Ideally all children should
have a detailed neurodevelopmental assessment be-
fore starting school and at any other time if there are
concerns about lack of academic progress.

Prevention of stroke

Between 5% and 10% of children with sickle cell
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Table 9.2 Suggested plan for steady-
state investigationsBirth HPLC on Guthrie spot

3 months Confirmation HPLC, FBC, G6PD level
1 year FBC and reticulocyte count, %HbF, HbA2 (if no parental phenotype), blood

group, extended RBC genotype, electrolytes and urea, liver function tests
2 years FBC and reticulocyte count, %HbF, electrolytes and urea, liver function tests
3 years As above
4–17 years As above + consider ultrasound abdomen and transcranial Doppler scan; repeat

annually

HPLC,high-performance liquid chromatography; FBC, full blood count;G6PD,glucose-6-phosphate
dehydrogenase;RBC, red blood cell.
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anaemia (HbSS) will have an overt stroke, usually
between 18 months and 9 years, with a median age
of 7 years [14]. MR scanning has shown that there is
a generalized cerebral vasculopathy with narrow-
ing or stenosis occurring most frequently in the
middle cerebral arteries, but may include anterior
and posterior cerebral arteries. This narrowing can
be demonstrated by an increase in cerebral blood
flow on transcranial Doppler imaging and this 
provides a quick and non-invasive technique of
picking children up who may be at risk of develop-
ing stroke. Research in the USA has shown that
transfusing children when the cerebral velocities
are > 220cm/s will prevent stroke in 60% [15]. 
It has therefore been recommended that regular
transcranial Doppler flow measurements should be
offered routinely from an early age. MR scan of the
brain including MR angiography should be also
carried out if the cerebral flows are consistently
high.

Monitoring severity

A satisfactory measure of severity has never been es-
tablished. As pain experience is a subjective phe-
nomenon, the number of admissions to hospital
with painful vaso-occlusive episodes is not neces-
sarily a good measure, as some children may have
low tolerance to pain or their parents may feel un-
able to cope. Conversely, with education and com-
munity support many parents manage quite severe
painful episodes at home. It is useful to try and 
keep some record of the frequency of problems 
either by asking about school attendance or by 
asking the child to keep a pain diary, particularly 
if a trial of hydroxyurea is planned. A HbF 
> 7% is associated with less clinical symptoms 
and a better prognosis [16]. Dactylitis, severe 
anaemia (Hb < 7g/dL), HbF < 13%, platelet count 
> 450 ¥ 109/L and leucocytosis (> 8 ¥ 109/L) by 2 
years of age are associated with a worse prognosis
[17].

Nocturnal enuresis

There is an increased rate of nocturnal enuresis 
in children, particularly boys, with sickle cell
anaemia. The reason for this is not entirely clear.

Children pass large quantities of dilute urine and
have nocturia but this should not necessarily lead to
incontinence. A high ratio of overnight urinary vol-
umes compared to maximum functional bladder
capacity has been posed as a possible cause [18].
Parents report that their children are heavy sleepers.
It has been shown that children with adenoidal hy-
pertrophy and obstructive apnoea are more likely
to have nocturnal enuresis [19] and it is possible
that hypoxaemia plays a role in the aetiology 
of nocturnal enuresis. On the whole, sickle cell 
children do not respond to behavioural manage-
ment techniques such as star charts or mattress
alarms but can be ‘trained’ by intermittent alarms
and parental waking to achieve continence. 
Many children respond to oral or nasal desmo-
pressin and this is a useful adjunct, particularly for
school trips.

Other medical complications

Gallstones occur in > 50% of children over the age
of 10 years [20] but may not be the cause of inter-
mittent abdominal pain, which is a relatively 
common symptom in all children. Laparoscopic
cholecystectomy is advised in symptomatic biliary
disease.

Avascular necrosis of the femoral head can be
treated conservatively with partial weight-bearing
on crutches and physiotherapy support.

Leg ulcers are relatively uncommon in the UK
and should be treated with frequent dressing, sup-
port bandages and antibiotics if infected.

Stuttering priapism may affect adolescents in
particular and may go unreported. Oral etilefrine
may reduce the frequency of attacks and in a pro-
longed episode aspiration and irrigation of the cor-
pora cavernosa with epinephrine or etilefrine is
now the treatment of choice [21].

Children should be advised to seek treatment
early.

Psychosocial support

Clinical nurse specialists play an important role in
supporting the family but in an ideal service chil-
dren should have access to a clinical psychologist
with an interest in the condition. Sickle cell is a 
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potentially fatal condition in childhood or early
adulthood; it is a chronic illness, characterized by
pain which may be severe enough to require opiate
analgesia; silent strokes may affect cognitive devel-
opment and behaviour. Psychologists are important
for management of all these aspects, including the
use of cognitive behavioural techniques and neuro-
psychometric assessments [22].

Travel information

It is important that families have good information
about the risk of travelling abroad, particularly to
malarious areas. Additional vaccinations should be
given depending on the destination and should 
include meningitis A and C. Malaria prophylaxis 
is essential and advice about avoiding mosquito
bites should be given. Many families assume 
that children with SCD are protected because 
of having sickle haemoglobin and this misinforma-
tion should be corrected. Advice to keep warm in
the air-conditioned environment of an aeroplane,
drink sufficient fluids and move around regularly
are the only precautions that need to be taken when
flying.

Managing transition

As neonatal screening becomes the norm, many
children with SCD will have been managed all their
life by the same paediatric team when they are re-
quired to transfer to the adult team. There is a case
for not making this transfer until about 21 years of
age, although individual young people will differ in
their readiness for transition. Children are often
physically immature at 16 years and the holistic ap-
proach of the paediatric clinic should perhaps sup-
port them through college and further education. In
the absence of inpatient adolescent units in most
hospitals, the reality is that once their 16th birthday
is reached the child has to be admitted to an adult
ward. Preparation for this event is therefore cru-
cially important, as the experience of being in an
adult ward with elderly sick patients can be ex-
tremely distressing.

The key components of good transition include:
1 Information about the condition and possible
complications as they reach adolescence (e.g. pri-

apism, gallstones) and the adult services and the
people involved.
2 An introduction to the adult team and facilities.
3 Comprehensive handover between the two
teams, usually in a joint clinic with a chance for the
teenager to express their current needs.
4 A gradual disengaging from the paediatric clinic
if this is wished, even if the child might be admitted
to the adult ward.
5 Genetic counselling.
6 Contraceptive advice.

An approach to inpatient management

The commonest causes of admission are acute chest
syndrome, acute splenic sequestration in the under
5’s, parvovirus-related aplasia, vaso-occlusive
episodes and stroke. Osteomyelitis is relatively un-
common but is sometimes difficult to distinguish
from a vaso-occlusive episode. Management of
these acute complications is described elsewhere in
this book. The Accident and Emergency Depart-
ment is usually the first place parents take their
child, often bypassing the general practitioner. This
is perhaps not surprising given the potentially lethal
nature of the condition and the anxiety that many
parents feel. Potentially serious complications of
SCD can present without pain, e.g. stroke, aplastic
crisis. Guidelines are helpful but should always be
used in conjunction with clinical acumen. It does
not make sense to admit every febrile child as a po-
tential pneumococcal sepsis or to take blood from
every child in case they have an aplastic crisis. It
should also be remembered that a child might 
present with a problem not related to their SCD.
There should be an immediate triage system to 
assess the severity of the problem. Pain assessment
should be carried out using a pain tool for children
such as PATCh [23] that takes into account the
child’s perception and nursing and/or medical
judgement. Algorithms for a sick child who is not
necessarily in pain and for pain relief are given in
Figs 9.1 and 9.2.

Some units recommend fast track admission to
the children’s ward, the rationale being that the
child is more likely to be assessed quickly and by the
paediatric team that knows them. This system can
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work well in a unit that is not very busy and with a
moderate number of children on the sickle cell reg-
ister, but may lead to unnecessary admission. It is
difficult and potentially dangerous to attempt this
in a very busy unit. Ideally the child should be as-
sessed as far as possible by an experienced team,
there should be an observation unit where the
child’s response to analgesia can be judged and the
child should be sent home on an appropriate dose of
medication.

Treatment

Treatment in an acute episode should consider the
following factors.

Hydration

Most clinical guidelines stress the need for hydra-
tion in the management of an uncomplicated
painful episode (usually 1.5 times the normal daily
requirement). Certainly dehydration may worsen
the sickling episode but there is no evidence that the
painful episode is shortened by overhydration and
attention should be paid to fluid balance, as inap-
propriate ADH secretion may complicate matters
in a sick child. Where possible the child should be
encouraged to drink rather than having intra-
venous (i.v.) fluids, particularly if afebrile. The less
veins need to be cannulated the better it is for long-
term management.

Pain relief

Pain experience is very subjective and there may be
a degree of anxiety depending on previous experi-
ence of a painful episode. It is important to monitor
pain relief in the same ways that pulse, blood pres-
sure and temperature are monitored to be able to 
assess the efficacy of analgesia. A pain tool and
guidelines for step increase of analgesics should be
used as in the British Society of Haematology guide-
lines for the management of acute sickle cell crisis
[24]. Most paediatric units favour the use of 
oral analgesia rather than parenteral unless the pain
is very severe, in which case patient- or nurse-
controlled analgesia using intravenous morphine is
recommended. Laxatives should be prescribed with

codeine or morphine. It is important to make sure
that paediatric and adult guidelines for pain relief
agree to prevent a sudden increase in analgesic
dosage at transition.

Antibiotics

Most children are mildly febrile with a painful crisis
and antibiotics need not be given if there is no evi-
dence of sepsis, although penicillin prophylaxis
should continue. Some units advocate one dose of
i.v. ceftriaxone in the Accident and Emergency 
Department, which can either be continued on re-
view after 24 hours or discontinued if blood cul-
tures are negative. If a child is unwell and febrile 
(> 38.5 °C) a broad-spectrum antibiotic should be
used, such as augmentin or cefuroxime. If osteo-
myelitis is suspected an MR scan in the first 24
hours can help to distinguish from a vaso-occlusive
episode. If there are chest signs, erythromycin
should be added.

Blood transfusion

A simple top-up transfusion to bring the haemoglo-
bin back to steady-state values is indicated for the
treatment of acute splenic sequestration and par-
vovirus-related aplasia. Care should be taken not to
increase the haemoglobin level too much in acute
splenic sequestration, as the spleen returns to nor-
mal size after a few days, returning blood to the cir-
culation. Exchange transfusion should be carried
out as a matter of urgency in a child thought to have
had a stroke and in acute chest syndrome. Regular
monthly blood transfusions to maintain the haemo-
globin S at about 30% are indicated for the man-
agement of stroke and should be considered if
transcranial Doppler scans show elevated cerebral
velocities > 220cm/s on more than one occasion in
the absence of an overt stroke. Hydroxyurea rather
than chronic transfusion therapy is now the treat-
ment of choice in frequent severe painful episodes
or repeated acute chest syndrome. Once a child 
has been started on a long-term transfusion pro-
gramme, education about the implications of iron
overload should start. Subcutaneous desferrioxa-
mine (35mg/kg/night) administered either by an in-
fusion or balloon pump should be started once the
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ferritin level is > 1000mg/L, together with oral vita-
min C to enhance iron excretion. Children receiving
desferrioxamine should have annual ophthal-
mology and audiology reviews, regular ferritin 
levels and an annual MRI assessment of liver iron 
in children over 7 years.

Incentive spirometry

Acute chest syndrome is more likely to occur in
those children with severe pain affecting particu-
larly trunk and limb girdles. Incentive spirometry
has been shown to improve ventilation and reduce
the risk of chest crisis [25].

Oxygen

There is no evidence that oxygen therapy is benefi-
cial in the acute painful crisis. It should be used if
oxygen saturation levels measured by pulse oxime-
try are lower than steady-state levels. There is some
evidence that lower nocturnal oxygen saturation
levels are associated with a higher rate of painful
crisis in childhood [26].

Other treatments

Hydroxyurea

Hydroxyurea is being used increasingly in manag-
ing not only frequent severe painful episodes requir-
ing hospital admission but also less severe episodes
leading to school loss and poor quality of life [27].
The starting dose is 15mg/kg/day increasing after 
3 months by 5mg/kg/day. Initially, a blood test
should be carried out every 2 weeks to monitor for
myelotoxicitiy. It is usually not necessary to in-
crease the dose to the maximum tolerated before
seeing a positive effect.

Bone marrow transplantation

Hydroxyurea has not been shown to prevent the in-
cidence of stroke [28] and bone marrow transplan-
tation remains the only possible treatment other
than regular blood transfusion once a stroke has oc-
curred. However, it is possible that children will re-

main at risk from cerebral haemorrhage following
the transplantation, depending on the extent of
their cerebral vasculopathy. Bone marrow trans-
plantation is currently the only cure for SCD. This is
discussed in Chapter 19.

Pre-operative management

Children with SCD commonly have grommet inser-
tion and/or adenotonsillectomy for adenoidal hy-
pertrophy and serous otitis media. Other paediatric
operations include orchidopexy and hernia 
repair. Children with repeated episodes of 
acute splenic sequestration need splenectomy and 
those with symptomatic gall bladder disease 
will need cholecystectomy. Pre-operative manage-
ment varies according to the type of operation 
and previous complications experienced 
by the child. There is evidence that exchange 
transfusion confers no extra benefit over top-
up transfusion pre-operatively [29] and omission 
of transfusion has been shown to be safe in short 
procedures [30]. The following guidelines are 
currently in use at King’s College Hospital London,
UK.

Group 1

Short procedure, e.g. grommet insertion, hernioto-
my in a child with no special risk factors.

Action– discuss top-up transfusion if Hb <7g/dL.

Group 2

Intermediate risk surgery such as adenoidectomy
for moderate obstructive sleep apnoea or cholecys-
tectomy in a child with no special risk factors.

Action – top-up transfusion to Hb 9–10g/dL.

Group 3

Major surgery, e.g. thoracotomy or children who
have had chest crises and/or severe vaso-occlusive
crises.

Action – plan exchange transfusion or sequential
top-up transfusions to achieve HbS level of 30%
and Hb not greater than 12g/dL.
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Introduction

Under normal circumstances, oxygen loading of
HbS-containing red cells occurs in a well-ventilated
lung, making this the major site of sickle depoly-
merization. Normal gas exchange offers protection
against excessive sickle polymerization and vaso-
occlusion. Therefore it is not surprising that lung
dysfunction can have severe consequences for the
patient with sickle cell disease (SCD). When ex-
posed to low oxygen tension, most organs respond
by vasodilation to increase blood flow and hence
oxygen delivery. The lung is unique in that in the
presence of regional hypoxia vasoconstriction 
occurs to reduce shunting of blood through non-
ventilated lung. In the non-sickle patient this 
mechanism will reduce ventilation–perfusion mis-
match and improve oxygenation of blood passing
through the pulmonary microcirculation. In the
sickle patient it may also slow capillary transit times
and increase erythrocyte–endothelial interaction,
exacerbating vaso-occlusion and contributing to
tissue infarction.

The lungs of patients with SCD can be affected by
either acute or chronic forms of lung injury. The
acute chest syndrome of SCD is the second most fre-
quent cause of hospital admission for this group of
patients [1]. More importantly it is a common cause
of death in all age groups, accounting for 25% of
deaths in SCD, and a leading cause of morbidity
[2–4]. Chronic lung disease is increasingly recog-
nized in older patients and is probably under-
diagnosed. The final stages of sickle-mediated lung
damage result in a severe restrictive lung defect with
impaired gas transfer and pulmonary hypertension
[1].

Definition

The acute chest syndrome represents a spectrum of
lung injury with several underlying pathological
processes. An appropriate clinical definition of
acute chest syndrome would be a syndrome consist-
ing of chest pain, dyspnoea, fever and pulmonary
infiltrates on chest X-ray. A strict interpretation of
this definition means that straightforward pneumo-
nia (which of course presents with dyspnoea, fever
and infiltrates) cannot be diagnosed in SCD. Al-
though this is probably not entirely true it demon-
strates the complex nature of acute chest syndrome;
treatment of acute chest syndrome as infection
alone is unlikely to be successful.

Incidence and risk factors

In the USA the Co-operative Study of Sickle Cell
Disease [5] followed several thousand patients with
a variety of sickling disorders, and identified 2100
episodes of acute chest syndrome in 1085 patients
of all ages. The incidence was higher in the pheno-
typically more severe disorders (HbSS disease and
HbS b0 thalassaemia). Risk factors for the develop-
ment of acute chest syndrome were younger age,
low HbF, higher steady-state Hb and higher 
steady-state white cell count [5].

Pathophysiology

Several pathophysiological processes including fat
emboli from infarcted bone marrow, infection, 
atelectasis and splinting from rib infarction, in situ

Chapter 10

Acute chest syndrome in sickle cell disease

J Wright



Acute chest syndrome in sickle cell disease

89

thrombus formation and vessel occlusion, and red
cell sequestration in the pulmonary microvascula-
ture have been implicated in acute chest syndrome.
An individual episode is likely to represent a combi-
nation of pathological processes accounting for the
wide clinical spectrum.

Pulmonary fat embolism

The presence of embolic fragments of infarcted
bone marrow in the pulmonary vasculature was
first noted as an autopsy finding of uncertain signif-
icance [6]. Subsequently broncho-alveolar lavage
has suggested that the presence of fat embolism is a
common occurrence in acute chest syndrome [7].
Fat-containing macrophages are seen in both 
children and adults with acute chest syndrome in
40–60% of cases [7, 8]. Indeed there are many sim-
ilarities between acute chest syndrome and the clin-
ical syndrome of fat embolism that may follow
trauma. Recently Vichinsky and the National Acute
Chest Syndrome Study Group [9] published details
of a prospective multicentre series of 671 episodes
and again fat embolism featured prominently as a
causative factor. They also noted that a typical
skeletal painful crisis was effectively the prodrome
for acute chest syndrome, occurring 2–3 days 
before the onset of acute chest syndrome in almost
half the cases. It is likely that the fat emboli arise
from areas of infarcted bone marrow. This is 
supported by the temporal relationship between
pain and acute chest syndrome and the occasional
autopsy finding of infarcted bone marrow 
even including bony spicules in the pulmonary 
vasculature.

Elevated levels of secretory phospholipase A2
(PLA2) have also been demonstrated in acute chest
syndrome. This enzyme is an important inflamma-
tory mediator that liberates free fatty acids. These
free fatty acids are felt to be at least partially 
responsible for the lung injury following fat 
embolism. Elevated levels of secretory PLA2 may
precede and predict the development of an episode
of acute chest syndrome [10].

Infection

The poor response of acute chest syndrome to an-

tibiotics alone and the impressively rapid response
to transfusion support a non-infective cause for the
majority of cases. However, the presence of an im-
mune defect not wholly explained by hyposplenism
along with areas of infarcted lung tissue provide an
excellent environment for infection even if this was
not the primary event. The organisms implicated in
acute chest syndrome vary. An aggressive search for
organisms by the National Acute Chest Syndrome
Study Group detected evidence of infection in just
over one-third of their 671 cases; 27 different or-
ganisms were implicated, including viruses, typical
and atypical organisms [9] (Table 10.1). Although
widespread use of penicillin prophylaxis and vacci-
nation against Pneumococcus and Haemophilus 
influenzae B may have reduced the frequency, these
organisms may still be isolated from patients with
acute chest syndrome. Atypical organisms such 
as mycoplasma and chlamydia also occur and 
were the most common organisms isolated by the
National Acute Chest Syndrome Study Group.

Recently parvovirus B19 has also been associated
with acute chest syndrome, possibly by causing
marrow necrosis and embolization [11].

Hypoventilation and splinting

The hypothesis that pain and hypoventilation may
contribute to the development of acute chest syn-
drome was based on the observation that rib infarc-
tion was temporally related to the development of
acute chest syndrome [12]. A recent study looking
at breathing patterns in patients with thoracic 
and non-thoracic sickle pain has confirmed that
thoracic pain leads to acute chest syndrome in part

Table 10.1 Infectious pathogens implicated in acute chest
syndrome

Mycoplasma pneumoniae
Chlamydia pneumoniae
Respiratory syncytial virus
Streptococcus pneumoniae
Haemophilus influenzae
Escherichia coli
Legionella pneumophila
Influenza and parainflunenza viruses
Staphylococcus aureus
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due to shallow breathing [13]. Other studies have
convincingly demonstrated the link between rib in-
farction and radiographic changes of acute chest
syndrome. The low tidal volume–high respiratory
rate associated with splinting probably leads to re-
gional hypoxia and atelectasis, providing a good
environment for a vicious cycle of further vaso-
occlusion, further hypoxia, etc. Supporting this
concept, a randomized trial of incentive spirometry
to improve ventilation reduced the incidence of 
pulmonary complications [14]. Over-narcotization
and consequent hypoventilation may also con-
tribute [15]. Although pain control is important in
acute chest syndrome, care should be taken that this
is not at the expense of oxygenation.

Thrombus formation/endothelial dysfunction

There is ample evidence of a biochemical hyper-
coagulable state in SCD [16, 17]. The endothelium
is also activated [18], with increased levels of vaso-
constrictors and decreased production of nitric
oxide [19], which further exacerbates this tendency
to constriction. Increased expression of endothelial
adhesion molecules (such as VCAM-1) induced 
by hypoxia and cytokines further exacerbates 
pulmonary vascular occlusion [20]. In this setting
microvascular thrombus formation and tissue 
infarction is likely to be secondary to in situ
phenomena rather than representing embolism
from distant sites.

Red cell sequestration

The phenomenon of trapping or sequestration of
sickle red cells in vascular beds is a recurrent theme
in several complications of SCD, for example, acute
splenic or hepatic sequestration. Patients showing
rapid clinical deterioration, hypoxia and a progres-
sive ‘white out’ on chest X-ray associated with a
rapid decline in Hb demonstrate the most extreme
form of pulmonary sequestration and, if caught
early enough, can respond dramatically to transfu-
sion [21]. A rapid decrease in Hb of approximately
1g/dL is a common finding in many patients with
acute chest syndrome and may represent a more
moderate form of sequestration.

Other contributory factors

Based upon a questionnaire study, smoking may 
increase the risk of acute chest syndrome [22] 
and common sense would dictate that prolonged
and regular consumption may contribute to the 
development of chronic lung disease.

Reversible airway obstruction is likely to 
be a contributory factor; 20% of patients 
treated with bronchodilators in the National 
Acute Chest Syndrome Study Group showed a 
significant improvement in FEV1 [9]. There are 
occasional reports of mucinous casts occluding 
the bronchial tree; once removed at bronchoscopy 
there is a rapid improvement in oxygenation 
[23]. Figure 10.1 gives a diagrammatic illus-
tration of the pathogenesis of acute chest syndrome
[24].

Clinical features and diagnosis

By definition, patients will present with cough,
fever, dyspnoea and chest pain. However, there is
variation in the frequency of these symptoms with
age, fever and cough with evidence of reversible 
airways obstruction being more common in the
under-10s and chest pain and breathlessness 
predominating in the older patient. A seasonal
predilection is present in young children, with an in-
crease in the winter months suggesting an infective
component [25]. A prodrome of skeletal painful 
crisis becomes an increasingly common finding in
the over-20s [25]. Presenting symptoms observed
during a first episode of acute chest syndrome are
predictive of symptoms during subsequent events
(Table 10.2).

Examination

The most common findings are crepitations and
dullness to percussion [25]. Clinical signs sugges-
tive of pleural effusion may be present more fre-
quently in adults than in children, but this does not
predict an infective aetiology. It is important to 
remember that about a third of patients may have 
a normal chest examination [25].
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Table 10.2 Differences in presentation
of acute chest syndrome in children
and adults

Children Adults

Seasonal predilection (winter > summer) High rates of morbidity and mortality
Commonly present with fever, cough and wheeze Present with chest pain, dyspnoea and

painful crisis
Radiographs show more frequent upper and middle Radiographs show lower and 

lobe changes multilobe changes
Bacteraemia and viraemia more common Organisms rarely isolated
Fewer transfusions necessary High rate of transfusion

Radiology

A chest X-ray should always be performed in 
patients with SCD and respiratory symptoms. 
Although lower lobe involvement is the most 
common finding in all ages, radiographic findings
vary with age; young children have more frequent
isolated involvement of the upper and middle lobes
[25]. Adults, on the other hand, present more 

commonly with multilobe involvement and pleural
effusion. Clinical signs often lag behind radiologi-
cal findings.

Isotope bone scans can demonstrate the presence
of rib infarction, although usually the diagnosis of
rib pain is clear on clinical grounds alone [12].

The diagnosis of pulmonary embolus (PE) repre-
sents a challenge in SCD. VQ scanning is difficult 
to interpret under normal circumstances, and many

Fig. 10.1 The pathogenesis of acute
chest (taken from Gladwin and
Rodgers [24]).



non-sickle patients have indeterminate scans. Add
to this the complicating factor of SCD with possible
previous lung damage, in situ vaso-occlusion, and
scans become even harder to interpret. The avail-
ability of previous scans for comparison may be
helpful but the VQ scan can be abnormal even in the
absence of an acute pulmonary event [26]. Pul-
monary angiography is rarely performed because 
of the interventional nature of the procedure and
the theoretical risks of contrast media, but even 
this test can be difficult to interpret because of 
abnormalities in the pulmonary vascular tree. The
confident diagnosis of a PE is therefore a difficult
one to make.

‘Common things occur commonly’ is a phrase
much used in medical education and in general the
sickle patient with chest pain fever and dyspnoea
should be treated as having acute chest syndrome
rather than PE. Although infarction may feature in
the pathogenesis of this disorder it is likely to be 
secondary to in situ changes and bone marrow/
fat embolus rather than a clot migrating from the 
deep veins of the leg or pelvis. Postoperative and
postpartum periods are both known to be associat-
ed with an increased risk of vascular thromboem-
bolism (VTE) (as well as acute chest syndrome) and
if a PE is suspected in these situations imaging of
deep veins to look for deep vein thrombosis (DVT)
may be helpful as supporting evidence for a PE.
However, a brisk response to transfusion is more
suggestive of an episode of acute chest syndrome
rather than VTE.

Laboratory investigations

The development of acute chest syndrome is almost
invariably associated with a drop in haemoglobin
(generally 0.7–1g/dL but occasionally more) from
steady-state values [9]. Reticulocytes may be either
increased as an appropriate response to anaemia 
or decreased suggesting a temporary erythroid 
hypoplasia. The white cell count will increase with
a prominent neutrophilia [25]. Platelet counts may
be relatively decreased in some patients at the 
time of diagnosis, but thrombocytosis is common 
in the recovery period [27]. A platelet count of 
< 200 ¥ 109 is a predictor of morbidity and 
mortality. Inflammatory markers such as 

C-reactive protein (CRP) are raised even in steady-
state [28] but are likely to increase further during
acute chest syndrome.

Oxygen saturation and blood gases

Several studies have assessed the optimal approach
to monitoring of oxygenation in SCD. Many 
patients with SCD have low baseline oxygen 
saturation. There are several potential mechanisms
for this. The right-shifted oxygen dissociation curve
(HbS being a low affinity haemoglobin) may con-
tribute and some patients with previous episodes
may have early undiagnosed changes of chronic
sickle lung disease. In the Jamaican cohort study
mean oxygen saturation by pulse oximetry was
92.5% in a population of patients with homozy-
gous SCD in steady-state [29]. Almost a quarter of
this group had saturations below 90%. Other 
studies have established that pulse oximetry is a 
reliable method for monitoring these patients, 
although values calculated from blood gas analysis
tend to underestimate saturation even in steady-
state [30–32]. Monitoring of trends in pulse oxime-
try supplemented by blood gas analysis as required
is therefore indicated.

Management

Periods of increased risk

As discussed above the presence of painful crisis
and rib/sternal/thoracic spine infarction may con-
tribute to the pathogenesis of acute chest syndrome.
Other clinical scenarios are also associated with 
an increased risk (Table 10.3). Postoperatively, 
especially following abdominal surgery, the sickle
patient maybe immobile and in pain with diaphrag-
matic splinting. The acute phase response that 
follows surgery constitutes a further component 
increasing the likelihood of acute chest syndrome,
which may occur in 10% of patients [33]. Optimal
peri-operative management is discussed elsewhere
in this book, but this increased risk of acute 
chest syndrome is one of the reasons transfusion 
is recommended by many as pre-operative prepara-
tion. Similarly, the sickle patient who is in the 
final trimester of pregnancy or postpartum 
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Table 10.3 Periods of increased risk
for the development of acute chest
syndrome

Risk period Contributory factors

Postoperative Splinting, dehydration, infection
(particularly after abdominal surgery)

During painful crisis Fat embolus, dehydration
Patient with rib pain Fat embolus, splinting
Postpartum Unknown
Final trimester of pregnancy Unknown
Post general anaesthetic

appears to be at increased risk [34, 35]. These 
groups of patients should therefore be monitored
closely for evidence of hypoxia, fever and 
consolidation.

Prevention

The risks of acute chest syndrome maybe reduced
for patients in the above high risk situations by the
use of incentive spirometry [14]. Encouraging the
patient to take 10 maximal inspirations every 2
hours while awake has been shown to significantly
reduce the incidence of acute chest syndrome in 
patients with thoracic pain and is also likely to be
useful in other high risk situations.

Hydroxyurea is a very useful agent in SCD, in ad-
dition to the reduction in frequency and intensity of
pain seen in a multicentre, randomized, blinded
trial of hydroxyurea, the patients on hydroxyurea
have a 50% reduction in the frequency of acute
chest syndrome [36]. This reduction in acute chest
syndrome in adults on hydroxyurea may be a result
of the reduced incidence of bone marrow infarction
and hence fat embolism. As recurrent acute chest
syndrome is likely to be a risk factor for the devel-
opment of chronic lung disease, this agent can be
used to reduce this risk and possibly slow progres-
sion in patients who have recurrent attacks of acute
chest syndrome [37].

Chronic transfusion programmes will also re-
duce or abolish attacks of acute chest syndrome;
however, this mode of treatment carries significant
long-term side-effects relating particularly to iron
overload and allo-immunization and should not 
be undertaken lightly [38].

Bone marrow transplantation has also been 
employed in patients with recurrent acute chest 
syndrome.

Treatment

In the absence of randomized trials many of the 
recommendations in this section are based on the
large follow-up studies carried out in the USA. As in
many of the complications of SCD the foundations
for a proper evidence-based approach are lacking.
In general the diagnosis of acute chest syndrome 
is not difficult and appropriate management will 
reduce the risks of morbidity and mortality. 
Problems arise when the diagnosis and the vascular
nature of the event are not recognized. The key 
to correct treatment is therefore early and accurate
diagnosis.

The mainstays of therapy for this condition are:
monitoring, supplemental oxygen, antimicrobial
agents, analgesia, hydration and transfusion.

Monitoring

Several studies have assessed the optimal approach
to monitoring of oxygen saturation [30–32]. Con-
tinuous (or at least 6-hourly) pulse oximetry would
seem to be the optimal approach, possibly supple-
mented by blood gas analysis at baseline and in the
event of deterioration.

Patients also require monitoring of haemoglobin,
as significant decreases may occur with the acute
chest syndrome. Reticulocyte counts may either be
appropriately increased in response to the anaemia
or may fall, signalling erythroid hypoplasia as a
non-specific response. Erythroid aplasia is un-
usual, although it is occasionally seen with severe
bacterial infections as well as parvovirus B19 [39].

Antimicrobial agents

The presence or absence of infection is difficult to



establish by routine studies such as blood/sputum
cultures. Empirical antibiotics should therefore be
prescribed. The National ACS Study Group in the
USA identified a variety of typical, atypical and
viral organisms. A cephalosporin such as cefur-
oxime or ceftazidime will cover the appropriate
bacterial culprits and the addition of a macrolide
such as erythromycin will treat mycoplasma or
chlamydial infections [9]. Bronchoscopy is not 
routinely indicated.

Analgesia

Many patients will require analgesia for chest pain
or other sickle-related skeletal pain. Opiates sup-
plemented by non-steroidal agents are appropriate.
Care should be taken to avoid over-narcotization,
which may exacerbate hypoxia.

Hydration

Hyposthenuria, an inability to concentrate urine, is
a feature of SCD present almost from birth [40]. Pa-
tients with pain and under the influence of opiates
may fail to drink and pyrexia increases insensible
losses. Dehydration is thus a constant threat and
will contribute to HbS polymerization. Fluid bal-
ance should be monitored carefully in all patients.
Care should be taken to avoid fluid overload in the
patient with acute chest syndrome, because pul-
monary oedema will contribute to hypoxia. There
is little evidence to direct the choice of intravenous
fluids, although there are some theoretical prob-
lems associated with the overuse of normal saline. A
sensible approach would be the use of 5% dextrose
saline.

Supplemental oxygen

Patients will be hypoxic in association with acute
chest syndrome and require supplemental O2. 
Failure of saturation to rise in response to high con-
centrations of oxygen should prompt transfusion.

Bronchodilators

The acute phase of acute chest syndrome is associ-
ated with significant reductions in FEV1. Up 

to 20% of these patients demonstrate clinical 
improvement and increase in FEV1 when treated
with bronchodilators [9]. The use of, for example,
nebulized salbutamol should be encouraged, 
particularly in children.

Transfusion

Transfusion of packed cells is currently the main-
stay of treatment and has a number of theoretical
benefits:
• Correction of a more severe anaemia may 
improve oxygen delivery.
• It will decrease the fraction of HbS-containing
cells.
• It will decrease viscosity in the case of exchange
transfusion.

Many studies have demonstrated the benefits of
transfusion in acute chest syndrome. Marked and
rapid improvement in oxygenation, lysis of fever
and improvement in the general clinical status are
seen in many patients of all ages [9, 41–43]. How-
ever, there are no randomized controlled trials on
which to base firm recommendations as to the 
extent, type (exchange or top-up) and timing of
transfusion. Despite the lack of trials there is no
doubt that transfusion is beneficial in curtailing the
episode of acute chest syndrome, indeed failure to
transfuse is an all too frequent cause of death in this
condition.

The key to appropriate transfusion in acute chest
syndrome is the timing rather than the volume of
blood used or the target %HbS. In most cases an
early top-up or partial exchange transfusion is the
optimal approach. The National ACS Study Group
showed that simple top-up transfusion was used in
68% of patients using an average of 3.2 units of
packed cells. This appeared to be as effective as an
exchange transfusion [9]. Many haematology 
departments now have access to automated cell 
separators that can reduce %HbS to very low 
levels. These have been demonstrated to be effective
in several series [44, 45]. The problem with this 
approach is that frequently staff may be unavailable
to perform such a time-consuming procedure on an
urgent basis. In the hypoxic deteriorating patient
with acute chest syndrome such delays can have 
severe consequences. The findings of Vichinsky 
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et al. [9] are therefore very reassuring for those with 
limited access to automated pheresis facilities.

In the absence of a randomized controlled trial a
sensible approach is to use simple top-up transfu-
sion, aiming for a haemoglobin of no more than
9–10g/dL, in patients with relatively mild episodes
or those with severe anaemia (e.g. < 5g/dL) and to
use exchange transfusion in the more severe cases.
Again the timing of exchange transfusion is crucial.
It is preferable to perform a limited manual partial
exchange urgently rather than wait for several
hours or overnight until staff are available to per-
form an automated exchange. The procedure of
partial manual exchange transfusion is detailed in
Chapter 20. Transfused blood should be matched
for Rhesus and Kell antigens, this precaution will
reduce rates of allo-immunization, previously 
reported at up to 20% [46], to single figures. If 
extended red cell phenotype of the patient is 
unknown the patient should be given either R0 
or rr blood. Most patients only require a single 
transfusion episode, with oxygenation and overall
clinical status improving over 12 hours or so 
post-transfusion. Because of the high risk of line-
related sepsis and thrombosis in this patient group
central lines should be removed as soon as possible.

Role of critical care service

Depending upon ward staffing levels and nursing
expertise it maybe appropriate to manage some 
patients on High Dependency Units or to involve
Critical Care Outreach teams to optimize care. If
this is felt to be appropriate early involvement of
such teams is advised. Occasional patients may 
deteriorate rapidly and become severely hypoxic.
Transfusion is still the top priority; however, venti-
latory or CPAP support may become necessary. In
the National ACS Study Group, 13% of patients re-
quired ventilatory support and the vast majority of
these made a good recovery [9]. CPAP has been used
with some success in small numbers of patients.

Other measures

The difficulty in diagnosing PE, the presence of 
biochemical evidence of coagulation and platelet
activation with fibrin deposition in the pulmonary

microcirculation prompt the question ‘what is the
role of anticoagulants in acute chest syndrome?’.
There are certainly theoretical grounds for the use
of anticoagulants, although there are no clinical
data on which to base a reasoned answer to this
question. It is the author’s practice to use prophy-
lactic subcutaneous low molecular weight heparin
in patients with acute chest syndrome.

Outcome of acute chest syndrome

If managed correctly the vast majority of episodes
will resolve without long-term sequelae. Acute
chest syndrome in children tends to resolve more
quickly; this is reflected in shorter average hospital
stays (5–6 days) compared with adults (10–11 days)
[9, 25]. Overall mortality rates are about 2%; how-
ever, there is a striking difference between adults
and children, risk being significantly higher in
adults [9, 25]. There appears to be an increase in the
frequency of neurological events during acute chest
syndrome, such as seizure and cerebrovascular 
accidents, presumably representing the effect of 
hypoxia or severe anaemia on an already 
compromised cerebral circulation [9]. Recurrent
episodes of acute chest syndrome may contribute to
the development of chronic sickle lung.

Say NO to acute chest syndrome

Much of the morbidity associated with acute chest
syndrome arises from pulmonary vascular oc-
clusion and ischaemia regardless of the aetiology.
Reduction of hypoventilation/atelectasis can be
achieved by the use of incentive spirometry, painful
crisis frequency and hence incidence of bone 
marrow/fat embolism can be reduced by the use 
of hydroxyurea. However, to date, other than 
transfusion there are limited measures which may
reduce the severity and duration of an established
episode of acute chest syndrome. As this remains a
major cause of morbidity and mortality in all age
groups there is an urgent need for other treatments.

A novel approach would be to reduce the hypox-
ia and shunting which accompany acute chest 
syndrome and contribute to the maintenance 
of the vicious cycle of sickling–vascular occlusion–
hypoxia–more sickling. If this potential therapeutic
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compound could also favourably influence the ery-
throcyte–endothelial interaction then it would hold
great promise . . . enter nitric oxide (NO) [19, 47].

NO is generated from L-arginine by NO synthas-
es. Among its functions is the maintenance of vascu-
lar tone [48]. NO is a potent vasodilator and
cytoprotective agent with a high affinity for oxy-
genated haemoglobin. Subtle changes in the struc-
ture of haemoglobin in the presence of reduced
oxygen tension favour the dissociation of NO,
which may then mediate local vasodilation, via
changes in subendothelial muscle tone, improving
blood supply to the hypoxic area [49, 50]. This
mechanism has particular relevance for the pul-
monary microvasculature, which constricts with
hypoxia unlike other vascular beds. As reduced
capillary transit time is an important determinant
of HbS polymerization [51], then there are theoret-
ical advantages to reducing vasoconstriction. Fur-
thermore, there is in vitro evidence that NO may
inhibit erythrocyte adhesion to hypoxic endothe-
lium [47]. Available data suggest that NO and its
metabolites are reduced in acute chest syndrome
[19]. There are therefore several potential path-
ways by which NO may positively influence the
course of acute chest syndrome.

Limited experience in adult respiratory distress
syndrome (ARDS) – which is also characterized by
intrapulmonary shunting, hypoxaemia, vasocon-
striction and widespread occlusion of the pul-
monary vasculature – adds further support to the
use of NO. In a small study of 10 patients with
ARDS, inhalation of low concentrations of NO re-
duced pulmonary artery pressure and increased
oxygenation by improving matching of ventilation
and perfusion [52]. Using inhalation as the route of
delivery means that the vasodilatory effect of NO
should be limited to the ventilated regions of the
lung. This is in contrast to systemically adminis-
tered vasodilators, which may cause widespread
vasodilation and worsen ventilation–perfusion
mismatch. Interestingly, hydroxyurea has recently
been shown to be a NO donor, possibly contribut-
ing to its protective effect on acute chest syndrome
[53].

There are, however, potential risks to the use of
therapeutic NO in the sick patient. Inhaled or en-
dogenously produced NO may generate powerful

oxidants which may contribute to lung injury 
[54]. Binding to haemoglobin may adversely alter 
oxygen affinity [55]. A phenomenon of rebound 
hypoxia and pulmonary hypertension has been
seen in other conditions after the use of NO, with a
possible recurrence of the original pathology on
withdrawal of treatment [56].

Despite these caveats, NO is a potentially excit-
ing development in the management of acute chest
syndrome, although thus far experience is limited to
occasional cases [57].

Other potential developments

As discussed above, a rise in serum PLA2 levels can
predict the onset of acute chest syndrome even 
before clinical signs/symptoms. Ongoing studies
are assessing the use of pre-emptive transfusion in
patients with painful crisis and elevated PLA2.

Flocor, a non-ionic surfactant, appears to 
decrease red cell–endothelial interaction and has
been shown to prevent lung injury in animal models
[58]. Phase I studies in the treatment of acute chest
syndrome have commenced.
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Chapter 11

Blood transfusion therapy for haemoglobinopathies

Nay Win

Transfusion support for sickle cell disease

Sickle cell disease (SCD) is characterized by chronic
haemolysis and intermittent vaso-occlusion, lead-
ing to tissue hypoxia and organ dysfunction.

The mean haemoglobin (Hb) level for SCD
(HbSS) is 8 g/dL (range 4.1–13.5) and for sickle 
beta thalassaemia is 8.9 g/dL (range 6.6–12). HbSS
releases oxygen readily to tissue, because of its 
low affinity to oxygen. Therefore a steady-state 
Hb level of 5 g/dL is often well tolerated by these 
patients. However, sustained Hb levels below 
5 g/dL should be avoided, as increased cerebral 
flow and flow velocity associated with severe 
chronic anaemia may result in watershed infarction
[1, 2].

Although red cell transfusions are not usually 
required in steady-state patients, they remain 
a mainstay therapy for many complications. 
There are definite indications for certain clinical 
situations and some recommendations are based on
the findings of design studies and also randomized
control trials. However, controversy remains in
some areas. Allo-immunization, haemolytic trans-
fusion reactions and iron overload are the 
distinct adverse effects of red cell transfusions in 
patients with SCD. Therefore, it is important to 
understand the aim of transfusion therapy and to be
aware of the potential side-effects.

There are several forms of transfusion ther-
apy: simple transfusion, exchange transfusion and
chronic transfusion (hypertransfusion regime).

Simple transfusion

This is indicated in episodes of acutely worsening
symptomatic anaemia.

Indications for simple transfusion

Aplastic crisis
This is generally caused by the B19 strain of the 
parvovirus. Aplastic crises are usually transient in
nature and do not require transfusion. However,
transfusion should be reserved for those who have
either evidence of cardiorespiratory compromise 
or have an Hb level below 5 g/dL with 
reticulocytopenia [3].

Splenic sequestration
This crisis commonly occurs in infants and young
children and is characterized by sudden massive
pooling of red cells in the spleen. A major splenic 
sequestration crisis is defined as an acute fall in Hb
level to < 6g/dL or a fall of Hb > 3g/dL compared
with the baseline value [4].

Hepatic sequestration
This usually occurs in adults and is characterized by
a rapid enlargement of the liver [5].

Exchange transfusion

In SCD the blood viscosity is affected by both the
haematocrit and the %HbS red cells. At a fixed
%HbS, the viscosity increases with the haematocrit
and at a fixed haematocrit, the viscosity increases
with increasing percentage of HbS [6, 7]. Therefore,
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if a simple top-up transfusion is given and if the
haematocrit rises above 35%, without a significant
reduction in the percentage of sickle cells, this could
result in a significant increase in blood viscosity [8],
and negate improvements in oxygen delivery. Ex-
change transfusion is implemented to remove sickle
cells and to replace them with normal erythrocytes.
The aim of exchange transfusion is to reduce the
percentage of HbS (usually to < 30%) and to
achieve a post exchange Hb of about 12–14g/dL [9,
10]. This minimizes viscosity changes, enhances
blood flow through the microcirculation and 
improves tissue perfusion.

Exchange transfusions can be performed 
either manually or by automated cell separator. 
The manual procedure is a gradual process that 
requires several exchanges. It is time-consuming
and may cause fluctuations in blood volume. The
automated method has several advantages over 
the manual procedure. The patient remains 
isovolumic with little loss of plasma and platelets.
Also the procedure is safe, effective and the 
mean duration for the procedure is about 2 hours
[11].

Indications for exchange transfusion

Acute chest syndrome
In this condition exchange transfusions can be life-
saving [12].

Acute multi-organ failure syndrome
There is rapid clinical deterioration and failure of
multiple organs (liver, kidney and lung). If un-
treated the mortality is up to 25% [13].

Priapism
Prolonged priapism may result in erectile im-
potence. Exchange transfusion has long been 
advocated for the acute management of priapism.
However, exchange transfusion has been associated
with neurological events. Oral and intracavernous 
injections of an alpha adrenergic stimulator have
had some reported success in treatment and also
prevention of priapism. Therefore, exchange 
transfusion should be reserved for those who do not
respond to medical therapy and other measures 
[14, 15].

Stroke (cerebrovascular accidents)
These occur commonly in children and recurrence
is a prominent feature of this complication. Patients
with an acute onset of neurological deficit should be
immediately rehydrated, exchange transfused and
thereafter investigated [16].

Chronic transfusion therapy 
(hypertransfusion regime)

This involves an initial exchange transfusion, 
followed by regular repeated top-up transfusions.
The aim is to maintain the HbS level below 30%
and the patient’s Hb level between 10 and 14 g/dL.
This reduces erythropoietic drive and suppresses
endogenous erythropoiesis. Thus the majority 
of circulating cells are transfused normal red 
cells which will not sickle and this will prevent vaso-
occlusion and organ damage. Partial exchange
transfusion is necessary when the HbS rises above
30%. Chronic transfusion therapy has now been
advocated for the prevention of recurrence of
stroke and also primary stroke prevention. The
major drawbacks of long-term transfusion therapy
are allo-immunization, transfusion reactions and
iron overload.

Indications for chronic transfusion therapy

Prevention of recurrence of stroke
Stroke occurs in around 5% of children with SCD,
with a high recurrence rate; this can be prevented by
a chronic transfusion programme. Without trans-
fusions the risk of recurrence is about 66–90% [17,
18]. Studies have shown that a chronic transfusion
regime can reduce the rate of recurrence by 90%
[19, 20]. Wilimas et al. [21] have reported 70%
stroke recurrence after discontinuation of a 1–2-
year transfusion programme. The risk of recurrence
remains high after cessation of a 5–12-year transfu-
sion regime [22]. So, it is not known how long to
keep the patient on a transfusion regime. Presently
the recommendations are to either continue indefi-
nitely or to stop the transfusion regime when the 
patient reaches 18 years of age, provided that at
least 3 years of transfusions have been given since
the last stroke. It is important to note that a chronic
transfusion programme reduces the risk of the 



recurrence of stroke but does not eradicate it totally
[19, 20].

A retrospective study by Scothorn et al. [23] on
the risk of recurrent stroke in children with SCD 
receiving blood transfusions included 137 paed-
iatric patients from 14 centres. The mean age at the
time of the first stroke was 6.3 years (1.4–14 years)
with a mean follow-up period of 10.1 years (5–24
years). Thirty-one children (22%) had a second
stroke (2.2 per 100 patient-years) and the absence
of concurrent sickle complications (such as painful
crises, chest syndrome, aplastic crisis) with the 
initial stroke was a major risk factor for a second
stroke while receiving chronic transfusions. This
was an unexpected finding and demonstrates that
additional intervention is required to prevent this 
devastating complication and further research is 
required in this area.

Primary prevention of stroke in children 
(chronic transfusion vs control) [24]
The incidence rates of a first stroke in SCD are 1.02,
0.79 and 0.41 per 100 patient-years for the age
groups 2–5 years, 6–9 years and 10–19 years, re-
spectively [25]. The stroke prevention trial (STOP)
[24] was a randomized trial that studied 130 chil-
dren with SCD with ages ranging from 2 to 16
years. Children at risk of stroke were identified by
trans-cranial Doppler ultrasonography. It com-
pared the incidence of stroke between two groups:
(a) those on chronic transfusion (63 patients), and
(b) a control group who had standard medical care
(67 patients). During a 20-month median follow-
up period, only one stroke was reported in the
chronic transfusion group, whereas 11 strokes were
reported in the control group. There was a 92% 
relative risk reduction, therefore the trial was termi-
nated early. Transfusion-related adverse events
such as iron overload, red cell allo-immunization
and transfusion reactions were recorded in the
transfusion group. It is unclear how long transfu-
sion should be continued to prevent stroke and at
what stage the transfusion can safely be stopped.
The impact of a chronic transfusion programme in
the incidence of pain and acute chest syndrome was
also evaluated [26]. The result showed that chronic
transfusions reduce the frequency of an acute chest
syndrome (2.2 vs 15.7 events per 100 patient-years)

and painful crises (9.7 vs 27.1 events per 100 
patient-years).

Transfusion therapy in pregnant patients [27]
This study involved 72 patients, 36 in the non-
transfused group and 36 who received prophylactic
red cell transfusions from 28 weeks gestation.
There were no significant differences in perinatal
and obstetric outcomes between the two groups.
However, there was a significant reduction in
painful episodes (14% in the prophylactic group 
vs 50% in the control group). This demonstrated
that in general pregnant patients with SCD do 
not require routine prophylactic transfusions. This 
was supported by a recent review [28].

Other indications
Chronic transfusions have been used in some clini-
cal situations, e.g. chronic osteomyelitis, leg ulcers,
chronic renal failure and severe recurrent painful
episodes. However, far more clinical studies are 
required to prove that transfusions are effective 
in these settings.

Peri-operative transfusion management

A comparison of exchange transfusion and simple
top-up transfusion was studied in 551 SCD patients
[29]. They were randomly assigned to receive either
exchange transfusions or simple top-up transfu-
sions. The most common operative procedures
were cholecystectomy, ENT and orthopaedic sur-
gery. The aim of exchange transfusion was to
achieve a pre-operative Hb level of 10g/dL with
%HbS < 30. The average Hb level and %HbS in this
group was 11g/dL and 31%, respectively. The sim-
ple transfusion regime attempted to reach an Hb
level of 10 g/dL regardless of the %HbS. The aver-
age Hb and %HbS in this group was 10.6 g/dL and
59%, respectively. There were no significant differ-
ences in sickle cell-related complications in the two
groups. However, haemolytic transfusion reactions
and RBC allo-antibody formation were more 
common in the exchange group than the simple
transfusion group (6% vs 1% and 10% vs 5%, 
respectively). It appears that simple transfusion to a
target Hb of 10g/dL is sufficient in most operative
procedures. However, exchange transfusion might
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still be indicated in high risk operations and for
those patients with HbSC [30].

Complications of red cell transfusion in SCD

Red cell allo-immunization

Red cell allo-immunization is common in SCD,
with an overall incidence of 18–36% [31–33]. This
is due to a lack of phenotypic compatibility between
the recipient who is of African and Caribbean 
descent and the donor who is predominantly 
Caucasian, with significant differences of antigen
frequency in E, C, Kell Fya, Fyb and Jkb. The risk 
of allo-immunization is also related to the number
of transfusions received [34]. Rh, C, E and Kell are
the most commonly formed red cell alloantibodies
(66%), as 49% of SCD patients have Rh phenotype
Ro (cDe). Davies et al. [32] have recommended 
that newly diagnosed SCD patients or patients 
with no red cell antibodies should have blood
matched for Kell and Rh antigens (other than 
RhD).

Recent studies have confirmed that matching for
major Rh and Kell antigens would have prevented
all alloantibody formation in 53.3% of the patients
who formed alloantibodies [35]. Further extended
typing to include S, Fya and Jkb will prevent allo-
immunization in 70.8% of patients who would
have formed alloantibodies. However, only 0.6%
of random Caucasian donors would match this
phenotype. In the STOP trial, 61 patients in the
chronic transfusion arm received blood group
matched for Rh and Kell antigens. A total of 
1830 RBC units were transfused; only five patients
developed a clinically significant alloantibody [36].
This rate of allo-immunization (8%) was lower
than in another paediatric patient SCD study (29%)
in which Rh and Kell matched blood was not 
provided [37].

All SCD patients should undergo red cell extend-
ed phenotyping at diagnosis or before the first
transfusion and should receive blood matched for
ABO, Rh and Kell type. This will prevent and mini-
mize the risk of red cell allo-immunization. Patients
with alloantibodies should receive matched antigen
negative units.

In the UK all red cell units are labelled not only for

ABO blood groups but also for Rh and Kell, there-
fore blood banks can easily select the appropriate
red cell units for SCD patients.

Delayed haemolytic transfusion reaction (DHTR)

DHTR is a well-known risk in allo-immunized SCD
patients who require multiple transfusions. The 
incidence rates of DHTR in SCD have been 
reported as 11%, 17% and 22% by various authors
[33, 38, 39]. Most reported cases fulfil the criteria
for a typical DHTR. It usually occurs 7–10 days
after transfusion, with laboratory and clinical evi-
dence of haemolysis: a positive direct antiglobulin
test, identification of new red cell antibodies and de-
creased survival of transfused red cells. DHTR is
difficult to prevent, as a third of the antibodies
formed are transitory in nature [34]. Therefore the
antibody may not be detected in pre-transfusion
samples. However, the antibody titre rises rapidly
due to anamnestic response after transfusion of in-
compatible blood. The commonest alloantibodies
which cause DHTRs belong to the Rh system (39%
anti-C and E) [40].

Hyperhaemolysis syndrome

The hyperhaemolysis syndrome is now well recog-
nized in both paediatric and adult SCD patients [37,
41–43]. It is characterized by severe haemolysis
after blood transfusion, significant decrease in
reticulocyte count from the patient’s steady-state
value, hyperbilirubinaemia and haemoglobinuria.
The post-transfusion Hb level is always lower than
the pre-transfusion level [41, 43]. It differs from a
DHTR, as both the patient’s and the transfused red
cells are destroyed. The direct antiglobulin test may
be negative. Some patients have multiple red cell 
alloantibodies and may also have autoantibodies.
In others, no alloantibodies are demonstrable [37,
41–44]. Recovery is associated with reticulocytosis
and gradual improvement in Hb level [41, 43]. Fur-
ther blood transfusion may exacerbate haemolysis,
or even cause death [45, 46]. Therefore awareness
of this syndrome is important and further transfu-
sions should be withheld if possible. After recovery,
haemolysis can recur in some patients following
subsequent transfusions [38].
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The exact aetiology of hyperhaemolysis is not
known. A genetic predisposition theory [47], 
bystander haemolysis [42], and suppression of 
erythropoiesis [41], have been proposed. 
Hyperhaemolysis may be delayed or acute. The de-
layed form occurs 7–10 days after transfusion and
is usually associated with formation of new red cell
alloantibodies [37, 41, 42]. Acute hyperhaemolysis
occurs < 7 days (usually 48–72 hours) after receiv-
ing blood transfusion, and no red cell alloantibod-
ies are demonstrable [37, 43, 44]. The author has
reported three cases of acute hyperhaemolysis syn-
drome in which further transfusions were success-
fully given under intravenous immunoglobulin
(IVIg) and steroid cover [43, 44]. In two cases, HLA
antibodies were present. The DAT was negative in
two, but was positive in one patient with underlying
renal failure. No new red cell alloantibodies were
identified in the three cases. All the transfused units
were compatible and there was no evidence of red
cell antibody-mediated haemolysis. In two cases
reticulocytopenia was noted, with a rise in reticulo-
cyte count after treatment with IVIg. In one patient,
the bone marrow aspirate showed erythroid 
hyperplasia. As HbSS red cells and sickle reticulo-
cytes adhere readily to macrophages, the author 
has suggested that reticulocytopenia in hyper-
haemolysis syndrome is not due to suppression of
erythropoiesis, but results from destruction by
macrophages. This hypothesis is supported by the
bone marrow findings, the reticulocyte response to
IVIg/steroids, and the lack of evidence of red cell 
antibody-mediated haemolysis [43]. The associa-
tion of reticulocytopenia, absence of red cell anti-
bodies and haemolysis has been reported, with
radio-isotope studies confirming that the reticulo-
cytes were destroyed by the reticulo-endothelial
system [48].

It appears that the pathogenesis of hyperhaemo-
lysis is complex, as it involves not only the destruc-
tion of the patient’s own cells, but also transfused
red cells. In reported cases all red cell units trans-
fused were serologically compatible. This suggests
that non-red cell antibodies (e.g. anti-HLA) or by-
stander haemolysis may contribute to the destruc-
tion of the red cells. Sickle cells are highly
susceptible to reactive lysis and HLA antibody for-
mation is common among SCD patients. About

73% of red blood cells express the HLA (Bg) anti-
gen, and HLA antibodies can occasionally cause
haemolysis. It is possible that transfused erythro-
cytes expressing HLA antigens are destroyed by
HLA antibodies; whereas transfused cells not 
expressing HLA antigens and the patient’s red cells
are destroyed by bystander haemolysis [43].

Accelerated destruction of transfused compatible
red cells by a hyperactive reticulo-endothelial 
system has been reported in non-SCD patients [49,
50]. Cessation of haemolysis following treatment
with IVIg and steroids may be due to immunomod-
ulation: IVIg blocking the adhesion of sickle red
cells and reticulocytes to macrophages, or steroid
suppression of macrophage activity [51, 52].

Febrile non-haemolytic transfusion reaction
(FNHTR)

The incidence of FNHTR after red cell transfusion
is 6.8%. This can be prevented by providing 
leucocyte-depleted red cell concentrates and has
been recommended for use in SCD patients [53].
There are additional benefits of leucocyte-depleted
products. In the UK, filtration of white cells is 
carried out in the blood component processing 
laboratory under controlled conditions to achieve
residual leucocytes of < 5 ¥ 106 per unit. All blood
components have been leucocyte-depleted since
November 1999. This has beneficial effects in 
prevention of HLA allo-immunization and cyto-
megalovirus (CMV) infection.

Prevention of HLA allo-immunization

Bone marrow transplantation (BMT) remains the
only curative treatment for SCD. HLA antibody
formation is not uncommon in SCD, and is directly
related to the number of units received. Of those
who have received more than 50 RBC units and
fewer than 50 RBC units, 85% and 48%, respec-
tively, formed HLA antibodies. HLA antibodies
were not demonstrated in those who had not re-
ceived blood transfusion [54]. An allograft rejec-
tion in 4 of 22 SCD patients undergoing BMT was
thought to be due to transfusion-induced allo-
immunization [55]. The presence of HLA antibod-
ies can also lead to clinical platelet refractoriness,
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which can complicate the supportive care of BMT
patients. The Trial to Reduce Alloimmunization to
Platelets (TRAP) [56] showed significant reduction
in HLA allo-immunization and platelet refractori-
ness among leukaemia patients who received trans-
fused leucocyte-depleted blood products. It has
been recommended that leucocyte-depleted blood
components are provided for those children with
SCD who are potential candidates for BMT.

Prevention of CMV infection

SCD children who are seronegative and are poten-
tial candidates for BMT should receive CMV
seronegative blood components for the prevention
of transfusion-transmitted CMV infection. If CMV
seronegative blood products are not available, 
leucocyte-depleted blood components can be used
as an alternative [53].

Transfusion support for 
beta thalassaemia major

Patients with homozygous beta thalassaemia 
require chronic transfusion support from early
childhood. Regular transfusions suppress ineffec-
tive erythropoiesis, prevent bone deformity, limit
the disfiguring organomegaly, and also promote
growth and development. Regular transfusion
should be initiated when Hb concentration drops
consistently below 7g/dL [57]. The aim is to 
maintain pre-transfusion haemoglobin levels of
9.5–10.5g/dL. The rate of transfusion is 10–
15mL/kg body weight in about 2 hours. These 
patients usually require transfusion every 4–5
weeks. All patients with thalassaemia should 
undergo red cell extended phenotyping before
transfusions are begun, and should receive blood
matched for ABO, Rh and Kell antigens [58]. This
recommendation is supported by the finding of
Singer et al. [59] that transfusion of leucocyte-
depleted blood with limited phenotypic matching
(Rh, Kell) is effective in preventing red cell allo-
immunization in thalassaemia patients of predomi-
nantly Asian descent; (2.8% in patients vs 33.1% in
controls). The high incidence of allo-immunization
in the control population is mainly due to red cell

phenotype mismatch between the predominantly
white donors and Asian recipients. Leucocyte-
depleted RBC units are also recommended in thalas-
saemia patients to prevent FNHTR [53]. Periodic
monitoring of the effectiveness of transfusion thera-
py is necessary. Total volume transfused to maintain
pre-transfusions Hb not less than 9.5g/dL has to be
calculated yearly. Blood transfusion requirement 
> 200mL/kg/year in the absence of antibody-
mediated red cell destruction is suggestive of 
hypersplenism. All newly diagnosed, seronegative
patients should be vaccinated with hepatitis B 
vaccine [60].
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Introduction

As the life expectancy of children with sickle cell
disease (SCD) improves, more reach adulthood,
and become parents themselves. Desires for sexual
relations, to bear children or to avoid pregnancy are
universal and women with SCD require specific 
advice. This chapter covers aspects of reproductive
health relevant to physicians, obstetricians or 
midwives caring for women with SCD. There is no
information about the numbers of sexually active
fertile adults with SCD, worldwide or in the UK. It
is unknown how many women with SCD become
pregnant, or have children. Thus it is difficult to 
assess the scope of the problem.

Fertility and contraception

The fertility of women with haemoglobinopathies
is generally unaffected, except for the usual reasons
(e.g. deferred childbearing, poor semen, ovulation
disorders, sexually transmitted infection, etc.). 
Although none of the available methods for 
contraception are contraindicated, effective 
contraception is required, especially in view of the
additional maternal risks of unwanted pregnancy.
The risks of pregnancy are far greater than those of
contraceptive methods.

Barrier methods are easily available and widely
used. They have minimal side-effects, but carry a
higher risk of unwanted pregnancies. Low dose
combined contraceptive pills are not contra-
indicated in homozygous sickle disease. Indeed, the
highly effective protection against unwanted preg-

nancy conferred by combined contraceptive pills is a
positive advantage. There are no data to suggest that
SCD patients have a greater risk than any other 
patients using low oestrogen preparations [1, 2].

For those who experience difficulty in taking 
oral contraceptives, for whatever reason, depot
progestogens are a good alternative, as there is no
medical contraindication to their use. There is some
evidence that depot medroxyprogesterone acetate
(Depo-Provera®) has a stabilizing action on the red
cell membrane [3]. The risk of uterine and tubal 
infections with intrauterine contraceptive devices
(IUCD), particularly in nulliparous women, makes
their use relatively contraindicated in SCD, but they
may be required in special circumstances for
women where other methods are considered 
unsuitable.

Antenatal screening 
for haemoglobinopathy

The majority of pregnant women with SCD will al-
ready be aware of their haemoglobinopathy status,
as they would have suffered from the clinical mani-
festations of the disease. Antenatal screening does
pick up a small number of new women with milder
forms of the disease who can be advised and cared
for appropriately. It can be difficult to adjust 
and cope with a new diagnosis of a chronic disorder
during pregnancy.

The main purposes of an antenatal screening pro-
gramme are (a) to identify women with SCD who
were previously unaware of their status, (b) to 
identify women with trait or carrier status, (c) to
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offer testing of the partners of such women, (d) to
inform women or couples at high genetic risk about
having an affected child and (e) to offer appropriate
counselling and, if desired, prenatal diagnosis.
Women and men should be advised about their 
status and the implications if they change partner.

At present antenatal haemoglobinopathy screen-
ing programmes vary depending on the local policy.
They can be universal (offered to all pregnant
women routinely) or selective (offered to all women
from at-risk ethnic minorities, or women whose
partners are from such groups). Universal antenatal
screening is not widely available in the UK, as it is
not thought to be entirely cost-effective in popula-
tions that are predominantly of Caucasian back-
ground with a low prevalence of SCD. However, in
certain areas the proportion of ethnic minorities 
is not low, populations are mixed and prevalence
would justify universal as opposed to selective
screening. A retrospective review of the organiza-
tion and cost-effectiveness of universal screening
for haemoglobinopathy at a centre in London [4]
reported that antenatal screening is likely to be cost-
effective at least in areas with haemoglobinopathy
traits at or above 2.5%, especially if a high propor-
tion of these were for thalassaemia. At Guy’s and St
Thomas’ Hospitals Trust, London, UK (with a 50%
non-Caucasian antenatal population), screening
for haemoglobinopathies is offered to all women as
recommended by the Department of Health [5].

The laboratory methods of detecting abnormal
haemoglobin variants are discussed in Chapter 2.

Prenatal diagnosis

SCD is an autosomal recessive disorder. For women
with trait whose partners are unaffected, there is no
chance of having an affected offspring, although
there is a 50% chance that a child of the couple will
have sickle cell trait. For women with trait whose
partners are also trait, there is a 25% chance that
each offspring will have SCD, 50% of being a carri-
er and 25% chance of having a genotype HbAA.
Women with SCD will either have partners who are
AA, and thus all children will have sickle cell trait,
or if the partners are carriers, there is a 50% chance
that each offspring will have SCD. In the rare 

situation of women with SCD whose partners are
the same, all children will be affected.

It is important for parents to be aware of the im-
plications of SCD and be prepared before the birth
of an affected infant. This preparation can occur if
they are counselled and offered the opportunity of
antenatal diagnosis (with the possibility of termina-
tion of pregnancy if they feel unable to cope with the
implications). Ideally, discussions about haemoglo-
binopathy or carrier status should take place prena-
tally, so that women can understand and digest
information in an unhurried way and consider their
options before embarking upon a pregnancy. It is
preferable for a partner to be tested to find his
haemoglobinopathy status so that counselling of
the couple can be more informative.

Some women may not wish to consider or discuss
the implications, others will be prepared to have
genetic counselling, or consider invasive testing.
Cells or tissue for antenatal diagnosis can be ob-
tained by chorion villous sampling (CVS) between
10 and 12 weeks gestation, or by amniocentesis or
fetal blood sampling in the late second trimester.
With all invasive procedures there is a 1–2% risk of
procedure-related loss of the pregnancy. Prenatal
diagnosis can be performed by DNA analysis with
the polymerase chain reaction (PCR) and Southern
blotting [6, 7].

Half the couples at risk of having a child with 
severe haemoglobinopathy accepted prenatal diag-
nosis in a prospective regional study by Rowley and
colleagues [8]. The rate of uptake of prenatal diag-
nostic procedures has been found to be higher when
performed earlier in pregnancy, and the percentage
of terminations of affected pregnancies falls with
advancing gestation. Wang et al. [9] reported on
500 consecutive prenatal diagnoses of SCD. The
first 196 were obtained by Southern blotting and
the remaining 304 by PCR. The use of PCR short-
ened the sampling-to-diagnosis interval to around 6
days in comparison with those from the Southern
blotting group that took on average 16 days. This
resulted in a fourfold increase in diagnosis, as they
also accepted samples in which paternal phenotype
was not known. Interestingly, they also showed that
an earlier diagnosis (i.e. before 20 weeks of preg-
nancy) had an odds ratio of termination of pregnan-
cy of 4.7 compared with later diagnosis (after 20
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weeks) suggesting that the pregnancy becomes less
tentative or more bonded with increasing gestation
and fetal maturation. The overall rate of termina-
tion of affected pregnancies is around 50% [9–11].

Preimplantation genetic diagnosis (PGD) is an al-
ternative and powerful diagnostic tool for identify-
ing sickle cell status in embryos that uses assisted
reproductive techniques in conjunction with mod-
ern molecular methods. With PGD, the genetic sta-
tus of an embryo can be determined before transfer
into the uterus after in vitro fertilization. This virtu-
ally eliminates the risk of bearing a child with the
disease. There is a case report of a successful 
unaffected pregnancy following PGD for sickle cell
anaemia [12]. Although prenatal testing is current-
ly available, some couples have strong personal 
objections to aborting affected fetuses. For 
these couples, PGD provides a realistic alternative
to prenatal testing.

There are concerns about the ethics of termina-
tion of pregnancy for what is a chronic medical con-
dition with good treatments, quality of life and life
expectancy (at least in the developed world). On the
one hand it may be considered ‘eugenic’ to elimi-
nate genetic diseases. On the other, if abortion is 
tolerated or legal for all ‘unwanted’ pregnancies, 
including social reasons, it can be argued that there
are no new ethical issues. Early knowledge enables
couples to exercise more reproductive choices. Pre-
natal diagnosis may enable parents to be more pre-
pared for the birth of an affected and wanted child,
or to have children where they may have previously
remained voluntarily infertile. If couples are to
make informed reproductive choices, they must be
well informed before conception, or as early as 
possible prenatally.

Effect of pregnancy on SCD

Sickle cell crises are unpredictable in or out of preg-
nancy, although there are well known precipitating
factors such as hypoxia, trauma, acidosis, cold, 
dehydration, alcohol, infection and blood stasis.

Physiological changes of pregnancy that are 
relevant to SCD include: increased plasma volume,
increased red cell mass, decreased peripheral 
resistance, a sizeable low resistance uteroplacental

circulation, less physical movement and an increas-
ing abdominal mass. In addition, there is an 
increased risk of venous thrombo-embolism, espe-
cially in the puerperium. Pregnant women become
acidotic more easily and have a tendency to urinary
tract infections. Labour, delivery, haemorrhage,
and interventions such as vaginal examinations or
surgery can cause dehydration and infection. Thus
pregnancy and childbirth are potent risk factors for
precipitating crises made worse by any obstetric
complications.

Crises complicate about 30–88% of HbSS preg-
nancies and about 30% of HbSC pregnancies in
women with SCD [13–25] (see Table 12.1). Crisis
may present with general fatigue, illness, joint pains,
chest pain, breathlessness or abdominal pain. A
problem with the clinical features is that there is
overlap of pathological and physiological symp-
toms of pregnancy. There should be a low threshold
for investigation if there is a clinical suspicion.

Sickle cell crises and sequelae of chronic disease
may present in a variety of ways in pregnancy.
Women may experience their usual painful crises,
for example in the extremities and joints, or may
have crises in the abdomen or lung. Osteomyelitis
may complicate bone pain crisis. Pyelonephritis is
common in pregnancy. If women have sickle cell-
induced papillary necrosis they may have haema-
turia on routine dipstick and an increased tendency
to dehydration. Haemolysis may lead to jaundice,
an increased tendency to gallstones and cholestasis
(which has to be distinguished from obstetric caus-
es such as pre-eclampsia, HELLP syndrome, acute
fatty liver and obstetric cholestasis). Chronic
anaemia can lead to left ventricular hypertrophy or
cardiomegaly. Women may develop pulmonary 
embolus.

A particularly difficult differential diagnosis is
that of chest pain or breathlessness, especially in an
ill woman. The patient may merely have rib crises
(elicited by tenderness over the ribs) or a simple
chest infection, but may have acute chest syndrome,
pneumonia or pulmonary embolus. Although in-
vestigations such as ECG, chest X-ray, blood gases
and ventilation–perfusion scans may be diagnostic,
on some occasions pathologies may co-exist or 
patients may be so sick that ‘blunderbuss’ treatment
for all three may be warranted.

Management of pregnancy in sickle cell disease
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It is important to emphasize to women and their
health professionals that the symptoms of pregnan-
cy may overlap with symptoms of crisis, and that
the threshold for concern or admission should be
lower in pregnancy than outside. In addition, crises
may be more severe or may have consequences for
the fetus. We recommend that women always seek
medical advice in pregnancy for suspicious symp-
toms and do not stay at home, or ‘self-treat’, as they
might otherwise normally do.

Effect of SCD on pregnancy

General

The documented complications of pregnancy with
SCD include miscarriage, urinary tract and pul-
monary infections, intrauterine growth restriction,
pre-eclampsia, premature labour and delivery, fetal
distress, multiple antenatal admissions, raised caes-
arean section rates, puerperal sepsis and thrombo-
sis. Thus it is not surprising that there are high
perinatal and maternal mortality rates. Statistics
for maternal mortality and perinatal mortality in
women with major SCD before 1970 revealed a 
maternal mortality of 30–40% and a perinatal 
mortality of 50–80% [26, 27].

Although the severity of SCD in the non-
pregnant state is related to the manifestation 
during pregnancy, it is unpredictable. HbSS state is
generally considered to cause the most severe SCD.
The other common variant, HbSC disease, has 
similar although less severe manifestation in the
non-pregnant state. However, the outcome of 
pregnancy in HbSC women is not necessarily 
more favourable. Poor obstetric history is impor-
tant, as is the presence of antibodies (although this
may only be a proxy measure of disease severity and
requirement for prior treatment). The demands of
twin pregnancy make this particularly dangerous
[28].

Reports in the literature regarding pregnancy
outcome from different centres and over different
time periods reflect the dramatic improvement in
management of women with SCD and its variants
over the last three decades. Whether the improve-
ments are due to specific changes in the care of SCD,
better overall health or changes in antenatal man-

agement is not clear. The concept of comprehensive
care and multidisciplinary teamworking is gaining
acceptance and action in many centres around the
world [29].

Table 12.1 summarizes major complications 
in pregnancy in the published literature (1983–
2002). Table 12.2 summarizes the outcome of preg-
nancies from work published in the last 20 years
[13–25].

Miscarriage (spontaneous abortion)

The spontaneous miscarriage rate has been de-
scribed as about 25% [26, 30]. In the study by Tuck
et al. [13] in the UK, there was a significantly greater
proportion of women (18.4%) who had suffered
one previous spontaneous miscarriage as compared
with the control group (12.4%). Also there was a
significant difference in those with two or more pre-
vious spontaneous first trimester miscarriages:
2.4% compared with 1.1% in controls. Powars et
al. [14] reported a significant decrease in sponta-
neous miscarriage rates after 1972. Smith et al. [21]
reported miscarriage rates of 6.5% in 445 pregnan-
cies that included women with sickle cell anaemia,
HbSC disease and sickle beta thalassaemia. It is 
difficult to compare reports of early fetal loss or
miscarriage in populations with and without
haemoglobinopathy, as diagnostic accuracy of
failed pregnancy has improved so much in recent
years that earlier detection shows high rates of 
miscarriage (up to 25%) in normal populations.

Perinatal morbidity

Infants born to mothers with sickle cell anaemia are
at increased risk of prematurity, birth weight below
the 10th percentile (or small-for-gestational age,
SGA), fetal distress in labour and neonatal jaundice
[31, 32]. In terms of outcome it is not solely a matter
of size, but of underlying disease. Intrauterine
growth restriction (IUGR) secondary to placental
insufficiency is found more commonly, but not ex-
clusively, in small babies. There is some confusion
in the obstetric literature and terminology between
absolute small size (SGA) and growth restriction
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Table 12.2 Pregnancy outcome and medical interventions in sickle cell disease in pregnancy (1983–2002)

Authors Period of Total number of Maternal Perinatal Transfusion Caesarean
(publication year study pregnancies mortality mortality n (%) section
and country) n (%) n (%) n (%)

Tuck (1983, UK) 1975– 125 Nil N (5) N (71) N (15)
[13] 1981 SS 54

SC 59
Sßthal 12

Powars (1986, USA) 1962– 227 5 (2.2) 13 (6) No information 19 (26)
[14] 1982 SS & Sß0thal 156 given

SC 44
Sß+thal 27

El Shafei (1992, 1986– 147 2 (1) 11 (7) 109 (47) 17 (12)
Bahrain) [15] 1988 SS 127

Sßthal 11
SD 1
SO 1

Dare (1992, 1980– 76 7 (9.2) 11 (13) No information 20 (26)
Nigeria) [16] 1988 SS 26 given
Idrisa (1992, 1984– SC 19 2 (4) 8 (16) No information 6 (15)
Nigeria) [17] 1988 CC 1 5 stillbirths given

49 3 NND
Ogedengbe 1985– 41 5 (14) 8 (20) 11 (28)
(1993, Lagos, 1989 SS 31 3 died 7 stillbirths 1 prophylactic 8 (22)
Nigeria) [18] SC 10 undelivered 1 NND‡ partial exchange

transfusion in UK
Seoud (1994, 1981– 61 2 (3) 4 (6) 25 (43) 23 (42.5)
Kansas city, 1991 SS 36 SS 2 2 stillbirth
USA) [19] SC 22 1 died 2 NND

Sßthal 2 undelivered
CC 1

Howard (1995, 1991– 78 singleton 2 (2.5) 5 (6) 31 (38) 38 (49)
UK) [20] 1993 (3 twin) SS 1 singleton 29/78

SS 39 SC 1 twins 2/3
SC 33
Sßthal 5
Other 1

Smith (1996, 1979– 286/445 2 (2.4) 3/286 (1.0) No information No information
USA) [21] 1986 proceeded SS 2 3 stillbirths given given

to delivery
SS 320
SC 77
Sßthal 48

Rahimy (2000, 1994– 111 actively 2 (1.8) 13 (12) 45 (42) 38 (35)
Benin, West 1997 managed SC 2 SS 9 SS 23 (54.8)
Africa) [22] group (3 twin) SC 4 SC 22 (33.3)

SS 42
SC 66

Leborgne- 1993– 68 1 (1.4) 3 (4) 25 (37) 30 (48)
Samuel (2000 1997 SS 33 Sßthal All NND
Guadeloupe, West SC 30
Indies) [23] Sßthal 5
Sun (2001, Atlanta, 1980– 127 Nil 10 (8) 54 (42) N not given
USA) [24] 1999 SS 69 SS 8 (11) SS 42 (59) SS (36)

SC 58 SC 5 (4) SC 12 (21) SC (28)
*Odum (2002, 1995– SS 66 †2 (6.7) N (12) N (45) antenatal N (43)
Nigeria) [25] 1997 N (82) postnatal
Total ... 1624 32 (0–9.2%) 95§ (1–16%) 28–82% 12–49%

NND,neonatal death,bthal, beta thalassaemia.
*Results from abstract, actual figures not available.
†Number not given in abstract but calculated.
‡3/7 antepartum maternal death.
§Calculation excluding Odum paper [25].



below genetic potential (IUGR). Growth-restricted
babies are vulnerable to stillbirth, asphyxia in
labour, hypoglycaemia, hypothermia and neonatal
death and complications.

In the study by Smith et al. [21], 21% of infants
born to mothers with HbSS were SGA, although
this was not seen commonly in mothers with HbSC
[21]. They identified two variables that were risk
factors for SGA infants: pre-eclampsia and acute
anaemic episodes. As acute anaemic episodes and
placental infarcts may occur in early pregnancy, 
efforts in prevention should be initiated very early
in pregnancy.

The increased risk of IUGR might partly be 
explained by chronic anaemia in the mother or 
placental damage due to vascular occlusion and
sickling in the high capacitance but sluggish utero-
placental circulation. The placentas of patients
with HbSS disease have been reported as showing
infarcts, increased fibrin, abruptions and villous
oedema [28, 33–35]. These placentas are small and
the associated fetuses have growth restriction.
However, Fox [36] did not find these lesions in his
study and reported that most of the changes are a 
result of histological alterations of the intervillous
red blood cells. See Chapter 6 for further detailed
discussion of pathological changes in SCD.

Perinatal mortality (PNM)

PNM rates are higher in women with haemoglo-
binopathy, largely due to prematurity and IUGR.
Perinatal mortality rates between 50% and 80%
were reported before the 1970s [26, 27]. In the
study by Powars et al. [14], the findings suggested
that probability of survival for the fetus of a mother
with SCD was significantly higher after 1972 (P <
0.001). Table 12.2 shows perinatal mortality statis-
tics published in the literature during the period
1983–2002. There are differences in reported fig-
ures of perinatal mortality from different centres
across the world, especially between the developed
and developing countries. PNM rates reported
from the USA and Europe are between 1 and 8%,
whereas those from African centres are 12–19%.

In the UK, perinatal mortality rates are at least
4–5 times higher than in women without haemoglo-

binopathy. It is difficult to estimate accurately the
increased risk related to haemoglobinopathy alone
as opposed to adversity related to social factors.
However, it must be a cause for concern that
Howard et al. [20] report an increase in the perina-
tal mortality rates from 48/1000 to 60/1000 in the
last decade in women with SCD, compared with a
decrease from 15.5/1000 to 8/1000 in the general
obstetric population [37].

Maternal morbidity

The common infections encountered during preg-
nancy are those involving the urinary tract, pul-
monary tree and skeletal tissues. The commonest
pathogens are pneumococcus, salmonella and 
mycoplasma. Urinary tract infections (UTI) are 
increased in normal pregnancy and may start by 
being asymptomatic but spread to become pyelo-
nephritis or septicaemia, which are associated with
premature labour. Thus it is important to check
urine monthly, for culture, and to treat UTIs 
aggressively. All infections should be promptly
treated as the associated fever, dehydration and 
acidosis predispose women to sickling and painful
crises. Due to the physiological changes of preg-
nancy and labour, women can become dehydrated
and acidotic relatively easily. Although many 
people with SCD manage their crises, fluid intake
and analgesia themselves, it is prudent to encourage
early admission to hospital with crises in preg-
nancy, as the ability to monitor fetal well-being is 
compromised at home and events can deteriorate
quickly.

Pregnancy-induced hypertension and pre-
eclampsia complicate one-third of pregnancies and
so increased surveillance throughout pregnancy is
required [20, 38]. Although not highly sensitive or
specific, uterine artery Doppler ultrasonography is
currently the best screening test for pre-eclampsia
[39]. The underlying pathophysiology of placental
complications or ‘insufficiency’ (related to pre-
eclampsia, abruption and growth restriction) is
failed trophoblast invasion of the spiral arteries in
the second trimester. Failed trophoblast invasion
may be unrelated to more acute sickle-caused 
uteroplacental complications. Nevertheless, 
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abnormal uterine Doppler scans (the presence of
notching or high resistance indices) are a good 
reason to be further concerned about an already
high risk pregnancy.

Renal manifestations of SCD are common during
pregnancy. These include haematuria, progressive
inability to concentrate urine, and subtle proton-
and potassium-secreting defects. The urinary con-
centration defect makes pregnant women with the
sickling disorder more prone to dehydration.

Labour (particularly if prolonged or induced) is
related to stasis, dehydration and infection. Rates
of medical interventions are high. There is a trade-
off between induction of labour at term (with a
higher chance of caesarean section and thus trial of
scar and complications in future pregnancies) and
awaiting spontaneous labour (with risks of late 
pre-eclampsia and fetal loss and also high risk of
emergency caesarean section for fetal distress). We
offer induction routinely at 38 weeks (and certainly
by 40 weeks), but tailor individual close monitoring
with scans and cardiotocography if women have
had few or no crises and are particularly averse to
induction. Elective caesarean section is not offered
as a routine, partly as it is associated with at least
30% higher severe maternal morbidity even when
compared with labour with high emergency 
caesarean section rates [40] and partly because it
should not be performed before 39 weeks as there is
a higher risk of neonatal respiratory distress with-
out labour [41]. Increased caesarean section rates of
35–48% have been reported in recent literature
[22–25].

The physiological changes in pregnancy produce
a hypercoagulable state. There is an increase in 
fibrinogen levels and clotting factors, particularly
factors VIII, IX and X. There is a decrease in 
fibrinolytic activity, and levels of endogenous anti-
coagulants, such as antithrombin and protein S, are
decreased. All these changes increase the risk of
thrombosis in pregnancy and postpartum up to 
6 weeks. In women with SCD the risk is further 
increased owing to anaemia and hyperviscosity 
of blood and so thromboprophylaxis should be
considered when other factors that predispose to
thrombosis are present, during any illness or 
hospitalization, after caesarean sections, and dur-
ing the puerperium.

Maternal mortality

Increased maternal mortality rates in women with
SCD have been reported by various groups (Table
12.2). The mean maternal mortality is 2%
(0–9.6%) of pregnancies in women with SCD. The
reports before 1970 were based on small numbers
of patients from retrospective data. Powars et al.
[14] summarized the mortality statistics in the 
literature from 1949 to 1972 and for a decade 
after 1972. The maternal mortality for 1949–1972
was 43/1000 live births and for 1972–1982 was
60/1000 live births. The overall maternal mortality
per pregnancy was 2.2% and the maternal mor-
tality per woman was 4.5%.

In the UK, all maternal deaths are reported to the
Confidential Enquiry into Maternal Deaths
(CEMD). In the 18 years between 1982 and 1999
inclusively, five maternal deaths in women with
SCD were reported [42–44].  As there are no 
denominator data of numbers of women with SCD
of reproductive age or SCD pregnancies over the
same time period, a maternal mortality rate cannot
be accurately calculated. The five cases reported in
recent CEMDs are worth summarizing for lessons
they illustrate about care.
1 A multiparous African woman was known to
have homozygous SCD. Her antenatal care was un-
eventful. She was admitted in spontaneous labour
and had an emergency caesarean section for fetal
distress. On the first postoperative day she devel-
oped a chest infection leading to sickle cell crisis.
She was transferred for exchange transfusion to a
teaching hospital. She died in the third postpartum
week following adult respiratory distress syndrome
(ARDS). The case highlights the risks of SCD post-
partum and especially the need for vigorous treat-
ment of infections. Women should be delivered 
in centres where the expertise is available.
2 A patient with known SCD presented with
breathlessness at 36 weeks of pregnancy. She was
seen by the midwife and sent home. Three days later
she had worsening breathlessness and abdominal
pain. She was diagnosed to have abruption clini-
cally on admission but had a caesarean section 12
hours later and delivered a stillborn baby. She died
from renal, hepatic and cardiac failure 8 days later.
Post mortem confirmed sickle cell crisis. There
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should be a low threshold for suspicion of crisis in
women with breathlessness and abdominal pain.
3 A patient with HbSS disease had a haemoglobin
concentration of 6.8 g/dL in early pregnancy. She
was not transfused antenatally. After delivery she
developed cough and severe breathlessness and was
treated in the intensive care unit for pneumonia. No
pathogens were ever grown. She was transfused
postnatally and required ventilation. She died from
brainstem haemorrhage. She possibly had an acute
chest syndrome. She may have benefited from an
earlier exchange transfusion but care was not
thought to be substandard.
4 A patient had sickle cell/beta thalassaemia and
recurrent crises. She had been advised against preg-
nancy and was offered the option of termination of
pregnancy at an early stage of gestation, but de-
clined the offer. She had pseudomonas septicaemia
after surgery for common bile duct obstruction
with gallstones and preterm delivery at 29 weeks of
gestation. She died of liver failure and post-mortem
liver biopsy confirmed acute hepatic sequestration
crisis. Care was thought to be substandard in terms
of the patient’s own responsibility.
5 A multigravid Afro-Caribbean woman with
known HbSC disease was informed after booking
that she was a mild case of sickle cell trait. It is not
clear if the medical carers were aware of her HbSC
status or did not appreciate the significance of
HbSC disease. She was induced for postdates with
prostin. Following delay in transfer to the labour
ward she was breathless and tachycardic. She 
was treated for presumed pulmonary embolus, 
although sickling had been considered and 
ruled out by the local haematologist. She deterio-
rated and was transferred to a tertiary unit. 
Spiral CT scan was negative. She died in spite 
of haemofiltration. Post mortem confirmed multi-
organ failure consequent to sickle cell crisis. 
There was inappropriate diagnosis following her
symptoms.

Role of prophylactic transfusion

The rationale for blood transfusion (exchange or
top-up) is to decrease the absolute or relative
amount of circulating HbS so that tissue oxygena-

tion is improved and tissue injury due to sickling in
the microvasculature is reduced. The major draw-
backs of transfusion are the associated risks of
transfusion reactions, allo-immunization and risk
of exposure to pathogens such as hepatitis and
human immunodeficiency viruses, and other un-
characterized new infections. Red cell antibodies
were found in 10–22% of transfused women with
SCD [20, 28, 45].

Prophylactic transfusion might be considered in
an effort to avoid the risks of crises in pregnancy. Al-
though universal prophylactic transfusion is a con-
troversial issue, the evidence from randomized
studies shows that there is reduction in the episodes
of third trimester crises but no improvement 
in neonatal outcome [28]. Also, a retrospective
multicentre survey in the UK showed that prophy-
lactic transfusion did not improve obstetric out-
come compared to those that were not transfused
[20]. We reserve transfusion during pregnancy 
for women with twins, previous poor obstetric 
history, chest crisis, recurrent crises and severe
anaemia.

Practical management of pregnancy

Preconceptual counselling

It is ideal to see women with SCD preconceptually
in order to discuss the risks involved and plan the
management of pregnancy. If the partner’s status is
not known it can be checked and prenatal diagnosis
can be discussed. The importance of folate supple-
mentation, prophylactic penicillin and analgesia 
requirements can be discussed. It is important to 
advise women and health professionals to use folic
acid 5mg per day throughout the pregnancy, as
there can be confusion with the general advice to
women to take folic acid 400mg for the first
trimester only to prevent neural tube defects. The
need for early booking can be encouraged. In some
cases, it would be prudent to advise against preg-
nancy if the risks for the woman are significant 
even before she embarks upon a pregnancy. 
Although it is very painful to consider voluntary 
infertility, having to consider a termination 
during a planned or wanted pregnancy is also
dreadful.
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At booking

Women with SCD (and their families) should be 
advised regarding the increased risk of crisis, 
intrauterine growth restriction, pre-eclampsia,
fetal loss and sickling in uteroplacental circulation.
Women should be advised that coping with crises at
home is not appropriate during pregnancy, particu-
larly because of the need to monitor the fetus. They
should be encouraged to have a low threshold for
admission if they think they are starting a crisis. We
advise the use of prophylactic penicillin to prevent
infection, or erythromycin if allergic to penicillin.
An early dating scan is arranged so that accuracy 
of dates is confirmed and monitoring of growth 
and timing of delivery can be planned. Hyperemesis
in early pregnancy can be a problem, so early 
prevention of dehydration and control of nausea
may reduce the risk of painful episodes in early
pregnancy.

Antenatal care

As this is a high risk pregnancy a more frequent
schedule of care should be planned between the ob-
stetrician, haematologist and specialist midwives.
In the UK, the midwife is the usual lead clinician in
pregnancy, and we believe that she should still per-
form the majority of care even in these high risk
pregnancies. Most women do have successful preg-
nancies and need the usual support in pregnancy, in
labour and with their newborn that can be missed if
management is ‘over-medicalized’. Iron supple-
mentation may be required, but only if the serum
ferritin levels are low. A monthly haemoglobin
check should be made, and midstream urine should
be sent monthly for culture and sensitivity. The
fetus should be monitored closely, as there is a high-
er rate of IUGR and higher perinatal mortality.
After the early dating scan (or nuchal translucency
scan if this is used for Down’s syndrome screening)
an anomaly scan is offered at 20 weeks with uterine
artery Doppler. This is followed by growth scans at
26, 30, 34 and 38 weeks. Scans may be performed
more frequently if there are concerns about growth
or liquor volume and umbilical artery Doppler
scans may be added. It is vital that the mother un-
derstands the risk factors and that there is an open

door policy 24 hours, 7 days a week for admission if
in pain, sickle cell crises, dyspnoea, pre-eclampsia
or if there is any need for blood transfusion.

Intrapartum

The aim is to achieve a safe vaginal delivery when
possible. As there is increased perinatal mortality
we aim for delivery in our unit between 38 and 40
weeks by induction of labour (IOL). However, the
risk–benefit should be individualized, as failed IOL
can lead to emergency caesarean section and prob-
lems in subsequent pregnancies where IOL is rela-
tively contraindicated in previous scar. The mother
should be well hydrated and oxygenated through-
out labour. The fetus should be monitored by con-
tinuous cardiotocograph, as there is increased risk
of fetal distress in labour. Epidural is preferable 
to general anaesthesia if operative intervention is
needed. It is important to avoid hypotensive
episodes as these may precipitate a vaso-occlusive
crisis. There is an increased risk if postpartum
haemorrhage occurs with a background of chronic
anaemia and thus the third stage should be actively
managed with an oxytocic. Attention to blood loss
is especially important if women have become diffi-
cult to cross-match or transfuse through the devel-
opment of antibodies. Throughout labour and
delivery a senior midwife and doctor with knowl-
edge of the condition should be responsible for her
care so that appropriate timely intervention and
management is possible.

Postpartum

Thromboprophylaxis with TED (thromboem-
bolism) stockings and low molecular weight 
heparin should be considered postnatally, especially
with any other risk factor (such as high BMI, 
operative delivery, high platelet count, HbSC).
Early ambulation should be encouraged. Postpar-
tum antibiotics should be given for operative 
deliveries and there should be a low threshold for
treating a suspected infection. The mother should be
encouraged to keep well hydrated. The baby should
be screened for haemoglobinopathy if prenatal 
diagnosis was not possible. Cord blood can be col-
lected for screening of the neonate. Contraception



should be discussed, and can be prescribed, before
discharge.

Multidisciplinary team approach

As these are high risk pregnancies, the importance
of a multidisciplinary approach cannot be over-
emphasized. The composition of the team involves
many professionals such as the haematology doc-
tors and nurses, the obstetrician and midwives, gen-
etic counsellors, laboratory sickle cell specialists,
psychologists, anaesthetists, high dependency and
intensive care treatment teams. We have no doubt
that pregnant women with SCD should be cared 
for in centres where all the relevant expertise is
available. Aside from the membership of the team,
frequent non-hurried communication about in-
dividual patients, protocols, clinical errors and
learning, audit and research must be fostered. There
should be updated evidence-based protocols and
joint multidisciplinary meetings to maintain high
standards of care and effective communication be-
tween the team members. An atmosphere of mutual
respect must be developed for the different expert-
ise brought to the management of these patients
with a complex chronic medical disorder and yet
simple and understandable desires for parenting.
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Introduction

The hepatobiliary complications of sickle cell dis-
ease (SCD) can be classified as disorders related to
chronic haemolysis and its accelerated bilirubin
metabolism, to the consequences of transfusion
management, to the consequences of vaso-
occlusion or to diseases unrelated to haemoglobin 
S (HbS). Hepatobiliary complications are most
common in sickle cell anaemia, but also occur in the
doubly heterozygous sickle diseases, HbSC and the
HbS thalassaemia syndromes (HbS b0 thalassaemia
and HbS b+ thalassaemia). Early reports empha-
sized the classic histological features of Kupffer cell
erythrophagocytosis and engorgement of sinusoids
as indicative of ischaemic anoxia as the pathophys-
iology of hepatic dysfunction, but suffer from ascer-
tainment bias due to use of autopsy material or
biopsy in advanced disease and to the absence of
modern serological testing. More recent reports
have emphasized the importance of hepatic disease
consequent to disorders unrelated to HbS per se 
and promote consideration of a wider diagnostic
spectrum.

Despite nearly 200 reports in the past 20 years on
the hepatobiliary aspects of the sickling disorders,
the frequency and pathophysiology of hepatic le-
sions remains unclear. Consequently, management
suffers from the lack of systematic studies that
clearly define the pathophysiological processes in-
volved and clarify the therapeutic approach. Data
from other patient populations extrapolated to
SCD provide support for therapy in certain situa-
tions, while treatment approaches for those compli-
cations attributed to vaso-occlusion represent the

opinions of experts in the field taken from case 
reports.

Steady-state

In the steady-state, hepatomegaly is present in the
majority of patients [1, 2]. Hepatic blood volume
and blood flow are increased and contribute to 
hepatomegaly. Hepatic histology shows varying 
degrees of Kupffer cell erythrophagocytosis, sinu-
soidal distension, perisinusoidal fibrosis, extra-
medullary haematopoiesis and haemosiderosis
[3–8]. Chronic congestion due to sinusoidal ob-
struction and erythrophagocytosis is also thought
to contribute to the observed hepatomegaly but has
not shown any correlation with clinical state nor
with liver tests [3–5]. Shrunken hepatocytes and
perivenular necrosis indicative of anoxia and is-
chaemia are only seen in shock or at post-mortem
examinations [4], casting doubt on the concept of
anoxia and its pathogenetic significance. The sig-
nificance of sickled cells in biopsy or autopsy 
materials is often exaggerated, as post-mortem
anoxia and formalin fixation both induce sickl-
ing [4]. Hepatic sickling was also found in
race–matched controls [3], presumably in individu-
als with sickle trait, which further decreases its 
histological significance. The observations that 
irreversibly sickled cell counts are low in the 
hepatic vein [9] and that red cell survival studies
show rapid hepatic accumulation of the erythrocyte
label [10–12] suggest that Kupffer cell erythro-
phagocytosis may reflect a shift of erythrocyte 
destruction from the hypo-functioning spleen to the
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liver, rather than indicate a specific pathogenic
mechanism.

Tests of liver function are generally normal 
other than elevation of unconjugated bilirubin 
and lactate dehydrogenase (LDH) indicative of 
haemolysis. The total bilirubin level rarely exceeds 
70 mmol/L from haemolysis alone [13, 14]. It is 
proposed that substrate induction of the conjugat-
ing enzyme maintains unconjugated bilirubin at 
this modest elevation. A study of hepatic UDP-
glucuronyl transferase levels confirmed that the 
enzyme levels are increased in these patients and
that low levels during acute hepatitis were associat-
ed with very high bilirubin concentrations [15].
Marked increases in the unconjugated fraction
have been reported in association with the genetic
defect of Gilbert’s syndrome [16, 17]. Elevation of
aspartate aminotransferase (AST) indicates a con-
tribution from the erythrocyte enzyme due to
haemolysis [13]. The correlation of haemoglobin
concentration with serum albumin suggests that a
slight decrease in albumin concentration may re-
flect plasma volume expansion [18]. Isolated eleva-
tion of alkaline phosphatase is probably of bony
origin rather than indicative of liver dysfunction
[19, 20].

Vascular occlusion

The ‘hepatic crisis’, consisting of right upper quad-
rant pain, fever, jaundice, elevated AST/alanine
aminotransferase (ALT) and hepatic enlargement is
said to occur in as many as 10% of patients with
acute vaso-occlusive crisis (VOC). Right upper
quadrant pain and jaundice present a problem in
differential diagnosis because of the variety of con-
ditions with prominent abdominal pain reported 
in sickle cell disease (Table 13.1) [21–27]. 
Careful evaluation is needed to differentiate this 
from acute cholecystitis. In ‘hepatic crisis’, the 
AST/ALT fall rapidly, as opposed to the slower 
decline characteristic of acute viral hepatitis, and 
the g-glutamyltransferase reportedly decreases 
[14]. In one study of 30 patients, liver tests 
taken at the time of uncomplicated VOC and 
repeated 4 weeks later in the steady-state showed 
that the alkaline phosphatase was 30% higher 

during VOC. In addition, the ALT was threefold 
higher, and the bilirubin was elevated by twofold, 
primarily due to elevation of the conjugated 
fraction [20].

Hepatic sequestration

Hepatic sequestration is a rare complication of
VOC; in one study, there was one case in 161 con-
secutive hospital admissions [28]. Undoubtedly
mild episodes are not recognized. This syndrome is
characterized by a rapidly enlarging liver accompa-
nied by a fall in haemoglobin and a rise in reticulo-
cyte count [1, 29–34]. The liver is smooth and
variably tender. The bilirubin may be as high as
450mmol/L with a predominance of the conjugated
fraction. The alkaline phosphatase can be as high as
650IU/L but may be normal; the transaminases are
only minimally elevated (< 110IU) and often nor-
mal. Recurrence is common. Ultrasonography and
computed tomography (CT) scanning show only
diffuse hepatomegaly. Liver biopsy shows mas-
sively dilated sinusoids with sickled erythrocytes
and Kupffer cell erythrophagocytosis. Intrahepatic
cholestasis with bile plugs in canaliculi may be seen.
Hepatocyte necrosis is unusual. The pathophysiol-
ogy is believed to be obstruction of sinusoidal 
flow by the masses of sickled erythrocytes, causing
trapping of red blood cells (RBCs) within the liver
and compression of the biliary tree.

Table 13.1 Unusual causes of right upper quadrant pain
or cholestasis reported in the sickling disorders

Cause Reference*

Biloma Middleton & Wolper [21]
Focal nodular hyperplasia Heaton et al. [22]
Fungal ball Ho et al. [23]
Hepatic infarct/abscess Chong et al. [24]
Hepatic vein thrombosis Sty [25]
Mesenteric/colonic ischaemia Gage & Gagnier [26]
Pancreatitis
Peri-colonic abscess
Pulmonary infarct/abscess
Renal vein thrombosis
Retained intrahepatic stones

*A representative reference is provided; the remainder have been 
reviewed in Magid et al. [27].
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Successful resolution of hepatic sequestration
has been seen with either simple or exchange trans-
fusion, as well as with supportive care alone. In one
case, treated with simple transfusion, resolution of
sequestration was accompanied by a rapid increase
in the haemoglobin concentration, representing re-
turn of sequestered RBCs to the circulation, result-
ing in a fatal acute hyperviscosity syndrome [33].
Because of this risk, exchange transfusion is 
preferred.

Cholestasis

Cholestasis may occur when the hepatic vein pres-
sure abruptly increases, exceeding the maximal bile
secretory pressure of 20mmHg, as in passive con-
gestion or biliary obstruction [35]. It is seen with
drugs that affect the Na+ K+ ATPase activity, such as
phenothiazines, androgens or oestrogens, or with
drugs (like indomethacin), which affect the bile
acid-binding cytosolic proteins. In sepsis, endotox-
in decreases bile flow. Thus, acute and chronic
cholestatic syndromes can be caused by a wide vari-
ety of clinical entities in sickle cell patients. The
term sickle cell intrahepatic cholestasis (SCIC) has
recently been applied to the cholestatic syndromes;
however, the use of one term for this complex prob-
lem obscures the differences in presentation and
clinical course between clinically ‘benign’ types of
cholestasis and more serious forms.

A benign cholestatic picture has been described in
which there are striking elevations of bilirubin (up
to 1000mmol/L) with only modest elevations of al-
kaline phosphatase (< 2¥ normal) and transaminas-
es (< 500IU/L). Importantly, the hepatic synthetic
function is not impaired, as reflected by serum albu-
min or coagulation times, and platelet counts are
normal to increased. The patients are asympto-
matic other than profound jaundice. Fever, abdom-
inal pain, altered mental status and bleeding are
conspicuously absent. Drug-induced cholestasis
can be implicated in some cases. In the 14 cases with
these characteristics, only 3 were older than 15
years. Resolution of cholestasis occurred within
weeks to months in all cases in the absence of 
specific therapy. The longest course was seen in 
the patient for whom androgen therapy was im-
plicated as the cause of cholestasis [13, 36–38].

In contrast, a progressive cholestasis in the ab-
sence of cirrhosis has been reported in 29 instances.
These cases are characterized by right upper quad-
rant pain, progressively increasing elevations of
bilirubin (up to 2500mmol/L), striking elevation 
of alkaline phosphatase (> 3¥ normal) and variable 
elevation of transaminases (90–6700IU/L). This
syndrome occurs primarily in adults but has been
reported in children as young as 6 years. Impor-
tantly, fever, hepatic encephalopathy, elevated 
ammonia, renal failure and thrombocytopenia 
(< 150 ¥ 105/ml) are often present. Declining 
hepatic protein synthesis is universal, with falling
albumin and severe prolongation of coagulation
times unresponsive to vitamin K administration.

Liver histology in both benign and progressive
forms of cholestasis shows intrasinusoidal sickling
and Kupffer cell hyperplasia with phagocytosis of
sickled erythrocytes but fails to explain the differ-
ence in clinical course. Percutaneous liver biopsy
carries a high risk of bleeding, possibly related to
hepatic venous congestion, and the trans-jugular
approach should be considered [39]. Mortality due
to uncontrollable bleeding or to hepatic failure oc-
curred in 17 of the 29 cases [13, 38, 40–48]. These
case reports often lack sufficient information to 
exclude hepatic sequestration and benign, immune 
or drug-induced cholestasis from consideration,
making full interpretation difficult [13, 41, 49, 50].
These syndromes attributable to intrahepatic 
vaso-occlusion are best treated with exchange RBC
transfusion because of the potential risk of acute
hyperviscosity [33]. Plasmapheresis and platelet
transfusion are useful in controlling haemostatic
failure. Several patients responded to liver trans-
plantation but often required continuing hyper-
transfusion [45, 48]. The prolonged course in some
cases suggests that future studies are indicated to
test the hypothesis that hepatic damage might 
release immunogenic material into the circulation
[50].

Viral hepatitis

The hepatic complications due to the anaemia are
essentially those consequent to transfusion therapy:
transmission of viral infection and iron overload.
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As transfusion therapy is applied for an increasing
number of indications, the risk for transmission 
of current and emerging infectious agents needs 
continuing surveillance. Acute viral hepatitis has
the same clinical course in the sickling disorders as
in the general population, other than a higher peak
bilirubin level because of haemolysis.

Surveys for serological evidence of hepatitis B in-
fection show a range of prevalence from 3% to 46%
[13, 14, 51, 52, 53, 54] related to local endemicity
as well as to past transfusion practice. Because
chronicity is inversely related to age, vaccination 
is indicated early in life [55, 56]. Similar surveys 
for hepatitis C infection indicate prevalence rates
from 2% to 26% [14, 53, 54, 57, 58] with a clear 
relationship to transfusion practice. In studies of
patients with persistent elevations of AST/ALT,
biopsy frequently shows evidence of chronic 
hepatitis [4, 5, 52], indicating the overall im-
portance of hepatitis C infection. End-stage 
liver disease requiring liver transplant has been 
reported in these patients [59]. Treatment of 
chronic viral hepatitis is based upon data that 
sustained suppression of viral replication reduces
the inflammatory process and decreases the sub-
sequent development of cirrhosis and hepato-
cellular carcinoma. The management of chronic 
hepatitis requires close co-ordination with gastro-
enterology to guide diagnostic and therapeutic 
decision making.

Indications for treatment of hepatitis B include
HBsAg positivity for more than 6 months, evidence
for active virus replication by HbeAg and HBV
DNA positivity and evidence of active liver disease
by persistent elevation of ALT and/or biopsy evi-
dence of chronic hepatitis. Therapy with 5 million
units of alpha-interferon daily or 10 million units
three times weekly for 16 weeks is effective; treat-
ment data in SCD are lacking but should be similar
to that for the general population [35].

In hepatitis C, persistent elevation of AST/ALT,
positive PCR for viral RNA and/or biopsy evidence
of chronic hepatitis are indications for treatment.
The treatment schedule is alpha-interferon, 3 mil-
lion units three times weekly, plus ribavarin 1g
orally per day for 48 weeks in those infected with
genotype 1 and for 24 weeks for those with geno-
types 2 or 3 [35]. Reports of successful therapy in

SCD are just appearing [60]. Careful monitoring of
haemoglobin is necessary, as ribavarin causes a
haemolytic anaemia attributed to oxidative dam-
age to the RBC membrane [61].

Other hepatitides

Autoimmune hepatitis has been reported in five 
patients [49, 62, 63]. This diagnosis is suggested 
in the setting of painless jaundice and a marked
polyclonal gammopathy. Serological tests for ANA 
(antinuclear antibody) and SMA (serum mitochon-
drial antibody) are variably positive. This disor-
der is characterized by dense T-cell infiltrates in 
the peri-portal areas with bridging fibrosis and
piecemeal necrosis. Extrahepatic manifestations 
of arthropathy, rash and leg ulcers may occur.
Treatment with prednisone (10–60mg per day) and
azathioprine (50mg per day) for 24 months induces
a clinical remission, followed by biochemical then
histological remission.

Granulomatous hepatitis due to tuberculosis,
sarcoidosis, or viral infection has been reported in a
number of cases [4, 39], for which specific anti-
tuberculous or immunosuppressive therapy would
be used. These cases, as well as others showing 
the changes of alcoholism [4, 13, 39], indicate the 
necessity of a broad diagnostic consideration in
sickle cell patients. Persistent elevation of serum 
ferritin above 500mg/L that is unexplained by
transfusion history is a useful indication of signifi-
cant liver disease and can guide the clinician in the
judicious use of liver biopsy [13, 14].

Haemosiderosis/haemochromatosis

Iron overload and cirrhosis develop as a conse-
quence of frequent transfusion [64], although there
is one case report of genetic haemochromatosis
[65]. Iron overload is suggested by a transfusion
history of 50 units or more, serum ferritin values of
> 1500mg/L and a transferrin saturation in excess
of 50% [64]. A single serum ferritin value may be 
elevated out of proportion to the degree of iron
stores because of its acute phase reactant property
as well as other factors, such as ascorbate status or
liver disease [13, 14, 66]. Acute vaso-occlusive cri-
sis transiently raises the ferritin value sixfold so that



multiple measurements during the steady-state are
needed for full interpretation [64]. Definitive as-
sessment requires liver biopsy for quantification of
tissue iron burden. Magnetic resonance imaging,
comparing the signal intensity of liver, pancreas and
spleen to that of muscle, is able to detect iron over-
load but is not very sensitive to gradations of iron
load [67].

The relationship of transfusion to tissue iron 
burden is illustrated by studies during transfusion
therapy. In women receiving supportive transfu-
sion during pregnancy, incidental liver biopsy per-
formed at abdominal surgery showed that two-
thirds had significant hepatocyte iron accumulation
after an average transfusion burden of 13.6 units
[68]. In patients receiving transfusion for the pre-
vention of stroke, the serum ferritin rose 10-fold at
an average follow-up of 42 months and was associ-
ated with an eightfold rise in AST/ALT [69]. A simi-
lar stroke study demonstrated that, after a mean of
15.4 transfusions over 21 months, the hepatic iron
level was 9.4mg/g, dry weight, and that one-third of
patients had portal fibrosis. After 4 years of trans-
fusion and chelation therapy, the mean hepatic iron
rose to 14.1mg/g, dry weight [70]. The author 
concluded that portal fibrosis occurs in these 
patients at tissue iron burden levels of 7mg/g liver,
similar to those reported in thalassaemia and 
haemochromatosis.

The standard subcutaneous regimens for desfer-
rioxamine therapy are as effective in these patients
as in thalassaemia [71]. Complications of therapy
include ophthalmic toxicity or ototoxicity, allergic
reactions, growth failure and unusual infections
(Yersinia, fungi). Because of poor patient compli-
ance, periodic intensive intravenous therapy can be
given. Aggressive chelation with intravenous doses
of 6–12g daily have shown rapid declines in serum
ferritin and ALT and are associated with clinical 
improvement in cardiac function and other indices
[72, 73]. Adverse effects have not been noted 
in short-term therapy, although zinc excretion is 
increased. This intensive intravenous approach 
is attractive because of the claims of improved 
compliance and efficacy [73].

Gall bladder

Chronic haemolysis with its accelerated bilirubin
turnover leads to a high incidence of biliary sludge
and pigment gallstones. The gall bladder con-
centration of both conjugated and unconjugated
bilirubin metabolites is increased in patients with
SCD but are not different between those with or
without cholelithiasis [74, 75]. Thus, stone forma-
tion appears to require additional pathogenic fac-
tors over and above the poor solubility of bilirubin.
A careful study of biliary function in sickle cell 
patients indicates that there is an enlarged fasting,
as well as post-prandial, gall bladder volume 
consistent with stasis of bile [76]. This incomplete
emptying may allow the precipitation of bilirubin
and initiate the process of sludge and/or stone 
formation. Patients with a more severe clinical
course had the largest gall bladder volumes, 
suggesting that sickling and ischaemia might be 
responsible for the altered gall bladder function.

Biliary sludge is a complex mixture of mucus, 
calcium bilirubinate and cholesterol, forming a 
viscous material detectable by non-acoustic 
shadowing on ultrasonography [77] and may be a
precursor of gallstone development. Certain anti-
biotics seem to promote sludge formation [78];
such compounds are theorized to crystallize in the
gall bladder, forming a nidus for stone formation.
Differences in the use of such antibiotics could ac-
count for some of the geographic variation in
choleli-thiasis frequency. Studies in patients with
SCD indicate that sludge is often found with or
without concomitant stones. The finding of sludge
alone is believed to predict a high likelihood of sub-
sequent stone formation, but serial ultrasound
studies have found that sludge may or may not
progress to stone formation and may clear [79,
80–82].

Ultrasound surveys of patient populations indi-
cate that the onset of cholelithiasis is as early as 2
years of age and that cholelithiasis progressively in-
creases in prevalence with age [79, 83–85], reaching
nearly 30% frequency by age 18 and a higher preva-
lence in adults [86, 87]. Cholelithiasis is associated
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with a higher sickle disease morbidity [88, 89], but
there is considerable controversy as to whether the
cholelithiasis is responsible for the increased disease
severity or is a reflection of overall disease severity.
African populations appear to have a substantially
lower prevalence than that in Jamaican or North
American patients [84, 90]; this difference has been
attributed to differences in dietary cholesterol
and/or fibre but other factors (genetic or environ-
mental) may have an influence on stone formation.

The co-inheritance of alpha thalassaemia ap-
pears to reduce the frequency of stones as the 
result of a lesser degree of haemolysis [91]. 
Common duct obstruction can be partial, as 
pigment stones are small, and may allow bile flow
[92]. Gallstones have been known to pass without
inducing pancreatitis or other acute symptoma-
tology [93, 94].

Cholecystitis

Fever, nausea, vomiting and abdominal pain are
common events in SCD. Establishing the aetiology
of these symptoms can be difficult and requires con-
sideration of acute vaso-occlusion as well as a wide
variety of other disorders that have been reported in
these patients with symptoms mimicking cholecys-
titis (Table 13.1). A careful clinical evaluation is
necessary to establish a clear diagnosis. Ultrasound
examination is often definitive in diagnosis. In con-
founding situations, biliary scintigraphy might be
helpful; however, its use is controversial because of
a high false positive rate and low positive predictive
value. A normal study indicating that the cystic 
duct is patent is useful because of its negative pre-
dictive value [95]. False positives can result from 
prolonged fasting, severe hepatocellular disease,
extrahepatic obstruction, chronic cholecystitis or
narcotic-induced spasm of the sphincter of Oddi
[96]. The Tc-99 RBC scan may prove more useful in
detecting the hyperaemia of acute cholecystitis, but
its use has not been reported in these patients [97].
CT scans can be helpful in clarifying confounding
clinical situations (Table 13.1) [27]. Treatment of
acute cholecystitis with antibiotics and supportive
care does not differ from that in the general popula-
tion, and elective cholecystectomy after the acute
episode subsides is appropriate.

Cholecystectomy

As biliary sludge may clear in as many as 20% of 
patients [81, 82], it is best observed. Serial ultra-
sound examinations at 12–24-month intervals can
assess for clearance of sludge or for progression to
stone formation. Should cholestasis due to thick-
ened sludge occur [98], cholecystectomy is indicat-
ed. The Jamaican data [85] provide the strongest 
argument for a conservative approach, but Ja-
maican patients seem to be substantially less symp-
tomatic than North American ones. An aggressive
approach provides the benefit of reducing the risk
of the morbid complications of cholelithiasis, as
well as eliminating gall bladder disease as a con-
founding item in the differential diagnosis of right
upper quadrant pain [94, 99–101]. It should be
noted that some patients remain symptomatic after 
cholecystectomy, further indicating a cautious 
approach to surgery in these patients [87, 102]. For 
asymptomatic patients, there is considerable 
support for a conservative approach [93, 103], as 
it is estimated that symptoms occur at a rate of 
only 1% per year [104]. Bacteraemia, ascending 
cholangitis, empyema and other hyper-acute 
biliary complications require surgery on a more 
urgent basis consistent with good surgical practice
[101].

Laparoscopic cholecystectomy on an elective
basis in a well prepared patient has become the stan-
dard approach to symptomatic patients [101, 105]
because of the shortened hospital stay, lower 
cost and fewer immediate surgical complications.
Identification of common duct stones at the time of
surgery is often done with intra-operative cholan-
giography (IOC). However, IOC has a false positive
rate estimated at 25%, so that endoscopic retro-
grade cholangiopancreatography at the time of 
laparoscopic cholecystectomy is preferred, but IOC
is still useful in delineating the anatomy of the cystic
duct and its artery [94, 106, 107].

The hepatobiliary dysfunction in SCD has long
been attributed to anoxia secondary to sinusoidal
obstruction and Kupffer cell erythrophagocytosis.
The absence of shrunken hepatocytes and the lack 
of correlation between the transaminase levels 
and the liver histology are evidence against that 



concept. Thus, the pathogenesis of the cholestatic
syndromes remains unexplained, nor is there a 
unifying hypothesis for the differences in clinical
course. Further studies are needed to understand
why some patients progresss to hepatic insufficiency
or necrosis while others improve. Importantly, liver
disease in SCD is often explained by disorders other
than intrahepatic sickling, so that careful evaluation
of these patients and judicious use of liver biopsy is
necessary to establish a correct diagnosis and deter-
mine the appropriate course of treatment.
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Introduction

High blood pressure in the vessels of the lungs is an
increasingly recognized feature of conditions in
which there is premature destruction of erythro-
cytes [1]. So, it is not only a complication of the
haemoglobinopathies sickle cell disease (SCD) and
thalassaemia, but also paroxysmal nocturnal
haemoglobinuria (PNH). It is important to identify
people with SCD and thalassaemia complicated by
pulmonary hypertension (PHT) because it has a
poor prognosis and may be life-threatening [2]. 
The normal pulmonary artery blood pressure is 
about 25/15mmHg, with a mean of 18mmHg. 
PHT may be defined as pulmonary artery systolic
pressure (PASP) > 30mmHg, or mean pressure 
> 25mmHg. Alternatively, a tricuspid valve regur-
gitant jet velocity up to 2.5m/s could be taken as 
diagnostic of PHT, if tricuspid valve regurgitation 
is present. However, the absence of a tricuspid 
regurgitant jet does not rule out pulmonary high
blood pressure.

Pathogenesis

The pathogenesis of PHT in SCD and other
haemolytic states is probably multifactorial and
mediated via different mechanisms. Intravascular
haemolysis is considered to have an important role
in the development of raised blood pressure [1]. De-
struction of erythrocytes within the blood vessels
releases haemoglobin into the plasma. Free plasma
haemoglobin consumes nitric oxide (NO) about a

thousand times faster than Hb inside red blood
cells. In addition, the enzyme arginase released
from lysed red blood cells converts arginine to urea
and ornithine. Arginine is the natural precursor that
is normally converted to NO by the enzyme NO
synthase. The two pathological processes of con-
sumption of NO by free plasma haemoglobin and
diversion of arginine to urea and ornithine reduce
the amount of NO in the blood vessels. The potent
vasodilator effect of NO is lost, leading to vasocon-
striction and a rise in blood pressure. There is evi-
dence in support of the importance of intravascular
haemolysis in the pathogenesis of PHT in SCD [1].
The severity of PHT in SCD correlates with indices
of haemolysis: directly with levels of plasma Hb,
bilirubin, ferritin and iron; inversely with the
amount of haemoglobin inside the red blood cells.
Also, SCD patients with PHT have significantly
raised serum arginase levels (from lysed red blood
cells) compared with healthy HbAA control 
individuals.

Apart from intravascular haemolysis, other
pathogenetic mechanisms may contribute to high
blood pressure in haemolytic disorders. Hypoxia
and high blood flow through the lungs (which re-
ceive the entire cardiac output) lead to a rise in pres-
sure within the pulmonary vascular bed. In SCD,
ischaemic damage to lung tissue leading to healing
by fibrosis in and around blood vessels might in-
crease vascular resistance to blood flow and raise
pulmonary blood pressure. Such lung parenchymal
tissue damage and vasculopathy could result from
recurrent embolism of marrow fat or thrombi,
acute chest syndrome, chronically low oxygen satu-
ration and sleep-induced hypoxia [2–4]. While the
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histological changes found in affected patients 
may be the results of PHT or other pathological 
processes, some of them would have the effect of 
increasing resistance to blood flow and, ultimately, 
the blood pressure. For example, the peripheral 
pulmonary arteries are obliterated, there is fibrosis 
in the tunica intima of the pulmonary veins, and 
the structure of the pulmonary artery changes to 
resemble that of the aorta, with smooth muscle 
hypertrophy.

Prevalence of pulmonary hypertension 
in SCD

Studies of the magnitude of the problem in SCD
have given variable reports, probably as a result of
different methods used to examine the issue. How-
ever, it is generally evident that the prevalence of
PHT in SCD increases with age. In this context, it 
is pertinent to bear in mind that pulmonary blood
pressure normally increases with age. Ataga and
colleagues observed a prevalence rate of 40% in
adult SCD patients aged 21–64 years [5]. Others
found prevalence rates from < 4.3% to 32% [6, 7].
Low prevalence rates were observed from investi-
gations based on autopsy findings consistent with
PHT, whereas prospective clinical observations or
community-based screening programmes noted
higher prevalence.

Features of pulmonary hypertension

The clinical features of PHT include fatigue, chest
pain, dyspnoea on exertion, syncopal attacks, a
loud pulmonary component of the second heart
sound, pansystolic murmur if there is tricuspid re-
gurgitation, and reduced oxygen saturation. The
patient is at risk of sudden death from cardiac 
arrhythmia or pulmonary thrombo-embolism. 
Evidence of right ventricular hypertrophy is 
detected on echocardiography or electrocardi-
ography. Right ventricular failure may occur. 
Diagnosis is usually based on estimation of the 
pulmonary artery pressure from the echocardio-
gram. A tricuspid regurgitant velocity ≥ 2.5m/s is
also taken as indicative of PHT.

Prognosis

The outcome for people with SCD complicated by
PHT is poor. In one hospital series of 17 patients, 9
(53%) had died 4 years after the diagnosis of PHT;
the median survival was 1 year [6]. The poor prog-
nosis associated with PHT makes it necessary to
recognize and treat this life-threatening complica-
tion of haemolytic states.

Treatment

Until recently, antihypertensive drugs that lower
(systemic) blood pressure were the only medica-
tions available for the treatment of PHT in SCD.
This situation presents the physician with a 
dilemma. Systemic blood pressure is usually lower
in SCD patients compared with HbAA controls [8].
For example, it is not unusual to record a blood
pressure of 90/55mmHg in an adult female who has
SCD. Antihypertensive drugs given for PHT lower
the systemic blood pressure even further, with a risk
of undesired hypotension. Fatal hypotension has
been reported in an individual who had SCD com-
plicated by severe PHT that was treated with 
hydrallazine [9]. Calcium channel blockers like
nifedipine were used, although it was uncertain if
people with PHT secondary to SCD can tolerate the
high doses effective in primary PHT without a dan-
gerous fall in systemic blood pressure. There are a
number of promising new treatment modalities for
PHT in SCD, although none has attained general
use. The rationale for each therapeutic intervention
is to disrupt the pathogenesis of PHT as described
previously.

Regular exchange blood transfusion

A programme of exchange blood transfusion re-
duces intravascular haemolysis by replacing ery-
throcytes containing HbS with normal red cells.
This reduces the concentration of free plasma
haemoglobin that avidly consumes NO. NO is then
available to exert its potent vasodilator effect, and
lowers pulmonary blood pressure. In addition to re-
ducing the high pulmonary blood pressure in SCD,
regular exchange blood transfusion confers other
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benefits, such as reduction in the number of sickle
cell crises and prevention of stroke.

Inhalation of NO gas

Inhaled NO replaces the endogenous product con-
sumed by haemoglobin free in plasma. This treat-
ment corrects the relative NO deficiency in SCD,
stimulates vasodilation and reduces pulmonary
blood pressure [10].

Administration of oral arginine

The natural substrate for the formation of NO by
NO synthase, arginine given orally at a dose of
0.1g/kg three times a day reduced the pulmonary
blood pressure in nine (100%) SCD patients with
PHT [11]. This treatment modality is more conven-
ient and apparently more effective than inhalation
of NO gas, which requires special equipment and
trained staff.

L-Carnitine therapy

A derivative of the naturally occurring amino acid
carnitine, laevo-carnitine is thought to stabilize the
cell membrane of erythrocytes, and so reduce
haemolysis. Orally administered L-carnitine at a
dose of 1g three times daily reduced the mean pul-
monary artery pressure from 40.2 ± 7.2 mmHg to
32 ± 6.5 mmHg in 14/18 (78%) SCD patients aged
4–16 years [12]. In our centre, anecdotal use of L-
carnitine with regular exchange blood transfusion
reduced the high pulmonary blood pressure in two
SCD patients.

Oxygen therapy

Home oxygen therapy decreases the high pul-
monary blood pressure in SCD patients who have
low oxygen saturation (< 90%) during steady-state,
and in those whose pressure was reduced by oxygen
administration during cardiac catheterization.
Oxygen therapy may be combined with other treat-
ment modalities to achieve greater benefit. There is
a risk of explosion if oxygen gas cylinders are used
by people who smoke at home.

Conclusion

There is no universal standard treatment for PHT
secondary to SCD and thalassaemia. Exchange
blood transfusion, arginine, NO and L-carnitine
have shown promise.
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Introduction

Stroke (or cerebrovascular accident) is one of the
common complications of severe sickle cell disease
(SCD). It also serves as a prototypical manifestation
of the disease because it demonstrates the combined
effects of both small and large vessel damage and
chronic anaemia. It is now evident that cerebral
pathology in SCD ranges from ‘silent’ parenchymal
infarct with little or no evidence of large vessel dis-
ease but demonstrable deterioration in neurocog-
nitive function to overt stroke associated with
stenosis and occlusion of multiple large vessels 
and cerebral cortical infarcts. Management of 
overt stroke has become somewhat standardized, 
even in the absence of controlled clinical trials. 
However, the management of ‘silent’ infarcts or 
demonstrable vascular pathology is evolving and 
currently under study. In this chapter, we present 
briefly the incidence and prevalence of stroke, its 
known risk factors, and a review of the current
management.

Pathophysiology of stroke

Stroke in SCD is caused primarily by damage to
small and large cerebral vessels complicated by 
severe anaemia. Small vessels in the arterial border
zones are presumed to be lost early in the genesis of
cerebrovascular pathology in SCD. The loss of
these vessels is thought to lead to the deep white
matter infarcts (‘silent’ infarcts) and changes in per-
fusion seen even in neurologically asymptomatic
patients with SCD [1, 2]. However, overt stroke in

SCD is typified by stenosis and occlusion of large
cerebral arteries, particularly those of the circle of
Willis. Microscopically, these large vessels show
various degrees of intimal hyperplasia that may be
severe enough to occlude the vessel [2]. Thus infarc-
tion of brain tissue results either from ischaemic
damage resulting from the in situ occlusion of a
damaged artery or distal embolization of a throm-
bus formed in the damaged vessel. These vessels
also show increased formation of aneurysms, per-
haps as advanced manifestation of the same vascu-
lopathy [3, 4]. In addition, moyamoya disease, the
formation of a mass of small friable blood vessels, is
a common consequence of stenosis of large cerebral
vessels in SCD [5]. Rupture of the aneurysms or the
friable vessels in moyamoya is the usual cause of
haemorrhagic stroke in SCD. The bleeding is com-
monly subarachnoid but may be intraventricular or
parenchymal.

Incidence and prevalence

Although there are many sophisticated techniques
of neuroimaging and assessment of cerebral perfu-
sion, stroke remains a clinical diagnosis. The index
of suspicion of stroke is raised more by demonstra-
tion of motor deficits and less by changes in person-
ality, intellectual (or academic) performance, and
memory. In SCD, where stroke is common in young
children, non-motor signs of stroke are likely to be
missed as they may not be as easily demonstrable in
or expressed by children as they would by adults.
The USA Co-operative Study of Sickle Cell Disease
(CSSCD) classified SCD-related stroke into three
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types: infarctive, haemorrhagic and transient 
ischaemic attack (TIA) (as uncompleted stroke).

The CSSCD reported overall stroke prevalence at
enrolment of its large cohort of subjects of all ages
and genotypes to be 4%, and 5% in those with 
homozygous beta-S (SCD-SS). Stroke was seen in
all the common genotypes; however, it was more
frequent in subjects with SCD-SS. The annual inci-
dence of first stroke was approximately 0.6 per 100
patient-years in SCD-SS. The highest incidence
(1.02 per 100 patient-years) was seen in children
2–5 years of age with SCD-SS. However, stroke oc-
curred in all age groups and the cumulative risk of
stroke increased with age: 11% by age 20, 15% by
30, and 24% by 45 years of age. The clinical impact
of this cumulative risk is devastating considering
the tendency of stroke to leave permanent physical
and neurocognitive impairment.

The silent infarct

Earlier studies in many SCD patients after stroke
using standard angiography and post-mortem 
examination of cerebral vessels had shown more
extensive vascular damage than could explain the
clinical presentation [6]. This finding suggested that
some of the cerebrovascular damage in SCD can be
clinically ‘silent’. In 1988, Pavlakis et al. reported
the presence of cerebral infarcts in SCD patients
who had not had a clinical stroke [1]. In the mag-
netic resonance imaging (MRI) studies of children
aged ≥ 6 years in the CSSCD cohort without a his-
tory of clinical stroke, as many as 25% (62 of 248)
had developed ‘silent’ infarcts after 5.2 (+ 2.2) years
of observation following the initial study [7]. Com-
pared with those with normal MRI, the children
with ‘silent’ infarct had a 14-fold increase in the risk
for overt stroke. The actual risk may be higher if
children 2–5 years of age, the period of highest inci-
dence of stroke, had been included in the study.
Longitudinal observational studies of children with
silent infarcts who do not receive treatment suggest
that there is an increased risk of developing new or
larger silent infarcts [8]. The silence of these infarcts
is placed in serious doubt by the demonstration of
greater degrees of neurocognitive abnormalities in
children with infarcts than in those without [9, 10].

The pathophysiology of silent cerebral infarction
may differ from that of overt stroke. This is sup-
ported by a lack of concordance between trans-
cranial Doppler (TCD) and MRI findings in the
multicentre primary stroke prevention trial (STOP)
[11]. In that report on 78 older children (mean age
11 years) with no history of overt stroke, of 61 sub-
jects with normal MRI, 11 (18%) had conditional
or abnormal TCD results, while among 17 subjects
with silent infarction, 5 (29%) had conditional or
abnormal TCD velocity. Thus, TCD and MRI re-
sults were discordant in 23 patients: 12 with normal
TCD and abnormal MRI, and 11 with elevated
TCD and normal MRI. In children with no history
of overt stroke, the deep white matter infarcts on
MRI may be demonstrating the results of small ves-
sel occlusive disease, while TCD may be demon-
strating large vessel disease.

Risk factors for stroke

In examining its large body of clinical data, the
CSSCD was able to identify disease-associated risk
factors for stroke in its cohort [12]. Factors associ-
ated with infarctive stroke included the following:
prior TIA, history of meningitis, increased systolic
blood pressure, increased steady-state leucocyte
count, the 2-week period following acute chest syn-
drome, increased rate of acute chest syndrome, and
low steady-state Hb level. In multivariate analysis,
prior TIA, low steady-state Hb level, high systolic
blood pressure and the two factors related to acute
chest syndrome were found to be significant risks
for infarctive stroke. Similarly, low steady-state Hb
level and high leucocyte count were found to be sig-
nificant risk factors for haemorrhagic stroke. Alpha
thalassaemia (of any degree) was found to protect
SCD patients from infarctive stroke through its 
positive effect on steady-state haemoglobin levels.

Following the CSSCD report several other risk
factors for stroke in SCD have been identified.
Among these, elevated cerebral blood flow velocity
as measured through TCD [13], and nocturnal hy-
poxaemia measured by pulse oximetry [14], have
had practical application. Genetic predisposition 
to cerebrovascular disease and stroke in SCD has
been suggested by familial clustering of stroke [15],
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presence of HLA types associated with increased
rates of stroke [16], higher homocysteine levels in
SCD patients with stroke compared with those
without [17], and sibling concordance in TCD 
results [18].

Clinical presentation of stroke in SCD

As in others, infarctive stroke in SCD patients 
presents typically with hemiparesis, aphasia,
monoparesis, or seizure. In young children, subtle
changes in motor performance, such as painless
limp, are likely to be missed as signs of stroke except
by the keen observer. Haemorrhagic stroke 
often presents with severe headache. Rarely, a 
patient with either type of stroke has presented in
coma. The clinical diagnosis of stroke is often sub-
stantiated with neuroimaging studies, such as MRI

or computerized tomography (CT), that show
haemorrhage and infarcts, and magnetic resonance
angiography (MRA) that can demonstrate evidence
of large vascular disease. The CT may be negative
within the first several hours following acute in-
farctive stroke. Diffusion-weighted MRI is most
sensitive in detecting early ischaemic damage. The
management of a patient presenting with acute 
neurological symptoms is outlined in Table 15.1.

Treatment

Management of acute stroke

Red blood cell transfusion

No clinical trials have investigated the optimal
acute management of ischaemic stroke in SCD 
and it is unclear if the initial management affects
long-term outcome. Thus, clinical management 
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Table 15.1 Management of the SCD
patient with acute stroke symptoms

A. Initial assessment and care
1. Brief history and physical examination (including careful neurological examination)

– distinguish between symptoms due to pain and those due to weakness
2. Stabilization, support and monitoring of vital signs as necessary; maintain euthermia
3. Good oxygenation
4. Careful intravenous hydration at maintenance level or less

B. Laboratory evaluation
1. Complete blood count with differential and reticulocyte count
2. Coagulation studies – PT, PTT
3. Blood to blood bank for typing and cross-match

a. Obtain extended antigen profile for previously untransfused patient
b. Request phenotypically matched red blood cells, if available

4. Blood chemistry
5. Evaluation for meningitis

– if physical examination raises that suspicion and neurological examination
(or neuroimaging)
– assures the safety of a lumbar puncture

C. Neuroimaging
1. CT scan as soon as possible to rule out haemorrhage
2. MRI/MRA to define both parenchymal and vascular lesions

– diffusion-weighted MRI is highly sensitive in detecting early ischaemic changes
D. Red cell transfusion

1. Initial transfusion
a. Simple transfusion

– goal is to raise Hb to about 10g/dL but NOT higher
– do not exceed 15mL/kg in a single transfusion
– allow equilibration (2–3 hours), check Hb level, and give more red cells, if necessary

b. Exchange transfusion (manual or automated)
– goal is to raise Hb to 10–12g/dL and lower HbS to < 30%
– do not delay initial transfusion if exchange is not readily available



in the acute period is empiric (Table 15.1). Red 
cell transfusion to lessen the anaemia, reduce 
tissue hypoxia and reduce the percentage of HbS 
is the mainstay of treatment. Manual or automated
exchange transfusion, when available, is often 
employed in the initial management. The goal 
is to reduce the %HbS to < 30% of the total 
haemoglobin and to raise the haemoglobin level 
to about 10–12g/dL. Oxygen-carrying capacity 
is increased and potentially harmful sickle cells 
are removed while minimizing rapid shifts in 
fluid and blood pressure changes that could be
detrimental in the presence of acute ischaemia. 
This form of transfusion, therefore, may be pre-
ferable to simple transfusion. The downside 
to exchange transfusion involves the need for 
large intravenous access – often a central line 
must be placed acutely – and lack of ready 
access to apheresis teams, which can prolong 
the time to treatment. A simple transfusion to 
raise the haemoglobin level to no higher than
10g/dL should be given if exchange transfusion 
cannot be performed within a few hours of 
pre-sentation.

Supportive therapy

Although not formally studied, some of the princi-
ples of supportive therapy employed for ischaemic
stroke in the non-sickle cell patient are utilized in
initial management. Supportive therapy should be
aimed at avoiding hypotension and maintaining 
adequate hydration. Fever is associated with worse
outcome in patients without SCD with ischaemic
stroke, and therefore euthermia should be main-
tained [19]. The use of antifibrinolytic agents, such
as t-PA, although standard care in adults without
SCD with non-haemorrhagic stroke of < 3 hours
duration, has not been studied in SCD [20]. 
Furthermore, because of the occurrence of haem-
orrhagic stroke in SCD, there is concern about 
increased risk of haemorrhagic transformation.
Therefore, no clear recommendation can be made
regarding the use of antifibrinolytics in ischaemic
stroke for patients with SCD.

Long-term management

The goals of long-term management of stroke are to

prevent stroke recurrence, allo-immunization and
iron overload (Table 15.2). Without treatment,
there is a high risk of recurrent stroke in SCD. In one
cohort study of 35 sickle cell patients with stroke by
Powars et al., 67% of long-term survivors who
were not treated with chronic transfusions experi-
enced a recurrent stroke [21]. A Jamaican study 
reported a recurrence rate of 47% in untreated
SCD-SS patients with stroke; however, the follow-
up time was not specified [22]. Stroke recurrences
often happen in the first few years following the 
initial event. In the Powars study, 80% of the 
recurrences occurred within 3 years of the initial
event, and many occurred within 1–2 years. 
Multiple recurrent strokes may occur and the rate
of permanent neurological deficit appears to 
increase with subsequent strokes [22].

Chronic transfusion therapy is the most effective
known method to reduce recurrences of stroke. The
initial goal of transfusion therapy is to maintain
%HbS < 30%. Although this number is somewhat
arbitrary, in vitro viscosity studies have shown
favourable flow conditions when %HbS is < 40%
[23]. This can often be accomplished by simple red
cell transfusion every 3–4 weeks. The target post-
transfusion haemoglobin level goal is usually
10–12g/dL; higher haemoglobin levels should be
avoided because the viscosity of blood containing
sickled cells increases with increasing haemoglobin
levels. Although sickle trait (AS) red cells can be
safely transfused, donor red cells that do not con-
tain HbS should be utilized to allow for accurate
monitoring of HbS levels.

Although red cell transfusion has not been 
studied in a randomized controlled clinical trial,
data from several case series [6, 24, 25] as well as a
multicentre retrospective study [26] support its
beneficial effect. In one series, only 2 of 27 (7.4%)
patients with a history of stroke experienced 
recurrences while on transfusion therapy [24], a
rate that is substantially lower than historical 
untreated controls [21]. Furthermore, 12 of the 27
(44%) patients had experienced a recurrent stroke
before beginning transfusion therapy, and thus
transfusion therapy was associated with a signifi-
cant reduction in stroke recurrence in this cohort. In
a more recent multicentre retrospective study, only
8 of 60 (13.3%) subjects receiving chronic transfu-
sion had stroke recurrences [26]. This included six
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infarctions and two intracranial haemorrhages. 
An additional multicentre retrospective study by
Scothorn and others found a recurrence rate of
22% in 137 paediatric patients who had been on
chronic red cell transfusions for a minimum of 5
years after the initial stroke [27]. In that report, 
recurrence rate for children who had an antecedent
medical event including fever, hypertension, 
acute chest syndrome, severe anaemia or exchange 

transfusion, was significantly lower after the initial
2 years of transfusion than in those whose infarcts
were not temporally associated with such a medical
event.

Recurrence risk may be increased with higher 
levels of HbS. In the Sarnaik study, the 2 of 27 
children who had stroke recurrences had HbS levels
of 48% and 80%, respectively, at the time of 
recurrence [24]. In the multicentre retrospective
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Table 15.2 Long-term management of stroke in SCD

A. Chronic red cell transfusion (RCT) therapy
1. Goal: maintain pre-transfusion Hb level of 8–10 g/dL and %HbS of < 30%

a. Check Hb level before each transfusion to determine RBC volume to give
b. Check %HbS before each transfusion to help determine interval and RBC volume for

future transfusion
c. Post-transfusion blood tests usually not necessary
d. Monitor for hepatitis, HIV and other transfusion-transmissible infections
e. Monitor for iron overload

– maintain record of cumulative volume of RBC transfused
– iron studies at least every 6 months
– consider liver biopsy when ferritin exceeds 2000 ng/mL or cumulative RBC transfused reaches 120 mL/kg body weight to determine

need for chelation therapy
2. Management of iron overload

a. Prevention
– early institution of exchange transfusion programme can prevent iron overload
– allowing HbS level to rise to < 50% after initial 3–4 years of transfusion without neurological events will reduce rate of iron

accumulation
b. Treatment of iron overload

– start iron chelation therapy when cumulative iron load exceeds 120 mL/kg body weight
– use desferrioxamine or other approved iron chelators

3. Management of allo-immunization
a. Prevention

– use RBC matched closely to those of patient (for people of tropical African ancestry, give RBC negative (at least) for C, E and Kell
antigens)

– encourage blood donation by members of the patient’s genetic community
b. Treatment of multiply allo-immunized stroke patient

– monitor carefully (Hb level, %HbS, RBC antibodies, conjugated bilirubin level) the survival of transfused cells
– weigh the benefit of continued RBC exposure against risk of transfusion failure in a life-threatening situation
– if compatible RBC units are too difficult to find, consider hydroxyurea therapy as an experimental alternative to chronic RBC therapy

B. Neuropsychological evaluation
1. Obtain initial evaluation within weeks of acute event
2. Institute interventions to improve neurocognitive losses
3. Monitor every 6–12 months if abnormal

C. Physical, occupational, speech and other therapies
1. Obtain initial evaluation within days of acute event
2. Institute interventions to improve outcomes as necessary

D. Neuroimaging
MRI/MRA annually
– assess progression of vascular disease: aneurysms, moyamoya disease, and other lesions that may be amenable to surgical intervention



study, in five of the six patients with recurrent 
infarctions, HbS levels were ≥ 30% at the time of
occurrence [26]. None the less, despite adequate
chronic transfusion therapy, some patients will 
experience recurrent cerebral infarctions even with
very low HbS levels. One case series described three
children with stroke recurrences when HbS levels
were between 17% and 33.5% [28]. Furthermore,
five of six children in the Scothorn report had HbS
percentages < 30% at the time of recurrence [27]. It
is unclear if this subset of patients would benefit
from alternative therapies such as antiplatelet
agents or stem cell transplant. There are no reports
of the efficacy of transfusions in preventing haem-
orrhagic stroke. Haemorrhages occurred even with
lower %HbS, suggesting that transfusion may not
be as effective for this type of stroke. An earlier 
report suggesting that transfusion therapy may be
associated with amelioration of cerebral vascular 
damage, or at least with a halt in progression of 
disease, has not been substantiated [29].

The optimal duration of transfusion therapy is
currently undetermined. Although most stroke re-
currences happen within a few years of the initial
event, an attempt to discontinue transfusions after a
period of 1–2 years resulted in a 70% recurrence
rate within a year of discontinuing transfusions
[25]. An additional report showed a 50% rate of re-
currence within 12 months when transfusions were
discontinued after a substantially longer period of
5–12 years [30]. However, in another series of nine
patients in whom transfusion therapy was discon-
tinued after 1.5–16.5 years, no patient experienced
recurrent ischaemia, although one patient died
from a cerebral haemorrhage [31]. However, six of
the nine patients began hydroxyurea therapy,
which may have affected stroke risk, at a median of
4 years after discontinuing red cell transfusion.

Significant complications of chronic transfusion
therapy include infection, red blood cell allo-
immunization and transfusional iron overload. 
Unfortunately, the most commonly used drug for
iron chelation, desferrioxamine, is given as a subcu-
taneous or intravenous infusion. It is administered
over several hours, usually 10–12 hours per day, be-
cause of its short half-life. Non-compliance is high,
leading to toxicity from iron overload and/or even-
tual discontinuation of transfusion therapy. In an

attempt to reduce iron loading, modified methods
of red cell transfusion have been employed. One
method is to allow HbS levels to rise to < 50% pre-
transfusion [32, 33]. Because stroke recurrences
often occur within the first 3 years of the initial
event, this method is usually only employed after
3–4 years of transfusion therapy with an ‘aggres-
sive’ HbS target of < 30%. In a study of 15 patients
with SCD-SS and history of cerebrovascular 
accident, patients without history of neurological
progression on chronic transfusion therapy for a
minimum of 4 years with a target %HbS of 30%,
had the target pre-transfusion HbS level raised to 
< 50% [32]. During a median follow-up period of
84 months (range 14–130 months), there were no
recurrent infarctive strokes. However, two patients
had fatal intracranial bleeds. One patient had an 
intraventricular haemorrhage 1 day after a trans-
fusion (pre-transfusion HbS = 30%) and an 
additional pregnant patient had a subarachnoid 
haemorrhage with a %HbS of 29%. Another 
patient had a recurrent infarction 3 months after
discontinuing transfusion therapy, which she had
received for 9 years (4 years with an HbS target of 
< 50%). Transfusion requirements were signifi-
cantly reduced with a mean reduction of 30% after
increasing the target HbS level to 50%. A second
study reported no stroke recurrence after 12–27
months of observation following relaxation of the
pre-transfusion HbS level to the 40–60% range in
patients transfused aggressively for 4.5–13.7 years
[33].

An additional method of reducing net trans-
fusional requirements involves either manual or 
automated partial red cell exchange (erythrocyta-
pheresis). When used in combination with a higher
target %HbS, this technique can greatly reduce iron
accumulation. In a study of 14 subjects with SCD
who were receiving chronic red cell transfusion
therapy including 11 subjects with a history of
stroke, erythrocytapheresis was used to maintain a
target %HbS of < 50%. Annual net red cell transfu-
sion requirements were reduced by 87% in seven
patients previously receiving conventional simple
transfusions (HbS < 30%) and by 81% in seven pa-
tients previously receiving modified simple trans-
fusions (HbS < 50%) [34]. The mean annual iron
load was 19mg iron/kg/year with this approach,

Stroke in sickle cell disease

139



compared with 144mg iron/kg/year and 107mg
iron/kg/year for those previously receiving simple
or modified transfusion regimens, respectively. Of
note, four subjects were able to discontinue desfer-
rioxamine chelation therapy and an additional two
subjects were able to avoid starting chelation 
therapy with this treatment approach. If exchange
transfusion is not available, chelation therapy
should be strongly considered when the cumulative
volume of red cells transfused reaches or exceeds
120ml/kg of body weight or when the liver iron 
exceeds 7mg/g dry weight [35].

Allo-immunization is a common complication of
chronic red cell transfusion in SCD. This risk may
be minimized through careful matching of donor
and recipient antigens. In the USA it is recom-
mended that SCD patients, mostly of African ances-
try, receive blood that is phenotypically matched
for C, E and Kell antigens [36].

Hydroxyurea therapy

The use of hydroxyurea therapy as an alternative to
red cell transfusion for secondary stroke prevention
has been studied in one clinical centre. In a series of
16 patients with SCD and a history of stroke, red
cell transfusions were discontinued after a mean 
duration of 56 ± 36 months [37]. Reasons for 
discontinuation of transfusions included red cell 
alloantibody or autoantibody formation, stroke 
recurrence on transfusion therapy, iron overload,
and non-compliance with transfusions or chelation
therapy. Three patients (19%) had recurrent is-
chaemic stroke at 3–4 months after discontinuation
of transfusions. No haemorrhagic neurological
complications occurred. Additionally, 14 patients
tolerated phlebotomy while on hydroxyurea thera-
py and had a significant reduction in iron overload.
The authors postulate that the early stroke recur-
rences may have been due to an incomplete effect of
hydroxyurea in the first few months of treatment.
Hydroxyurea use was associated with an ameliora-
tion of vasculopathy as documented by serial MRA
in one patient who was treated with hydroxyurea
for secondary stroke prevention due to religious
considerations [38]. However, this patient had pro-
gression of diffuse cerebral atrophy, suggesting that
hydroxyurea therapy may not treat brain parenchy-

mal disease. Furthermore, concern about the use of
hydroxyurea therapy for stroke prevention has
been brought on by a report of two patients who 
developed intracranial haemorrhage (fatal in one)
while being treated with this medication [39]. Thus,
the use of hydroxyurea for secondary stroke pre-
vention in patients with SCD is an enticing alterna-
tive therapy that requires further study.

Stem cell transplantation

Stem cell transplantation has also been utilized for
patients with SCD who have experienced stroke. 
In the USA, cerebrovascular disease is the most
common clinical eligibility factor for bone marrow
transplantation (BMT) in SCD [40, 41]. However,
it is estimated that only 18% of children with SCD
in the USA have an HLA-matched sibling, limiting
the broad application of this therapy [42].

The rate of neurological complications after
transplantation appears to be higher in children
with SCD than in those who receive BMT for other
indications. In an early report of the Multicenter 
Investigation of Bone Marrow Transplantation for
Sickle Cell Disease, 3 of 21 patients experienced 
intracranial haemorrhage [40]. All these patients
had a history of clinical stroke prior to transplant,
although intracranial haemorrhage in the peri-
transplant period has been reported in a patient
without prior history of stroke [43]. In the former
report, intracranial haemorrhages occurred be-
tween 8 and 243 days after transplant and the event
was fatal in two patients [40]. Additionally, seizures
occurred in 6 of the 21 patients, 3 of whom had a
prior history of stroke. Hypertension, thrombocy-
topenia and/or relative polycythaemia were present
in many of the subjects who experienced neurologi-
cal events. Subsequently, additional supportive
measures in the peri-transplant period were insti-
tuted. These included improved blood pressure
control, anticonvulsant prophylaxis, prompt cor-
rection of magnesium deficiency, and maintenance
of platelet counts > 50 000/mm3 and haemoglobin
levels between 9 and 11gm/dL [41]. No further in-
tracranial bleeding was observed on that study fol-
lowing these new interventions; however, seizures
occurred in 9 of 43 patients. Furthermore, sub-
arachnoid haemorrhage has been reported in a 
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patient undergoing BMT despite similar interven-
tions [43]. Thus, these modifications may reduce
but have not eliminated neurological complications
in this patient population.

The results to date suggest that BMT may have
promising results in the prevention of stroke recur-
rence. In a subsequent report of the Multicenter In-
vestigation of Bone Marrow Transplantation for
Sickle Cell Disease 13 patients with SCD and a his-
tory of stroke had undergone BMT, 3 patients had
developed graft rejection, 1 of whom had a stroke
recurrence when the HbS level was 60% [41]. The
two others resumed red cell transfusion therapy and
did not experience recurrent strokes. Ten of the 13
patients had stable engraftment, and none has had
clinical stroke after transplantation. Similarly, in
another report [44], five of six patients with SCD
and a history of stroke who underwent BMT had
stable engraftment and none of those five patients
had stroke recurrence.

It remains unclear whether BMT can reverse 
existing cerebrovascular disease in patients 
with SCD. The 2000 report of the Multicenter 
Investigation of Bone Marrow Transplantation for
Sickle Cell Disease suggests that radiographic 
abnormalities may stabilize or improve after BMT
[41, 43]. In that report, serial MRA were examined
in four consecutive patients who underwent 
allogeneic BMT. Two of these patients had pre-
existing vessel stenosis by MRA that improved in
most but not all of the vessels involved after BMT.
In other reports of two other patients, however, a
worsening of cerebral vasculopathy after BMT 
occurred [45, 46].

Primary stroke prevention

The advent of TCD ultrasonography has allowed
for the non-invasive detection of cerebral vascu-
lopathy in children with SCD. Elevated cerebral
blood flow velocity in the terminal internal carotid
artery (t-ICA) and/or middle cerebral artery (MCA)
predicts an increased risk of stroke [13, 47]. The re-
sults of TCD studies can be divided into three stroke
risk categories: abnormal (≥ 200cm/s), conditional
(170–199cm/s) and normal (< 170cm/s) [48]. Ab-
normal TCD studies are associated with a 40% risk
of stroke, while normal studies carry only a 2% risk

of stroke over a 3-year period [47]. Thus, this tech-
nique allows the identification of children who are
at high risk of developing a first stroke, creating the
potential for intervention to decrease the risk of first
stroke. The Stroke Prevention Trial in Sickle Cell
Anemia was a multicentre randomized controlled
trial that studied the use of red cell transfusions to
prevent first stroke in children with abnormal TCD
studies [48]. Blood transfusion was chosen as a
therapy based on the effectiveness of this therapy
for secondary stroke prevention in SCD. The study
began in 1995 and a total of 130 children were 
enrolled; 63 children were randomly assigned to 
receive red cell transfusions and 67 to receive 
standard care (no stroke prevention treatment).
Red cell transfusions were administered at a mean
interval of 25 ± 8 days with a goal of maintaining
the pre-transfusion %HbS at < 30% of total
haemoglobin. There were 11 strokes in the stan-
dard care group and only one in the transfused
group (p < 0.001). The rate of stroke in the untrans-
fused group was 10% per year. The significant re-
duction in stroke risk with red cell transfusions led
to early termination of the trial in September 1997,
so that all children with abnormal TCD could be of-
fered red cell transfusion. Various institutions have
adopted their own protocols for screening children
with SCD with TCD, MR and neurocognitive stud-
ies in order to provide them with advice on possible
stroke prevention therapy. The screening protocol
followed at the Sickle Cell Center, the Children’s
Hospital of Philadelphia is outlined in Figure 15.1.

Haemorrhagic stroke

There has been no special approach to the manage-
ment of haemorrhagic stroke in SCD. Chronic red
cell transfusion has not been demonstrated to be as
effective in prevention of recurrent haemorrhagic
stroke as it has in infarctive stroke. In fact, some 
patients on long-term chronic red cell transfusion
following infarctive stroke have developed haemor-
rhagic stroke [3, 32, 49]. It is important to establish
early in the course of evaluating a patient with a
new stroke event that there is no haemorrhagic
component to the lesion. A bleeding aneurysm may
require prompt neurosurgical intervention such as
clipping or coil embolization [50]. In rare case 
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reports, patients with SCD who have developed 
moyamoya disease have undergone bypass proce-
dures to improve perfusion to the brain [51].

Silent cerebral infarction

Limited information is available about the natural
course of silent cerebral infarction because of its 
relatively recent discovery [1]. There have been no
randomized controlled studies of the treatment of
silent cerebral infarction in SCD. None the less, it is
reasonable to expect that treatments that have been
effective in the prevention of overt stroke might also
be beneficial in the treatment of silent cerebral in-
farction or abnormal TCD, as both processes may
progress to overt stroke.

The effect of red cell transfusion therapy in the
prevention of progression of silent infarction or de-
velopment of new stroke was assessed as a second-
ary aim in the STOP study [52]. This was limited to
the evaluation of children with abnormal TCD 
results who were treated with chronic transfusion
therapy or observation. Among the patients with
silent infarction on baseline MRI, none of the 18
treated with transfusions developed new or pro-
gressive silent infarcts or developed overt stroke. 
In contrast, 6 of 29 developed new or progressive
silent infarcts and 9 subjects developed overt stroke
in the group with baseline silent infarcts who did
not receive transfusions (p < 0.001). Further studies
are required to determine if this benefit will hold for
those with normal TCD velocities and silent cere-
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SCD–SS or Sb0thal 
Age 2 – 18 years 

Abnormal 
≥ 200 cm/s 

Conditional 
170 – 199 cm/s 

Normal 
<170 cm/s 

TCD 

Brain 
MRI/A 

Start  
Chronic RCT 

Repeat TCD 
Within 6 weeks 

Repeat TCD 
Within 4 months 

 

Repeat TCD 
Within one year* 

Abnormal 
≥ 200 cm/s 

Brain 
MRI/A 

*Consider more frequent TCD if young child or sibling with conditional or abnormal TCD 
TCD: Transcranial Doppler ultrasonography 
MRI: magnetic resonance imaging; MRA: magnetic resonance angiography 
RCT: Red cell transfusion 
 

Fig. 15.1 Protocol used for trans-
cranial Doppler (TCD) ultrasono-
graphic screening of children with
sickle cell disease in the Children’s
Hospital of Philadelphia, USA.
MRI/A, magnetic resonance imag-
ing/angiography; RCT, red cell
transfusion.



bral infarction. The use of hydroxyurea for treat-
ment of silent cerebral infarction has not been for-
mally studied.
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Introduction

Iron overload may develop as a consequence of
increased absorption of iron over a prolonged
period, as in hereditary haemochromatosis, tha-
lassaemia intermedia, sideroblastic anaemia,
pyruvate kinase deficiency and others; or from
repeated red cell transfusions, as in thalas-
saemia syndromes and sickle cell disease (SCD).
The latter two groups accumulate iron at a rate
of approximately 0.5mg/kg/day. This iron is de-
posited in almost all tissues, but the bulk is
found in the reticulo-endothelial cells, in the
spleen, liver, bone marrow and parenchymal tis-
sue, primarily in the hepatocytes and endocrine
glands. The iron in the reticulo-endothelial cells
is relatively harmless. Parenchymal siderosis,
however, results in significant organ damage. In
multiple red cell transfusions, the primary site
of iron accumulation is in the reticulo-
endothelial cells. In gross iron overload, how-
ever, redistribution of iron occurs in all tissues,
reticulo-endothelial cells and parenchymal cells,
with time. This iron is toxic to the endocrine
organs, liver and eventually to the heart, caus-
ing cardiac failure and death. Patients treated
with repeated red cell transfusion will therefore
require iron chelation therapy. Most of our
knowledge in this field has been obtained from
patients with beta thalassaemia major treated
with desferrioxamine for the last three decades
and deferiprone for the last 15 years. This
chapter will discuss the beneficial and toxic 
effects of these drugs in the context of this 
disease.

Assessment of iron overload

The human body is designed to conserve as much
iron as possible; hence there is no mechanism for
iron excretion. In children with beta thalassaemia
major (a hyperactive bone marrow disorder), tissue
damage from iron may be present from very early in
life, and regular iron chelation should begin at the
10th to 12th blood transfusion [1]. Careful plan-
ning and assessment of iron burden are important,
as if not used judiciously iron chelators can have
many side-effects (see toxic effects of desferrioxam-
ine and deferiprone below). Serum ferritin con-
centration is well correlated with hepatic and
macrophage iron stores, less well with pituitary or
cardiac iron. It is measured by immunoassay tech-
nology as a convenient, non-invasive measure of
iron. Normal concentration of serum ferritin has a
wide range from 15 to 350mg/L and in patients on
regular blood transfusions the goal of iron chela-
tion therapy is to prevent or reduce and maintain
the iron overload to a serum ferritin level of around
or below 1000mg/L. The importance of maintain-
ing consistently low serum ferritin levels in a clinical
setting is illustrated in Fig. 16.1. Serial serum fer-
ritin levels, four or more assessments yearly in indi-
vidual patients, usually give an indication of
whether the iron burden in that patient is static, in-
creasing or decreasing. Single or sporadic measure-
ment of serum ferritin alone may be a poor
indication of iron burden. This is because ferritin
synthesis is influenced by factors other than iron; in
particular, it acts as an acute phase reactant in many
inflammatory diseases, and because damage to 
ferritin-rich organs can release large amounts of 
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tissue ferritin into the plasma. Increased serum 
ferritin concentrations have also been reported in
malignancy, in which redistribution of iron from
haemoglobin to macrophage stores may occur, or
some tumours may produce their own ferritin.
Ascorbate deficiency on the other hand can lower
serum ferritin concentration.

In iron overload, transferrin becomes completely
saturated with iron with the formation of non-
transferrin-bound iron. Non-transferrin-bound
iron assay in the plasma relies on the use of a large
excess of a low affinity ligand, which removes 
and complexes low molecular weight iron and iron
non-specifically bound to serum protein. Non-
transferrin-bound iron concentrations are between
1 and 10mM in the plasma. Once transferrin be-
comes saturated in the blood in iron overload, non-
transferrin-bound iron becomes elevated in plasma
and because it is not tightly co-ordinated to a ligand
or within an iron-containing protein, is potentially
available to redox cycle with the generation of free
radicals. The loss of an electron by iron results in the
gain of an electron by other molecules, resulting in
free radical formation and oxidative tissue damage.
This oxidative tissue damage accounts for most of
the myocardial damage associated with iron over-
load. For this reason it is important to monitor and
accurately quantify this potentially toxic iron frac-
tion [2]. Several centres are currently engaged in
measuring low molecular weight iron in tissue fluids
and assessing the progress of chelation therapy in
iron overloaded disorders. However, this assay is
not in routine use but rather a research tool.

Liver biopsy allows direct examination of total
body iron stores by histological staining for iron or
by chemical quantitative measurement of iron.
Liver iron is normally found in the hepatocytes 
and macrophages, with normal values of
0.5–2.0mg/g/dry weight. Serial liver biopsies and
quantitative liver iron estimation in beta thalas-
saemia major in the absence of cirrhosis or focal
liver lesions can accurately assess total body iron
stores, provided that the liver biopsy sample is at
least 1.0mg/g/dry weight [3]. Total body iron stores
can then be calculated from the following formulae:

Total body iron stores = (10.6) ¥ hepatic iron 
concentration

mg/kg/body weight = mg/kg/dry weight

Liver fibrosis and cirrhosis are well known com-
plications in beta thalassaemia major. The role of
iron overload in the natural history of liver fibrosis
has only recently been elucidated [4]. One hundred
and eleven patients cured by bone marrow trans-
plantation had serial liver biopsies for a median 
follow-up of 64 months. None of the hepatitis 
C-negative patients with hepatic iron content 
< 16mg/g/dry weight showed progression to fibro-
sis. However, patients co-infected with hepatitis C
virus and those with a liver iron > 22mg/g/dry
weight showed progression to liver fibrosis. Iron
overload and hepatitis C infection are independent
co-factors for liver fibrosis. Co-infection with hepa-
titis C and high liver iron levels are the most likely
predisposing factors for the development of liver
cirrhosis. Therefore all patients with active hepati-
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Fig. 16.1 Serial serum ferritin concentra-
tions in two patients with transfusion-
dependent thalassaemia. (Data collated by
Dr Antonio Piga, Centro Microcitemie,
Dipartimento Di Scienze Pediatriche E
Dell’ Adolescenza, Torino, Italy; repro-
duced with permission.)



tis C infection should be de-ironed to a near normal
liver iron level. Serial liver biopsies are used not only
in predicting the progression to liver cirrhosis but
also in monitoring the effect of iron chelation on the
liver. Several beta thalassaemia patients cured by
bone marrow transplantation and successfully de-
ironed by venesections and treated with antiviral
treatment for hepatitis C showed marked improve-
ment in their cirrhosis. This suggests that fibrosis in
the liver may be reversible, if the underlying profi-
brotic conditions are eliminated [5].

While serial liver biopsies seem to have a great
value in predicting the severity of total body iron
burden, progression to liver fibrosis and monitor-
ing the beneficial effect of treatment, quantification
of liver iron from a single liver biopsy in the long
term has little value in predicting complications of
iron overload [6].

Diagnostic accuracy and safety of consecutive
percutaneous liver biopsies in adults [7] and chil-
dren [8] have been assessed and in the latter group it
was found to be safe, with a complication rate of
0.5% without ultrasound guidance and < 0.1%
with ultrasound guidance. However, the procedure
requires general anaesthesia in all patients under
the age of 10 years and local anaesthesia for older
children. The technique is invasive, painful and un-
pleasant, necessitating clotting studies before the
procedure and administration of vitamin K if the
prothrombin activity or activated partial thrombo-
plastin times are prolonged. Low platelet count
could exclude patients from liver biopsy, or necessi-
tate platelet transfusion. Reported complications
associated with liver biopsies are: haemoperi-
toneum, pericholecystic haematoma, kidney
haematoma, bile peritonitis and others.

Superconducting quantum-interference-device
(SQUID) [9] and magnetic resonance imaging
(MRI) [10, 11] techniques are non-invasive mag-
netic measurements of hepatic iron stores. SQUID
is routinely used in monitoring iron chelation pro-
grammes in Switzerland, Germany, Italy and the
USA. It is non-invasive, reproducible, accurate and
particularly useful in monitoring iron chelation
programmes in children. The MRI technique,
measuring signal intensity ratio between liver and
skeletal muscle [11], also offers a safe and repro-
ducible non-invasive method for the determination

of liver iron concentration, within a wide range of
iron overloaded diseases. This method is especially
indicated in those patients where a non-invasive de-
termination of liver iron concentration is preferable
and histological information is not required.

However, the methods discussed above are un-
suitable for the accurate assessment of cardiac iron
loading, the commonest cause of morbidity and
mortality in beta thalassaemia major. A modifica-
tion of the MRI technique using gradient echo T2
star (T2*) measurements to quantify cardiac iron
loading has recently been reported to be an accurate
technique with a high degree of reproducibility in
the heart (coefficient of variation 0.5%) [12]. Using
MRI T2* technology, liver iron, left ventricular
ejection fraction, left ventricular end diastolic 
volume, left ventricular end systolic volume and 
left ventricular mass can be accurately and repro-
ducibly measured and related to cardiac iron over-
load. This technique is by far the most advanced in
diagnosing tissue iron loading and the response to
iron chelation, and assessing the effects of different
iron chelators and the rates at which they remove
iron from the heart [13].

Iron chelators

Desferrioxamine mesylate is a natural siderophore
produced by Streptomyces pilosus. It is a water-
soluble compound, stable in solution up to 3 weeks
at room temperature or at 4 ºC. It has a high affinity
for ferric (Fe3+) iron, to which it combines at a 1 :1
molar ratio with a high stability constant. It also has
a low affinity to zinc and other metal ions. The 
half-life of desferrioxamine in plasma when the
drug is injected is only 60 minutes. The gastro-
intestinal absorption of desferrioxamine is poor
and therefore it is only given parenterally. The
mechanism by which desferrioxamine works once
injected is by combining with the labile iron pool (or
chelatable iron pool). Storage iron, ferritin and
haemosiderin are not static in the liver and other
storage organs, but are turned over and degraded
every few days with resulting increased fluxes of 
labile or chelatable iron in iron overload. Once 
desferrioxamine combines with the chelatable 
iron it forms ferrioxamine (desferrioxamine iron 
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complex), a stable complex resistant to enzymic
degradation. It is distributed in the extracellular
space and is unable to penetrate cells; most of the
ferrioxamine is excreted in the urine, while hepato-
cellular iron is confined to the bile and excreted in
the faeces.

Desferrioxamine therapy

In view of its short plasma half-life, it is recom-
mended that the drug is infused subcutaneously by
slow infusion, either over 8–12 or 24 hours, or in-
travenously continuously. Several syringe driver
pumps are available, all capable of slow delivery of
desferrioxamine, usually through a needle inserted
in the subcutaneous tissue. The longer the duration
of desferrioxamine administration, the greater is
the efficacy. The dose of desferrioxamine should be
adjusted according to body iron load. When start-
ing after the ferritin level has reached 1000mg/L, the
dose should be 20mg/kg body weight, up to
50mg/kg daily in grossly iron overloaded patients.
Calculating the therapeutic index helps to prevent
under- or over-dosing with desferrioxamine.

Therapeutic index = mean daily dose mg/kg
ferritinmg/L

The aim is to keep the index < 0.025 at all times.
Vitamin C increases iron excretion by increasing
the availability of chelatable iron. It should be given
orally in doses of 2–3mg/kg at the time of the des-
ferrioxamine infusion. Desferrioxamine has been in
clinical use for over 30 years in the developed coun-
tries for the treatment of iron overload. Recently
published survival data of beta thalassaemia major
patients from the UK [14] show that 50% of pa-
tients can comply conscientiously with desferrioxa-
mine treatment and they have a long-term survival
and good quality of life. Unfortunately the other
half of the patients cannot achieve this because iron
chelation with subcutaneous desferrioxamine is
burdensome, painful, time-consuming and unend-
ing. During their lifetime beta thalassaemia patients
whose compliance is erratic will develop a number
of endocrine complications, liver problems and
eventually cardiomyopathy leading to early death
(Fig. 16.1).

Figure 16.1 illustrates the problem in two pa-
tients. Patient one has a good quality of life as a con-
sequence of persistent iron chelation. Patient two 
is non-compliant and developed gonadal failure,
short stature, hypothyroidism, diabetes and at the
age of 14 years heart failure, necessitating continu-
ous intravenous delivery of desferrioxamine at a
high cost of morbidity.

There are several new approaches for increasing
the tolerability of desferrioxamine treatment,
which includes the use of local anaesthetic cream
applied to the skin and covered by a see-through
plaster 60 minutes before injection. This is particu-
larly helpful in a paediatric setting.

The use of a small subcutaneous needle (Tha-
laset), replacing the large butterfly needle (Fig 16.2)
and the introduction of home delivery disposable
Baxter desferrioxamine balloon pumps (Fig 16.3),
have helped to improve compliance with desfer-
rioxamine treatment.

Conventional subcutaneous desferrioxamine
chelation therapy requires aseptic dilution of the
drug by the patient, which is time-consuming. The
battery-operated pump is noisy and cumbersome to
carry; moreover, infusions are not given continu-
ously, allowing non-transferrin-bound iron to ac-
cumulate in the plasma in the absence of the drug. In
the UK, with the help of Baxter Healthcare Ltd, we
have developed a special desferrioxamine infuser,
which is light, silent, pre-filled and disposable [15]
(Fig 16.3). The desferrioxamine is in the balloon
reservoir, which provides continuous pressure. Pre-
set flow rates are controlled by the flow restrictor. A
variety of flow rates are available – 12, 24, 48 hours
and even a 7-day infuser. The device allows con-
tinuous infusion of desferrioxamine, either by sub-
cutaneous or intravenous route. Compliance with
this treatment modality has much improved and
plasma non-transferrin-bound iron levels fall 
significantly with the treatment, compared with the
overnight intermittent desferrioxamine. However,
there is a substantial cost involved with the use of
these disposable infusers and therefore its use is 
selective to patients with gross iron overload.

Intravenous desferrioxamine treatment is recom-
mended for patients with massive cardiac iron load-
ing, or for those who are allergic to subcutaneous
desferrioxamine. The treatment requires the inser-
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Fig. 16.2 Small subcutaneous needle
(Thalaset) replacing large butterfly 
needle.

Fig. 16.3 Home delivery disposable Baxter desferrioxamine
balloon pump.

tion of an intravenous catheter by a specialist under
general anaesthesia and the full anticoagulation of
the patient. Insertion of needles or connecting the
cannulas requires strict aseptic techniques. The
long-term benefit of this treatment is improvement
in the actuarial survival of cardiac disease in beta
thalassaemia patients to 62% at 13 years, com-
pared with 3.6 years with subcutaneous desferriox-
amine treatment [16]. Intravenous desferrioxamine
with blood transfusions is a convenient, although
not universally practised treatment. When intra-
venous desferrioxamine is infused at the time of
blood transfusions in doses of 500mg – 2g/unit of
blood, the excretion of urinary iron is substantially
increased in iron overloaded patients [17]. There is
no need to give this treatment in well chelated 
patients.

Desferrioxamine is a remarkably safe drug, al-
lowing for the fact that it is given from early child-
hood throughout life in considerable quantities.
However, its long-term and in some cases inappro-
priate use has led to the following side-effects in
some patients: local skin reactions at the site of the
infusion, hypersensitivity to desferrioxamine, oph-
thalmic toxicity and ototoxicity, pseudorickets-
type skeletal changes, platyspondylosis of the spine
with associated disproportionate growth and ten-
dency to Yersinia spp. septicaemia.

The local skin reactions may be solved either 
by the addition of small doses of hydrocortisone

(1–2 mg per syringe) to the desferrioxamine, or by
increasing the volume of solution to desferrioxa-
mine ration (desferrioxamine infuser where the
drug is diluted in 60ml of water for injection). 
Hypersensitivity to desferrioxamine is rare, desen-
sitization is possible but recurrences are common.
Ophthalmic toxicity and ototoxicity if severe will
require the use of a hearing aid and regular yearly
testing. Changing iron chelating agent from desfer-
rioxamine to the oral chelator is advisable. Skeletal
changes associated with disproportional growth
(short spine, long extremities) occur mainly in 



patients who started iron chelation in their first year
of life when the iron burden was minimal or in those
who are hypersensitive to the drug. The exact mech-
anism of the drug’s toxicity is poorly understood; it
may be related to the chelation of trace elements in
critical iron-dependent enzymes such as ribonu-
cleotide reductase or alkaline phosphatase. Chang-
ing from desferrioxamine to the oral chelator has
been reported to reverse bone deformities without
correcting the final standing height [18].

Yersinia infection is not uncommon in iron over-
loaded and desferrioxamine-treated patients. The
Yersinia family of bacteria has low pathogenicity
but an unusually high requirement for iron as they
do not secrete siderophore but have receptors for
ferrioxamine. They become pathogenic in iron
overload, and thus present an important hazard to
any patient receiving desferrioxamine. Clinicians
should be alert to the possibility of Yersinia infec-
tion in iron overloaded patients presenting with 
abdominal pain, diarrhoea, vomiting, as well as
fever and sore throat. Desferrioxamine should be
stopped immediately, stool cultures or blood serol-
ogy undertaken and co-trimoxazole or aminogly-
coside treatment given empirically.

Deferiprone, the oral iron-chelating drug, has
been in clinical use mainly as a research tool since
1987; however, the drug was licensed for the treat-
ment of iron overload in thalassaemia in India in
1994 and in the European Union in 1999 for 
patients unable to use desferrioxamine without 
serious side-effects. Deferiprone is an oral iron
chelator, rapidly absorbed, reaching a peak plasma
level within 45–60 minutes of ingestion. It has a
very high affinity to bind iron in a 3 :1 complex. It
also binds zinc, aluminium and other metals. The
deferiprone iron complex is eliminated from plas-
ma within 5–6 hours of ingestion. Deferiprone is in-
activated by glucuronidization in the liver, which
makes the compound inactive for further iron
chelation. The speed of glucoronidization affects
the chelation efficiency of the drug and this may 
explain patients’ individual responses to it. Most of
the deferiprone iron complex and free drug is ex-
creted in the urine, with a negligible amount in the
faeces. Urine iron excretion in response to de-
feriprone has not been found to be consistently af-
fected by co-administration of vitamin C, or by

giving in 2, 3 or 4 divided daily doses with food or
fasting. The recommended dose of deferiprone for
patients with minimal iron loading is 75mg/kg/day
– those with gross iron overload may need up to
100mg/kg/day.

The effectiveness of deferiprone to remove tissue
iron has been the subject of many reports and an ex-
tensive review on this subject has recently been pub-
lished in Blood [19]. SQUID and MRI T2* studies
suggest that deferiprone is less effective in removing
iron from the liver than desferrioxamine but it is
clearly more effective than desferrioxamine at re-
moving cardiac iron [13]. MRI T2* studies [12, 13]
undertaken on a large number of iron-chelated beta
thalassaemia major patients revealed that the iron
pools in the heart and liver are separate and both
need careful assessment. One cannot extrapolate
from liver iron quantification to cardiac iron 
loading and vice versa. Assessment of cardiac iron
loading is particularly relevant, considering that
myocardial iron loading leading to heart failure 
is a major cause of death in patients with beta 
thalassaemia.

As deferiprone is less effective in removing iron
from the liver and desferrioxamine in removing
iron from the heart, the author and others have re-
assessed the current iron chelation regimens and in-
troduced a combination of the two drugs to achieve
optimal effect [20–22]. The beneficial effects of
using these drugs is based on the ability of de-
feriprone to enter cells to remove iron from within
the cells, from cell membrane and from transferrin
and transfer it to desferrioxamine, a ‘shuttle’ effect,
which is particularly efficient at removing iron from
the heart even before overall body iron burden is
substantially reduced [23, 24]. Combined therapy
is an option for chelation in beta thalassaemia 
patients suffering from severe cardiac failure. 
Daily subcutaneous continuous desferrioxamine
50mg/kg/day and daily deferiprone 75mg/kg/day
can in the author’s experience (unpublished data)
replace intensive intravenous desferrioxamine
chelation. Successful reversal of cardiomyopathy is
safer and more rapid with this approach than con-
tinuous intravenous desferrioxamine alone.

Patients with moderately severe cardiac iron 
and minimal liver iron loading may comply better
with daily deferiprone and 1 or 2 days a week of 
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desferrioxamine treatment. To date, this combina-
tion therapy has shown no unanticipated side-
effects.

Iron chelation needs to be reassessed in view of
recent findings and in each patient after careful as-
sessment of tissue iron loading, iron chelation treat-
ment has to be individually tailored to achieve the
maximum benefit.

Deferiprone toxicity

Agranulocytosis occurs in 0.5% of patients,
arthropathy in 25%; however, the most common
complication is nausea and gastrointestinal symp-
toms. Zinc deficiency and fluctuating liver function
tests have also been reported. Agranulocytosis is
preceded by neutropenia and it is therefore advis-
able to monitor weekly blood counts at the start of
treatment, and when neutrophil counts are below
1.0 ¥ 109/L discontinue the drug. Agranulocytosis
and neutropenia are reversible on discontinuation
of the drug, although some patients may require
granulocyte-colony stimulating factor (G-CSF).
Agranulocytosis is an idiosyncratic toxicity of un-
known cause. Milder forms of neutropenia may be
related to hypersplenism and intercurrent infec-
tions rather than drug toxicity. Side-effects other
than neutropenia, arthropathy and very severe 
nausea may require discontinuation of therapy.
Liver fibrosis with time does not occur in patients 
on deferiprone treatment who are hepatitis C 
virus-negative [25].

Conclusion and future prospects

Much is known about the efficacy and toxicity of
desferrioxamine and deferiprone. Deferiprone used
at a dose of 75mg/kg/body weight per day appears,
on average, to be about 65% as effective as desfer-
rioxamine, with wide individual patient variation.
Compliance with deferiprone is better and for pa-
tients already committed to regular transfusions for
whom deferiprone is equally as effective as desfer-
rioxamine, it is clearly preferable to take an orally
active drug rather than subcutaneous infusion. 
Furthermore, with the emergence of the advanced
cardiac MRI technique, it is now possible to accu-

rately and reproducibly assess tissue iron loading.
This will enable physicians to introduce better and
more innovative iron chelation programmes, either
by giving desferrioxamine alone to its maximum
therapeutic dose intravenously or subcutaneously 
without causing toxic side-effects, or using oral
chelation with deferiprone with doses up to
100mg/kg body weight, or the combination of 
the two. Improved treatment options and better
techniques for the assessment of tissue iron over-
load will improve the quality of life of beta thalas-
saemia major patients and prolong their survival
worldwide. It is to be hoped that other orally active
iron chelators will become available for clinical use
and so further improve iron chelation treatment of
beta thalassaemia major and other diseases treated
with regular transfusions.
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Introduction

The recognition that sickle cell disease (SCD) can
affect the kidney is not new. In the original report by
Herrick of ‘Peculiar elongated and sickle-shaped
red blood cells in a case of severe anaemia’ in the
Archives of Internal Medicine he noted that the ill-
ness was associated with the passage of an increased
volume of urine of low specific gravity [1]. It is now
recognized that SCD is associated with a spectrum
of renal anatomical and functional abnormalities
[2–4]. The increased survival of patients with SCD,
due to advances in haemoglobinopathy manage-
ment, has allowed the full expression of the renal
manifestations of this illness to be determined.
Early features of SCD in the kidney are decreased
urinary concentrating ability, initially reversible by
exchange transfusion, and defects of urinary acidi-
fication. Children and young adults with sickle cell
anaemia may have increased total renal blood flow
and increased glomerular filtration rates. In some
patients sickling of red blood cells in nutrient blood
vessels results in ischaemia of the central
(medullary) region of the kidney. This causes dam-
age to the juxtamedullary nephrons and decreased
urinary concentrating ability that cannot be re-
versed by exchange transfusion. Continued is-
chaemic damage to the renal tubules may be
associated with progressive renal impairment.
Pathologically, a common feature is medullary 
fibrosis and loss of the network of blood vessels
supplying the inner kidney. The renal complications
of sickle cell anaemia include the development of
end-stage renal disease (ESRD) with the require-
ment for dialysis and transplantation, treatments

that pose particular challenges in this complex 
patient group.

Pathogenesis

The kidney is a harsh environment for a red blood
cell and in a patient with SCD the renal circulation
provides conditions ideally suited to promote sickl-
ing of erythrocytes. The normal environment of the
renal medulla promotes erythrocyte sickling as it is
an area of low oxygen tension, of high osmolality
(that increases the HbS concentration in the red
blood cell by promoting water movement out of the
cell), and of relatively low pH. Sickling of erythro-
cytes in the vasa recta capillaries of the medulla
causes congestion and stasis and this further 
impairs medullary blood flow and leads to an 
ischaemic cycle that promotes tissue injury. 
Important mediators of injury in the kidney in 
sickle cell nephropathy (SCN) include free radicals,
generated following ischaemia-reperfusion [5],
that increase oxidative stress [6] and up-regulation
of nitric oxide (NO) synthase [7]. Inhibition 
of HbS polymerization and of sickle cell 
ischaemia–reperfusion injury may prevent the 
development of SCN. Recent demonstration, in a
mouse model of SCN, that inhibition of HbS poly-
merization by gene therapy prevented development
of the urine concentration defect is encouraging [8].
However, factors not directly related to the poly-
merization of HbS and cell sickling, such as the 
up-regulation of pro-inflammatory cytokine and
adhesion molecules and activation of inflammatory
and endothelial cells, are also likely to be of impor-
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tance in the generation of the renal lesions of SCN
[9, 10] and strategies that block these pathways
may be of therapeutic importance.

Repeated episodes of ischaemia lead to haemor-
rhage and ischaemic necrosis and, eventually, to 
interstitial inflammation and fibrosis. Ischaemic
disruption of the counter-current multiplication
and exchange system results in early abnormalities
of tubular function. Ultimately tubular atrophy,
papillary infarcts and irreversible loss of renal func-
tion occur. Microradiographic studies in younger
patients with SCD of the blood flow to the medulla
demonstrate a reduction in the number of vasa recta
capillaries and dilatation and partial obliteration of
those remaining. In older patients such radio-
graphic studies may show complete obliteration of
the vasa recta capillary system. Although the lesions
associated with repeated cycles of ischaemia are
most marked in the kidneys of patients with 
homozygous (HbSS) SCD, they are also seen in 
patients win HbSC disease and other variant sickle
haemoglobinopathies and, to a lesser extent, in 
patients with sickle cell trait. In a small study of 
patients dying of renal failure in association with
sickle cell anaemia, the kidneys were found to 
be small at autopsy, suggesting that continued 
ischaemia eventually results in a reduction in 
renal mass.

Clinical manifestations

Ischaemic injury to the kidney in patients with 
sickle cell anaemia results in a spectrum of renal 
disorders that may be subclinical or that may 
present with overt clinical symptoms and signs.

Disorders of renal tubular function

Ischaemic disruption of the physiology of the renal
tubule results in decreased urinary concentrating
ability, probably as a result of disruption of the
counter-current exchange mechanism. This may
present as enuresis in childhood and as nocturia and
frequency in adults. In early childhood this defect
may be reversed by exchange transfusions but by
late childhood the condition is irreversible [11]. By
the age of 15 years patients with SCD have a fixed

urine output of approximately 4000ml per day,
often associated with complaints of nocturia. They
are unable to concentrate their urine under 
conditions of water deprivation and can achieve 
a maximum urine osmolality of only 400–450 
milliosmoles per kg, about 50% of normal [2]. 
Patients with SCD are therefore unable to 
defend body volume homeostasis in conditions of
volume loss such as gastrointestinal upset, high 
environmental temperature or fever or enforced
fluid deprivation.

Disruption of the physiology of the distal 
renal tubule in SCD may result in a defect of the 
acidification of urine and is manifest as incomplete
distal renal tubular acidosis (RTA). Acidosis is not
usually apparent unless conditions of stress such as
infection occur, or in patients with established renal
impairment. Patients have a hyperchloraemic 
acidosis [12] and are unable to excrete an acid load.

Distal tubular dysfunction is also manifest as im-
paired potassium excretion. This defect, similar to
the defect of acidification, is not usually clinically
apparent. However, in situations of stress or in pa-
tients with renal impairment, the defect may result
in hyperkalaemia. Some buffering of hyper-
kalaemia occurs because of increased beta-
adrenergic drive in patients with SCD causing 
excess potassium to pass into cells.

Patients with SCD may exhibit supranormal
proximal tubular function manifest by increased se-
cretion of creatinine and by reabsorption of phos-
phorus and beta(2)-microglobulin [4]. Increases in
proximal tubular creatinine secretion in SCD re-
duces the usefulness of creatinine clearance as a
measure of renal function in these patients, as this
investigation will therefore overestimate renal
function measured against true glomerular filtra-
tion rate (GFR).

Bleeding

Haematuria is common in patients with SCD and
may be present as microscopic or gross macroscop-
ic bleeding. Gross haematuria is a relatively com-
mon complaint in patients with SCD, presumably
as a result of papillary infarcts and ischaemic necro-
sis. It is usually mild, does not require transfusion
and is self-limiting, although it may continue for
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some weeks. Occasionally bleeding may be more 
severe and patients may present with renal 
colic and with ureteric obstruction. Treatment is
supportive, with hydration and transfusion if 
required, and intervention is rarely needed. Bleed-
ing may also be seen in patients with sickle cell 
trait and papillary necrosis has been described. 
Expression in heterozygotes presumably reflects 
the harsh environment of the renal medulla for 
red blood cells with even low concentrations of
HbS.

Papillary necrosis

Of all areas of the kidneys, the harshest environ-
ment for a SCD red blood cell is the ischaemic, 
hypertonic and acid medullary pyramid. Severe 
ischaemia of the medullary pyramid results in 
papillary necrosis and, as above, can be seen in both
SCD and sickle cell trait. The incidence of papillary
necrosis has been reported as between 23% and
67% in different series. Patients may be asympto-
matic or may present with bleeding, renal colic or
ureteric obstruction. Infection may complicate 
papillary necrosis and, in this setting, acute renal
failure has been described.

Medullary carcinoma

Renal medullary carcinoma is an aggressive tumour
found most commonly in black patients with sickle
cell haemoglobinopathy, most commonly as sickle
cell trait and HbSC disease [13]. It presents with
loin pain, haematuria, a possible history of weight
loss and a palpable flank mass may be present. The
tumour has often metastasized by the time of pres-
entation and complete surgical removal is seldom
successful. Response to chemotherapy or radio-
therapy is poor and survival time from diagnosis
ranges from 1 to 7 months.

Acute renal failure

Acute renal failure (ARF) has been described in
SCD but it is not as common as may be predicted by
the patient population. ARF has been described as
complicating sickle cell crises, usually in the context
of volume depletion, extreme fever and infection.

The importance of non-traumatic rhabdomyolysis
in the pathogenesis of ARF in SCD should not be
overlooked. Early detection of this in at-risk pa-
tients may offer a therapeutic window for treatment
that may prevent the development of established,
dialysis-dependent ARF that carries a high morbid-
ity and mortality. Rhabdomyolysis as a causative
factor in ARF in patients with sickle cell trait 
undertaking extreme exertion has been described.
ARF has also been described following complica-
tions of pregnancy in women with SCD. In patients
with ARF who fail to recover renal function, 
subsequent histological examination has revealed
cortical necrosis, the extreme result of ischaemic 
injury.

Hypertension

The blood pressure profiles of patients with sickle
cell anaemia are different to those of Afro-
Caribbean patients without sickle cell anaemia.
The blood pressure of patients attending the com-
prehensive sickle cell clinic tends to be lower than
average and blood pressures of 100/70mmHg are
common, reflecting the lower prevalence of hyper-
tension in these patients. In a study of a Los Angeles
sickle cell population involving 180 patients, the
prevalence of hypertension was only 3.2% com-
pared with an expected prevalence of 30%. The
mean blood pressure for the sickle cell anaemia
group was 116/70mmHg. Adjusting for age and
gender there were large differences in blood pres-
sure (10–20mmHg for both systolic and diastolic
blood pressures in all age groups) between sickle
cell patients and normal individuals. Age-related
blood pressure increases are not observed in the
sickle cell group. However, hypertension is a feature
of patients with established renal failure. The cause
of these differences is unclear but it may reflect gen-
eralized up-regulation of vasodilator compounds.
The observation that the usual blood pressure 
for patients with SCD is lower than the population 
average is of importance. SCD patients may 
be inappropriately labelled as normotensive 
when their blood pressures are inappropriately 
elevated. This is of particular importance in 
the assessment of women during pregnancy in 
whom a blood pressure still in the normal range 
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but high for SCD may herald the onset of pre-
eclampsia.

Glomerular abnormalities in SCD

A variety of glomerular abnormalities have been de-
scribed in SCD. These range from glomerular hy-
pertrophy through a number of specific histological
entities to glomerular obsolescence in ESRD due to
SCN. Specific histological abnormalities described
include focal segmental glomerular sclerosis
(FSGS), a relatively common biopsy appearance 
in SCN. Mesangio-capillary glomerulonephritis
(MCGN) with or without immune deposits and
membranous glomerulonephritis have also been
described. The mechanisms that cause glomerular
scarring in SCD and that lead to the common find-
ing of FSGS are of potential therapeutic importance
[14]. Initial glomerular injury may occur as a result
of ischaemia following capillary occlusion by ery-
throcytes or as a result of a haemodynamic injury 
as a consequence of glomerular hyperperfusion 
and hypertension under the control of vasodilator
prostaglandins and NO. Nephron loss as a con-
sequence of ischaemic and hyperfiltration injury 
results in increased workload falling on the remain-
ing, intact, glomeruli. Such increased load is mani-
fest by a further increase in glomerular pressure that
accelerates glomerular injury. Such a vicious circle
has been proposed as an important mechanism 
of disease progression in a number of models of
chronic renal failure (CRF). That this may be 
operating in SCD accelerating renal functional loss,
may be of importance as it offers a therapeutic 
opportunity [15], treatment with drugs that block
the renin–angiotensin axis, as discussed below.

Not all patients with sickle haemoglobin develop
nephropathy. Factors that influence the develop-
ment of focal segmental lesions include the type of
haemoglobinopathy present (the incidence of FSGS
is lower in HbSC disease than in HbSS: 2.4% vs
4.2%) and non-haemoglobin genetic markers (the
Bantu haplotype is associated with more aggressive
renal disease). Inheritance of deletions in the alpha
globin genes may offer a reno-protective effect and
reduce the likelihood of development of sickle
nephropathy [16].

Proteinuria

The finding of proteinuria in patients with SCD is
ominous as it implies the onset of sickle nephropa-
thy. It suggests the presence of a significant renal le-
sion and is usually the manifestation of glomerular
pathology. The detection of proteinuria is impor-
tant as it may offer a treatment opportunity if found
at an early stage in the development of renal disease.
Microalbuminuria (MA) has been described as an
early and sensitive marker for renal involvement 
in diabetes mellitus before the development of 
frank proteinuria and it has been used as a prompt
for early therapeutic intervention. In diabetic
nephropathy (DN), there is strong evidence that
early intervention with drugs that block the
renin–angiotensin axis is of use. There are similar-
ities in the glomerular pathology in DN and SCN
and there is a clinically coherent rationale for the
early use of angiotensin-converting enzyme inhi-
bitors and of angiotensin II receptor antagonists in
patients with the early manifestations of SCN. The
detection of herald proteinuria in SCN, similar to
that of the early proteinuria that heralds the onset of
DN, may be used to determine those patients who
may benefit from drug intervention. Elevated uri-
nary microalbumin/creatinine ratios are reported in
39–43% of adults with HbSS and the overall pre-
valence of MA in children with HbSS has been re-
ported as 26.5%. There appears to be a strong 
correlation between patient age and MA, with a
prevalence of MA in children between the ages of 
10 and 18 years of 46%, similar to the prevalence 
in adults [17]. Patients may benefit from early 
intervention with drugs that block the renin–
angiotensin axis but more studies are needed to see
if this hypothesis is valid.

Proteinuria, detected by stick testing of the urine,
usually points to eventual progressive decline in
renal function and the development of end-stage
renal failure. The prevalence of proteinuria detect-
ed by urine dipstick in sickle cell anaemia varies in
studies between 15% and 30%. There is an age gra-
dient in the reported prevalence of proteinuria with
approximately 22% in the age range 21–30 years,
35% in the age range 31–40 years and 55% in those
patients over 40 years testing positive for protein.



The presence of proteinuria is usually associated
with a serum creatinine increased above the normal
range. Once present, proteinuria usually progresses
and patients may develop frank nephrotic syn-
drome. Fortunately, the time course of the decline in
function is measured in years rather than months.
Nephrotic syndrome, the co-incidence of heavy
proteinuria, oedema and hypo-albuminaemia, has
been described in approximately 4–5% of patients
with SCD. Proteinuria and the nephrotic syndrome
strongly predict the subsequent development of
ESRD in patients with SCD.

SCN and the development of ESRD

Early in the clinical course of patients with SCD 
the GFR is paradoxically raised and may be as high
as 150% of normal [14]. The mechanism of GFR 
elevation is unclear but it may be a reflection of 
the release of vasodilator prostaglandins via an 
indomethacin-sensitive pathway and/or as a result
of NO-mediated vasodilatation. The potential role
of NO has been highlighted by work that demon-
strated that the inducible form of NO synthetase is 
up-regulated in the glomeruli and distal nephrons
of HbSS transgenic mice [18]. That this process 
occurs early in life is highlighted by the finding of
glomerular hypertrophy in children as young as 
2 years of age. With older age, however, GFR falls 
in patients with sickle nephropathy. The previously 
elevated GFR may fall into the normal range by 
the age of 20. In some patients GFR continues to 
decline and by the age of 30–40 years a number of
patients with SCD will have CRF.

The prevalence and natural history of chronic
and end-stage renal failure in patients with sickle
cell anaemia are now being described as patients
survive into middle age due to improvements in
haemoglobinopathy management. The reported
prevalence of renal insufficiency to date is low com-
pared with the prevalence of proteinuria. In a study
of 368 patients reported in 1990 [19], the preva-
lence of chronic renal insufficiency was 4.6% over-
all. In a prospective 25-year longitudinal study of
725 patients with sickle cell anaemia and HbSC 
disease, approximately 4.2% of patients with SCD
progressed to end-stage renal failure [20]. This

study suggested that the Bantu beta S haplotype was
associated with more aggressive disease. The rela-
tive risk for mortality in the group of sickle cell
anaemia patients with renal impairment was 1.42.
The Co-operative Study of SCD enrolled 3764 
patients and found that CRF was implicated in 22
of 38 deaths due to organ failure [21].

Additional factors in renal disease progression 
in SCN

The role of non-steroidal anti-inflammatory drugs
(NSAIDs) in the progression of CRF in SCD is of
importance. NSAIDs are nephrotoxic and have
been implicated in the progression of CRF, presum-
ably as a consequence of inhibition of vasodilator
prostaglandin production and promotion of is-
chaemia. While they may be useful in patients with-
out evidence of renal disease, they may promote the
development of CRF in patients with diminished
GFR and they should be avoided if possible. Recur-
rent urinary tract infections should be investigated
and treated and, if possible, prevented by the use 
of prophylactic antibiotics. Patients with SCD may,
of course, have any of the more common causes of
renal impairment, such as urinary outflow obstruc-
tion in men due to prostatic hypertrophy, and these
should be excluded by appropriate investigation. If
necessary, renal biopsy should be performed to con-
firm the presence of SCN and to exclude other
parenchymal renal diseases.

The management of patients with ESRD
due to SCD

The management of patients with ESRD due to
SCD requiring dialysis and transplantation is com-
plex. The available treatment options for patients
with ESRD are essentially those of dialysis or renal
transplantation. Dialysis is a method of artificially
cleaning the blood, but all methods are relatively in-
efficient and should be regarded as palliation of
renal failure rather than cure. Dialysis may be either
as haemodialysis or as continuous ambulatory peri-
toneal dialysis (CAPD). Haemodialysis involves the
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removal of blood from the circulation and the pas-
sage of that blood through an artificial kidney.
Semipermeable membranes in the artificial kidney
allow the passage of toxic products from the blood
into the waste removal section of the dialyser. Clean
blood is then returned to the patient. The main dif-
ficulty of haemodialysis is creating access to the
bloodstream to enable blood to pass to the artificial
kidney and subsequently be returned to the circula-
tion. Commonly, access is provided by the creation
of an artificial blood vessel, commonly an arterio-
venous fistula, large enough to allow needles to be
repeatedly placed in the circulation. Creation of an
arteriovenous fistula requires the anastomosis of an
artery to a vein. This may be difficult if the veins
have been damaged and in these circumstances it is
possible to create access using artificial vessels 
anatomized between an artery and vein, but such
artificial access has a higher failure and infection
rate than native vessels. Haemodialysis usually lasts
for 4 hours and is required three times per week. It is
usually carried out in hospital. Surprisingly, sickle
cell crises are not common during haemodialysis
despite the removal of blood into the artificial envi-
ronment of the dialysis kidney. Peritoneal dialysis
requires a flexible tube to be placed in the abdomen.
Fluid can be introduced into the abdominal cavity
through the tube and the membrane lining the 
cavity acts as a filter, across which unwanted solutes
pass from the bloodstream into the fluid. Removal
of the fluid from the abdomen removes unwanted
waste products of metabolism. Peritoneal dialysis 
is an effective method of treatment, but it does 
have complications, including repeated infections. 
Dialysis, either as haemodialysis or CAPD, is 
required to continue for life or until a renal 
transplant becomes available. Without dialysis 
patients die in a matter of days.

Preferably patients at risk of the complications of
SCD should be managed in a combined clinic with
specialist renal input [22]. Early referral to a
nephrologist is of great importance to the eventual
outcome of ESRD treatment in all patients. This 
is particularly true for patients with SCD in 
whom there may be particular challenges to opti-
mum management. For example, the creation of
haemodialysis access may be particularly difficult
in a patient who has had multiple cannulations of

arm veins. Such patients need early onward referral
to a surgeon with specialist experience of dialysis
access. Both haemodialysis and peritoneal dialysis
have been used in patients with ESRD due to SCD,
although the total number of patients reported in
the literature is small. Analysis of 375 152 patients
in the US Renal Data System who started ESRD
therapy between 1 January 1992 and 30 June 1997
described 397 (0.11%) with SCN, of whom 93%
were African-American. The mean age at presenta-
tion to ESRD was 40.68 ± 14.00 years. SCN 
patients had an independently increased risk of
mortality (hazard ratio 1.52, 95% CI: 1.27–1.82)
compared with other patients, including those with
diabetes [23].

Complications of CRF and ESRD

The kidney has a central role in the production of
red blood cells by the bone marrow as it is the site of
production of erythropoietin. This hormone is re-
sponsible for driving the precursors of red blood
cells in the bone marrow to multiply and to pass
into the bloodstream. Lack of erythropoietin pro-
duction in damaged kidneys is associated with 
profound anaemia. Until the production of geneti-
cally engineered erythropoietin many patients with
ESRD were severely anaemic and suffered symp-
toms including marked lethargy and reduced exer-
cise tolerance. The only treatment available until
erythropoietin became commercially available was
blood transfusion, which offers only short-term re-
lief. Genetically engineered erythropoietin is now
available and this can be given to patients, usually
subcutaneously, with good results. Many patients
with CRF have near normal haemoglobins and
good exercise tolerance. Unfortunately, the major-
ity of patients with sickle cell anaemia, who are 
already markedly anaemic, are resistant to 
erythropoietin. Resistance to erythropoietin in
SCD is probably the result of up-regulation of pro-
inflammatory cytokines that inhibit the effect of
erythropoietin on red cell precursors. The com-
bined effect of CRF and sickle cell anaemia resistant
to injected exogenous erythropoietin is often 
extreme anaemia. Haemoglobin concentrations 
of 4g/dL are not uncommon in this situation. 
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Such a low haemoglobin level is often associated
with marked exercise intolerance and such patients
require transfusions. In SCN patients who do 
respond to erythropoietin, a high haemoglobin 
level could precipitate painful crises. Therefore, 
a haemoglobin concentration of 6–9g/dL is 
recommended [24].

Blood transfusions, although now considered
safe with respect to the transmission of viruses,
have a number of potential adverse affects. The
most important of these is the production of anti-
bodies directed against human leucocyte antigens
(HLA). Anti-HLA antibodies accumulate follow-
ing repeat transfusions and this can lead to diffi-
culty in finding a suitable kidney when the patient
ultimately requires transplantation. This may delay
the offer of a suitable kidney, leading to a long wait-
ing time on the transplant list.

The kidney is the site of activation, by 1 alpha 
hydroxylation, of vitamin D. Activated vitamin D
plays a central role in calcium homeostasis and 
in bone metabolism. Renal failure is also compli-
cated by phosphate retention. Defective vitamin 
D activation and phosphate retention promote 
hyperparathyroidism that, ultimately, leads to
demineralization of bone and other adverse 
effects. Untreated hyperparathyroidism is 
associated with marked bone weakness and an 
increased fracture risk. To avoid these complica-
tions, patients with CRF and ESRD are required to
take supplements of activated vitamin D (usually as
1-alpha calcidol) and dietary phosphate binders.

Survival of patients with ESRD and 
SCD on dialysis

Information on overall survival of patients with
ESRD and SCD on dialysis is limited. Powars and
colleagues [25], in a prospective 25-year cohort
study, reviewed chronic renal failure in SCD and de-
tailed the risk factors for renal disease, the clinical
course of the disease and the effect of renal disease
on mortality. Survival time for patients with sickle
cell anaemia after the diagnosis of sickle renal fail-
ure was reduced despite dialysis. With improve-
ment in dialysis and supportive treatment one
would hope that the survival may improve but more

data are needed from further series to support this
assumption.

Kidney transplantation in SCD

Transplantation is the treatment of choice for 
patients with end-stage renal failure. Patients may
receive a suitable kidney from a living relative or,
more commonly, a cadaver kidney from the na-
tional waiting list. Renal transplantation in patients
with SCD is more complex than for a standard wait-
ing list patient. SCD patients, for example, may re-
quire exchange transfusion before transplantation
to prevent sickling in the transplanted organ that
would have a deleterious effect on early graft 
survival.

Reports of transplant outcome in patients with
sickle cell anaemia are limited. One series reported
graft survival of 82% in living donor grafts and
62% in cadaveric graft recipients at 1 year post-
transplantation [26]. Ojo and colleagues reported
patient and allograft outcomes among 82 age-
matched African-American kidney transplant re-
cipients with ESRD as a result of SCN and 22 565
with ESRD due to all other causes. The incidence of
delayed graft function and pre-discharge acute 
rejection in the SCN group (24% and 26%, 
respectively) was similar to that observed in the
Other-ESRD group (29% and 27%, respectively).
The mean discharge serum creatinine was
2.7mg/dL in the SCN recipients compared to
3.0mg/dL in the Other-ESRD recipients (p = 0.42).
There was no difference in the 1-year cadaveric
graft survival (SCN 78% vs Other-ESRD 77%),
and the multivariable adjusted 1-year risk of graft
loss indicated no significant effect of SCN (relative
risk [RR] = 1.39, p = 0.149). However, the 3-year
cadaveric graft survival tended to be lower in the
SCN group (48% vs 60%, p = 0.055) and their ad-
justed 3-year risk of graft loss was significantly
greater (RR = 1.60, p = 0.003) [27]. These results
are inferior to registry reports of living donor and
cadaveric graft survival in patients without sickle
cell anaemia and are supported by the analysis of
United Network for Organ Sharing (UNOS) reg-
istry reported in 2001 [28]. However, other authors
have analysed ESRD data from the USA and sug-
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gested that transplanted SCD patient survival was
similar to that of patients with other causes of renal
diseases [29]. Transplantation in a small series of
children with SCN has been described, suggesting
acceptable results with graft survival at 12 and 24
months post-transplant of 89% and 71%, respec-
tively [30]. The effect of transplantation on patient
survival in ESRD due to sickle cell anaemia is not
clear from the available literature. Graft failure
would require a return to dialysis with an average
patient survival time as outlined above.

Post-transplant polycythaemia

Renal transplantation in patients with SCD may
improve anaemia [31] but, paradoxically, in addi-
tion to the complications of transplantation faced
by many patients, sickle cell anaemia patients may
become polycythaemic and this is a common cause
of sickle crises in patients post-transplantation. The
mechanism of this syndrome is unclear.
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Chapter 18

Assessment of severity and hydroxyurea therapy in sickle
cell disease

Iheanyi E Okpala

Introduction

A striking variation in clinical severity occurs 
between individuals who have sickle cell disease
(SCD). Marked differences in disease manifestation
occur even among people who have the same
haemoglobin genotype, such as SS [1]. Some HbSS
individuals have very mild SCD [2]. They live virtu-
ally normal lives and are seldom in crisis. Others
need frequent hospital treatment for debilitating
and life-threatening manifestations of the haemo-
globinopathy. They suffer from recurrent painful
episodes and damage to vital organ systems. One of
the most important challenges of SCD is to under-
stand the biological and environmental basis of in-
dividual differences in disease severity, and to apply
the knowledge in the medical treatment of affected
people. In this context it is appropriate that medical
treatment is tailored to suit the degree of clinical
severity in a particular individual. For example, a
conservative management policy could be adopted
for mild SCD, with the affected person followed-up
as an outpatient, and medical treatment given only
when required. In contrast, a more pro-active ap-
proach would be appropriate in patients who have
very severe disease and potentially fatal complica-
tions such as cerebrovascular accidents and the
acute chest syndrome [3]. Individuals who have
markedly severe disease could be considered for 
relatively intensive medical treatment such as
hydroxyurea administration, haemopoietic stem
cell transplantation or, in the future, gene therapy
[4].

To attain this goal, it is necessary to be able 
to identify individuals who will have mild, moder-
ate or severe SCD; and to do so before irreversible

tissue damage and organ failure occur. If, as is 
currently the case, markedly severe SCD is identifi-
able only when major manifestations or the 
failure of vital organs have developed, the patient
may not be medically fit for intensive but poten-
tially curative therapy. Various genetic, cellular, 
humoral and environmental factors are known to
influence the natural history of SCD. These include
beta globin gene haplotype and HbF level [5], 
co-inheritance of the genes for other globin dis-
orders such as alpha thalassaemia [6], steady-state
neutrophil count and function [7], the level of ex-
pression of adhesion molecules on white blood 
cells [8], activity of the alternative pathway of 
complement and the level of circulating immune
complexes [9], the plasma concentration of 
immunoglobulin G and the subtype IgG3 [10], 
the iron-binding protein transferrin and C-reactive
protein [11], intercurrent infections and socio-
economic status [3].

However, the relative contribution of each of
these factors is yet to be determined. It is currently
not possible to predict that a particular individual
who has inherited the haemoglobinopathy will
have very severe disease. The clinical decision to
adopt a pro-active treatment policy cannot there-
fore be made when it is most timely. Notwithstand-
ing this handicap, it is often necessary to assess the
severity of SCD in an individual to help decide
whether hydroxyurea therapy is appropriate. Con-
sidering that cytotoxic therapy could have irre-
versible side-effects that impact on the patient’s
quality of life, this decision should not be taken
lightly – particularly because, currently, the long-
term effects of hydroxyurea therapy are neither 
established nor well understood.
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Determinants of severity in SCD

Haemoglobin genotype

In decreasing order of associated clinical severity,
the common Hb genotypes in SCD are SS, Sb0thal,
SC, Sb+thal, and S/HPFH or HbS with hereditary
persistence of fetal haemoglobin. Of course, this
order of severity usually observed in general does
not always hold because other factors modulate the
manifestations of SCD. However, by and large,
haemoglobin genotype is one of the most important
determinants of clinical severity in SCD, and 
HbSS individuals generally have more severe man-
ifestations than people with Sb+thal. The latter may
have normal adult haemoglobin (HbA) up to 20%
in the blood, and this appears to make a clinically
significant difference in disease severity. The gen-
eral order of severity stated above should not be
considered from only one perspective. For example,
sickle retinopathy is more common in HbSC than
HbSS individuals, although the latter generally
have more severe anaemia with a higher incidence
of cerebrovascular accidents [12, 13]. In this 
context, the retina can be regarded as part of the
brain from the anatomical point of view, and loss of
vision may affect quality of life as much as paralysis
from stroke.

Beta globin gene haplotype

Although the genetic mutation that causes sickle
cell anaemia (GAG Æ GTG) is identical in all indi-
viduals studied to date, the sequence of nucleotides
in the genomic material flanking the bs gene varies
[5]. Different nucleotide sequences or haplotypes
are associated with particular degrees of clinical
severity in SCD. Severe SCD is associated with
Bantu and Benin haplotypes, moderate disease with
Senegalese haplotype and mild disease with Arab-
Indian haplotype [5]. The differences in clinical
severity reflect varying levels of fetal haemoglobin
generally observed in adults who have particular
haplotypes. So, low levels of HbF are found in 
people homozygous for Bantu or Benin haplotypes,
and higher levels in homozygotes for the Senegalese
and Arab-Indian haplotypes. A high level of HbF 
ameliorates SCD, and contributes to the clinically
mild nature of the haemoglobinopathy in people 

homozygous for the Arab-Indian and Senegalese 
haplotypes.

The various nucleotide sequences in different
haplotypes give rise to polymorphic endonuclease
restriction sites. Detection of these sites is used in
the laboratory to identify people with different hap-
lotypes. Although most of these restriction sites
have no proven role in expression of gamma globin
genes (and HbF levels), the Xmn1 site located up-
stream (5¢) to the Gg globin gene in the Arab–Indian
and Senegalese haplotypes is associated with in-
creased expression of Gg globin gene in comparison
with the gene for Ag globin [14–16]. This DNA re-
striction enzyme site is associated with increased
production of gamma globin chain and HbF even in
people who do not have the sickle beta globin gene.
Studies of twins also indicate that the nucleotide 
sequence recognized by Xmn1 influences HbF level
[17]. The Arab–Indian, Bantu, Benin, Cameroon
and Senegalese beta globin gene haplotypes proba-
bly reflect different genetic backgrounds in which
the mutation that causes SCD occurred. This is be-
cause it is far less likely that five (or possibly more)
successive mutations occurred in a single chromo-
some; considering the rarity of genetic mutation as
a random event. Thus the implication is that the
sickle gene mutation occurred in at least five sepa-
rate locations and instances in the past.

HbF level

It is well known that SCD does not usually manifest
clinically in babies born with the condition until 
the age of about 6 months, when the level of fetal
haemoglobin in the blood has reduced consider-
ably. This is because HbF does not crystallize like
HbS in the presence of hypoxia to cause sickling of
red blood cells [18]. Therefore, the higher the pro-
portion of fetal haemoglobin in the blood, the lower
the risk of sickling. This translates into a clinically
milder SCD in people with high levels of HbF. While
the total amount of HbF in the blood is clearly im-
portant in this context, its distribution among the
red cell population is probably more relevant. That
a red blood cell contains sufficient HbF to prevent it
from sickling would be more beneficial than having
a much smaller amount that is not enough to inhib-
it the process. If the HbF is distributed in such a way
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that all the red cells contain enough to prevent sickl-
ing, this would be better than concentrating the
HbF in a few while the rest have so little that they
can sickle. A red blood cell that contains a de-
tectable amount of fetal haemoglobin is called an F
cell. The higher the number of F cells, the higher the
number of erythrocytes that may contain the criti-
cal amount of HbF required to prevent sickling. The
clinical severity of SCD shows better correlation
with number of F cells than %HbF, both in patients
on hydroxyurea and those not on the therapy [19].

As stated previously, differences in beta globin
gene haplotype contribute to variation in HbF level
among people with SCD. In addition, HbF level is
modulated by other genetic loci outside chromo-
some 11 which bears the non-alpha globin genes.
Such trans-acting genetic loci are found in chromo-
somes Xp22.3–22.20, 6q23 and 8q [20–22]. The
locus in chromosome X may partly explain why
HbF level is higher in females than males. It is esti-
mated from studies in identical twins that gender,
age and the thymidine to cytidine (T Æ C) mutation
found in nucleotide –158 upstream (5¢) to the Gg
globin gene together account for about 40% of the
variation in HbF level between individuals [20].

Co-inheritance of the gene for alpha thalassaemia

People with SCD who also inherited alpha thalas-
saemia trait have a lower mean cell haemoglobin
(MCV) and mean cell haemoglobin concentration
(MCHC) than those who have the normal four
alpha globin genes. This reduces the rate of poly-
merization of HbS, which depends on its concentra-
tion inside the erythrocyte. As a result, there is less
sickling of red cells and their destruction in the body
(haemolysis). Therefore, the haemoglobin level is
higher in SCD patients with alpha thalassaemia
trait relative to those without. So they have less
symptoms of anaemia, a lower prevalence of leg 
ulcers and reduced incidence of stroke, the risk of
which varies inversely with Hb level [23]. Paradox-
ically, the higher red cell count increases blood vis-
cosity and, theoretically, the risk of micro-vascular
occlusion. However, it is not generally accepted that
vaso-occlusive crisis is more frequent. What is more
clearly established is that avascular necrosis of the
femoral head has a higher prevalence in SCD 

patients with lower MCV and higher haematocrit,
which may be due to co-inheritance of alpha thalas-
saemia trait [24, 25]. Deletion of one or two of the
four alpha globin genes is common in people of
African ancestry, especially descendants of West
Africans of whom up to 30% have alpha thalas-
saemia trait. As a result, co-existence of SCD and
alpha thalassaemia trait is common in people of
West African ancestry.

Blood cell counts

The clinical severity of homozygous (HbSS) SCD
has a direct correlation with steady-state neutrophil
count [7], and leucocytosis is a risk factor for early
disease-related death [26]. The importance of neu-
trophil count in assessing the severity of SCD and
deciding whether an affected individual will benefit
from hydroxyurea therapy is underlined by the ob-
servation that good clinical response to the medica-
tion coincides with a fall in neutrophil count, even
in patients who have no increase in HbF [19].
Whereas there is no detectable rise in HbF in some
individuals who have good clinical response to hy-
droxyurea, a drop in neutrophil count occurs in all
patients who respond well to treatment. Also, mul-
tivariate analysis of data from the trial of hydroxy-
urea therapy in SCD identified high neutrophil
count as a powerful predictor of good response
[19]. In a very informative case report, an individ-
ual in steady-state SCD developed severe vaso-
occlusive crisis and life-threatening acute chest 
syndrome following a rise in neutrophil count in-
duced by granulocyte-colony stimulating factor (G-
CSF) given to mobilize haemopoietic stem cells
[27]. The chest syndrome and crisis quickly re-
solved as the neutrophil count fell in response to ad-
ministration of hydroxyurea and withdrawal of
G-CSF.

A high red cell count as reflected by the haemat-
ocrit is also associated with increased blood 
viscosity and prevalence of avascular necrosis of the
femoral head [24, 25]. The relationship between
Hb level and the clinical severity of SCD is not 
linear. Above 11g/dL, the risks of sickle retinopathy
and avascular necrosis are increased, probably 
because of higher blood viscosity. Below 6g/dL, the
risks of cerebrovascular accidents and anaemic
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heart failure increase. It appears that the optimal
Hb level in SCD is 7–9g/dL, and that in each indi-
vidual the body strikes a compromise between 
high and very low values to avoid severe clinical
manifestations. It is interesting that steady-state 
Hb level ranges from 7 to 9g/dL in the majority 
of people with SCD. In contrast to the proven 
deleterious effects of high erythrocyte or leucocyte
counts on the severity of SCD, the effects of high
platelet count are not well established. One study
noted increased risk of stroke in children with
platelet count above 450 ¥ 109/L [28]. However,
adults of African ancestry for whom normal
platelet counts range from 100 to 300 ¥ 109/L [29],
showed no significant differences in the prevalence
of stroke and other complications of SCD when
HbSS people with normal or high platelet counts
were compared [30].

Expression of adhesion molecules on blood cells
and vascular endothelium

Adhesive interactions between blood and vascular
endothelial cells have a role in the genesis of vaso-
occlusion – a fundamental pathological process in
SCD [31]. Compared with age-matched HbSS
adults who have no complications of SCD, those
with complications showed significantly higher
baseline (steady-state) expression of the adhesion
molecules aMb2 integrin and L-selectin by leuco-
cytes [8]. Leucocyte adhesion molecule expression
was increased during sickle cell crisis relative to
steady-state values. Moreover, reduced steady-state
expression of these adhesion molecules coincided
with clinical improvement during hydroxyurea
therapy, before any significant rise in HbF level. It 
is probable that people with high constitutional 
expression of aMb2 integrin and L-selectin by 
leucocytes have severe manifestations of SCD.

As a ribonucleotide reductase inhibitor, hydroxy-
urea blocks the conversion of ribonucleoside to 
deoxyribonucleotides and reduces DNA synthesis.
By so affecting DNA production, hydroxyurea 
reduces gene transcription and, ultimately, dimin-
ishes protein synthesis in a non-specific manner.
This general effect on protein synthesis would ac-
count for observations that hydroxyurea therapy
causes a global reduction in the expression of vari-

ous adhesion molecules by leucocytes [8], and
down-regulates expression of the erythrocyte adhe-
sive proteins a4b1 integrin and CD36 [32], thereby
reducing adherence of sickle erythrocytes to throm-
bospondin, the ligand for CD36 [33]. By a similar
mechanism, hydroxyurea may reduce the synthesis
of the protein components of the ligands for blood
cell adhesion molecules expressed by vascular en-
dothelium, such as intercellular adhesion molecules
(ICAMs) -1, -2, -3, and vascular cell adhesion mole-
cule-1 (VCAM-1). That the constitutional level or
function of adhesive proteins expressed by vascular 
endothelium may be clinically important determi-
nants of severity is suggested by the finding that 
a single nucleotide polymorphism (SNP) in the 
gene for VICAM-1 (G1238C) may protect SCD 
patients from symptomatic stroke [34].

Immune status

Impaired ability to fight pathogenic organisms in-
creases the clinical severity of SCD because infec-
tion has a dominant role in the precipitation of
sickle cell crisis and the pathogenesis of vaso-
occlusion. The clinical severity of SCD correlates
with a number of immunological parameters. The
frequency of sickle cell crisis increases with the 
degree of the well-known complement defect in
SCD [8]. The ability of neutrophils to kill candida
has an inverse relationship with the severity of 
SCD [7].

To give or not give hydroxyurea?

It is apparent from the above that SCD is not a sin-
gle gene disorder. Whereas HbS is the product of a
point mutation in the beta globin gene, the clinical
expression of this haemoglobinopathy (or SCD) is
determined by a complex interaction of several
genes with the internal and external environments.
The decision to treat a particular patient with hy-
droxyurea should be based on the individual’s pro-
file of the known determinants of disease severity,
and a careful balance of the desired benefits against
potential side-effects of therapy; in other words, the
risk:benefit ratio. The clinical efficacy of hydroxy-
urea is not in doubt, and has been repeatedly
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demonstrated in randomized, placebo-controlled,
multicentre trials [19, 35, 36]. It is the potential
long-term effects of this cytotoxic drug – terato-
genicity, carcinogenesis, and impaired neurodevel-
opment in children – that call for caution in its
administration to people with SCD who do not
have a malignant condition. It is more so because
the risks of these long-term effects are currently 
unknown, and the situations are not reversible; 
unlike the immediate side-effects such as blood 
cytopenias.

How much is known about the risks of irre-
versible effects of hydroxyurea therapy? Up to 15
women, 6 of whom had SCD, have had successful
pregnancies with delivery of normal children while
taking hydroxyurea. The majority of the women
had myeloproliferative disorders (MPDs), another
group of blood conditions that have been treated
with hydroxyurea for a much longer time than
SCD. No adverse effects on the growth and neuro-
development of the children have been reported.
Reassuring as this is, it is still advisable not to offer
expectant mothers hydroxyurea therapy. This is
standard practice among physicians attending to
people with SCD. As an additional safeguard, an ef-
fective method of contraception should be used by
all sexually mature men and women on hydroxy-
urea. Sperm banking is recommended before com-
mencing hydroxyurea therapy in men who plan to
have children at a later time. Up to three children
taking hydroxyurea for SCD have developed
leukaemia. In two of the children, this occurred
after 6 and 8 years, respectively, of hydroxyurea
therapy. A study of acquired DNA mutations dur-
ing hydroxyurea therapy found that children with
SCD treated for up to 30 months had more muta-
tions in re-arranged T-lymphocyte receptor genes
than normal controls and children who had 7
months’ treatment [37]. The numbers of mutations
in adults with SCD or MPDs were comparable to
those of normal controls. Although the number of
T-cell receptor gene mutations does not correlate 
directly with the incidence of leukaemia, it was 
recommended that young SCD patients on
hydroxyurea be monitored serially for cellular
changes that may precede malignant disease, such
as acquired DNA mutations and chromosome

breakage. Hydroxyurea has been used for a longer
time to treat children with non-malignant blood
conditions, such as erythrocytosis secondary to 
congenital heart disease. Of more than 60 such 
children treated with hydroxyurea for a mean dura-
tion of 5 years, none has developed leukaemia or
other malignant disease. On the whole, the subject
of long-term effects of hydroxyurea requires 
further studies.

So, until the harmful long-term effects are cer-
tain, which SCD patients should be treated with 
hydroxyurea? Essentially, people with markedly se-
vere SCD who are likely to benefit, considering their
individual combination of severity determinants,
and the known mechanisms of action of hydroxy-
urea: increased HbF production, reduced blood cell
counts and reduced adhesion of blood cells to blood
vessel walls. Patients with markedly severe SCD are
probably < 5% of the entire population of affected
persons, although their frequent use of hospital-
based health services may give an exaggerated 
impression of their proportion. No sweeping guide-
line can be used to identify these individuals. Hy-
droxyurea is yet to be licensed for treatment of SCD
in practically all countries except the USA. This
makes it the responsibility of the physician prescrib-
ing it on ‘a named patient basis’ to decide on the cri-
teria for hydroxyurea therapy. In recognition of
this, the criteria stated below are those applied in
the author’s institution.
1 Up to six sickle cell crises a year.
2 More than three crises per year with steady-state
neutrophil ≥ 10 ¥ 109/L.
3 More than three crises per year with steady-state
platelet count ≥ 500 ¥ 109/L.

Any one of the three criteria qualifies a person for
hydroxyurea therapy. In people of black African
ancestry, the reference ranges for neutrophil count
(1–3 ¥ 109/L) and platelets count (100–300 ¥ 109/L)
are lower than in Caucasians. The corresponding
values are 2.5–7.5 ¥ 109/L and 150–400 ¥ 109/L, re-
spectively. For patients of black African ancestry,
the neutrophil count used to decide on hydroxyurea
therapy is more than three times the upper limit of
normal. The majority of patients with such a high
steady-state neutrophil count have severe SCD. The
clinical decision to treat with hydroxyurea is
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favoured if the patient has completed their family,
or does not want to have children. Hydroxyurea is
contraindicated if the individual is pregnant, has
liver disease, platelet count < 100 ¥ 109/L, reti-
culocyte count < 80 ¥ 109/L or neutrophil count 
< 1 ¥ 109/L.

The dose of hydroxyurea given is the minimum
required to achieve significant clinical benefit 
(minimum effective dose), rather than the max-
imum tolerable dose. This policy is adopted 
because, presumably, the lower the dose given to the
patient, the lower the incidence and severity of side-
effects. Treatment is started with 0.5g (one capsule)
per day in adults, and increased every 2 weeks by
0.5g until good clinical response is obtained. With
this approach, our adult patients are on 1–2g/day.
To monitor the toxicity of hydroxyurea, full blood
count, liver function tests and kidney function tests
are done every fortnight initially. The interval is 
increased to a month after 6 weeks of therapy, and
to 2–3 months after 6 months. Treatment is sus-
pended if the count of any blood cell falls into the
range within which hydroxyurea therapy is con-
traindicated, and resumed with a lower dose of 
hydroxyurea when blood cell counts return to 
normal.

Benefits of hydroxyurea therapy

Treatment with hydroxyurea reduces the number
of crises and painful episodes in SCD [28, 35, 36].
People on the medication need less hospital admis-
sions and less blood transfusion. Acute chest syn-
drome, a life-threatening complication that is the
most common cause of death in adults with SCD, is
reduced in frequency. Haemolysis is reduced,
steady-state haemoglobin level rises and the symp-
toms of anaemia improve. As a result, the person is
more physically fit. It appears that the medication
increases survival in people who have severe SCD.
Hydroxyurea slows down the development of func-
tional asplenia in children with SCD. It does not 
appear to prevent stroke in people with the haemo-
globinopathy. However, children with moderate to
severe SCD treated with hydroxyurea had cognitive
function comparable to that of their brothers or sis-

ters who did not have the condition. Children with
equally severe SCD not treated with hydroxyurea
had a lower mental ability than their siblings not af-
fected by the disorder.

References

1. Serjeant GR. Sickle cell disease. Lancet 1997; 
350: 725–30.

2. Steinberg MH, Hebbel RP. Clinical diversity of sickle cell
anemia: genetic and cellular modulation of disease 
severity. Am J Haematol 1983; 14: 405–16.

3. Okpala IE. The management of crisis in sickle cell disease
[review]. Eur J Haematol 1998; 60: 1–6.

4. Charache S. Experimental therapy (of sickle cell disease).
Hematol Oncol Clin North Am 1996; 10: 1373–82.

5. Powars DR, Meiselman HJ, Fisher TC, Hiti A, 
Johnson C. Beta-S gene cluster haplotypes modulate
haematologic and haemorheologic expression in sickle
cell anemia. Am J Pediatr Hematol Oncol 1994; 
16: 55–61.

6. Embury SH, Dozy AM, Miller J et al. Concurrent sickle
cell anaemia and alpha-thalassaemia. Effect on severity
of anemia. N Engl J Med 1982; 306: 270–4.

7. Anyaegbu CC, Okpala IE, Aken’Ova AY, Salimonu LS.
Peripheral blood neutrophil count and candidacidal 
activity correlate with the clinical severity of sickle cell
anaemia. Eur J Haematol 1998; 60: 267–8.

8. Okpala IE, Daniel Y, Haynes R, Odoemene D, Goldman
JM. Relationship between the clinical manifestations of
sickle cell disease and the expression of adhesion 
molecules on white blood cells. Eur J Haematol 2002; 
69: 135–44.

9. Anyaegbu CC, Okpala IE, Aken’Ova AY, Salimonu LS.
Complement haemolytic activity, circulating immune
complexes and the morbidity of sickle cell anaemia.
APMIS 1999; 107: 699–702.

10. Hedo CC, Okpala IE, Aken’Ova AY, Salimonu LS. 
Correlates of severity in sickle cell anaemia. Blood 1996; 
88 (Suppl): 17b.

11. Hedo CC, Aken’Ova AY, Okpala IE, Durojaiye AO, 
Salimonu LS. Acute phase reactants and the severity of
homozygous sickle cell anaemia. J Intern Med 1993; 
233: 467–70.

12. Clarkson JG. The ocular manifestations of sickle cell 
disease: a prevalence and natural history study. Trans
Am Ophthalmol Soc 1992; 90: 481–504.

13. Charache S. Eye disease in sickling disorders. Hematol
Oncol Clin North Am 1996; 10: 1357–62.

14. Gilman JG, Huisman TH. DNA sequence variation 
associated with elevated fetal Gg-globin production.
Blood 1985; 66: 783–7.



Chapter 18

168

15. Nagel RL, Fabry ME, Pagnier J et al. Haematologically
and genetically distinct forms of sickle cell anemia in
Africa. The Senegalese and the Benin type. N Engl J Med
1984; 312: 880–4.

16. Labie D, Srinavas R, Duanda O et al. Haplotypes in 
tribal Indians bearing the sickle gene: evidence for 
the unicentric origin of the beta S mutation and the 
unicentric origin of the tribal populations of India. Hum
Biol 1989; 61: 479–91.

17. Thein SL, Craig JE. Genetics of HbF/F cell variance in
adults and heterocellular hereditary persistence of fetal
hemoglobin. Haemoglobin 1998; 22: 401–14.

18. Steinberg MH, Rodgers GP. Pathophysiology of sickle
cell disease: role of genetic and cellular modifiers. Semin
Hematol 2001; 38: 229–306.

19. Charache S. Mechanism of action of hydroxyurea in the
management of sickle cell anemia in adults. Semin
Hematol 1997; 34 (Suppl 3): 15–21.

20. Garner C, Tatu T, Reittie JE et al. Genetic influences on F
cells and other hematologic variables: a twin heritability
study. Blood 2000; 95: 342–6.

21. Game L, Close J, Stephens P et al. An integrated map of
human 6q22.3-q24 including a 3 Mb high-resolution
BAC/PAC contig encompassing a QTL for for fetal 
hemoglobin. Genomics 2000; 64: 264–76.

22. Dover GJ, Smith KD, Chang YC et al. Fetal hemoglobin
levels in sickle cell disease and normal individuals are
partially controlled by an X-linked gene located at
Xp22.2. Blood 1992; 80: 816–24.

23. Ohene-Frempong K, Weiner SJ, Sleeper LA et al. 
Cerebrovascular accidents in sickle cell disease: rates and
risk factors. Blood 1998; 91: 288–94.

24. Milner PF, Kraus AP, Sebes JI et al. Sickle cell disease as a
cause of osteonecrosis of the femoral head. N Engl J Med
1991; 21: 1476–81.

25. Moran MC. Osteonecrosis of the hip in sickle cell 
hemoglobinopathy (review). Am J Orthop 1995; 24:
18–24.

26. Platt OS, Brambilla DJ, Rosse WF et al. Mortality in sick-

le cell disease – life expectancy and risk factors for early
death. N Engl J Med 1994; 330: 1639–43.

27. Abboud MR, Laver J, Blau CA. Elevation of neutrophil
count after G-CSF therapy leads to vaso-occlusive crisis
and acute chest syndrome in a patient with sickle cell
anaemia. Blood 1996; 88 (Supp l): 15b.

28. Miller ST, Sleeper LA, Pegalow CH et al. Prediction of
adverse outcomes in children with sickle cell disease: a
report from the cooperative study (CSSCD). N Engl J
Med 2000; 342: 83–9.

29. Essien EM. Platelets and platelet disorders in Africa 
(review). Baillieres Clin Haematol 1992; 5: 441–56.

30. Okpala IE. Steady-state platelet count and com-
plications of sickle cell disease. Hematol J 2002; 
3: 214–15.

31. Frenette PS. Sickle cell vaso-occlusion: multistep and
multicellular paradigm. Curr Opin Hematol 2002; 
9: 101–6.

32. Styles LA, Lubin B, Vichinsky E et al. Decrease of 
very late activation antigen-4 and CD36 expression 
on reticulocytes in sickle cell patients treated with 
hydroxyurea. Blood 1997; 89: 2554–9.

33. Hillery CA, Du MC, Wang WC, Scott JP. Hydroxyurea
therapy decreases in vitro adhesion of sickle erythrocytes
to thrombospondin and laminin. Br J Haematol 2000;
109: 322–7.

34. Taylor JG 6th, Tang DC, Savage SA et al. Variants in the
VICAM-1 gene and risk for symptomatic stroke in sickle
cell disease. Blood 2002; 100: 4303–9.

35. Ferster A, Vermylen C, Cornu G et al. Hydroxyurea for
treatment of severe sickle cell anemia: a pediatric clinical
trial. Blood 1996; 88:1960–4.

36. Kinney TR, Helms RW, O’Branski EE et al. Pediatric 
Hydroxyurea Group: safety of hydroxyurea in children
with sickle cell anemia: results of the HUG-KIDS study, a
phase I/II trial. Blood 1999; 94: 1550–4.

37. Hanft VN, Fruchtman SR, Pickens CV et al. Acquired
DNA mutations associated with in vivo hydroxyurea 
exposure. Blood 2000; 95: 3589–93.



169

Chapter 19

Haemopoietic stem cell transplantation for thalassaemia
and sickle cell disease

Christina M Halsey and Irene AG Roberts

Introduction

Despite major advances in supportive care for 
thalassaemia and sickle cell disease (SCD), patients
continue to suffer disabling symptoms and die pre-
maturely. Stem cell transplantation (SCT) offers the
only chance of cure for these patients. The replace-
ment of the patient’s bone marrow by haemopoietic
stem cells from the bone marrow (or blood) of a
healthy donor results in production of normal
haemoglobin and resolution of the symptoms of
disease. However, as SCT is a major procedure with
significant risks both in the first few months after
transplant and in the long-term, it is important to
weigh up all potential risks and benefits of the pro-
cedure for each individual patient and their family.

In this chapter we will start with a brief guide to
SCT for readers not familiar with the procedure.
We will then present the most important issues that
need to be considered in each case and summarize
the evidence available to help patients and their
health-care teams decide whether to proceed. There
is wider experience of transplantation for thalas-
saemia than for SCD and considerably more pub-
lished data. Indeed, successful transplantation in
thalassaemia helped to provide ‘proof of principle’
that transplantation for SCD would be curative.
Many of the issues facing both sets of patients are
similar but we have highlighted differences 
where they occur. Transplantation for haemoglo-
binopathies remains a very specialized field and we
feel that patients being considered for transplant
should be referred to a centre with expertise. This
allows adequate counselling and pre-transplant as-
sessment and also facilitates collection of data 

to continually refine the procedure and improve
outcomes.

Brief guide to SCT

Source of stem cells for SCT: bone marrow versus
peripheral blood or cord blood

The normal donor haemopoietic stem cells used in
SCT may be collected from three potential sites: the
bone marrow (by a bone marrow harvest), from the
peripheral blood (by leucapheresis) or from umbili-
cal cord blood at the time of birth of an unaffected
baby. Where cells are collected from the bone mar-
row of the donor, the procedure is referred to as a
bone marrow transplant (BMT) and the vast major-
ity of SCTs for haemoglobinopathies are of this
type. Small numbers of patients with thalassaemia
and SCD have received one of the other two types of
SCT using peripheral blood stem cells (PBSCT) or
cord blood stem cells (CBT). As the principles of pa-
tient selection, the chemotherapy used, the results
and the complications are similar in all types of SCT
for haemoglobinopathies we have used the term
SCT throughout this chapter except where there
have been specific studies that highlight any differ-
ences between bone marrow, peripheral blood or
cord blood.

Selecting a stem cell donor

SCT involves destruction of the patient’s own bone
marrow cells using chemotherapy and then replace-
ment with haemopoietic stem cells from a suitable
healthy donor. It relies on the presence of spe-
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cialized stem cells in the marrow or blood, which
are long-lived cells able to regenerate as well as ma-
ture to produce all blood components – red cells,
white cells and platelets. The donor and recipient
must be matched for cell surface proteins that are
important in immune responses known as histo-
compatibility antigens (HLAs). The pattern of ex-
pression of histocompatibility antigens for each
individual is inherited and is known as their ‘tissue
type’, it is readily determined on a peripheral blood
sample. There is a 1 in 4 chance that siblings will
share the same HLA-type and therefore an approx-
imately 1 in 4 chance that a child with thalassaemia
or SCD will have an HLA-identical sibling donor.
Because of the pattern of inheritance of the HLA-
type, family members other than siblings (e.g. par-
ents) will not be HLA-identical. The only exception 
to this is where there is parental consanguinity
which may lead to the parents, or other members 
of the extended family, being HLA-identical. 
The importance of a full HLA-match between the
donor and patient cannot be over-emphasized: 
if the patient and their stem cell donor are not 
HLA-matched then the transplanted cells will be
seen as foreign and destroyed (‘graft’ rejection) or
the donor cells will recognize the patient’s normal
tissue cells as ‘foreign’ and attack them to cause the
complication known as graft-versus-host disease
(GvHD).

Conditioning regimens for SCT:
eradicating the patient’s bone marrow

To allow engraftment of the donor haemopoietic
stem cells the patient has to first receive chemother-
apy to eradicate their own haemopoietic stem cells
which are largely found in the bone marrow. In fact
the chemotherapy is essential, not only to create
enough space for the donor haemopoietic stem
cells, but also to immunosuppress the patient suffi-
ciently to prevent rejection of the donor cells. The
chemotherapy used for SCT is referred to as ‘condi-
tioning’. Conditioning therapy normally takes
10–12 days to administer and must be completed
before the donor stem cells are transfused. Many of
the chemotherapeutic agents used produce side-
effects such as nausea, vomiting, inflammation of
the gut (mucositis) and hair loss; fortunately, most

of these can be well controlled with good sympto-
matic care.

Collecting (‘harvesting’) and transfusing the donor
haemopoietic stem cells

Donor stem cells are normally harvested only after
the conditioning therapy has been completed. The
exception is where cord blood stem cells are used –
in this situation the cells will have been frozen on
the day of the birth of the baby donor and stored
until they are needed. However, the vast majority of
SCT for haemoglobinopathies use donor marrow
and this is collected from the donor on the day of
transplant from the posterior iliac spines of the
pelvis under general anaesthetic. The procedure
generally takes about an hour. The bone marrow is
aspirated using a special needle and collected into a
sterile bag for processing by a stem cell labor-
atory before transfusion into the patient. The 
volume of donor marrow collected varies (range
200–1000ml) depending on the cell count of the
marrow and the body weight of the patient. The
best outcome is achieved with a cell dose of at least
3 ¥ 108 nucleated donor cells/kg of the patient’s
weight. Where the blood group of the donor and 
recipient are different either red cells or plasma 
(depending on the nature of the blood group differ-
ence) are removed from the donor marrow in the
stem cell laboratory to reduce the risk of transfu-
sion reactions. The marrow is then transfused into
the patient via a central line in the same way as a
blood transfusion.

Engraftment of donor haemopoietic stem cells

Specialized receptors on the surface of the donor
haemopoietic cells facilitate their engraftment in
the patient’s bone marrow, where they begin to mul-
tiply and mature. After 2–3 weeks mature donor
haemopoietic cells appear in the peripheral blood.
The first cells to be produced are neutrophils and
monocytes, followed a week or two later by
platelets and red cells. The chemotherapy adminis-
tered before the SCT will have reduced the neu-
trophil count to undetectable levels by the time of
the SCT and until the neutrophils reach at least 
0.5 ¥ 109/L the patient will be very vulnerable to in-
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fection. At this stage most of the infections are bac-
terial or fungal; for this reason the patient is kept in
strict isolation and any fevers are promptly treated
with broad-spectrum intravenous antibiotics. At
the same time the patient will be dependent upon
platelet and red cell transfusions until platelet and
red cell production are fully established (usually 
by 4 weeks and 6 weeks, respectively, after the
transplant).

GvHD

Around the time donor cells start appearing in the
circulation the patient may develop signs of acute
GvHD. This occurs in one-third of patients receiv-
ing stem cells from an HLA-identical sibling, al-
though in the majority of cases it is mild. Acute
GvHD particularly affects the skin, gut and liver
and is caused by donor T lymphocytes reacting
against patient-specific antigens on the surface of
cells in these tissues. The clinical signs are an erythe-
matous skin rash, which may be bullous in severe
cases, vomiting and abdominal pain with copious,
sometimes bloody, diarrhoea where the lower gut is
involved, and progressive cholestatic jaundice.
Many patients have GvHD affecting only one or
two of these sites and <10% of haemoglobinopathy
patients have involvement of all three sites. Moder-
ate or severe acute GvHD is usually treated with
steroids, which may be required in high doses. For-
tunately most patients respond well to treatment,
however, acute GvHD is one of the commonest
causes of transplant-related mortality. Chronic
GvHD is also caused by donor T lymphocytes but
has a different natural history to the acute disease. It
develops 3–6 months after SCT and is usually indo-
lent with chronic relapsing involvement, most often
of the skin and gut. Most cases of chronic GvHD 
resolve within 1–2 years but for a small proportion
of patients chronic GvHD is extensive and causes
severe and long-term adverse effects on their 
quality of life.

Discharge from hospital and complications during
the first year after SCT

If the transplant proceeds without complications
patients are normally in hospital for 4–6 weeks

after SCT. They then require intensive outpatient
follow-up once to twice weekly and then monthly
until a year post-transplant at which time visits can
be spaced out. Return to school or nursery depends
on how smoothly the procedure has gone but 
is generally possible 6–9 months post-transplant. 
Patients remain vulnerable to infection, especially
measles and chickenpox and, unless immune 
suppression is severe, routine childhood vaccina-
tions are repeated 1–2 years post-transplant.

SCT for thalassaemia major

Background

Thalassaemia major is a considerable public health
problem affecting about 60 000 children world-
wide [1]. Treatment with blood transfusion amelio-
rates symptoms but the resulting iron overload
leads to multi-organ failure in the second and third
decades. This can be partially prevented by addi-
tional use of iron chelation but this is expen-
sive, difficult to administer and not without its 
own toxicity [2]. In Asia, where the majority 
of cases occur, lack of chelation therapy and a safe
blood supply leads to considerable morbidity 
and death in childhood. In the UK, the recent 
establishment of a national thalassaemia register
shows that about 50% of patients still die before 
the age of 35 years [3]. The majority of preventable
deaths are due to poor compliance with chelation
therapy, but even in well-treated patients, studies
show only an 85% probability of survival to age 
24 [4].

SCT offers the chance of cure. In successful cases
it not only improves survival but also has consider-
able impact on quality of life by abolishing the need
for lifelong transfusions and daily chelation thera-
py [5–7]. However, there remains a risk of trans-
plant-related mortality and long-term effects from
the transplant itself. This means that the decision to
proceed to transplant is often difficult and needs to
be tailored to the individual family. Informed con-
sent is vital and it is critical that the family under-
stands all the potential risks and benefits of the
procedure. In the next sections we discuss the fac-
tors that affect the decision to transplant (see Table
19.1), review the available evidence for each and



Chapter 19

172

summarize the current indications for SCT for 
thalassaemia.

Outcome of SCT for thalassaemia major

Survival and thalassaemia-free survival

The largest series of patients treated in a single cen-
tre comes from the Pesaro group in Italy. They 
recently published data from 785 HLA-identical
marrow transplants (761 siblings, 24 parents) [5, 6,
8]. The mean age of the patients was 10 years (range
1–35 years). Their overall survival was 78% but
some patients had graft failure with return of trans-
fusion dependence so thalassaemia-free survival
was 71%. Data from elsewhere are broadly equiva-
lent to the Pesaro group [9–16]. In the UK, early 
results were associated with lower overall and tha-
lassaemia-free survival but included a number of
poor risk patients [17]. Since then the outcome has
improved with overall survival of 90% and thalas-
saemia-free survival of 76% reported from the
main UK centres in 1996 [18]. A more recent update
showed continued progress with a 92% overall sur-
vival and 82% thalassaemia-free survival among
57 consecutive transplants, despite > 50% of chil-
dren having a poor chelation history [10].

Prognostic factors for survival and cure 
after SCT

After detailed analysis of their data the Pesaro
group identified only three factors which predicted

transplant outcome: the presence or absence of 
hepatomegaly, portal fibrosis (on liver biopsy) and
a history of poor compliance with chelation [6, 8].
These three factors can be used to classify an indi-
vidual as good, intermediate or poor risk (class 1, 2
or 3, respectively). Table 19.2 shows how these risk
groups predicted transplant outcomes in the Pesaro
patients [5, 6]. Poor risk patients do particularly
badly, probably because pre-existing organ damage
makes them less able to tolerate chemotherapy.
More recent data show that using lower doses of 
cyclophosphamide leads to improved survival;
however, this approach is also associated with an
increase in graft failure leading to a disappointing
thalassaemia-free survival of 56% [5]. The Pesaro
classification has not yet been shown to predict out-
come in other centres. This may reflect the smaller
numbers of patients involved and, in the UK, the
low overall mortality rate [10].

Conditioning regimens

Most conditioning regimens employ a combination
of chemotherapy, with busulphan and cyclo-
phosphamide, and immunosuppression with cy-
closporin and methotrexate [7, 8, 13]. Several
groups have added anti-lymphocyte antibodies
such as anti-lymphocyte globulin (ALG) or Cam-
path® (Alemtuzumab) to reduce the risk of graft re-
jection by eradicating the patient’s lymphocytes
before infusion of donor stem cells. The optimum

Table 19.1 Factors affecting the decision to
transplant a patient with thalassaemia major or
SCD

Expected outcome of transplantation:
cure rates
transplant-related mortality
risk of chronic GvHD

Long-term effects of transplantation
Age of the patient
Availability of a donor
Expected long-term survival without SCT based on:

transfusion and compliance history
clinical manifestations of the disease and its treatment
impact of medical treatment on quality of life

Prospects for improved management in the future

Table 19.2 Outcome of BMT for thalassaemia major
according to the Pesaro risk classification*

Parameter Class 1 Class 2 Class 3

Survival (%) 94 84 80
Thalassaemia-free survival (%) 87 81 56
Transplant-related mortality (%) 6 15 18
Graft rejection (%) 7 4 33

*Patients were classified as class 3 if they had all three of the
following risk factors: hepatomegaly (> 2cm below costal margin),
portal fibrosis on liver biopsy and a history of irregular chelation
(desferrioxamine initiated > 18 months after the first transfusion or
administered < 8 hours continuously on at least 5 days per week).
Patients were identified as class 2 if they had any one or two of
these risk factors and class 1 if they had none of these risk factors.
These data are summarized from Angelucci et al. [5].
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chemotherapy doses are difficult to ascertain, 
as there is considerable inter-individual variation 
in metabolism of busulphan [19–21]. Doses of 
> 16mg/kg are toxic but lower doses are associated
with increased graft rejection [6, 8, 22]. The most
widely used regimen is a total busulphan dose of 
14mg/kg given over 4 days followed by cyclophos-
phamide 200mg/kg over the next 4 days [7, 11].
This regimen is generally well tolerated. The low
rates of mucositis mean that opiates and total par-
enteral nutrition are usually unnecessary. Some
groups measure blood busulphan levels to help op-
timize the dose [13, 21, 23]. These problems with
dosing are one of the reasons it is generally not rec-
ommended to transplant children under the age of
18 months. As previously mentioned, reduced con-
ditioning (120–140mg/kg cyclophosphamide) is
recommended for Pesaro class 3 patients to avoid
the high transplant-related mortality [8].

Transplant-related mortality and complications
of SCT

Acute GvHD and infections are the two commonest
causes of mortality, accounting for 32% and 24%
of deaths, respectively, in the recent Pesaro series
[5]. Other important causes of mortality after SCT
for thalassaemia are chronic GvHD, marrow apla-
sia, hepatic disease and cardiac disease. Cardiac
tamponade appears to be unexpectedly common
and was reported in 8 cases/400 transplants from
the Pesaro group, of which 6 were fatal [24]. He-
patitis B or C infection does not increase transplant-
related mortality [25].

Graft rejection and mixed chimerism

Graft rejection is more common after SCT for
haemoglobinopathies than SCT for most other dis-
orders, particularly in poor risk patients. The rea-
sons for this are not clear. There are three possible
outcomes following rejection: marrow aplasia, 
return of thalassaemic haemopoiesis or mixed
haemopoietic chimerism (a mixture of donor and
patient haemopoietic cells are produced). Aplasia is
rare but is often fatal unless a successful second
transplant can be performed. Complete rejection 
of donor cells with return of thalassaemic

haemopoiesis leads to recurrence of transfusion-
dependent anaemia and occurs in around 10% of
patients [5, 6, 10]. The third scenario, mixed
haemopoietic chimerism, is relatively common, oc-
curring in up to 20% of patients [26, 27]. A review
of 295 patients showed that in the first 2 months
post-transplant 95 (32%) had mixed chimerism, by
the second year 42 of these had become fully donor,
33 had progressed to rejection and 20 remained
mixed [27]. The level of mixed chimerism varied
from 30% to 90% donor cells but despite this
range, all patients remained well, off transfusions,
with a stable haemoglobin > 8g/dL at 2–11 years
post-transplant [28]. These findings imply that
complete ablation of donor haemopoiesis is not
necessary for long-term cure. Therefore consider-
able interest surrounds the possible use of non-
myeloablative (i.e. doses too small to completely
destroy host bone marrow) conditioning regimens
to reduce toxicity. Preliminary attempts at such
regimes confirm a low mortality but are associated
with a high risk of graft rejection [29]. Current re-
search is focusing on achieving the best balance 
between toxicity and rejection by manipulating im-
munosuppression [30] and giving further doses of
donor lymphocytes or stem cells post-transplant
[31].

Chronic GvHD

Severe chronic GvHD is a devastating complication
for patients with thalassaemia, replacing one
chronic disease with another. This is therefore a
very important topic to discuss with patients 
and families before making a decision regarding
transplant. The risk of severe chronic GvHD in 
thalassaemic patients undergoing SCT from an
HLA-identical sibling is 2–5% [32]. Treatment is
the same as for chronic GvHD after other forms of
SCT.

Impact of age

The best results are seen in children aged < 17 years
[33]. Nevertheless, using the protocol developed
for poor risk children (Pesaro class 3) about two-
thirds of young adults with thalassaemia are cured:
of 107 patients aged 17–35 years transplanted by
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the Pesaro group, 69 survived (64%) of whom 66
are thalassaemia-free [34]. The high transplant-re-
lated mortality confirms that in older patients trans-
plantation should be reserved for highly motivated
individuals, with limited organ damage, who are
aware of the risks involved.

Long-term effects of SCT for thalassaemia major

The long-term effects of SCT are influenced by 
the conditioning regimen used, the peri-transplant
complications and pre-existing damage due to 
thalassaemia and its treatment, in particular the
severity of iron overload.

Iron overload

Almost all patients with thalassaemia undergoing
SCT have iron overload. This improves slowly post-
transplant but can be accelerated by regular phle-
botomy or chelation with desferrioxamine [35, 36].
This usually begins 1–2 years post-BMT and con-
tinues until the total iron burden is approaching
normal (i.e. liver iron < 7mg/g dry liver weight or
serum ferritin < 300ng/mL). Recent evidence con-
firms the particular importance of reducing iron
overload post-SCT in patients infected with hepati-
tis B/C who otherwise have a high risk of progres-
sion to severe liver fibrosis [37].

Growth and development

This is one of the most difficult areas in which to dis-
entangle effects of transplant from those of the 
underlying disease and pre-transplant treatment.
Failure of growth and sexual development occurs in
up to two-thirds of thalassaemics treated by blood
transfusion [2]. For children transplanted early (< 8
years old) growth after transplant is normal. Older
children and those in Pesaro class 3 often have se-
verely impaired growth [38, 39]. Growth hormone
is effective in some, but usually only the milder cases
[40, 41]. About 37% of boys and 60% of girls fail to
enter puberty spontaneously if transplanted, a pro-
portion similar to those treated medically [42]. The
majority of girls transplanted after puberty develop
secondary amenorrhoea. There are few data on 

fertility post-SCT for thalassaemia, and although
successful pregnancy has been reported [43], 
experience of fertility after busulphan/cyclophos-
phamide conditioning in other disorders suggests
that infertility is likely to be common [44, 45].

Non-sibling family donors

Where there is consanguinity, close relatives can
sometimes provide an HLA-identical match. Data
from these transplants are limited but no significant
difference in outcome has been reported. In 
contrast, using mismatched relatives leads to disap-
pointing results. A small series showed 6 successful
outcomes, 10 transplant-related deaths and 13
graft failures [46].

Cord blood

The use of cord blood from a sibling overcomes the
need to wait until the donor is 2 years old and
avoids the need for a bone marrow harvest under
general anaesthetic. In addition, some studies sug-
gest that the use of cord blood reduces the incidence
of GvHD [47, 48]. Despite these advantages, cord
blood provides only limited numbers of stem cells,
which is especially problematic where there is a
large discrepancy in size between donor and recipi-
ent. There is also an increased rate of graft rejection
unless increased intensity conditioning is used [48,
49]. The European database for cord blood trans-
plants ‘Eurocord’ reported the results of 33, mainly
good risk, patients. There was 100% overall sur-
vival but a thalassaemia-free survival of only 79%
[48]. For this reason marrow stem cells have an 
advantage over cord blood unless the transplant is
considered urgent.

Volunteer unrelated donors

Experience of unrelated donor SCT for thalas-
saemia is extremely limited. The only published 
series recently updated their experience in 32 pa-
tients, 17 of which were Pesaro class 3 [50]. Their
overall survival was 81% but thalassaemia-free
survival was only 69%. Rates of chronic GvHD are
also higher (25%). At present we would not recom-
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mend the use of unrelated donors in any but the
most exceptional circumstances.

Survival and quality of life in transplanted versus
non-transplanted patients

The key question when considering an individual
for transplant is: will it improve their prospects for
survival and/or increase their quality of life? There
are no controlled trials of transplant versus medical
therapy and no quality of life studies to help answer
this question. However, extrapolation from other
data allows some conclusions to be drawn. These
data indicate that for patients who comply well
with iron chelation treatment and have no evidence
of liver fibrosis their predicted long-term survival
(until or beyond the fourth decade of life) is likely to
be equivalent with medical treatment compared to
SCT because such patients have a 90–95% of sur-
vival into their mid-thirties with either therapeutic
approach. For such patients the decision to proceed
to SCT will be based on quality of life – the per-
ceived benefit of being free from lifelong transfu-
sions, chelation therapy and, eventually, their
long-term complications. In contrast, for patients
with a history of poor compliance it is clear that
very few survive into their mid-thirties and for these
patients SCT offers not only an improved quality of
life but also a much greater chance of long-term 
survival [51].

Prospects for improved management of
thalassaemia major in the future

Advances in medical treatment and in prevention of
transplant-related complications over the next
decade are likely to influence the decisions of both
physicians and their patients about the best options
for individual patients. The main advances in med-
ical treatment are likely to come from ‘tailored’
chelation regimes based on accurate magnetic reso-
nance imaging (MRI) assessment of iron deposition
in the liver and heart [52] and development of safe
and effective oral iron chelators [53]. In SCT the
main advances may lie with development of effec-
tive non-myeloablative conditioning to reduce
transplant-related toxicity without the currently

observed high risk of graft rejection and possibly
with the use of ‘molecularly’ matched volunteer un-
related donor haemopoietic stem cells for selected
patients failing medical treatment. Finally, as cure
rather than palliation should remain a crucial goal,
gene therapy continues to be developed and animal
models are now providing useful data [54, 55], al-
though human trials remain several years away.

Indications for SCT in thalassaemia major

The issues discussed above summarize the most im-
portant factors affecting the decision to proceed to
SCT. Given recent data which clearly show that the
outcome of SCT is good even in those children with
liver damage and a poor chelation history, SCT
should be offered to all families of children with
thalassaemia major where there is an HLA-identi-
cal family donor. The majority of families will
choose SCT because of the perceived improvement
in quality of life and the removal of much of the 
uncertainty about future health once the first few
months after SCT have passed. For children with-
out HLA-identical family donors, SCT using unre-
lated donors may be an option in experienced
centres if all approaches to medical treatment fail.
The role of SCT for adults with thalassaemia major
is unclear. For some well-motivated individuals
17–35 years of age the benefits of SCT may just ex-
ceed the risks using current conditioning regimens
and it is reasonable to consider SCT if there is an
HLA-identical sibling or extended haplotype-
matched unrelated donor.

SCT for SCD

Background

Approximately 250 000 children are born world-
wide with homozygous SCD every year. Their medi-
an survival is 45 years [56]. The clinical course of
the disease is very variable both between patients
and in a single patient over time. Recent advances in
supportive care have improved mortality and mor-
bidity for the majority of patients. None the less,
disabling complications are inevitable for the vast
majority. While hydroxyurea has improved the 
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outlook for many of the most severely affected 
patients [57, 58], SCT offers the only available cure.

The factors influencing the decision to transplant
a patient with SCD share many similarities with
thalassaemia (Table 19.1). However, there are 
also crucial differences. Firstly, identifying those
patients most likely to benefit from transplantation
is more difficult, as the disease is so heterogeneous.
Secondly, the timing of the transplant is more criti-
cal as it is usually necessary to wait until after major
complications have manifest themselves in order to
identify those patients most likely to benefit, while
remaining aware that SCT should also be carried
out before organ damage makes the procedure too
hazardous. The criteria used to select those patients
with SCD most likely to benefit from SCT and the
factors which individual families and their health-
care teams need to consider in reaching a decision
whether or not to proceed to transplant are summa-
rized in Tables 19.1 and 19.3 and are discussed in
detail below.

Selection of patients with SCD for SCT

Table 19.3 lists the current consensus criteria for
patient selection devised in 1993 by the British
Paediatric Haematology Forum, the paediatric
group of the British Society for Haematology [59].
American guidelines from the Seattle collaborative
study are similar but include sickle nephropathy
with a glomerular filtration rate of 30–50%, bilat-
eral proliferative retinopathy, osteonecrosis of mul-
tiple joints and red cell allo-immunization [60, 61].
In the UK, SCT as a recommended option has been
limited to patients with homozygous SCD (HbSS)
or Sb0 thalassaemia. The commonest indications
for transplant are firstly, central nervous system
(CNS) disease (stroke or recurrent transient is-
chaemic attacks), where transfusion with its inher-
ent complications and limitations is the only
alternative treatment [62, 63], and secondly, recur-
rent acute chest syndrome, the leading cause of
death in SCD in the developed world [64].
Hydroxyurea has been shown to reduce the inci-
dence and severity of acute chest syndrome and
should therefore be tried first, with SCT offered
where hydroxyurea fails [58, 65]. Patients identi-
fied by transcranial Doppler studies as being at in-
creased risk of stroke, but who have not yet had a
cerebrovascular accident, are not currently consid-
ered eligible for transplant, as blood transfusion has
been shown to be protective in this setting [66, 67].

A rigorous pre-transplant work-up at the trans-
plant centre is essential. It should include pul-
monary, cardiac, hepatic, renal and neurological
assessment (Table 19.4) both to help decide suit-
ability for transplant and to help post-transplant
monitoring for long-term effects. It is estimated that
< 10% of children with SCD fulfil the criteria for
transplant, only one in five of whom will have an
HLA-identical sibling donor [68, 69].

Outcome of SCT for SCD

Survival and disease-free survival

Approximately 200 patients with SCD have been
transplanted worldwide. Due to excellent multi-
centre collaboration, data on transplant outcomes
is available for the majority of these. There are three

Table 19.3 Indications for BMT in SCD: British Paediatric
Haematology Forum Criteria

Criteria for inclusion
1. Age < 16 years and HLA-matched sibling donor
2. One or more of the following:

(a) SCD-related neurological deficit, stroke or subarachnoid
haemorrhage

(b) More than two episodes of acute sickle chest syndrome* and
stage 1 chronic sickle lung disease

(c) Recurrent, severe debilitating pain due to vaso-occlusive
crises

(d) Problems relating to future medical care, e.g. unavailability of
adequately screened blood products

Exclusions
1. Donor with major haemoglobinopathy
2. One or more of the following:

(a) Karnofsky performance score < 70%
(b) Major intellectual impairment
(c) Moderate/severe portal fibrosis
(d) Glomerular filtration rate < 30% predicted
(e) Stage III and IV sickle lung disease
(f) Cardiomyopathy
(g) HIV infection

*In view of recent data about the efficacy and safety of hydroxyurea
we would now recommend a trial of hydroxyurea before SCT.
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major series from France [13], Belgium [70] and a
multicentre group comprising 27 American and 
European countries [61]. Their results are summa-
rized in Table 19.5. The multicentre and French 
results are from children transplanted for sympto-
matic SCD. In contrast, the Belgian data comprise
36 patients transplanted because of previous mor-
bidity but also 14 asymptomatic patients trans-
planted at a young age because they were going to
return to countries where medical care was subopti-
mal. The results of these three series are largely 
concordant, with a projected overall survival of
92–94% and event-free survival of 75–84% at
6–11 years. The asymptomatic patients in the 
Belgian group did particularly well with an overall
survival of 100% and event-free survival of 96%.
Patients with stable engraftment no longer had 
clinical manifestations of SCD.

Conditioning regimens

The reported series used similar conditioning to
that used for thalassaemia major. The principal
chemotherapeutic agents are oral busulphan
(14–16mg/kg) and intravenous cyclophosphamide
(200mg/kg), some studies have added thiotepa
with the aim of reducing graft rejection but its role is
not yet clear. Other groups, including ours, have
added ALG [13] or Campath® (Alemtuzumab) [51]
to pre-SCT conditioning to reduce the rate of graft
rejection with encouraging results, although it is

Table 19.4 Recommended pre-transplant investigations in
patients with SCD

Full blood count and reticulocyte count
Hb electrophoresis including HbF, HbS and HbA2
Coagulation screen
G6PD assay
Full red cell phenotype and antibody screen
Biochemical profile including liver function tests, calcium, phosphate,

magnesium, blood glucose, ferritin
Endocrine function including thyroid function, gonadotrophins,

oestradiol or testosterone
HLA typing – class I and II
Blood for storage to enable later measurement of chimerism
Viral screen for CMV, HSV, VZV, hepatitis B and C, HIV1 and HIV2
Malaria screen if from an endemic area
Chest X-ray
High resolution computerized tomography of chest if previous lung 

disease
Lung function tests if > 8 years or any child with a history of acute 

chest syndrome
ECG
Left ventricular ejection fraction by MUGA scan, echo or MRI
Abdominal ultrasound to assess spleen size and presence/absence of 

gallstones
MRI of liver and heart to assess haemosiderosis
Liver biopsy if indicated by MRI
Ophthalmological assessment/audiometry if on desferrioxamine
MRI and MRA of brain
Neuropsychological assessment
Dental assessment

G6PD, glucose-6-phosphate dehydrogenase; CMV, cytomegalovirus;
HSV, herpes simplex virus; VZV, varicella zoster virus; HIV, human
immunodeficiency virus.

Parameter Walters et al. Bernaudin et al. Vermylen et al.
[60, 61] [13] [70]

Number of patients 50 26 50
Median follow-up (months) 39 55 60
Overall survival 94% (6 years) 92% (8 years) 93% (11 years)
Event-free survival 84% (6 years) 75% (8 years) 82% (11 years)
Graft rejection/ 10 18 10
autologous reconstitution (%)
Stable mixed chimerism (%) 8.5 0 12.5
Acute GvHD > grade 2 (%) 7.7 23 20
Acute GvHD > grade 3 (%) 3.8 Not available 2
Chronic GvHD – limited (%) Not available 7.7 14
Chronic GvHD – extensive (%) 3.8 7.7 6

Table 19.5 Results of major
published series of BMT for SCD
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important not to employ the high doses used by 
others to prevent GvHD.

Transplant-related mortality 
and other complications

With the exception of neurological complications,
the spectrum and incidence of post-transplant ad-
verse events are similar to those seen with thalas-
saemia. The commonest causes of death are GvHD
and infections. Acute GvHD occurs in 20–30% of
transplants but is seldom severe [13, 70]. Haemor-
rhagic cystitis, pneumococcal sepsis, veno-occlu-
sive disease and aseptic necrosis have all been
described but there are insufficient data to deter-
mine whether these occur at increased incidence in
sickle transplants [70]. Patients with SCD are at in-
creased risk of neurological complications post-
transplant, particularly seizures and intracranial
haemorrhage. Initial results from the multicentre
study reported neurological complications in a
third of their 21 patients [71]. Intracranial haemor-
rhage was associated with a prior history of stroke.
This led to the use of prophylactic measures, 
namely maintenance of platelet counts > 50 ¥ 109/L
and haemoglobin levels between 9 and 11g/dL
along with anticonvulsant prophylaxis, rigorous
control of cyclosporin levels, magnesium levels and
blood pressure. Since then no further cases of haem-
orrhage have occurred, although there continues to
be a high incidence of seizures (20%) [70].

Graft rejection and 
mixed haemopoietic chimerism

The incidence of graft failure with return of host
haemopoiesis is relatively high at 10–18% [60, 70].
Marrow aplasia is relatively rare (3%). No clear
risk factors have been identified, but in the French
series the addition of ALG to pre-transplant condi-
tioning decreased the incidence of these events from
25% to 7%. As seen in thalassaemia, the presence
of stable mixed chimerism is compatible with reso-
lution of sickle-related symptoms and occurred in
8.5% of the multicentre and 12.5% of Belgian pa-
tients [72]. In addition, an unstable case of increas-
ing host haemopoiesis has been restored to 100%
donor haemopoiesis by the use of donor lympho-

cyte infusions [73]. These observations suggest that
non-myeloablative regimens with subsequent ma-
nipulation of the graft using immunosuppression
and donor lymphocyte infusions may be successful
in future, although disappointingly the first such
study in 10 patients with SCD recently found an
80% rate of graft rejection [29]. Clearly further
work is needed to understand the mechanisms of
engraftment and rejection of allogeneic haemopoi-
etic stem cells in SCD and to use this information to
develop new protocols.

Chronic GvHD

This has been reported in 15–20% of patients. It has
been extensive in 6–8% and has been responsible
for four of the seven deaths [13, 61, 70].

Impact of age

The vast majority of SCTs for SCD have been car-
ried out in children < 16 years of age. A small num-
ber of adults have been transplanted with generally
disappointing results – perhaps because the toxicity
of conditioning regimens is too great for older pa-
tients with multi-organ damage [74]. Certainly the
Belgian data, with 100% survival in their very
young cohort of asymptomatic patients, suggest
that transplantation is much better tolerated when
performed early.

Long-term effects of SCT in SCD

Impact of SCT on pre-existing organ dysfunction

There is good evidence that at least some of the end-
organ damage associated with SCD can be stabi-
lized and even reversed post-transplant. A recent
evaluation of CNS disease in 26 patients with at
least 2 years of post-transplant follow-up showed
that 19 of 26 had evidence of CNS abnormalities
pre-transplant but none had neurological events
post-transplant [61]. The majority had stabiliza-
tion or improvement of vasculopathy as assessed by
magnetic resonance angiography (MRA) scanning.
In a separate study complete reversal of severe
stenosis on MRA was demonstrated in two patients
post-transplant [75]. In addition, pulmonary func-
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tion stabilizes [61] and one study has shown an in-
crease in the splenic red cell pool, suggesting that
there may be improvement in splenic reticulo-
endothelial function post-transplant [76].

Growth and development

Most patients with SCD demonstrate improved
growth post-SCT unless they remain on immuno-
suppression for chronic GvHD. Unfortunately, go-
nadal failure and delayed sexual development
appear to be fairly common, although there are too
few patients to assess this properly. In the reported
series 11 of 13 girls had primary amenorrhoea. The
majority of evaluable males have normal sexual de-
velopment but follow-up remains short and many
have not yet entered puberty. Gonadotrophin and
testosterone levels are available for five boys, all
under 8 years old; they show normal LH/FSH levels
but low testosterone in some cases. Experience with
busulphan and cyclophosphamide in other trans-
plant settings suggests that infertility is likely to be
common. Thyroid function is normal in almost all
patients.

Secondary malignancy

It is too early to assess fully the secondary malig-
nancy rate post-transplant. A case of myelodys-
plasia evolving into refractory acute myeloid
leukaemia 4.5 years post-transplant has been 
reported, although this patient had intensive 
immunosuppression with azathiaprine and
thalidomide for chronic GvHD [70].

Quality of life

There have been no detailed quality of life studies
post-transplant. However, in the multicentre and
Belgian series > 90% of engrafted patients had
Karnofsky or Lansky scores of 100% with the
lower scores seen in patients with chronic GvHD.

Source of donor cells

Unfortunately only one in five children who fulfil
the criteria for transplant has a suitable HLA-iden-
tical sibling donor. The presence of sickle cell trait in

the donor is not a contraindication to transplanta-
tion. Data about the use of cord blood from siblings
too young to donate bone marrow (i.e. < 2 years
old) are still very limited [48]. There may be an in-
creased rate of graft rejection and thiotepa has been
added to the conditioning regimen by some groups
to reduce this risk [48]. However, cord blood
should probably be reserved for patients where
rapid transplantation is considered essential. The
use of volunteer unrelated donors would consider-
ably expand the availability of SCT for patients
with SCD. However, to date the experience of this
approach is limited to occasional case reports [77].

Prospects for improved management of SCD 
in the future

Hydroxyurea has greatly improved the quality of
life for many patients with severe SCD disease [57].
It has already had an impact on the use of SCT in
that its proven role in reducing recurrent acute chest
syndrome means that transplant should now be re-
served for patients failing to respond to hydroxy-
urea. A number of other advances may improve
medical management, such as therapies targeting
endothelial dysfunction, prevention of cellular de-
hydration and abnormal coagulation [78].

Novel SCT approaches are also likely to make an
impact over the next few years, in particular the de-
velopment of non-myeloablative (also known as
‘reduced intensity’) conditioning regimens. Their
principal advantages would be the prospect for pre-
serving fertility and of extending the role of SCT to
adults with SCD where, arguably, there is a greater
need for definitive therapy. Therefore, despite the
recent disappointing results of this approach [29], 
it is important to note that non-myeloablative
regimes are used successfuly for children with con-
genital immune deficiencies [79] and have been re-
ported in a few cases for SCD [80, 81]. Further
research is clearly needed. A mouse model of SCD
has shown that it is possible to induce various levels
of mixed haemopoietic chimerism ranging from
1% to 99% donor haemopoiesis to look at the ef-
fect on disease parameters [82, 83]. It appears that,
although only 25% donor haemopoiesis is needed
to achieve a normal haemoglobin, up to 80% donor
haemopoiesis may be needed to prevent end-organ
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damage. This emphasizes the importance of collect-
ing data on all new transplant procedures and look-
ing at long-term as well as short-term outcomes.

Summary

SCT is currently the only cure for SCD and thalas-
saemia. When deciding whether or not to proceed
with transplantation the risks of the procedure, in-
cluding transplant-related mortality and graft fail-
ure, must be weighed against the expected survival
and quality of life with medical treatment. In thalas-
saemia major the outcome of transplant is best in
patients under 16 years old with a good chelation
history and no evidence of liver dysfunction. These
patients can expect a long-term survival of 95%
and a thalassaemia-free survival of 90%. Patients
with poor risk features may have a reduced chance
of cure (56–82%) and a higher transplant-related
mortality (up to 20%) but there is still a long-term
survival advantage over conventional medical man-
agement. SCD is more heterogeneous and therefore
selection of the patients most likely to benefit from
SCT is more difficult. Advances in medical treat-
ment, in particular the use of hydroxyurea, have
narrowed the indications for transplant but it still
has a valuable role, particularly in patients with
CNS disease. Long-term survival after SCT for SCD
in childhood is about 92–94% with a cure rate of
86%.

Transplantation techniques continue to evolve.
Gene therapy remains a tantalizing prospect for the
future. Investigation of innovative, less toxic non-
myeloablative SCT protocols will be important if
the role of SCT is to be successfully extended to
adults, but should be carried out only in the context
of careful clinical trials. The complexity of the 
decision-making process and the need to continu-
ally refine and improve outcomes mean that trans-
plantation should only take place in tertiary centres
with special expertise in haemoglobinopathy trans-
plants. We hope that this chapter has provided the
background information necessary to help patients,
their families and health-care teams to decide
whether referral to one of these centres for further
assessment is appropriate.
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Chapter 20

Practical guidelines on antibiotic therapy, exchange
blood transfusion and peri-operative management in
sickle cell disease

Iheanyi E Okpala

Introduction

The clinical management of patients with sickle 
cell disease (SCD) and thalassaemia has become 
increasingly multidisciplinary and complex. This
trend calls for the development of guidelines for the
management of specific clinical problems and pro-
tocols for various therapeutic procedures, to facili-
tate uniformity and standardization of care across
different disciplines. Such guidelines and protocols
should be regularly revised and updated in line with
developments in clinical practice and findings from
scientific research. This chapter provides practical
guidance on dealing with some frequently encoun-
tered issues in the management of SCD.

Antimicrobial agents for prophylaxis and
treatment of infections in SCD

People with SCD are susceptible to infections be-
cause of hyposplenism, a defect in activation of the
alternative pathway of complement, and possibly,
reduced leucocyte function. Infection is the domi-
nant predisposing factor to sickle cell crisis and the
commonest cause of death related to the haemoglo-
binopathy. Therefore, prevention of infections 
and effective treatment of established episodes 
are very important aspects of the care of affected 
individuals.

Prophylactic antibiotics

A controlled clinical trial showed that penicillin V is
effective in reducing mortality from pneumococcal

septicaemia associated with SCD [1]. Prophylaxis is
recommended from the age of 3 months, at a dose of
125mg b.d. In adults, the dose is doubled to 250mg
b.d. Individuals allergic to penicillin could be given
clarithromycin 250mg b.d. For people who contin-
ue to have recurrent infections (especially of the uri-
nary or respiratory tract) while on penicillin V or
clarithromycin, ciprofloxacin 250mg b.d may be
used.

Therapeutic antibiotics

Once specimens have been taken for microbiology
investigations, first-line medications should be cho-
sen such as to cover for the common pathogens that
cause infections in SCD. These are gram-positive
organisms, especially staphylococci, and gram-
negative organisms such as salmonella species. 
Examples of appropriate anti-staphylococcal
agents are flucloxacillin, or sodium fusidate in pa-
tients allergic to penicillins. Effective gram-negative
cover may be provided with oral ciprofloxacin at
the therapeutic doses of 500mg b.d, or 750mg b.d
for severe infections; intravenous cefuroxime
750mg t.d.s; or cefadroxil 500mg b.d orally. All
three are effective against salmonella organisms,
which are second to staphylococci as the aetiologi-
cal agents of osteomyelitis in SCD. Anaerobes may
cause infections in the mouth such as tooth abscess,
or cholecystitis. Metronidazole is the drug of choice
in treating anaerobic infections. Appropriate com-
binations of the above may be used as first-line 
antibiotics while microscopy, culture and sensitiv-
ity results are awaited. The definitive choice of
drugs may be altered in the light of microbiology 
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reports. Clarithromycin at therapeutic doses could
be added to the antibiotic regimen if atypical bacte-
ria are suspected as the cause of respiratory tract in-
fection, or if the patient has a community-acquired
chest infection.

Exchange blood transfusion

Venesection to reduce the proportion of HbS red
cells with transfusion of normal HbA blood is often
beneficial in the treatment or prevention of life-
threatening and other manifestations of SCD [2].
The conventional aim in this process of exchange
blood transfusion (EBT) is to reduce HbS to 30%;
the mean proportion in carriers of sickle cell gene
who usually do not have clinical illness due to the
presence of this haemoglobin variant. The situa-
tions are not strictly identical because people with
sickle cell trait have a mixture of HbA and HbS in-
side each erythrocyte, whereas HbSS patients who
have undergone EBT still have 100% HbS in a pro-
portion of their red cells. The environment inside
erythrocytes of HbAS individuals is more protec-
tive against sickling than in post-transfusion HbSS
patients who have a considerable number of red
cells filled with HbS. This difference notwithstand-
ing, clinical experience shows that HbSS patients on
regular EBT not only have a lower incidence of
vaso-occlusive events such as stroke and sickle cell
crisis, but also have regeneration of the spleen with
improved resistance to infections [2, 3]. EBT can be
done manually, or automatically with a red cell
apheresis machine. Whereas automated EBT is
more effective in reducing the proportion of HbS, it
requires trained staff with technical expertise, and
is often not feasible to organize at short notice in
emergency situations. In contrast, manual EBT in-
volves no more than venesection and transfusion.
The only practical skill required is the ability to per-
form venepuncture. This makes it more feasible
when exchange transfusion is needed urgently. For
example, although manual EBT may achieve only
50% reduction of HbS in a patient with acute chest
syndrome, this confers significant clinical benefit
and can save the life of a person who develops this
severe complication, which is the leading cause of
mortality in adults with SCD.

Indications for EBT

1 Cerebrovascular accidents
2 Acute chest syndrome
3 Prior to major surgery
4 Multi-organ failure, including systemic marrow
fat embolism
5 Multiple pregnancy
6 Prevention of recurrent stroke.

Relative indications

1 Intractable or very frequent severe crises
2 Major priapism unresponsive to other therapy.

Preparation for EBT

1 Discuss objective of EBT with patient, obtain 
informed consent and body weight.
2 Coagulation screen to detect any bleeding 
tendency: thrombin time, prothrombin time, 
activated partial thromboplastin time and platelet
count.
3 Blood chemistry, including calcium level. Full
blood count and %HbS.
4 Cross-match and extended phenotyping of blood
for C, E, S, Fy, K and Jk antigens.

For automated EBT further preparatory steps
would be necessary, and vary according to the type
of apheresis machine used.

Manual EBT

As a rough guide, 10–15 mL/kg of RBC concen-
trate, or 1 unit of blood per 10kg body weight is 
required for adults with Hb level up to 6g/dL, and
transfusion or removal of 1 unit of blood changes
the haemoglobin concentration by 1g/dL in the 
average adult. Generally, a 6-unit exchange over 24
hours is well tolerated. If more units of blood 
need to be transfused, it is advisable to spread 
the manual exchange over 48 hours, and transfuse
3–4 units/day.

Procedure

1 Give 500mL of dextrose saline intravenously
over 30 minutes.
2 Remove 500mL of blood over 30 minutes.
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3 Give the second bag of 500mL of dextrose saline
over 30 minutes.
4 Remove the second unit (500mL) of blood over
30 minutes.
5 Transfuse the first unit of red cell concentrate or
blood over 1 hour.
6 Remove the third unit (500mL) of blood over 
30 minutes.
7 Transfuse 5 units of red cell concentrate at 
1 unit/3 hours, over the next 15 hours.

The Hb level should not be increased above 
11g/dL (haematocrit > 0.33). One or two units of
blood could be removed by venesection with fluid
replacement if the Hb level after the exchange is 
> 11g/dL. In patients with pre-transfusion Hb level
of about 5g/dL who need manual EBT, there is no
need for steps 3–6 above. In such situations, after
giving 500mL of intravenous fluid and removing
the first 500mL of blood, 5 units of red cell concen-
trate could be transfused over the next 10 hours
(step 7). If the patient’s pre-transfusion Hb level is 
£ 4g/dL, EBT is not necessary. Top-up transfusion
of 6 units of red cell concentrate over 12 hours will
achieve the same end.

Automated EBT

EBT with an erythrocytopheresis machine is more
efficient than the manual procedure in that it 
exchanges a larger proportion of the blood volume,
is less tedious for patients and staff, and takes far
less time to complete. In addition to the general
preparation noted previously, automated EBT 
requires:
1 Insertion of a double lumen femoral or central
catheter big enough to accommodate the rate of
blood flow needed to exchange 6–8 units over 3
hours. Catheterization is facilitated if done under
radiological (e.g. ultrasound) guidance.
2 Prior priming of the apheresis machine and blood
warmer.
3 A red cell exchange disposable set, compatible
with the apheresis machine.
4 Citrate anticoagulant (1 litre).
5 Two vials of 10% calcium gluconate.
6 Dextrose saline or normal saline (1.5 litres).
7 Sterile packs containing forceps or haemostats,
scissors, gloves, needles and syringes.

8 For computing the total volume of blood to be
used in the procedure, a calculator!

Elective EBTs in steady-state patients for non-
acute indications, such as prevention of recurrent
stroke, could be done as day procedures. Admission
into a high dependency unit is advisable for EBT
done as treatment of acute illness, e.g. acute chest
syndrome. A general medical examination is essen-
tial to ensure that the patient is fit for automated
EBT. The actual procedure should be done follow-
ing the manufacturer’s operating instructions as de-
tailed in the handbook of the particular apheresis
machine used. It is advisable to programme the ma-
chine to perform the EBT over a minimum period of
3 hours, because the likelihood of an adverse event
associated with the procedure, such as citrate toxic-
ity, is higher if it is done too rapidly. For people who
have fluid overload, as may occur in kidney disease,
the procedure time should be a minimum of 
4 hours, and excess body fluid could be reduced by
setting the desired fluid balance below 100%, e.g.
to 90%. To avoid possibly fatal air embolism, one
should ensure there are no air bubbles in the access
and return lines before connecting the patient 
to the apheresis machine. Vital signs should be
measured within 15 minutes of starting EBT, and at 
30-minute intervals. To prevent citrate toxicity,
5mL of 10% calcium gluconate diluted to 15mL
with normal saline should be given slowly over 5
minutes via the return line when the fourth unit of
blood is running through the machine.

Post-EBT care

Considering that adverse events associated with
EBT can occur late, it is advisable to observe the
vital signs at 15-minute intervals for a minimum of
30 minutes after the procedure. If a steady-state pa-
tient who was clinically stable before exchange is
still unwell an hour after EBT performed as a day
procedure, admission into the ward may be con-
sidered for further observation and possible treat-
ment. In the absence of clinical problems, and if
vital signs are satisfactory 30 minutes after EBT, the
femoral catheter may be taken out. Blood samples
for post-transfusion FBC, %HbS and chemistry
should be taken from another (peripheral) vein to
ensure more accurate results. In acutely ill patients
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exchanged in a high dependency unit, the catheter
used for EBT may be left in place for up to 5 days if
required for other intravenous therapy. Blood sam-
ples for post-transfusion haematology and chem-
istry should then be taken 24 hours later, to allow
time for optimal equilibration.

Management of adverse events 
associated with EBT

Blood transfusion reactions and citrate toxicity are
the usual complications.

Blood transfusion reactions

The features of a transfusion reaction include pain
in the chest and back, rigors, skin rash, fever, bron-
chospasm, hypotension and shock with reduced
urinary output. The causes are incompatible red cell
transfusion, reaction to leucocyte, platelet and plas-
ma protein antigens, and giving infected blood. The
EBT should be suspended, 10mg of piriton and 
100mg of hydrocortisone given intravenously, and
vital signs closely monitored. If there is hypoten-
sion, intravenous fluids should be given, the patient
kept in a head-down position, and urinary output
monitored. Inotropes may be needed if the hypo-
tension does not respond to the measures above.
Disseminated intravascular clotting (DIC) can be
triggered by immediate transfusion reaction. A co-
agulation screen and fibrinogen assay facilitate di-
agnosis. The renal physicians should be invited to
participate in the management if DIC is associated
with acute renal shutdown. If reaction against in-
compatible red cells is a differential, samples from
the suspected units of blood (particularly the one
being transfused when the adverse event started)
should be sent to the laboratory with the patient’s
venous blood and urine samples for investigations.

Citrate toxicity

Without prophylactic administration of intra-
venous calcium gluconate, about 15% of automat-
ed blood apheresis procedures may be complicated
by citrate toxicity [4]. The incidence rate depends
on several factors: the duration or rapidity of
apheresis, the concentration of citrate anticoagu-

lant used, the rate of infusion of citrate, and the 
patient’s susceptibility – which is related to how
quickly the infused citrate can be metabolized. 
Citrate acts by chelating calcium ions, which is the
reason why administration of calcium gluconate
during EBT reduces the risk of citrate toxicity. As
would be expected, the features are those of
hypocalcaemia – circumoral muscle twitching 
and paraesthesia, nausea, vomiting, chills, cardiac
arrhythmias and syncope. Full-blown tetany is rare.
If the patient is not kept warm during the proce-
dure, or the transfused blood is not pre-warmed,
this increases the severity or likelihood of citrate
toxicity. It is pertinent to bear in mind that severe
hypo-calcaemia may occur without forewarning by
the symptoms above.

It is therefore important to prevent citrate toxici-
ty. The patient should be informed about the symp-
toms and advised to immediately call the attention
of hospital staff if they occur. It is unusual for citrate
toxicity to develop during EBT if calcium gluconate
is given in the middle of the procedure as stated pre-
viously. Should it occur before the calcium glu-
conate is given, or despite doing so halfway through
the EBT, the exchange should be discontinued. Cal-
cium gluconate (2ml of 10% solution) should be
given over 5 minutes. The procedure can be re-
sumed when the clinical and ECG features of
hypocalcaemia have resolved. Increasing the total
procedure time should be considered when the EBT
is resumed, and on subsequent exchanges in the
same person.

Peri-operative management of patients
with SCD

Surgery requiring general anaesthesia may increase
the risk of vaso-occlusive events in SCD. Surgical
trauma and the inflammatory response to tissue in-
jury, hypoxia associated with general anaesthesia
and dehydration from reduced oral fluid intake; all
are recognized precipitating factors for sickle cell
crisis and other vaso-occlusive manifestations of
the haemoglobinopathy. It is therefore necessary to
take appropriate preventive or therapeutic meas-
ures in SCD patients and individuals at risk of 
carrying the gene for HbS.
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Determination of haemoglobin genotype

The majority of known SCD patients would have
had their Hb genotype ascertained prior to an 
elective or emergency surgery requiring general
anaesthesia. However, people with previously undi-
agnosed SCD or sickle cell trait need to have their
Hb genotype determined not only to ensure appro-
priate peri-operative management, but also for
medicolegal reasons. In this context, people who
had previous blood transfusion within the lifespan
of normal red cells (up to 4 months) may have mis-
leading Hb genotype results, if this is not taken into
account when interpreting the laboratory data.
Various procedures are used to determine Hb geno-
type, depending on local circumstances and the
preference of the haematology laboratory. Meth-
ods that give accurate results include electrophore-
sis, high-performance liquid chromatography
(HPLC), iso-electric focusing and mass spectrome-
try. It is essential to counsel people who are found to
have SCD or sickle cell trait and explain the signifi-
cance of the result. If surgery is not urgently needed,
it is advisable to defer the operation until the pa-
tient’s Hb genotype is known.

When it is not feasible to determine Hb genotype
before surgery

Pre-operative determination of Hb genotype may
not be feasible in emergency situations. If deferring
the surgery will put the patient’s life in danger, prac-
tical guidance on immediate clinical management
may be provided from the results of the following
investigations, which should be requested urgently:
1 Full blood count
2 Sickle solubility test
3 Peripheral blood film.

If the Hb level and blood film are normal, and the
sickle solubility test is negative in a patient older
than 6 months who was not transfused in the pre-
vious 4 months, SCD or trait is unlikely. Peri-
operative management could be carried out as for
HbAA individuals. Sickle cells in the peripheral
blood film, low Hb level and positive sickle solubil-
ity test are highly suggestive of SCD, and the patient
should be treated accordingly. A positive sickle sol-
ubility test with normal Hb level and normal blood

film may be found in sickle cell trait. In emergency
situations when the Hb genotype cannot be con-
firmed, it is recommended that peri-operative man-
agement is carried out as if the patient had SCD.
This recommendation also applies to situations in
which the patient had blood transfusion in the pre-
vious 4 months, and the sickle solubility test is neg-
ative with normal blood film and Hb level.
However, the %HbS needs to be <20% for the sick-
le solubility test to be negative, and peri-operative
clinical problems related to HbS are unlikely to
arise in such situations. The situation is similar 
to that of SCD patients with HbS maintained below
30% by regular exchange blood transfusions, 
who seldom develop new vaso-occlusive clinical 
problems.

It is necessary to determine the Hb genotype as
soon as it is possible in all patients for whom this
could not done before emergency surgery. The 
low probability of HbS-related clinical problems
notwithstanding, it is important to bear in mind
that false negative results of the sickle solubility test
may be obtained in HbSS infants aged < 6 months
before HbF is substantially replaced by HbS, and in
HbAS or HbSS adults following blood transfusion.
In previously transfused patients, accurate Hb
genotype may not be obtainable from blood tests
until 4 months after transfusion. DNA analysis can
provide reliable results of Hb genotype within 4
months of blood transfusion. Patients who were not
transfused, including infants aged < 6 months, can
still have accurate determination of Hb genotype on
blood samples. If an individual was transfused peri-
operatively, a pre-transfusion blood sample taken
during the episode of illness can be used for haemo-
globin genotyping.

Peri-operative management of SCD patients

Blood transfusion

Exchange blood transfusion to achieve HbS below
30% and Hb level 10–11g/dL is recommended 
before major surgery such as hip replacement, 
complex neurosurgical, abdominal or thoracic op-
erations, and tonsillectomy. For not so major sur-
gery such as caesarian section and cataract removal,
top-up blood transfusion to a haemoglobin level
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10–11g/dL will suffice [5]. SCD patients are prone
to red cell antibody formation [6]; it is therefore im-
portant to request blood a minimum of 1 day before
the planned transfusion so that there is ample time
to obtain compatible units of blood.

Oxygen therapy

Hypoxaemia predisposes to sickling, and its pre-
vention by oxygen administration is of paramount
importance in the peri-operative management of
SCD patients. Oxygen may be required from the
time of pre-medication, especially if respiratory de-
pressant drugs have been given. Pre-oxygenation is
essential before the induction of anaesthesia. A
higher than standard oxygen concentration in the
anaesthetic gases is used during surgery. Oxygen
administration is continued postoperatively until
the patient starts to mobilize, or through the first
day. In view of the usual drop in oxygen saturation
during sleep, the inhibition of respiratory (breath-
ing) movements because of postoperative pain in
the thorax or abdomen, and the tendency of vaso-
occlusive events in SCD to develop at night, it is ad-
visable to administer oxygen during the 2nd to 4th
nights after surgery in the thorax or abdomen.
Monitoring the blood oxygen saturation peri-
operatively with a pulse oximeter, or by measuring
arterial blood gases, helps to ensure that hypoxia 
is prevented, or detected and treated.

Hydration

SCD is associated with hyposthenuria – the 
inability to concentrate urine – a result of recurrent
infarction and loss of functional kidney tissue. 
The obligatory passage of large volumes of 
urine makes SCD patients prone to dehydration.
This pre-existing tendency to dehydration is 
exacerbated by the reduction in oral fluid and 
food intake associated with surgery. Dehydration 
increases the intracellular concentration of HbS 
in erythrocytes, the risk of sickling and of peri-
operative occurrence of vaso-occlusive events.
Therefore, the prevention of dehydration is of 
paramount importance in the management of SCD
patients undergoing surgery. Sufficient intravenous
fluid administration is essential to maintain 

adequate hydration. In view of the reduced ability
of SCD patients to excrete sodium, 5% dextrose 
solution or dextrose in saline (but not 0.9% sodium
chloride solution) is preferred.

Normothermia

Exposure to cold frequently precipitates sickle cell
crisis [7]. Hypothermia during surgery may stimu-
late reflex shivering early in the postoperative peri-
od, peripheral vaso-constriction, increased oxygen
consumption by skeletal muscles, tissue hypoxia,
sickling and vaso-occlusive crisis. To prevent these,
it is crucial to ensure that the body temperature is
maintained at normal values during surgery in SCD
patients.

Other conditions that predispose to vaso-
occlusion (such as infection, circulatory stasis, and
respiratory or metabolic acidosis) need to be pre-
vented or treated. The existence of organ disease
previously caused by SCD calls for specific preven-
tive or treatment measures during the period
around surgery. Kidney failure from sickle
nephropathy implies closer attention to fluid bal-
ance and hydration, chronic sickle lung may impair
gaseous exchange and blood oxygen saturation,
and previous stroke associated with damage to the
vasomotor centre might make the control of blood
pressure and circulation more difficult during the
period of general anaesthesia. SCD does not cause
thrombocytopenia, and is uncommonly associated
with clinically significant derangement of coagula-
tion because of hepatic dysfunction. Therefore, the
majority of affected individuals can safely have
epidural anaesthesia. If a coagulation screen detects
a clinically significant impairment of haemostasis,
appropriate clotting factor replacement therapy
should be given. In SCD patients with low platelet
counts due other co-existent conditions, platelet
transfusion may be needed before epidural anaes-
thesia. SCD per se is not a contraindication to the
procedure.

Sickle cell trait

There is no evidence of a clinically significant 
increase in the risk of general anaesthesia to 
HbAS individuals. Therefore, their peri-operative 
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management should be same as for HbAA people.
There is a possibility of red cell sickling and vaso-
occlusion if severe hypoxaemia occurs in HbAS 
patients under general anaesthesia. The issue 
may arise as to whether local hypoxia caused by 
orthopaedic tourniquet could lead to sickling in
people who have sickle cell trait. Clinical experi-
ence has been that the use of orthopaedic tourni-
quet does not lead to HbS-related problems in
HbAS patients.
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Chapter 21

Opiate dependence in sickle cell disease

Ikechukwu Obialo Azuonye

Introduction

It is thought that sickle cell disease (SCD) is a bal-
anced polymorphism, put simply, a condition re-
sulting from Nature’s attempt to solve a problem.
The problem in question is that of malaria. Con-
fronted with a devastating situation with the Plas-
modium organism, the human body worked out a
solution: when the Plasmodium organism infects a
red cell, let the shape and structure of the cell change
such that the cell is preferentially selected for 
destruction, along with the parasite, by the spleen.

This works very well in the heterozygote, who is
relatively immune to malaria. Unfortunately, the
homozygote is left with a serious disease which
causes considerable distress and limits life ex-
pectancy: sickle cell disease. The problem arises be-
cause when HbSS is deoxygenated, the erythrocyte
undergoes a characteristic change in shape, becom-
ing ‘sickled’, less elastic, and much more likely – as
semi-solid masses – to stick to the walls of blood
vessels. HbSS is initially able to return to its original
soluble form, but with repeated deformations, the
red cell is permanently damaged.

These polymerized, semi-solid masses of de-
formed red blood cells block small blood vessels
everywhere in the body. It is this vaso-occlusion
which is responsible for virtually all the manifesta-
tions of SCD. The manifestations of SCD include
pain, cerebrovascular accidents, pulmonary com-
plications, vulnerability to infections, acute splenic
sequestration, impairment of hearing in children,
and chronic damage and failure of the various or-
gans of the body. Of these, pain accounts for > 90%
of admissions for treatment in hospital.

Pain

The pain experienced in SCD can be extremely se-
vere. In fact, the severity of pain, and the number of
episodes of pain per year, constitute one of the prin-
cipal markers of the severity of the condition, and
this is a dependable predictor of early death in pa-
tients under the age of 20 years. This pain is caused
by oxygen deprivation of the tissues, as well as avas-
cular necrosis of the bone marrow: these two 
factors bring about inflammation, and the body’s
attempt to repair the damage causes an increase in
intramedullary pressure which is experienced as
pain of varying severity.

Management of pain

Pain crises can be managed in the community or in
hospital, depending on the severity of the attack.
Less severe crises respond to simple analgesia given
by mouth, and further help may be obtained by 
giving the patient fluids, rest, massage and warmth.

For more severe pain, the so-called ‘analgesic lad-
der’ tends to be used: start with, for example, parac-
etamol; if that proves insufficient, try one of the
non-steroidal anti-inflammatory drugs (NSAIDs);
if more is needed, try codeine phosphate; if, at this
point, there is no obvious relief of pain – and/or the
patient’s joints are swollen, there is evidence of cen-
tral nervous system (CNS) involvement or acute
chest syndrome – admit the patient to hospital and
give opioids.

It is worth bearing in mind that opiates are 
the first-line treatment for severe acute pain. The
opiates in question are pethidine, morphine and 
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diamorphine (also known as heroin). There is, 
however, some dispute about which opiates to 
use in severe pain in SCD. Current thinking is that
morphine is the opiate of choice. There have been
concerns about a by-product of pethidine known 
as norpethadinic acid, which can accumulate to
toxic levels in the patient and cause epileptiform
seizures.

Concerns about addiction

It is well known that the opiates can be addictive
drugs. There are also ‘rumours’ about the relation-
ship between SCD and opiate addiction. Suffice it to
say that SCD does not protect the sufferer from 
opiate addiction, and also does not predispose the
sufferer to this form of addiction.

Worries about opiate addiction are a common
cause of distress, with parents expressing anxiety
about their children being given heroin for the con-
trol of pain.

These concerns are actually not justified. The risk
of a SCD sufferer developing opiate addiction is
very low, for an obvious reason: the acute severe
bone pain crisis lasts only a few days, so if opioid
analgesics are administered during these brief peri-
ods and withdrawn, the patient would not be at any
greater risk of developing an addiction than any
member of the general public. In fact, the preva-
lence of opiate addiction in SCD is the same as the
prevalence for the general population.

SCD and opiate dependence

What this means is that while the risk of developing
dependence on opiates is not any higher in SCD
than in the general population, this risk is not zero.
Opiate dependence does occur in a small propor-
tion of people with SCD.

It is important to be able to recognize opiate 
dependence, for the following important reasons:
1 Opiate dependence makes it more difficult to
treat the symptoms of the SCD, and
2 SCD, for its part, makes it difficult to manage the
dependence syndrome successfully.

We must distinguish between tolerance, physical
dependence and psychological dependence.
• Tolerance is the phenomenon in which a patient
requires larger doses of the drug to achieve the same
degree of pain relief, generally without an increase
in adverse effects.
• Physical dependence results from the pharmaco-
logical effects of the drug, the effect of which is that
the patient experiences withdrawal symptoms
when the drug is discontinued too rapidly.
• Psychological dependence (‘addiction’) is 
characterized by an abnormal use of the drug, 
craving for it for purposes other than the relief 
of pain, sometimes going to extraordinary lengths
to acquire the drug, and reverting to using it 
again after a period of apparently successful 
detoxification.

Psychological dependence on opioid analgesics
does occur in SCD, but is fortunately only an occa-
sional observation. However, when it does occur it
needs to be taken seriously because of the adverse
interplay between SCD and opiate addiction.

Management of opiate addiction in SCD

The most important first step in the management 
of opiate addiction is to recognize it. Recognition 
of opiate addiction is achieved by reference, 
for example, to the diagnostic criteria under the 
DSM-IV (Diagnostic and Statistical Manual 
of Mental Disorders, 4th edn of the American 
Psychiatric Association, or the ICD-10 (Inter-
national Classification of Diseases, 10th revision,
World Health Organization).

The addiction syndrome is likely if you observe
three or more of the following in the patient during
a 12-month period:
• The substance is often taken in larger amounts or
over longer periods than intended.
• Persistent desire or unsuccessful efforts to cut
down or control the use of the substance.
• A great deal of time is spent in activities necessary
to obtain the substance, (e.g. visiting multiple 
doctors or driving long distances), use the substance
(e.g. chain-smoking) or recover from its effects.
• Important social, occupational or recreational
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activities are given up or reduced because of 
substance abuse.
• Continued substance use despite the knowledge
of having a persistent or recurrent psychological or
physical problem that is caused or exacerbated by
the use of the substance.
• Tolerance, as defined by: need for larger amounts
of the substance in order to achieve intoxification or
desired effect; or markedly diminished effect with
continued use of the same amount.
• Withdrawal, as manifested by either: character-
istic withdrawal syndrome for the substance; or the
same (or closely related) substance is taken to 
relieve or avoid withdrawal symptoms.

What can cause confusion is that SCD itself 
can cause similar experiences, so it is important 
to establish that what is observed has been caused
by the use of the drug for purposes other than the 
relief of pain. The point is that while it is true 
that the bone pain crises in SCD tend to last only 
a few days, it is also known that bone infarction,
joint disease caused by SCD and/or aseptic necrosis
of bones can produce chronic severe pain and 
hence the need for long-term medication with 
opiates – and the likelihood of the emergence of
phenomena which may be mistaken for addiction
to opiates.

Individual treatment plan

In order to limit the room for such doubt, it is very
useful for have an individual treatment plan for the
patient, and to begin by documenting at least the
following through the course of assessments:
• The year and age at which the patient was first 
exposed to opiates
• Types of analgesia used to treat acute pain crises
• Allergic reactions observed
• Reactions to the patient’s drug of choice
• Evidence of tolerance and/or physical depend-
ence
• Evidence of craving for the drug, going to great
lengths to obtain it, or using it other than for pain
relief
• The longest time without opiates
• Disruption of normal daily life because of the
drug

• Presence of underlying psychological or psychi-
atric problems
• The patient’s strategies for coping with the 
demands and challenges of everyday life
• The support mechanisms available to the patient.

The individual treatment plan also incorporates
appropriate physical examinations and laboratory
tests.

Once the diagnosis of opiate dependence is made,
the patient should be offered the opportunity of
detoxification in a specialist unit. If the patient 
happens to be one of those who require long-term
treatment with opiates, such treatment should 
involve a dedicated specialist drug dependency
service. The patient should aim to be opiate-free as
an outpatient, and should be encouraged to agree to
random urine and blood tests to check that they are
still abstinent.

Prevention

While it is helpful to try to offer effective detoxifi-
cation to the addicted patient, it is better to try to 
prevent the emergence of opiate addiction in the
first place.

The commonest causes of dependence are:
1 inappropriate use of the stronger opiates for the
relief of any pain, and
2 use of opiates for purposes other than pain relief.

The graded approach (analgesic ladder) to 
pain treatment should always be borne in mind.
Less potent opioids should be tried first. When 
opiates are used, they should be tapered off 
and stopped as soon as the patient shows a sig-
nificant degree of improvement. If a patient 
has shown dependence on a particular opiate in 
the past, that drug should not be used for the 
treatment of future pain crises, even if the patient 
requests it.

Last but not least, psychological approaches
should always be part of the patient’s overall sup-
port: relaxation, behavioural therapy (including
cognitive behaviour therapy, CBT) where appro-
priate, general supportive psychotherapy (coun-
selling) and continuing advice and education about
the illness and its treatment.
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Chapter 22

The roles and functions of a community sickle cell and
thalassaemia centre

C Rochester-Peart

Introduction

As the title suggests, this chapter is concerned with
the roles and functions of community-based sickle
cell and thalassaemia services. This chapter pres-
ents the reader with a range of activities that can be
carried out from a community-based entity, and the
benefits and challenges of delivering such services.

Being mindful of the title of the text, this chapter
will offer the reader information for practical appli-
cation, particularly for those who might be consid-
ering setting up similar services.

Given the very many possible meanings, it is con-
textually useful to clarify the meaning of the term
‘community’ and the term ‘centre’ as used in the
title.

Firstly, taking the word community, it has many
and varied meanings. Collins Family English Dic-
tionary [1] states that it is a plural noun meaning: ‘1
all the people living in one district; 2 a group of peo-
ple with shared origins or interests; 3 a group of
countries with certain interest in common; 4 the
public, society; 5 a group of interdependent plants
and animals inhabiting the same region . . .’

The concepts of community are very many. It is a
place, a physical location; a group, a sociological 
location; a certain structure, a cultural or environ-
mental location.

All these meanings alluded to the notion of the
plurality of the term giving a sense of shared and
single or common interest to all concerned.

In health and social care parlance, the term refers
to the setting in which health care is provided away
from the busy hospital or acute environment. Non-
hospital settings are generally the place in which 

patients or users reside, resulting in acute settings as
distinct to community setting, hence the existence
of two diverse but linked environments in which
health care can be delivered. In this text the meaning
most applicable is that which lends itself to the 
perception of the community as an area or locus
away from the busy, overtly clinical hospital 
environment.

Turning to the term centre, Collins Family Eng-
lish Dictionary [1] gave different explanations to
describe the meanings of the word ‘centre’ and stat-
ing its contextual meaning. It offered the following:
‘1 the middle point or part of something. 2 a place
where a specified activity takes place. 3 a person or
thing that is a focus of interest. 4 a place of activity
or influence. 5 a political party or group that
favours moderation. 6 a player who plays in the
middle of the field rather than on a wing’. These de-
scriptions point to the meaning as that which per-
tains to being the central focus. The most suitable
meaning applicable to this text is the one given as ‘a
place where a specified activity takes place’.

Historical context

Screening for beta thalassaemia in the Mediter-
ranean Basin is recognized as the initial experience
of population screening for thalassaemia [2]. Popu-
lation screening was achieved through the Greek
Orthodox Church. As part of pre-marriage coun-
selling and preparation the Church raised with the
couples the issue of beta thalassaemia and directed
them to undertake the necessary blood tests. The
genetic significance of the couple’s thalassaemic 
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status was fully explained, alerting them to the
physical, financial and emotional demands of car-
ing for children with beta thalassaemia major. In
particular, the issues of availability of blood for reg-
ular transfusion and the inherent costs of such vital,
life-saving treatment were presented to couples.
Here, we observe matters of physical health being
addressed by a body that does not include matters
of physical health as its prime duties.

Sickle cell centres emerged from the middle to the
late 1970s in the USA [3]. They were the result of
political legislation in the aftermath of racial unrest
in the 1970s when charges of widespread racial dis-
crimination extended to include the health of black
people in the USA. The early centres existed to pro-
vide the African-American population with infor-
mation on and opportunities for screening for sickle
cell disease (SCD). The outcome of these centres
was not as favourable as intended because of the
mishandling of the screening programme. Namely,
screening was not backed up by the provision of
genetic counselling; without the provision of gen-
etic counselling the success of the programmes was
thwarted. Lessons learnt from this early mistake
were applied in the establishment of subsequent
centres and screening programmes. Such centres,
located in hospitals as well as in the community,
were mainly concerned with SCD. Increasingly as
these centres developed, they not only addressed 
issues of SCD or thalassaemia, but also of all 
clinically important haemoglobin variants. In the
UK, these centres have always provided services for
all the haemoglobinopathies. As screening pro-
grammes continue to be implemented more clini-
cally important haemoglobin variants are being
described; thus adding to the work of the centres. In
this text all references to sickle cell and thalas-
saemia centres include other haemoglobin variants
that cause disease.

Setting, staffing and design

The rationale for the delivery of community-
based health-care services for SCD, thalassaemia
and other haemoglobinopathies is similar to that
for other medical conditions, and includes the 
following:

1 Local or disease-needs driven
2 Government directives
3 Health promotion issues.

Most people in a community will not be in need
of acute medical interventions; however, a signifi-
cant number will have need for some interaction
with health-care facilities. This point is demonstrat-
ed in some of the health awareness campaigns such
as anti-smoking, breast and prostate cancer screen-
ing, healthy heart, diabetes and other high profile
health drives. Health interventions in the primary
care settings are aimed at reducing the populations’
dependency on acute care. The old adage ‘preven-
tion is better than cure’ is very true of the principles
of community-based health services. There is con-
tinual change in the relationship between individu-
als in the community as a whole and the care
settings. The change pertains to the increasing pro-
portion of health-care activities delivered in the
community environment. Sickle cell and thalas-
saemia centres are sited in various locations in the
community; some are within existing health-care
buildings, others are free-standing entities. Many
centres evolved from short-term funded projects;
some services survived and became part of the 
National Health Service (NHS), others were
deemed to be non-viable and did not receive further
financial support.

Today in the UK, sickle cell and thalassaemia cen-
tres are largely mainstream-funded, as part of the
NHS. Initially most were funded as projects with
limitations on their operational status in terms of
their capacity as well as the length of time for which
the services were guaranteed. The design and
staffing of these services are interdependent and
usually rely on the local needs and funding arrange-
ments. Centres that started as NHS-supported pro-
jects have tended to become established core
services. These centres are mainly staffed by special-
ist nurses and managed as nurse-led services within
the NHS organizational structures. The more com-
prehensive services are staffed by multidisciplinary
teams, including nurses, doctors, psychologists,
counsellors and social workers. These disciplines
form various models of service design, some in-
volving partnerships with government and non-
government agencies. The centres provide a range
of services, with some services being more compre-
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hensive than others. The range of service provision
is determined primarily by the local demography
and includes haemoglobinopathy screening, gen-
etic counselling, psychological support, facilitation
and co-ordination of community care.

Roles and functions of a sickle cell and
thalassaemia centre

In the community, the multifaceted roles of the sic-
kle cell and thalassaemia centres can be accounted
for as: an identifiable local resource for informa-
tion; a one-stop shop for the specialism, linking
with key personnel in the field; a means of bridging
the interface between acute care centres and the
community. The activities of centres are concerned
with haemoglobinopathy screening and genetic
counselling, psychological support, facilitation and
co-ordination of community care, health advice
and support, user involvement, health promotion,
and training and collaborative research.

Haemoglobinopathy screening and 
genetic counselling

Sickle cell and thalassaemia centres take blood sam-
ples, or arrange for such sampling, from individuals
who need to be tested for haemoglobin variants and
thalassaemia. The blood samples are sent to haema-
tology laboratories for testing. Screening must be
appreciated as a method of identifying most clini-
cally important haemoglobin variants and thalas-
saemias, with diagnostic limitation. Therefore
requests for further blood samples could be made if
definitive diagnosis is required. Genetic counselling
is described by Clarke [4] as ‘what happens when an
individual, a couple or family asks questions of a
health professional (the genetic counsellor) about a
medical condition or disease that is or may be of 
genetic origin’. It is good practice to conduct 
pre-screening genetic counselling as well as post-
screening counselling, which includes offering writ-
ten information for later reference. A core factor in
this process is the provision of specific details about
the condition and the genetic significance of the
identified variant; exploring the various reproduc-
tive options. Genetic counselling sessions are con-

ducted in a non-directive manner, helping individu-
als or couples to make the best possible decisions
suitable for them.

In the UK, the pending NHS Haemoglobinopa-
thy Screening Programme acts as a lever for aware-
ness among health professionals. Sickle cell and
thalassaemia centres have played and will continue
to play a significant role as a resource in the plan-
ning and implementation of this programme.

Health promotion

The health promotion function of the sickle cell 
and thalassaemia centres has been a core activity
since their emergence in the medical field; indeed 
for some centres health promotion backed up by
screening and counselling is their only function.

Generally nurses have always held pivotal roles
in health education and health promotion; they 
are key promoters of health. Health promotion 
has been the source of much debate. The World
Health Organization (WHO) Constitution states
that ‘Health is a state of complete physical, mental
and social well being; and not merely the absence 
of disease or infirmity’ [5, 6]. Despite criticism 
of this definition [7, 8], it is accepted that health
promotion involves the actions taken to prevent 
the population from becoming unnecessary users 
of acute care facilities. The WHO has expounded
the ideals and principles of health promotion, 
and outlined strategies to attain this goal [9]. 
Community-based multidisciplinary entities such
as sickle cell and thalassaemia centres are 
well placed to perform this function through 
joint initiatives between health and non-health 
professionals.

Health advice

The varied functions of sickle cell and thalassaemia
centres allow the staff to gain a broad knowledge
base of the possible clinical and social impact of
these conditions. Services designed to interface with
acute and primary care permit the staff to offer
seamless care to individuals and families affected 
by SCD and thalassaemia. This arrangement pro-
vides grounding opportunities for staff, making
them ideally positioned to act as advocates for 
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individuals and their families. Contacts can be
made either at the centres or in families’ homes.

Psychological support

The need for psychological care in chronic illness
has long been established. Psychological care can be
delivered in different forms. Clients with sickling
and thalassaemic conditions receive psychological
input largely from specialist nurse counsellors and
clinical psychologists with special interest in the
field. This type of support seems to have the most 
effect on people’s lives if provided from an early age.

Facilitation and co-ordination of community care

The multidisciplinary environment of a sickle cell
and thalassaemia centre creates the opportunity for
marshalling innovative care packages. The close
proximity of the various disciplines enables tradi-
tional barriers to be broken down more easily.
Health and social care delivery needs to reflect the
constant changes occurring in today’s communities
and demands that professionals work closer 
together to provide services that put patients’/
clients’ needs at the heart of planning. Community-
based nurses have a significant influence in this
process.

User involvement

The involvement of users has gradually evolved 
into formal health service care structures. Cur-
rently there is a great push to establish firm systems
and initiatives to better engage users in the provi-
sion of health and social care. There is a host of 
illness-related user groups and these are commonly
employed to represent themselves and issues 
relating to their care, or range of their care, or about
the quality of the services in general, or to assist in
training of health and non-health professionals. 
Recently the NHS has been engaging users to 
inform the planning process in service develop-
ments. This particular approach in user involve-
ment represents a cultural shift for health-care
providers. It recognizes that active participation 
of users can lead to a better understanding of 
not only their needs but those of others. Increased

patient satisfaction and better compliance are 
other positive outcomes of this new relationship 
between providers and users of health services. A
number of support groups for SCD and thalas-
saemia exist as single bodies in isolation. Others
have close relationships with sickle cell and thalas-
saemia centres, while some have formal affiliation
with larger, more recognized, non-governmental
organizations.

Research and training

The UK Department of Health (1993) document
Research for Health summarized the benefits of its
research and development strategy [10]. The docu-
ment promoted and demonstrated the value of an
integrated approach in forming alliances in health
research. In the UK, unlike the USA, there is no ac-
countability for research attached to funding allo-
cations. Therefore, researchers have been restricted
in the number of funded projects they can under-
take. Sickle cell and thalassaemia centres are well
placed to participate in collaborative research. In
the UK, in particular, there is a dearth of nurse-led
research projects in this field. The staff of sickle cell
and thalassaemia centres have a wealth of knowl-
edge gained from their close working with the 
‘at-risk’ and affected population, and therefore
constitute a valuable teaching and training re-
source. They are able to offer training sessions to
health and non-health professionals, as well as the
lay public. A number of the present academically
accredited haemoglobinopathy courses in the UK
originated from the initial courses run by sickle cell
and thalassaemia centres.

A model of a local comprehensive sickle
cell and thalassaemia centre

There are various models of service design for 
sickle cell and thalassaemia centres (Fig. 22.1). An
example is the local model of service delivery based
at the South East London Sickle Cell and Thalas-
saemia Centre in Kennington, London. The centre
is part of Lambeth Primary Care Trust and hosts
this specialist service for the residents of Lambeth,
Southwark and Lewisham (LSL). Due to local 
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demographics these three boroughs collectively
have the largest population of people with SCD 
in the UK [11], and small numbers of individuals
with thalassaemia. The services (as listed above)
provided in the centre are detailed below.

Haemoglobinopathy screening and 
genetic counselling

This is available either though direct referrals or 
the antenatal, neonatal and opportunist screening 
programmes. The genetic counselling to support
these programmes for local residents is provided by
specialist nurse counsellors (SNCs) based at the
centre.

Antenatal screening programme:
• Women are screened comprehensively with their
consent by midwives or practice nurses as part of
antenatal booking sessions.

• The centre receives copies of all the results requir-
ing counselling and follow-up.
• Women’s addresses are received from GP 
surgeries and antenatal clinics in the local hospitals.
• Women are sent their results and invited for 
genetic counselling, with date and time of appoint-
ment sent at the same time as their results.
• Women who attend are counselled accordingly,
partner screening is carried out or arranged for as
soon as possible.
• Couples who have been confirmed as at risk 
of having children affected by sickling and thalas-
saemic conditions are asked to return for follow-up
counselling.
• Women or couples requesting prenatal diagnosis
are referred to their local Fetal Medicine Unit 
according to agreed local guidelines.
• GPs and midwives are sent reports of the out-
come of each woman’s appointment; this is 
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Fig. 22.1 The functions of a sickle cell and thalassaemia centre.
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particularly important for those who did not attend
for counselling, as they need to be alerted to the 
genetic importance of the results.

Neonatal screening programme:
• All babies are screened using dried blood samples
taken from the Guthrie card or ‘heel spot tests’
taken approximately 1 week after birth.
• The screening laboratory sends all results which
have been confirmed as normal, sickle cell trait and
haemoglobin C trait with the relevant explanatory
leaflets, directly to mothers, GPs, the local commu-
nity Child Health Register and the nursing staff at
the centre.
• All results requiring follow-up are sent to the
nursing staff at the centre.
• All repeat testings are initiated by the nursing
staff (i.e. SNCs).
• Babies whose results suggest that they have 
inherited sickling or thalassaemic disorders are 
followed-up at home by the SNCs.
• Genetic and supportive counselling will be given
to the parents of these children.
• Supportive counselling and health advice will be
given continuously at their homes, at the outpatient
clinics or at the centre.

These screening programmes are key core activi-
ties of the centre. Approximately 30 women are in-
vited for genetic counselling each week. About 50
babies newly diagnosed as having SCD are followed
up by the SNCs each year. Rochester-Peart [12] 
outlined the role of the specialist nurse in the com-
munity setting in providing support for clients with
SCD and thalassaemia.

The opportunistic screening programme:
• Individuals may self-refer or may be referred by
other health professionals including GPs, practice
nurses, health visitors.
• Blood testing (venepuncture) is available with
pre- and post-screening counselling conducted as
an integral part of the process. Written evidence of
clients’ results is given to clients and with their 
approval to their GP.

Health promotion and training

Awareness of the haemoglobinopathies is pro-
moted in various ways in the community. These 

include setting up manned and unmanned stalls at
various locations, e.g. car parks of local markets
and supermarkets, annual local county shows. 
Displays are set up at local libraries, schools and
colleges (usually at their request) to link with their
health promotion agenda. Talks are also given by
centre staff to schools, colleges and various lay
groups in the community. The annual Sickle Cell
and Thalassaemia Awareness month occurs in July.
This time of the year is a particularly busy period for
centre staff as they fulfil their health promotional
role.

Information resource

The centre holds information in various forms.
There are leaflets containing information about
carrier states, clinically important haemoglobin
variants, and alpha and beta thalassaemia. There 
is a locally produced book prepared for parents 
caring for children with sickling conditions. Videos
addressing both sickle cell and thalassaemia are
available for viewing at the centre. The videos are
also used by the SNCs as an additional tool for
teaching parents spleen palpation.

Psychological care

Clients receive psychological care from the SNCs in
the form of supportive counselling. Psychological
counselling and other interventions are offered by
psychologists based at the centre and in the local
hospitals.

Adult community care

Co-ordination of community care for adults is 
provided by three community specialist nurses
(CNS). Their roles are detailed in Chapter 23. In 
addition, the centre is involved with outreach work
within primary care. A SNC currently conducts
monthly genetic counselling sessions for patients
screened by the practice nurse. The sessions are held
at the GP’s surgery, jointly with the practice nurse 
in attendance. Because of the geographical spread
of the local area, through partnership arrangements
the centre offers a satellite service at a health centre
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in the borough of Lewisham. The centre actively 
encourages the users to network through the for-
mation of support groups. This is not core service
activity but is an important aspect of supporting
clients affected by these conditions. The centre
works closely with voluntary organizations to 
ensure that clients receive appropriate support and
assistance.

Benefits and challenges

There is much to gain from having a centre in 
the community serving the population at risk or 
affected by haemoglobinopathies. The design of 
the model described provides a seamless service 
between the neonatal screening programme and 
the paediatric follow-up and support by the 
SNCs. There is continuity of care and bridging 
of the hospital/community interface. The staff ac-
quire a wealth of expertise. A multidisciplinary
team approach aids in forging links and breaking
down traditional professional barriers.

The challenges presented by providing services
from sickle cell and thalassaemia centres broadly
pertain to access and resources. The latter relates to
funding, manpower and materials. Making the
services accessible and appropriate in meeting the
diverse needs of the client population is crucial. 
Improved accessibility will lead to improvement 
in health and reduces inequality. Access is not 
only concerned with the physical and geographical
location of the actual building housing the services.
Accessibility also encompasses clients’ ability to
read the necessary information related to their 
interaction with the service such as appointment
letters, leaflets and interpreting. Other funding 
issues include salaries, materials, and ‘tools of the
trade’, such as teaching and screening equipment.
This has implications for the allocation of funds. 
Securing adequate funds could be difficult. Another
challenge is staffing the service; determining the
number of staff needed, their qualifications and
grades.

Conclusions

This chapter provides some background informa-
tion regarding the emergence of sickle cell and tha-
lassaemia centres. In addition, the rationale for the
various functions performed by the centres has been
discussed. The expected increase in the number of
births affected by haemoglobinopathies in the UK
has implications for purchasers, providers and
users of the health service. It behoves all care
providers to maximize the use of available 
resources, and so provide appropriate care with 
utmost efficiency.
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Chapter 23

Community nursing care of adults with sickle cell disease
and thalassaemia

Sadie Daley

Introduction

This chapter will provide an overview of com-
munity nursing care of adults with the sickle cell
and thalassaemia disorders, from a community
nurse specialist (CNS) approach. The CNS service
is a recent addition to the services already provided
for people who have sickle cell disease (SCD) and 
thalassaemia. The topics covered within this chap-
ter are: looking at the creation of the CNS role; 
holistic nursing assessment; interprofessional
working; the CNS as an educator; and achieve-
ments, benefits and lessons learnt.

The CNS team works across all sectors of the
community, aiming to work closely with the key
personnel who care for and support clients with
haemoglobinopathies.

The role was developed following the outcome of
the review Beyond Crisis Management [1], which
looked at service provision for people with haemo-
globinopathies living within the London boroughs
of Lambeth, Southwark and Lewisham. The steer-
ing group consisted of representatives from service
users and the acute, community and voluntary 
services, and the main findings were as follows:
• Underdevelopment of primary and community
services for SCD and thalassaemia.
• Service provision focused on the acute sector.
• Minimal input/involvement from primary 
services.
• Disjointed services and poor community links
between the acute sector and primary care (GPs,
district nurses, practice nurses and midwives).
• Lack of awareness and knowledge of SCD and
thalassaemia among local service providers (social
services housing, health, voluntary sector).

• There were a small number of high service users
(4+ admissions per year) from 3% of total affected
population, but they accounted for 90% of hospital
admissions within this client group.
• The adult population felt less supported.

These findings support the outcome of the Stand-
ing Medical Advisory Committee (SMAC) [2] and
also the work of Maxwell and Streetly [3] in the
study Living with Sickle Pain. As a result of the
above findings the CNS service for adults and
young people aged 16 years and over was created.
For the service pathway see Fig. 23.1.

The CNS team works alongside the specialist
nurse counsellors; there are clear boundaries 
between their roles and remit and these will be 
reviewed later in the chapter.

There are many definitions and titles for the role
of specialist nurses. For the purposes of this chapter
the author feels the following best illustrates our
role.

CNSs are described as delivering expert patient
care that is based on advanced nursing models with
two main characteristics, clinical judgement and
leadership [4].

The creation of the CNS service

Based at the South East London Sickle Cell and
Thalassaemia centre (see Chapter 22) the CNS team
provides a service to residents within the Lambeth,
Southwark and Lewisham (LSL) boroughs. There
are approximately 2500 people affected by sickle
cell disorders and 100 people affected by thalas-
saemia living within these boroughs [1]. The bor-
oughs have a rich cultural diversity, with one-third
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of the population of each borough made up of black
and minority ethnic people [5].

Lambeth, Southwark and Lewisham have areas
of affluence alongside pockets of deprivation,
which the Health Authority has identified as being
within the 20% most economically deprived na-
tionally [5], it has identified sickle cell disorders and
thalassaemia as a key health priority.

Interventions recommended by the Health 
Authority and the Local Modernisation Review in
response to the NHS Plan (2000) [6] include reduc-
ing inequalities and improving access to service pro-
vision, through culturally appropriate primary care
services and interpreting services, which are based
on consistently high standards of care.

Haemoglobinopathies have for the first time
been addressed by a government within the NHS
Plan (2000) [6], with the rolling out of universal
screening across the UK. These policies are driving
our service delivery, along with clinical governance,
which is now the foundation on which all NHS care
is delivered. Elements such as the National Service
Frameworks, benchmarking and lifelong learning
are the strategies for improving client and service
outcomes in the most cost-effective way. This can be
seen through the development of national nursing
guidelines for SCD and thalassaemia through the
Haemoglobinopathy Association of Counsellors
(THAC), a professional body for practitioners
working within the haemoglobinopathy field.

There has been a growth of specialist nurses in
most areas of health care within the NHS over the
last decade. Various authors [7–9] have indicated
that the reasons for this include the need to fill the
gap between staff nurses and nurse managers with a
highly skilled nurse; the reduction of junior doctors’
hours alongside role extension of nurses and areas
where role confusion occurs between nurses 
and other health-care professionals, particularly
doctors.

As stated earlier in the chapter the CNSs have a
different role to their colleagues, the specialist nurse
counsellors (Chapter 24), CNSs do not carry out 
genetic screening or counselling. The premise of
their referrals is that a physical nursing need has
been identified, e.g. coping with complex pain,
chronic leg ulcer management, complications of
avascular necrosis of a joint (see section below on

the holistic nursing assessment). If there are occa-
sional instances where the roles overlap, liaison be-
tween the two nurses and, if needed a joint visit, is
undertaken to establish which specialist is best
placed to lead for that individual case.

Being based at the centre has afforded the CNS
and SNC teams excellent channels of communica-
tion and involvement in the centre activities. Both
teams collaborate on joint initiatives and referral
guidelines were developed to prevent role confu-
sion in the acute and primary sectors when the new
service was introduced.

It was felt from the inception of these posts that
the CNS service would be modelled on other CNS
teams found within the mainstream health services,
e.g. diabetic, multiple sclerosis and HIV teams. This
approach was felt to be crucial for working towards
inclusion into the mainstream services, as many
clients or staff can feel marginalized [10].

There are aspects of care that can be managed
within the mainstream services with the initial sup-
port of the CNS and the wider haemoglobinopathy
team. This will have a twofold benefit; for example,
clients with leg ulcers can attend leg ulcer or com-
plex wound management clinics run by either dis-
trict nurses or community tissue viability nurses.
Health professionals can build up their knowledge
and skill base of these disorders to achieve best
practice and improved patient outcomes. Secondly,
inclusion is promoted by the opportunity to link
with organizations and voluntary bodies known to
mainstream services, helping to reduce isolation
and increase social contacts.

The CNS works and consults with a wide net-
work of agencies and sectors within the community
and acute sector to attain optimum quality of care
for clients. This requires interprofessional working
and finely tuned negotiating skills.

The CNS also serves as an advocate for the client,
family or community. The main goals are to im-
prove the quality of life for clients, identify gaps in
service provision, help to implement government
policies with the wider team in the most cost-effec-
tive way and to improve knowledge of these disor-
ders through education and research programmes
for all sectors of the community.

The nine sub-roles of the CNS are:
• Clinical expert
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• Researcher
• Consultant
• Educator
• Change agent
• Staff advocate
• Collaborator
• Networker
• Organizational developer. (Adapted from 
Martin [11] and Miller [12].)

Liaising with the GP and primary services is an
all-important role. The GP is ideally placed to man-
age the day-to-day care of these clients, collaborat-
ing with the acute sector as appropriate. The aim is
to prevent reports by clients, for example, of being
sent to the Accident and Emergency Department
with urinary tract infections or attending outpa-
tient departments for prophylactic immunizations.
Many GPs welcome an expert resource to help them
become more central in the day-to-day manage-
ment of clients with these disorders [1]. The holistic
nursing assessment and interprofessional sections
of this chapter will demonstrate how the role of the
GP and primary care services can best support these
client groups.

Holistic nursing assessment

The CNS identifies issues for individual clients by
undertaking a holistic needs assessment within the
home environment. The holistic assessment com-
prises not just physical but emotional, social and
pastoral aspects. In partnership they can plan what
services are needed for this episode of care and how
the client can develop effective coping strategies,
with input from the relevant services.

This is a continuous process with actions and
feedback between the CNS and the client [13]. The
information obtained needs to be accurate and
comprehensive, as this will have an important bear-
ing on the decision-making process for the nurse
and thus affect outcomes.

It is vital that the assessment process occurs from
a non-judgemental approach [14]. For this to hap-
pen the CNS has to be aware of his or her own atti-
tudes, beliefs and values. This is to ensure that the
nurse does not impose their personal views on the
client, otherwise important information or subtle

behaviour from the client may be missed, losing the
opportunity to identify issues or give much needed
health-enhancing information.

Communication skills are essential for this part
of the nurse’s role. These include verbal and non-
verbal skills and active listening based on empathy.
This is necessary so that the client can see that the
nurse understands their ‘world’. Egan [15] suggests
that the ‘helper’ needs to develop a warm relation-
ship to enable the client to explore ‘the problem’
from the client’s frame of reference and then to
focus on specific concerns.

There is a different emphasis on the delivery of
care in the hospital and within a client’s home. The
CNS has been invited into the client’s personal
space. The power base shifts and a partnership
needs to occur. Failure to take these elements into
consideration may prevent the nurse from engaging
with the client or may limit subsequent nursing 
interventions.

The initial assessment/visit may reveal a range of
issues or problems. Well-developed information
collecting skills are needed to gradually build up a
picture of the client’s haemoglobinopathy disorder
and the positive or negative impact this has had on
their lives [16]. Some clients need time to build up 
a rapport with the CNS, which is based on trust. 
An explorative, empathetic and respectful ap-
proach will support this process.

For quality interaction to occur, the CNS’s frame-
work of practice needs to include a transcultural
understanding of the client. Leininger [17] believed
that nurses have a duty to gain knowledge about
cultural care values, beliefs and practices and use
this to provide culturally specific care for well and
sick people.

Respect for different cultural practices is essen-
tial, indeed becoming aware of different cultural
practices is an ideal time to enquire sensitively and
openly to gain more understanding of a client and
community group. This will lead to a store of rich
information, which will improve the CNSs’ 
approach to clients and therefore their practice.

Cultural, social, political and economic factors
influence the impact of SCD and thalassaemia on
clients’ lives. Ignoring this context will lead to 
incomplete collection of information and there-
fore inappropriate care leading to increased stress, 
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isolation and poorer access to health care for the
client [18, 19].

Thus the nursing assessment is undertaken
through a framework of eclectic nursing processes
[20, 21]. This ensures a holistic plan of care for the
clients, which is delivered in partnership within the
context of their lives (see Table 23.1).

The nature of assessment is often complex;
chronic conditions usually involve change at some
stage. This affects not just the client but the family
and/or caregiver. It is therefore important to assess
the carer’s needs alongside the client.

The important principles of a holistic nursing 
assessment are [22]:
• Sufficient time.
• Client-centred rather than professionally 
defined assessment process.
• Liaising with and obtaining relevant informa-
tion from health professionals and other agencies
with respect to confidentiality.

• A suitable balance of interprofessional team and
specialist assessment.
• The significance of reflective practice within 
assessment.
• Promoting independence.
• The link between assessment, action, outcomes
and evaluation.

There are clients who are well supported with
good social networks. However, there are those for
whom social isolation is the lived experience. In fact
social isolation is one of the most important aspects
of chronic illness that the CNS needs to address, as
it not only impacts on the client’s social network,
but it can also lead to depression and even suicide
[23].

We must not forget that the majority of clients
with these disorders are living full and productive
lives despite having an unpredictable and chronic
illness, although health professionals continue to be
confounded by the wide-ranging variation in the

Services involved with the client Name, address, designation, department, telephone, email
and fax details

Initial assessment Brief medical history, review referral information, family
history, social history and family support, emotional
assessment, understanding of the disorder,
accommodation, occupation

Medical history Review systems and organs of the body – neurological,
eyes, pulmonary, cardiac, liver/gall bladder, bones/joints,
leg ulcers, priapism, renal, sexual development, genetic
counselling referral needed? Transfusion programme, iron
overloaded, nutritional problems. More than 4 admissions
for painful crisis yearly

General health screen Ophthalmology screen, dental check, breast and cervical
screening, prophylactic immunization programme –
Pneumovax, Hib, meningococcal, flu vaccine, hepatitis B

Nursing care plan Date, problem/need, action/management plan, evaluation
dates, date resolved, reviews, record keeping (Trust policy
followed)

Pain assessment chart May include verbal and numerical rating scales, body
diagrams, list of medication (prescribed and over-the-
counter), traditional cultural remedies, pattern of using
these (analgesic ladder, pharmacological understanding),
non-pharmacological strategies (e.g. aromatherapy,
transcutaneous nerve stimulation (TENS), stress
management)

Documentation from other agencies Referrals, reports and investigations and correspondence

Table 23.1 Areas to include in a
holistic nursing assessment
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disease process between clients and siblings who
have the same genotype.

Following the holistic nursing assessment, liaison
and referrals to other services usually occurs. This
will include social workers, physiotherapists and
district nurses (see the section on interprofessional
working).

Pain is one of the most under-treated symptoms
in both primary care and the acute sector. Approxi-
mately 40% of clients present to their GP with un-
resolved pain [24, 25]. There are many elements to
the experience of pain – physiological, psychologi-
cal, behavioural, motivational, affective and envi-
ronmental factors – which can make the assessment
complex [26].

The role of the CNS is to assess the nature of the
pain, ideally within the home environment. The
fear of the unpredictable onset and severity of pain
is understandably common with SCD clients and
can lead to difficulties in coping [27, 28].

A pain assessment tool is crucial to measure and
obtain quality information about the type of pain
experienced and should include the:
• Site
• Intensity
• Aggravators
• Nature (acute or chronic)
• Frequency and duration
• Analgesia prescribed or purchased over the
counter
• Alternative therapies used.

The advantage of undertaking this pain assess-
ment in the home is that the CNS can see what could
be contributing to the frequency and/or severity of
painful episodes and how the client handles this
within their own environment. Realistic sugges-
tions and solutions can then be discussed with the
client (see Chapter 8 for pain management).

It is vital to liaise with both the hospital haema-
tology team and the GP to ensure that care, infor-
mation and advice are consistent. A severe crisis
will usually lead to hospitalization and either sub-
cutaneous or intravenous opiates. This will require
careful reduction back down the analgesic ladder,
to prevent withdrawal symptoms, as a substantial
number of clients return to A&E departments with-
in 24–48 hours experiencing withdrawal pains,
which have triggered another painful occlusive cri-

sis [29]. Involving the pain team, for expert advice
and support for both client and staff for treating
complex pain, is highly advantageous.

Discharge planning for clients with complex
medical issues is vital from the day of admission to
ensure that the necessary professionals or agencies
are involved. This will ensure the client has the sup-
port and services needed to continue with recovery
once home. Recuperation may take weeks follow-
ing a severe painful crisis. Therefore when the client
has been discharged, the GP and CNS can play a sig-
nificant role in helping clients to cope within their
homes, by ensuring that the most suitable analgesia
is prescribed during uncomplicated mild to moder-
ate painful crises. Also, conducting home visits and
consultations in the GP surgery can prevent inap-
propriate visits to the hospital. This is of course, in
addition to the numerous services available from
within the GP practice, for example, the district
nursing service. The CNS can provide the GP with
specialist knowledge and support to help create that
all-important seamless link between home, com-
munity and hospital services.

Interprofessional liaison

Interprofessional, teamwork and collaboration are
terms used to explain professionals or agencies
working together. There are many examples of this,
from multidisciplinary clinical guidelines to child
protection and elder abuse procedures/protocols.
Ross and MacKenzie [22] looked at the link 
between developing policies for interprofessional
work in primary health care and how these ideas
were reflected in practice. They found confusion of
the meaning and relationship between collabor-
ation at an interagency, interprofessional and inter-
personal level, and multidisciplinary working. The
latter shows the range and quantity of different 
disciplines, whereas the former describes inter-
active working. The term collaboration allows 
for different levels of working together and does 
not exclude participation by the service user [30].

The CNS frequently collaborates with the fol-
lowing disciplines:
• Specialist nurse counsellors
• Primary health care team – GP, practice nurse,
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nurse practitioner, district nurse, midwife and
health visitor
• Community physiotherapists
• Community occupational therapists
• Acute sector
• Psychology services
• Adult disability teams
• Visual and hearing impairment teams
• Social workers
• Housing officers
• Local Authority workers – home helpers, advo-
cates and meals-on-wheels service
• Voluntary services
• Professional bodies
• Colleges and universities
• Rehabilitation centres
• Alternative therapists.

Government policies place the client at the centre
of care and services. This is vital to ensure that new
ways of care provision are meaningful and inclu-
sive. For interprofessional teams to work common
organizational objectives are needed. Jones [31]
suggests that the concept of interprofessional teams
would be more understood in the context of the task
it is performing. This will then define the outcome,
for example, professionals providing terminal care
at home would be able to define the objectives, indi-
vidual roles and contribution and the agreed meas-
ure of outcomes. The CNS has a pivotal role in
interprofessional working for this client group.

An understanding and respect of each discipline
or team member’s role and remit and contribution
to the work of the team will have benefits for the
client, professionals and their organizations [32].
Interprofessional working carries the risk of ex-
cluding the views of the service user. Brigewatt [33]
stressed the need for teams to practise person-
centred decision making to avoid this, believing the
needs of clients with chronic condition to be funda-
mentally different from other clients. The range of
services, systems and personnel delivering long-
term care creates a complex support system. There-
fore a person-centred decision-making approach
means that the client is involved in all the decisions
about their ongoing care. This is also likely to en-
sure the best possible outcome of interventions and
to improve compliance with difficult or complex
treatments.

Following the holistic nursing assessment the
CNS needs to work collaboratively with other pro-
fessionals, including:
• The GP and primary services. The CNS liaises to
enable clear lines of communication to increase the
knowledge base and provide specialist advice and
information to support these services in caring for
clients within the community. This includes attend-
ing primary health-care team meetings and offering
training and information packs, ideally in conjunc-
tion with representatives from other teams within
the haemoglobinopathy service. Regular meetings
with the GP should take place to look at any issues
for individual clients or to update their care plans.
• Specialist social workers for haemoglo-
binopathies have made significant improvements to
the social and economic aspects of clients’ lives. 
Duties include arranging for practical help to help
maintain and run a home, and support for carrying
out the activities of daily living. Shopping services
and taxi schemes all contribute to a client being able
to live independently. A social worker’s depth of
knowledge and links with government depart-
ments, and organizations in the statutory and vol-
untary sectors mean that the CNS can get the
relevant advice and information when needed.
• A psychologist/counsellor can provide excellent
support for clients coming to terms with unresolved
issues around having a lifelong disorder. Living
with a chronic condition, experiencing unpre-
dictable episodes of pain and possible isolation can
be daunting. Timely liaison and referral can have a
positive life-changing effect. The CNS can support
the psychologist by reinforcing positive attempts by
the client to improve his or her coping strategies.
• Housing officers. Local Authority, Housing 
Association and private landlords need to be aware
that inadequate housing can exacerbate the compli-
cations of these disorders. Centrally heated homes,
with flats not above the first floor, are recom-
mended. It may be necessary to provide a medical/
nursing report from the community perspective to
help secure appropriate accommodation.
• Community physiotherapists can visit homes,
performing and teaching appropriate exercises to
clients for reduction of chronic pain or to rehabili-
tate limbs or joints.
• Community occupational therapists within
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Local Authority social services departments will
undertake joint visits with the CNS to assess the
client’s home for safety and practical functions; in-
dicating where equipment and adaptations should
be installed. Providing information on the chronic
progression of the disorders is usually extremely
useful.
• Speech and language therapists (SALT) will 
assess and help the client to improve clarity of
speech when dysphagia occurs as a result of stroke.
• The community wheelchair and walking aid
service will provide a yearly check for safety and
suitability of wheelchairs and walking aids. It has
been known for wheelchair-bound clients not to 
receive this review for many years.

The acute sector has a small core of high service
users inappropriately attending the Accident and
Emergency Department. Maxwell and Streetly [3]
have shown that adult coping strategies and locus
of control are influenced by the parent/family’s ap-
proach to painful occlusive crises during childhood.
The amount of involvement the child had in deci-
sion-making is also important. The CNS can play
an important role in working with the wider teams
to help break the cycle of the largely psychological
dependence on hospitals.

The follow-up of non-attenders at the outpatient
department is useful. These clients may not be
aware of the benefits of regular reviews and the 
detection of the silent sickling process, which re-
sults in damage to soft and bony tissue. By attending
multidisciplinary team meetings within the haema-
tology departments, pre-discharge planning meet-
ings and ward rounds, the CNS will help to
facilitate all-round quality care.

The CNS should endeavour to attend the relevant
special interest groups, e.g. the Stroke group, which
is open to all disciplines and where the latest 
research and government guidelines are discussed.
Attendance also raises the awareness of these condi-
tions when working parties are created to formulate
Trust guidelines.

The community nurse as an educator

The CNS has education of both clients, health pro-
fessionals and all sectors of the community as a 

fundamental role to enable clients to change
lifestyle behaviours if needed, and to manage their
chronic condition, leading ultimately to social
change, improved health service provision and de-
livery of care.

Effective education can help to empower clients.
Saarman et al. [34] believe that a behaviour change
as a result of giving education on its own is not 
effective. Once the client is given health-enhancing
information they need to act on this. Therefore
learning about the need, becoming motivated and
building effective coping strategies necessary to
support the change needs to occur. The making and
sustaining of that change should be the aim of the
CNS.

Education should also target carriers of the dis-
orders and the wider community. Dyson [35]
looked at the knowledge level of sickle cell in a
screened population. He found no significant dif-
ferences in levels of sickle cell awareness between
carriers and non-carriers. Inheritance patterns and
the minority ethnic groups who carry the sickle cell
trait were least understood. He stressed the consid-
erable demand for written literature and further
counselling but felt that screening on its own did not
raise levels of knowledge.

There is a need to ascertain the gaps in knowledge
and the type of information that clients want. Bird
et al. [36] looked at education materials for clients
through literature provided by health professionals
working in the haematology field. The results
showed that materials about client behaviour and
psychosocial issues were often unavailable or un-
satisfactory, compared with information about the
disease process and treatment. They also found no
published evaluation of client or parental education
within this population. This suggests that there
need to be regular reviews of health promotional
content, methods, targeting, access and evaluation.
Ideally this should occur in collaboration with the
service users and agencies involved in client care.
Access to health promotion literature is poor for
clients or communities who are non-English speak-
ing. Interpreting and translating services should be
working with the haemoglobinopathy service to
identify common local dialects and set up informa-
tion sessions with an interpreter and language-
appropriate literature with pictorial information
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for those who may speak several dialects but not
read them.

Compliance with difficult treatments can be
greatly improved through knowledge about the im-
portance of the treatment. Atkin and Ahmad [18]
studied teenagers who needed to use the Desferal
pump. Many felt that knowledge about conse-
quences of non-compliance instead of being told
‘the treatment is important’ would be much better
understood and more effective. This is obviously
just part of the multifactorial problem of compli-
ance, particularly in this age group. Other chronic
conditions such as diabetes and cystic fibrosis also
face these challenges [37].

Educating health professionals and other agen-
cies of care about sickle cell and thalassaemia is a
massive task but needs to be consistently addressed.
Apart from the core body of information, the level
and content will be different for each agency. The
CNS team provides education through seminars,
lectures, conferences, workshops and in-house
training and will be developing information packs
for each local agency to support learning outcomes.
This often occurs in partnership with the wider
haemoglobinopathy team. Those health profes-
sionals practising within areas that have a higher in-
cidence of sickle cell and thalassaemia disorders
should have mandatory training. The SMAC report
[2] showed that there was minimal information in
the nursing and medical curricula. This is also sup-
ported by findings in a study by Thomas et al. [38]
on health professionals’ education needs in LSL.

Support groups and client forums provide sup-
port, advice and information about these condi-
tions and often link up with their nearest sickle cell
and thalassaemia centre staff, ensuring acceptance
as well as empathy. Client forums are vital as a plat-
form for clients to voice gaps in service provision or
how services may be more effectively provided.

The Expert Patient Programme initiated by the
Department of Health [39] is an exciting move to-
wards a natural progression of roles that support
groups and client forums undertake. The pro-
gramme will enable patients to develop their
knowledge of their chronic condition to a level that
enables self-management within the medical
regime. This means a fundamental shift in the way
that chronic disorders are managed. Many com-

mon issues such as pain management, stress and the
need to develop coping skills affect most chronical-
ly ill patients. In Coventry [39] the Multiple Sclero-
sis Self Management Programme run by tutors who
have MS showed benefits of:
• Reduced severity of symptoms
• Significant decrease in pain
• Improved life control and activity
• Improved resourcefulness and life satisfaction.

Indeed, the task force set up to take this forward
led by the government’s Chief Medical Officer in-
cluded the Director of the Sickle Cell Society.

Benefits, achievements and lessons learnt

The CNS service has received verbal and written an-
ecdotal evidence from both clients and staff sug-
gesting that effective practice is occurring, although
an independent consultant will be evaluating the
service in the very near future.

Being borough-focused has allowed the CNS to
build up effective working relationships, knowl-
edge of the area and maximum use of the local 
resources. Weekly contact with hospital staff pro-
vides clear lines of communication and support for
ward personnel. This brings a much needed multi-
dimensional view of the client.

A survey on the influence of health needs assess-
ment on health-care decision making in London
Health Authorities showed that a needs assessment
was more likely to lead to policy action when the
priority was revealed through the analysis of local
data or through focusing the needs assessment on
specific issues of local relevance [40].

The following case study illustrates the work of
the CNS within SCD and thalassaemia.

Case study

Winston is a 33-year-old single man with homozy-
gous (HbSS) SCD who was referred to the CNS
service by hospital staff. His issues were as follows:
• Frequent episodes of acute painful occlusive
sickle cell crises with monthly admissions to 
hospital
• Bilateral leg ulcers with chronic pain
• Past medical history of acute chest syndrome
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• Anxiety attacks
• Isolation and depression
• Living in a cold flat with no seating
• Welfare benefit problems.

Following a holistic assessment within the home
the CNS referred Winston to the district nursing
service (DN) for leg ulcer dressings to be carried out
at home (three times per week). The CNS and 
DN visited to review him together every 3 months.
Winston was referred to the clinical psychologist
for support and was offered a course of cognitive
behavioural therapy (CBT), which he accepted. An-
other referral was made to the specialist social
worker for sickle cell/thalassaemia. A care package
was agreed which provided Winston with meals on
wheels 3 days per week, and weekly attendance at a
resource centre for learning computer skills. The
welfare benefits were sorted out and funding was
obtained through a charitable organization to 
purchase seating. Winston’s housing needs were
discussed with a social housing provider. A pur-
pose-built groundfloor flat with central heating was
identified. Winston was nominated and was suc-
cessful. The CNS organizes 6-monthly planning
meetings with Winston and key professionals, and
multidisciplinary team meetings when appropriate,
to review his care and discuss any further issues.

This case illustrates how complex the issues asso-
ciated with SCD can be.

Conclusion

This chapter has given an overview of the way a
CNS service can support clients alongside their col-
leagues within the haematology team. The focus is
much more mainstream than a disease specialism,
which has enabled a more inclusive service for an al-
ready marginalized group. It is accepted that there
will be areas of care that will need to remain special-
ist; the key is to have that broad outlook so that
these opportunities are not missed.

It is hoped that the areas of care described have
also shown that the CNS service is ideally placed to
help identify the gaps in care and bridge the gap be-
tween primary, community and acute sectors.
Working within the community and clients’ homes
means being at the interface of care, a privileged po-

sition. Views ‘on the ground’ are often shared with
the team and can contribute to possible solutions as
stakeholders continue to work on improving pa-
tient care and outcomes.

The roles of the CNS as a change agent, educator,
consultant, researcher, information resource and
networker demonstrate the breadth of nursing care
involved in working with client groups who have
chronic disorders. Continuity of care occurs as the
CNS acts as a pivotal point. It is hoped that this
chapter has enabled other health and community
personnel to look at the scope of practice, which is
needed, and can be provided by a CNS.
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Chapter 24

Counselling people affected by sickle cell disease 
and thalassaemia

C Onyedinma-Ndubueze

Introduction

Sickle cell disease (SCD) and thalassaemia are gen-
etic conditions that have tremendous physical, psy-
chological, emotional and social implications for
both the client and the families, albeit with differing
severity and urgency. It is important also to recog-
nize the psychological and emotional implications
for individuals found to be carriers of these condi-
tions. In view of the above implications, it is imper-
ative that if a comprehensive service for these client
groups is advocated by health-care providers, coun-
selling should be a major component of such service
[1]. There is also evidence in the literature suggest-
ing that counselling services for haemoglo-
binopathies for both disease diagnosis and carrier
identification has been ad hoc and patchy and 
occasionally not related to client needs [2]. This
could be related to lack of understanding and/or
non-appreciation of the magnitude of the problems
related to haemoglobinopathies by health-care pro-
fessionals, as well as the lack of adequate prepara-
tion of these health-care professionals to deal with
these problems and challenges. Midwives, nurses,
health visitors, practice nurses and doctors are
often the first point of contact for affected families
and so are in positions which automatically place
them in a counselling role. Furthermore, as primary
health care is at the forefront of the new NHS in the
UK, the role of primary health-care professionals in
providing haemoglobinopathy screening and coun-
selling is recognized in various government policy
documents [1, 3].

This chapter aims to equip practitioners in the

field of haemoglobinopathies to begin to fulfil this
privileged role confidently and with expertise. All
health professionals involved with the care of
clients and families with SCD and thalassaemia
need to be made aware of the challenging manifes-
tations, life-threatening complications and the 
optimal management, as well as the attendant treat-
ment challenges of these conditions.

Definition of counselling

‘Counselling is a process through which one person
helps another by purposeful conversation in an 
understanding atmosphere; seeking to establish a
helping relationship in which the counsellee can ex-
press his thoughts and feelings in such a way as to
clarify his own situation, come to terms with some
new experiences, see his difficulty more objectively,
and so face his problem with less anxiety and ten-
sion. Its basic purpose being to assist the individual
to make his own decision from among choices
available to him’ (British Association of Coun-
selling, BAC [4].)

If the goal of counselling as suggested by the BAC
[4] is to ensure that the client is provided with an op-
portunity to work towards living in a more satisfy-
ing and resourceful way, then the counsellor must
possess certain skills and adopt specific strategies
that will enhance this dynamic and enabling inter-
action between the client and the counsellor. In
order to tailor the discussion of these skills to
haemoglobinopathy a brief overview of the cultural
implications of haemoglobinopathies will follow.
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Cultural implications 
of haemoglobinopathies

Cultural variations and practices are rife among the
affected client groups and these tend to colour al-
most every aspect of interaction with these clients
and their families. If the role of the counsellor as
stated by the BAC [4] is to facilitate the client 
to function in ways which respect the client’s 
values, personal resources and capacity for self-
determination, it is incumbent on practitioners to
have and to demonstrate an understanding of the
richness of the cultural diversity of the client groups
and their implications for counselling. Haemoglo-
binopathy counsellors have the responsibility to ed-
ucate themselves about the cultural beliefs of
individuals they care for. These cultural variations
include the following.

Differing customs and values systems

The fact that the racial group affected with SCD is
predominantly black should not lead to a blanket
approach to cultural identification. Africans have
different customs and value system from
Caribbeans but quite often practitioners fail to
make this distinction. On the other hand, Greeks,
Italians and Asians, groups where thalassaemia is
prevalent, also have rich cultural beliefs and prac-
tices that influence their acceptance, access and
management modalities for haemoglobinopathies.

Differing religious affiliations

Muslim, Pentecostal Christians, Jehovah’s Witness-
es, Adventists and Orthodox Christians are among
the religious beliefs and practices prevalent among
haemoglobinopathy client groups. An understand-
ing of the basic tenets of each of the religious back-
grounds of clients by practitioners is likely to
enhance the helping interaction. Hopes for mira-
cles, divine intervention and avoidance of some
therapeutic intervention such as blood transfusion
due to some strong religious convictions may pre-
vent individuals or families from accepting treat-
ment options and modalities. Care must be taken 
to avoid over-generalization and stereotyping of
clients due to ignorance on the part of the practi-

tioner. Religious inclinations should be sensitively
explored with clients/families for confirmation, be-
cause in some cases, commitment of the client may
not be commensurate with that generally upheld by
members of the same religious affiliation. There is
evidence in the literature suggesting that religious
affiliation greatly influences response to genetic
counselling and reactions to genetic diagnosis, as
well as acceptance of prenatal diagnosis and termi-
nation of affected pregnancy [5].

Differing ways of viewing illness, health and cures

There is evidence in the literature suggesting that
clients function within their cultural context when
it comes to health and illness beliefs [6–8]. Konotey-
Ahulu [9] gives account of the myths and miscon-
ceptions that coloured SCD in Ghana before it
became a Western medicalized condition related to
blood. For instance, in some parts of West Africa,
there are many superstitious beliefs about SCD. Be-
cause of the familial connection of SCD, it is some-
times seen as a generational curse with tremendous
cultural implications for affected families. Such 
illnesses are thought to bring shame to the family
hence the non-disclosure, denial and blame that 
are frequently seen in SCD. Cure is sometimes at-
tempted by scarification and tattooing over the
heart, spleen and some bones in patients who have
been treated by a traditional tribal medicine man as
an attempt to ‘drain out the bad blood of sickle cell
disease’. A male child with SCD in some West
African groups is expected to be strong and not
show he is in pain, unlike a female child with the
same condition. This has implications for family
counselling.

Differing ways of organizing marriages and socially
acceptable customs connected with procreation

Among some of the ethnic groups at risk of haemo-
globinopathy, marriages are conducted according
to cultural practices and customs. It is not unusual
to find an increased frequency of arranged mar-
riages and close relative marriages among Asians.
This is socially acceptable to this group but it does
have genetic implications in terms consanguinity
and frequency of inherited conditions [10, 11].
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Differing ways of assessing descent

There are patrilineal and matrilineal customs
among the at-risk groups with haemoglo-
binopathies. The sex of a child carries significant
connotation for the family and the birth of an 
affected male child may be a dent to the image of 
the family, affecting their prospects of marriage 
and procreation. This is yet another reason for 
non-disclosure of the condition.

Skills essential for 
haemoglobinopathy counselling

Communication skills

In the course of their everyday practice, health-
care professionals are expected to be versed in the
process of basic communication. For a therapeutic
interaction such as haemoglobinopathy coun-
selling, this cannot be over-emphasized. The skills
of observing, listening, questioning, silence, prox-
emics, use of body language, touch, language and
paralanguage are all essential and should be put to
optimal use if both the client and the counsellor 
are to benefit from this interaction [12, 13]. It is im-
portant at this point to further explain some of the
communication skills particularly pertinent to
haemoglobinopathy counselling in view of the 
cultural implications of haemoglobinopathies, be-
cause people’s background informs their norms and
actions as they interpret their world and what is
going on around them.

Language and paralanguage

The client comes into a haemoglobinopathy coun-
selling relationship through various avenues. It may
well be that the client had no prior knowledge of the
need for counselling, as is quite often the case with
the concept of universal neonatal screening and car-
rier identification whereby the client responds to an
appointment sent through the post or made over the
phone. It could also be that the client had prior
knowledge of the condition or his/her risk status; in
which case he approaches the interaction with a
readiness to learn and gain further insight into the
diagnosis that has been made. It is important that

counsellors appreciate that understanding of the in-
formation they give to clients may be limited if there
is a language or cultural gap between the practition-
er and the client. This can be compounded when
medical/technical jargon is unwittingly used to 
explain a condition. Choice of words is very im-
portant in a counselling interaction. The aim is 
to provide information with minimal jargon to 
enhance a client’s understanding. Terms should be
simplified as much as possible without loss of mean-
ing. Jargon and technical language may exclude
clients from meaningful communication [12].

Practitioners should also be aware of the impact
of the lexical content of the communication such as
accent, tone of voice, pitch, volume and emphasis.
There are tremendous transcultural connotations
to paralanguage, especially among these client
groups, because they provide meaning to the spo-
ken words. It is very easy to convey contrasting
messages if the correct lexical content is not chosen.

Touch

The use of touch in a counselling interaction can be
therapeutic but it is one that should be used judi-
ciously. Touch, according to Watson [14], can serve
the purpose of connecting people, provide affirma-
tion and reassurance, share warmth, provide reas-
surance and possibly improve self-esteem. It is
advised that practitioners should be aware of 
the cultural interpretation of touch, which varies
among ethnic groups [14–16]. A gentle touch on a
distressed client’s hand or a tender hold on the
shoulder of a distressed client may be reassuring,
supportive and therapeutic.

Silence

It is important that the haemoglobinopathy coun-
sellor has the capacity to be comfortable with si-
lence, as this can often be a good indication of
possession of reflective listening skills. It enables the
counsellor to concentrate on the client and to pace
the information appropriately. It allows the client
opportunity to assimilate information. The coun-
sellor should also be able to accept silence from the
client as a legitimate response in the interaction
process.
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Proxemics

The spatial distance between the counsellor and the
client can either enhance or impede the interaction,
an observation made by Hall (cited in Kenworthy et
al. [12]). Ideally, a quiet environment is needed for
counselling. However, some features of a setting
and seating arrangement may militate against effec-
tive communication. Counsellors are advised to be
sensitive to the ways in which a setting affects any
interaction and endeavour to make the most strate-
gic use of the far from ideal settings in which many
practitioners may find themselves. A notice on the
door (‘Do Not Disturb, Counselling In Progress’)
would minimize or possibly avoid interruption. A
drawn curtain or one-way screen may be used to en-
sure a client’s privacy and dignity, for distance and
interpersonal space to be favourably assured.

Kinesics

Gestures and body movements play an important
role in the counselling process and have significant
implications because of the differing connotations
ascribed to them by clients from differing cultural
background. The experienced counsellor aims to
use these judiciously and sensitively to convey posi-
tive messages during the counselling process.

Gaze

The use of eye contact in communication has
tremendous cultural connotations and varies
among cultural groups. The haemoglobinopathy
counsellor must tactfully use gaze to attract and
maintain the client’s attention, being constantly
aware of the possibility of staring. Use of eye con-
tact by clients is also fraught with misinterpreta-
tions of disinterest, disrespect or deception. For
instance, in some African cultures it is not the norm
to look speakers in the eyes for fear of being 
disrespectful.

Counselling skills

Counselling skills are essential in the interaction
with the haemoglobinopathy client to enable the

practitioner to acquire an in-depth awareness and
appreciation of the client’s problems. This will en-
able the counsellor to adopt the helping role in this
interaction. The skills include: reflective question-
ing and listening, paraphrasing and clarifying, 
empathy, genuineness, supporting, facilitating
client’s self-disclosure, sensitivity, and being 
non-judgemental. It also includes the skills of self-
awareness, and use of self (presence).

Empathy

Heron [17] describes true empathy as ‘a participa-
tive communion with the other – a feeling with’.
Empathy could also be defined as ‘the ability to
sense the client’s world as if it were your own but
without losing the ‘‘as if’’ quality’. Although seen as
the most essential ingredient of a helping interac-
tion, the haemoglobinopathy counsellor must use
their person and self-awareness to enhance this skill
while at the same time maintaining some objectivity
to minimize the danger of becoming overwhelmed
by the client’s situation, thereby rendering them less
effective and not in control. Language can be the
channel of empathy where both the counsellor and
the client discover that their ability to establish rap-
port is enhanced by the use of a common language.
In fact one can best identify with another through a
common language [18]. I have been privileged in
my counselling role to share similar African lan-
guage and dialect (being multilingual) with my
clients. My experience proves that language has a
magnificent impact on the counselling relationship.
The client instantly warms to the counselling
process and understanding is further enhanced.

Supporting

According to Heron [21], a supportive intervention
is essential to a counselling relationship because it
affirms the client’s worth and value in an unquali-
fied manner. Byrne and Sebastian [19] summarize
the supportive aspect of counselling as involving
three facets: an attitude of mind which respects and
values humanism; an intervention involving inter-
personal and physical interaction; and a role dimen-
sion involving the counsellor as a practitioner, an
educator and an advocate for the client. The coun-
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sellor must respond to patient’s cues of distress by
her reassuring presence, which may take the form of
simply being there for the client, holding hands or
providing factual information. Effective reassur-
ance may relieve a patient’s anxiety so that energy
can be used for dealing with the health problem at
hand. Merely being present with the client in a qual-
itative way as they experience their situation may be
more supportive than verbal communication. The
haemoglobinopathy client should be accepted as a
person with unique characteristics and qualities, in-
cluding the beliefs, values and norms they hold. The
chosen actions and decisions of the client must be
accepted unconditionally. This involves adopting a
non-judgemental stance.

Sensitivity

According to Rollo May [18], the distinguishing
mark of the counsellor is that special sensitivity to
people. The counsellor should be particularly sensi-
tive to subtle expressions of character such as para-
linguistic phenomena as previously discussed, as
well as kinesics, posture, facial expression and ap-
pearance. It is also important that the counsellor is
sensitive to the client’s anxiety, fears, hopes and per-
sonality tensions. In view of the particular client
groups affected by haemoglobinopathies, cultural
sensitivity is vital to the success of any counselling
interaction. It is important to learn what the client
‘thinks’ and ‘feels’ about the information being
shared.

Genuineness

Anyone who undertakes to be a counsellor must be
prepared to interact with the client as a real person,
while striving towards awareness and under-
standing of the factors involved in the process of
counselling. Corey [20] describes the authentic
helper as one without false fronts whose outer ex-
pression is congruent with their inner experiences.
Genuineness is essential for the building of a 
trusting and confidential relationship with the
client. It enhances the client’s self-disclosure as 
the client readily establishes rapport with the 
counsellor. This authentic presence of the practi-
tioner is essential in haemoglobinopathy coun-

selling because of the multidimensional implica-
tions of SCD and thalassaemia.

Helping strategies

Counselling should enable the client and families to
develop and adopt coping strategies that will result
in the resolution of discomforting feelings such as
anxiety, fear, guilt, shame and denial, to mention
but a few. It should also lead to enhanced self-
esteem, improved relationships with others and 
improvement and maintenance of a state of well-
ness, in spite of the chronic and unpredictable 
nature of haemoglobinopathies, particularly SCD.
Miller [21] has developed a model that clients use to
cope with chronic illness. The counsellor must
adopt helping strategies that will enable and 
empower the client to make informed decisions 
and choices. Macleod-Clarke et al. [13] stipulate
that the strategies must include giving information, 
giving advice, teaching, taking action, changing
system and counselling.

The above discussions of the communication
skills and strategies required for effective coun-
selling are not exhaustive. It is strongly advocated
that reference be made to some specific texts on the
practicalities of counselling and therapeutic com-
munication for further details. In view of the nature
of SCD and thalassaemia, the counselling process
will be discussed according to client categories and
needs:
• Genetic counselling for sickle cell disease and
thalassaemia.
• Counselling parents of a newborn with haemo-
globinopathy.
• Counselling the young adult with SCD or 
thalassaemia.

The aim is to make the psychological, physiolog-
ical, genetic and social discussion pertinent to the
specific client group in recognition of the overt and
covert needs of the client. The key is to adopt a ho-
listic approach to the client’s needs.

Genetic counselling 
in haemoglobinopathies

Genetic counselling is the clear communication 
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of all medical, psychological, social and genetic 
factors related to the condition under discussion. 
It has been defined by Murray [22] as ‘the process 
of communicating all the factors that relate to the
disease or the condition in question including 
the manifestations of the disease, the prognosis of
the disease, the genetics of the disease and the alter-
natives of one or another course of action’. He
added that the information to be provided should
include:
• Genetic and pathological mechanisms of the 
condition
• Natural history of the condition
• Prognosis and/or treatment
• Reproductive options and consequences.

Having previously mentioned that a com-
prehensive approach should be adopted in haemo-
globinopathy counselling, it is pertinent to add that
the social, emotional and psychological aspects 
of the condition must be included in genetic 
counselling.

Aims of genetic counselling

The WHO Advisory Group [23] recommended that
the ‘objective of medical genetics is to help people
with a genetic disadvantage to live and reproduce as
normally as possible’. To achieve this objective, 
genetic counselling should aim to:
• Provide a clear understanding of the natural 
history and genetics of the condition.
• Dispel any myths and misconceptions the client
may have about the condition.
• Relieve any anxiety by creating an atmosphere
where clients experience respect, warmth and a 
caring attitude.
• Offer meaningful and continued support.

Because of the genetic implications of the condi-
tion, there are specific implications that should 
be addressed when offering genetic counselling.
This would differentiate it from any other type 
of counselling. Genetics refer to the very blueprint,
the fundamental make up of an individual and as
such any helping interaction that aims to discuss
this must appreciate the impact on the recipient 
of such information. Procter [24] states that 
genetic counselling should offer individuals or 
couples the opportunity to confront the many 

complex physicaI, social and psychological im-
plications of the condition and to use this 
experience/information to enhance their decision
making. It is therefore important that genetic 
counselling should have specific characteristics to
enable both the counsellor and the client to gain
from the interaction.

Characteristics of genetic counselling

Non-directive

Genetic counselling is not an advice-giving process.
It is an interactive process whereby the counsellor
exposes the client to all the relevant information
that will enable the client to make informed choices.
The genetic counsellor must always refrain from 
allowing their own feelings and opinions to be
transmitted to the client or offering their own direct
opinion about what decision the client should make
regarding their reproductive options. It may be 
necessary to add a note of caution here. It is not 
unusual for clients to ask for the counsellor’s 
opinion. Every experienced counsellor must have
heard this said to them many times – ‘What would
you do if you were in my shoes?’. Never hesitate to
respond that you are not in their shoes even if you
have faced a similar genetic challenge before. No
two situations are exactly the same when it comes to
such complex discussions as genetics. Genetic
counselling has a characteristic of a non-directive
ethos.

Supportive

To be effective, genetic counselling must not only
concentrate on giving risk explanations but should
include a variety of other supportive actions. A
trusting relationship needs to be established with
the client from the onset of the encounter, with the
counsellor employing all the essential communica-
tion and counselling skills discussed earlier in this
chapter. Rogers [25] describes a purely supportive
interaction as a way of being present with another
person in a qualitative way as they experience their
particular situation. Skills of empathic understand-
ing, reflective listening and responding, as well 
as accepting the client unconditionally whatever
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views and beliefs they may hold, will all come into
play to ensure that this characteristic is evident in
the counselling process.

Informative

The accuracy of the information to be given to the
client is very important in the discussion. The gen-
etic counsellor needs the following information.
• An accurate and precise diagnosis from the lab-
oratory verified with the client.
• Up-to-date information on the genetics of SCD or
thalassaemia.
• An adequate family history obtained from the
client.

This characteristic implies that the genetic coun-
sellor must constantly keep abreast with the in-
creasing knowledge in the new genetics as they
affect haemoglobinopathies. If there is any doubt
about the diagnostic result, one should consider
postponing the counselling session until this is 
resolved.

Explaining the inheritance pattern of SCD or 
thalassaemia needs to be done with clarity to avoid
any misunderstanding. Richards [8], in his research
on the relevant issues for social scientists in the 
new genetics, discovered that clients already have
beliefs about inheritance and proneness to par-
ticular diseases and suggests that these must be 
explored and understood in order to assist the 
client to make sense of the clinical genetics. For 
instance, the notion of 1 in 4 probability must be
carefully explained by the counsellor to ensure 
that the client/couple fully assimilate the correct
meaning of this. Use of dice or coin games may 
help facilitate this understanding. Getting the 
client to repeat what has been said in their own
words can be helpful. A simple illustration using 
a Punnett square or the Mendelian graph is impor-
tant (Fig. 24.1). The chance implication of the 
inheritance pattern has to be emphasized (chance
has no memory!).

Simple, user-friendly, information materials
(leaflets and posters) that are translated into var-
ious ethnic languages need to be made available 
for genetic counsellors to use in addition to the 
verbal information. However, these should be 
given out in tune with the discussion and not just 

as a matter of routine. Wonke and Modell [26] 
produced a list of useful information materials 
that should be made available for some aspects 
of haemoglobinopathy service provision. Infor-
mation to be imparted should also include the 
reproductive options available to the individual/
couples, such as:
• Discriminatory pairing (selective choice of 
partners)
• Not having children
• Changing partners (recessive disorders)
• Selective abortion through prenatal diagnosis
• Artificial insemination (unrelated/unaffected
donor)
• Ovum transfer (GIFT)
• Pre-implantation genetic diagnosis
• Adoption.

The discussion of prenatal diagnosis must not
only include methods but efforts should be made to
expose the client to the possible risks associated
with each method:
• Infection
• Fetal loss (miscarriage)
• Fetal abnormalities
• Psychological trauma.

The genetic counsellor must have a good under-
standing of other counselling and support services
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Fig. 24.1 Possible Hb genotypes in the offspring if one
parent has sickle cell trait and one has beta thalassaemia
trait. In every pregnancy there is a 1 in 4 chance,
respectively, that the offspring will have genotype HbAA,
HbAS, HbAB+thal or HbSB+thal.
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in the community that could be of benefit to their
clients/families.

Specific and sensitive

Using exploratory communication skills of para-
phrasing and summarizing, the genetic coun-
sellor learns what the client ‘thinks’ and ‘feels’
about what is being said and responds to these 
appropriately. Discussion of the genetics should 
be specific to the particular diagnosis at hand. In
most situations, clients do not come into a genetic
counselling situation as tabulae rasae. Quite often
they have gathered information from friends, 
relatives and from the internet only to compare
these with the information the counsellor would
provide. There is always the danger of dragging 
the counsellor into uncharted areas that may not 
be relevant to the condition at hand. However, 
an experienced counsellor would ensure that
clients’ questions are correctly answered. Sen-
sitivity to cultural implications from the par-
ticular client’s perspective must be evident from 
the counselling process, as previously discussed. 
A report of the Royal College of Physicians 
[27] strongly recommends that an approach to 
genetic counselling should be developed for the 
minority ethnic population in the UK. In fact 
the report went a step further to recom-
mend that ‘British Pakistanis and Bangladeshis
should be counselled by a female, ideally a Muslim
in the appropriate language and at home if 
necessary’.

Ethical considerations for genetic counselling

The principles of medical ethics suggest that the role
of the genetic counsellor is to provide clear, accurate
and comprehensive information to clients in recog-
nition of the following ethical concepts.

Respect for the autonomy of 
the individual client/couple

The client should be seen as an individual and, 
according to Brookins [cited in 28], the focus of 
culturally sensitive nursing care should be on the 

individual in the context of his or her culture, and
this focus should be on the strengths they bring 
into the situation. The same should be said for 
the culturally sensitive counselling service rec-
ommended for haemoglobinopathy. The ultimate
decision on whether to take the risk of having an 
affected child with a haemoglobin disorder must
rest with the individual/couple.

Confidentiality

Every health-care professional has a code 
of conduct that demands confidentiality of infor-
mation about clients under their care. This is 
also essential in genetic counselling, as very per-
sonal and sensitive information, feelings and 
views will be shared during the interaction. This 
applies to storage and sharing of details between
carers.

Right to full and comprehensive information

The client has a right to receive accurate, clear and
comprehensive information relevant to their partic-
ular diagnosis.

Veracity – right to the truth

Avoid false reassurance or falsifying information 
to appease the client. Doing so negates the principle
of beneficence and the moral duty of care by the
practitioner.

Informed consent

The issue of informed consent in genetic coun-
selling relates to the quality of information given 
to the client that will enable them to decide on 
a choice of action that they are ready to live 
with. How explicit this consent should be has 
remained controversial in the field of haemo-
globinopathy [2, 24]. However, as most qualified
nurses, doctors, midwives and health visitors are
accountable for their interventions, and in line 
with the concept of clinical governance, it is be-
coming increasingly necessary that informed con-
sent for genetic screening and counselling should 



Counselling people affected by sickle cell disease and thalassaemia

221

be made more explicit and not accepted as a fait 
accompli.

Special challenges of genetic counselling

Many authors have commented on the problems
that can be encountered in genetic counselling 
[10, 11]. Some real-life problems encountered dur-
ing genetic counselling for haemoglobinopathies
will be included in this discussion.

Inaccurate/inappropriate diagnosis

It is advisable to rearrange the session. Obtain a
fresh sample and repeat the test.

Communication barriers

This may be due to differences in literacy/
educational status, language/accent and cultural
communication evident in non-verbal communi-
cation cues. As English is the usual mode of 
communication in UK, good listening skills are 
necessary to decipher the intended meaning of
things said or not voiced!

Questionable paternity

This is the most challenging of the problems 
encountered during genetic counselling. It should
be dealt with sensitively and humanely. It may 
be necessary to repeat the test and do more ex-
pensive genetic analysis of the family. A private 
session with the mother may be interestingly re-
vealing! As there is still a lot to be fully under-
stood in terms of genesis, introduction of the prob-
ability of a new mutation may be reassuring to 
all concerned. The ultimate desire of the genetic
counsellor is to keep the family unit together to 
enhance their coping abilities.

Use of interpreters and advocates

It can be problematic to use interpreters to ex-
plain genetic information to clients, as verifi-
cation of information relayed may not always 
be possible. The knowledge base of some inter-

preters on genetics of thalassaemia can some-
times pose a challenge to the genetic counsellor.
Regular update sessions should therefore be
planned and implemented for health advocates 
and interpreters. Use of translated leaflets may
sometimes help, provided that clients can actually
read them!

Time constraints

Adequate time should be set aside for genetic coun-
selling. Harper [10] suggests 1 hour as the usual
time it takes to obtain full pedigree details and dis-
cuss genetic risks. No counselling session should be
rushed or dragged beyond the time needed. Beware
of information overload and if necessary arrange a
follow-up session to meet the client’s needs.

Dealing with bereavement

Although I have experienced personal loss through
SCD, prior to that, very little prepared me for the
demand made on me by my clients following termi-
nation of affected pregnancy or loss of a young one
from SCD or thalassaemia. Genetic counsellors in
the field of haemoglobinopathy must begin to ad-
dress clients’ need for support following death or
termination of an affected pregnancy. Having es-
tablished a relationship with the family antenatally
or over the years, it is not surprising that the coun-
sellor becomes the ‘helper’ that the family relies
upon as they try to deal with a combination of grief
and guilt. Referral to a more specialist bereavement
counselling is seldom required, as the client group
in these conditions has very good community sup-
port network at times of crisis. It may help if the
counsellor has an understanding of the rudiments
of bereavement counselling.

Counselling the parents of a newborn 
with haemoglobinopathy

Every pregnant woman anticipates the birth of a
healthy and perfect baby; however, this is not al-
ways the case. The birth of an affected child evokes
a lot of emotions that should be recognized and
dealt with if the coping strategies of the family are to
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be enhanced. The feelings include shock, confusion,
anxiety, anger, fear and guilt, as evident in the liter-
ature [1, 29, 30]. Early diagnosis is a key factor in
survival for haemoglobinopathies. Research has
shown that thalassaemics die before the age of 2
years without treatment, while up to 30% of deaths
in SCD occur before diagnosis [31]. The advent of
neonatal screening for haemoglobinopathies has
greatly reduced the mortality rates, as this provides
an opportunity for early enrolment into a compre-
hensive disease management programme and com-
mencement of penicillin prophylaxis. Children’s
illness has a tendency to alter the family dynamics of
parent–child relationship, hence a family approach
is best adopted from the onset [32]. There is suffi-
cient evidence in the literature to suggest that fami-
lies require a collection of social, behavioural and
psychological support to cope with and adjust to
the child’s chronic disease [28, 30, 32]. Counselling
should therefore be aimed at enhancing long-term
adjustment to the disease.

The first contact with a family with an affected
newborn is crucial to facilitating their involvement
in the comprehensive disease management pro-
gramme and establishing a therapeutic relationship
with the counsellor. In view of the diverse emotions
raised by the diagnosis, the counsellor must adopt a
sensitive and supportive approach, showing em-
pathic understanding while adopting a non-judge-
mental stance during this first contact. Opportunity
should be given for parents to verbalize their feel-
ings and these should then be explored with them.
Counselling at this point must acknowledge these

feelings and reassure parents that those feelings are
perfectly normal and natural and that they are sim-
ilar to feelings expressed by parents facing other
types of inherited disorders. Counselling the par-
ents of a newborn must include discussion on the
genetic implications of the condition, offering a
simple but clear description of the inheritance pat-
tern. If the parents were counselled during the ante-
natal period, it does no harm to revisit the issue 
(Fig. 24.2).

Parental education

The focus for parental education must be to teach
parents to avoid, anticipate and recognize haemo-
globinopathy-related problems in the child. It is 
important to discuss the family’s experience 
with the disease or trait to establish a baseline. All
teaching must be geared to the client’s level of 
understanding. Encourage bonding from a very
early stage between the newborn and every member
of the family. Parental education includes giving
them basic information on the signs and symptoms
of the condition; stressing the importance of health-
care maintenance such as immunization, diet, 
hygiene and compliance with prescribed penicillin
prophylaxis. The education should also include
basic instruction on how to use the thermometer, as
well as teaching parents how to palpate the spleen.
Parents should be encouraged to avoid overprotec-
tion of the affected child from a very early stage but
to treat the child as normal, while recognizing that
the child may have special needs for warmth, extra
fluid and vigilance for medical emergencies, and
regular medical surveillance and follow-up in the
hospital. This will ensure normal functioning of the
family.

Literature should be provided for the family to
keep and refer to as and when required. Simple and
concise handbooks are available as backup for
counselling [33–35]. All parents of affected new-
borns should be made aware of the resources avail-
able to them in the community, such as the local
sickle cell and thalassaemia centre and social serv-
ices. Encourage active participation in social activi-
ties involving the local support groups, parent-user
associations and voluntary agencies, such as sickle
cell and thalassaemia societies. The family should

AS AS

ASASAA SS

In every pregnancy:

HbAA – Normal 1:4 or 25%

HbAS – Sickle cell trait 1:2 or 50%

HbSS  – Sickle cell anaemia 1:4 or 25%

Fig. 24.2 Inheritance of sickle cell.
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be introduced to other affected families. This re-
duces the feeling of isolation experienced by fami-
lies with newly diagnosed individuals.

Social support is an important factor in 
facilitating compliance and improving health 
behaviour. Counselling for parents of the new-
born should be an ongoing process involving 
several sessions. Subsequent visits must begin to 
address issues affecting other members of the 
family to enable them cope with the demands 
and challenges of the condition of the affected 
child. The counsellor must ensure her avail-
ability by making herself accessible to clients/
families. The involvement of a psychotherapist 
or child psychologist provides a useful service 
for the family, addressing the many psycho-
logical challenges faced by some families that 
the haemoglobinopathy counsellor is profession-
ally ill-equipped to meet. Muncey and Parker 
[36] stress that attention should be given to the
physiological and psychological needs of patients
and families with chronic diseases to enable them 
to live a full and happy life within the constraints 
of their condition. Nash [32] acknowledges the 
importance of early emotional, social and cogni-
tive support for families with SCD; it minimizes 
the burden of the disease.

Counselling support for the young adult 
with haemoglobinopathy

Adolescence is a turbulent period in the life of 
an individual. The turbulence increases with a
chronic genetic condition like the haemoglo-
binopathies. Adolescence is also a time of exqui-
site body image sensitivity, peer group recogni-
tion, acceptance, autonomy and comparison 
[28]. It is usually a time when the child is be-
coming self-aware and the sudden realization 
of the nature and implications of having sickle 
cell or thalassaemia can be rather daunting and 
overwhelming. For some young adolescents, 
having grown up with SCD/thalassaemia could
have made them more resilient and emotionally 
mature than their peers. As the young adult 
with thalassaemia or SCD suddenly confronts the
realization of having to face a life-threatening 
condition on a regular basis, they are also expected

to begin taking on some responsibilities for their
own disease management.

Developmental issues in adolescents 
with haemoglobinopathy

Independence
Dependence is increased as the young adolescent
experiences physical vulnerability due to the crip-
pling pain of the condition and past parental over-
protection.

Peer group
Acceptance and recognition by peer group becomes
a challenge as the young child battles with frequent
hospitalization and delayed puberty, which makes
them feel different from their peer group due to al-
tered body image. The feelings of isolation, loneli-
ness, rejection and non-verbalization for fear of
being rejected are all evident in the maladjusted
adolescent [32].

Self-concept
Delayed puberty and leg ulcers may cause problems
of altered body image resulting in low self-esteem as
social relationships become problematic. The 
stigma attached to SCD further complicates the 
picture. The unpredictable onset of sickle cell crisis
causes loss of control over personal life, resulting in
helplessness and hopelessness. The feelings often
expressed by young adults with haemoglobino-
pathy include:
• Anxiety and frustration
• Anger and resentment
• Blame for parents
• Fear of death/pre-occupation with death
• Unfulfilment, apathy and resignation; this leads
to non-compliance with disease management.

It was in recognition of these manifestations 
that the WHO Working Party on Psychosocial
Problems [23] recommended that psychosocial
support must be an integral part of the total 
management of patients with haemoglobin disor-
ders. Studies have shown that young people 
who have supportive families do better psycho-
logically than those with minimal support [31, 
32]. Counselling for the adolescent with haemo-
globinopathies should aim to optimize integration
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of patients into society, enhance disease manage-
ment and maintain a state of wellness. Counselling
should enable the client to develop and adopt 
coping strategies that will lead to the resolution of
feelings often expressed. Counselling interven-
tion should therefore be supportive, educative 
and sensitive to the needs of this age group. The
haemoglobinopathy counsellor should provide 
opportunities for young adults with haemo-
globinopathies to express their feelings by facili-
tating communication, and providing a safe space
for verbalization. Cognitive support from the 
counsellor helps the patient to understand their
condition, and enhance compliance with thera-
peutic regimes. The client is encouraged to take 
responsibility for their condition by arranging 
their own hospital appointment, collecting pre-
scribed medicines, and avoiding the factors that
precipitate sickle cell crises.

Social support should include emotional sup-
port through reflective listening, exploration of 
personal circumstances like finances, employment,
education and living arrangements. The young
adult should be encouraged to participate in user
groups where they can meet other affected people
who are doing well educationally and career-wise,
in spite of the haemoglobinopathy. Liaison with
other professionals to find reinforcement and stim-
ulants for the maladjusted adolescent, and referral
to specialist services like career advice, a psycholo-
gist, psychotherapist or specialist social worker
may be beneficial. Visits by the counsellor to clients
during hospitalization can be therapeutic for the
client. Wherever possible, the family should be in-
volved in the continued support for young adults
with haemoglobinopathy. Parents and families play
a major role in the adjustment process of children
and adolescents. Informational support is provided
by ensuring that the client receives materials that
they can refer to. This helps to reinforce any in-
structions given by the doctors. A health record
checklist or diary could be provided. Patient educa-
tion should be given to enable the client to under-
stand the nature, inheritance, manifestations and
management of his condition. Empowerment is
achieved as competence in self-care activities is 
fostered.

Haemoglobinopathy counselling and 
clinical governance

Documentation/record keeping

A counselling checklist will provide an efficient
method of counselling documentation.

Existence of standards for practice

Counselling protocols and manual will serve as a
framework for counselling activity. This ensures
uniformity and a high quality counselling service.

Information leaflets and posters

These are supportive adjuncts to the counselling
process for clients to refer to when the counselling
process is concluded. Translated versions in rele-
vant languages will enhance the quality of services
provided.

Audit tools

Audit tools include user questionnaires after 
counselling interactions (satisfaction surveys) 
exploring the clients’ experience of the counselling
interaction. Also, monitoring access to counselling
service through effective record keeping, record of
uptake of prenatal diagnosis, number of affected
newborns and number of terminations of affected
pregnancies.

Self-evaluation questionnaire for counsellors

This is to assess the quality of services being 
provided and to ensure continued improvement of
services.

Staff update

Provision of haemoglobinopathy educational ses-
sions for acute and community staff as part of 
their continued professional update will greatly 
improve care provision. This can take the form 
of study days, conferences or ward/unit teaching
sessions.
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Multidisciplinary team approach

The nature of the haemoglobinopathies demands
that a multidisciplinary team approach is best
adopted for the management of these conditions.
Members should therefore aim to work collabora-
tively in recognition of the significant contribution
each member makes to the disease management.
Regular team meetings involving users enhance the
quality of service.

Conclusion

Organization and implementation of community-
based counselling services for haemoglobinopathy
are essential if the objective of reaching the affected
community and ethnic groups is to be achieved. As
the problems under discussion may be complex and
emotionally laden for the client, the counsellor
must possess the necessary skills and expertise to
enable and empower the client to develop their 
own coping strategies for the condition and 
the many challenges they face. Counsellors need
courage, self-awareness and confidence to be 
effective. To make a commitment to assist another
person carries with it many responsibilities and 
uncertainties. The health-care practitioner who 
seriously intends to become an effective coun-
sellor must be willing to accept these respon-
sibilities and uncertainties and have a readiness 
to function as a real person rather than as a 
performer acting within safely prescribed limits.
Counselling in haemoglobinopathies demands
sound knowledge of the conditions, genuineness,
empathy and honesty, as well as understanding and
appreciation of the many cultural differences of the
client population. In summary, counselling enables
individuals/people:
1 To make informed decisions.
2 To come to terms with their or their family’s 
disorder.

Furthermore, counselling demands:
1 Sensitivity empathy, honesty.
2 Commitment and time.
3 Understanding and appreciation of cultural 
differences.

Dedication

This chapter is dedicated to my son Kachy who suc-
cumbed to sickle cell anaemia at the tender age of
five and half years; and my haemoglobinopathy
clients and families whose resilience and courage 
inspired my writing of this chapter.
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Chapter 25

Sickle cell disorders and thalassaemia: the challenge for
health professionals and resources available

Elizabeth N Anionwu

Sickle cell disease (SCD) and thalassaemia consti-
tute some of the commonest inherited disorders
that affect mankind. There is increasing apprecia-
tion of the challenges that haemoglobinopathies
present to health-care professionals across the
world. In Britain, for example, the significance of
SCD and thalassaemia for the National Health Ser-
vice (NHS) has begun to be recognized with the in-
clusion in the NHS Plan [1] of a linked antenatal 
and neonatal screening programme by 2004 (see
http://www-phm.umds.ac.uk/haemscreening/).
While this is a heartening development there is also
an urgent need to address the care of affected indi-
viduals, as health professionals have consistently
identified a variety of challenges in the delivery of
both screening and management of sickle cell and
thalassaemia disorders [2]. It has been estimated
that there may be over 12 000 patients with SCD [3]
and the UK thalassaemia register has details of ap-
proximately 800 affected individuals [4]. In respect
to the number of affected births per year, in 2002
Gill and Klynman [5] identified that there were
three babies diagnosed with thalassaemia major
and over 150 with SCD in Greater London (the 
latter figure excludes areas that had no statistics).
The authors note that this is in contrast to the previ-
ous national estimates of a total of 175 births for
both thalassaemia major and SCD [6, 7].

Rather than an in-depth analysis of the chal-
lenges faced by health professionals (for such a re-
view see Anionwu and Atkin [2]) this chapter aims
to provide practical ideas of some of the resources
that are available to support them. It will draw
upon the examples of dilemmas identified for 
the author by a range of practitioners (Tables

25.1–25.4) attending the annual haemoglo-
binopathy course that was held at St Thomas’ 
Hospital in London. While it is recognized that
those attending specialist courses cannot be ex-
pected to be a representative sample of health 
professionals, the participants have always been
drawn from a wide range of disciplines. These have
included nurses, doctors, midwives, medical lab-
oratory scientific officers, social workers and psy-
chologists in different specialties such as accident
and emergency, haemoglobinopathy counselling,
paediatrics, haematology and primary health care.

The participants were put into multidisciplinary
groups and each person was asked to identify a key
challenge that they had encountered in the delivery
of services to those affected by sickle cell and/or tha-
lassaemia disorders (see Tables 25.1–25.4). Every
group then selected one topic from the list that had
been generated in order to discuss it in more detail
and share ideas of how they would try to resolve 
the problem. A very lively general feedback session
then enabled a wider dissemination of the varied
difficulties encountered within each group, the type
of solutions proposed and the obstacles that still 
remain. Particular emphasis was given to how a
multidisciplinary and interdisciplinary approach
[8, 9], undertaken in collaboration with affected 
individuals and user groups, can assist practi-
tioners in developing creative solutions to both re-
duce tensions and improve the quality of health
care. As with previous courses, many participants
were unaware of readily accessible resources, in-
cluding guidelines, published papers, useful net-
works and informative websites. Examples of these
will be described so as to provide practitioners with



Chapter 25

228

support to meet the different challenges they 
encounter in respect to SCD and thalassaemia.
Prominence will be afforded to online resources and
UK professional networks.

Types of challenges

The responses were varied but it was possible to
group them into four themes, many of which had
been cited by previous course participants. While
they cannot cover every type of challenge, the 
examples nevertheless provide useful insights into
issues that generate unease among health profes-
sionals. They also mirror many of the concerns that
have previously been identified in the literature, 
at conferences and by user groups [2]. The four
themes are:
1 Awareness, attitudes and behaviour of health
professionals and patients
2 Specific diagnostic and management issues
3 Screening and genetic counselling
4 Socio-political issues in providing an equitable
service.

Discussion

In examining the challenges that are set out in 
Tables 25.1–25.4 it is of interest to note that, as with
previous courses, more were cited for SCD than for
thalassaemia. Indeed, course participants in the
year 2000 were of the opinion that there was a need
for ‘a better deal for clients with SCD’. This is not to
undermine the concerns that health professionals
experience in providing screening and care services
for thalassaemia [10–12] and pertinent resources
are included further on. Many of the specific issues
identified in Tables 25.1–25.4 – such as low levels 
of awareness and interest, difficulties concerning
venous access and blood transfusions and the 
challenges encountered in screening and genetic
counselling – relate to both SCD and thalassaemia.
Nevertheless, there are various reasons why pro-
fessionals might identify a greater number of dilem-
mas related to SCD in comparison with thalas-
saemia. Practitioners have a higher probability of
encountering individuals with SCD as, having

noted earlier, there are considerably more patients
in the UK with this condition than with thalas-
saemia major or intermedia. In addition, complica-
tions of SCD affect many more parts of the body, are
usually very acute in onset, variable, unpredictable
and some can be unexpectedly life-threatening.

The disorder is often seen in young black individ-
uals and tensions exist in many urban areas, some
emanating from the impact of racism on issues such
as educational attainment, health and employment
prospects [13]. Practitioners should therefore not
be surprised if conflicts flare up from time to time
within the health-care setting. Shapiro and Ballas
[14] from the USA commented in a paper on the
painful sickle cell crisis that ‘in the English-speaking
countries, the majority of people affected are of
African descent, whereas the majority of health care
professionals are not. Additionally, socio-economic
and cultural disparities often exist. Cross-racial and
cross-cultural communications have been histori-
cally fraught with difficulties. The tensions that per-
meate our society inevitably affect the very human
transactions surrounding the care of patients with
pain’.

A UK study on the experiences of hospital care
and treatment for SCD pain [15] identified a range
of behaviours in patients who experienced frequent
admissions. These included an attempt to develop
long-term relationships with their carers, becoming
either passive or aggressive in their interactions
with health professionals or they may regularly at-
tend different hospitals. Health professionals have
continually articulated that there is need for greater
knowledge, more positive attitude and increased 
resources for the care of those affected by SCD and
thalassaemia.

Resources available

Before focusing on the specific themes, it is apparent
from the examples contained in Tables 25.1–25.4
that health professionals would benefit from join-
ing a network of those involved in similar activities;
for example, the UK Forum on Haemoglobin 
Disorders (http://www.haemoglobin.org.uk). This
network was established in 1995 and comprises a
multidisciplinary group of those involved in vari-
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ous aspects of sickle and thalassaemia services.
Members include haemoglobinopathy counsellors,
haematologists, paediatricians, nurses, midwives,
medical laboratory scientific staff, obstetricians,
representatives from the voluntary sector, public
health doctors, psychologists, sociologists, social
workers and molecular geneticists.

The aims of the forum include promoting opti-
mal and equitable services for haemoglobin 
disorders and facilitating collaborative research,
developing a network of interdisciplinary contacts
and acting as an advisory group to relevant agen-
cies. They hold two meetings a year, one of which is
in a venue outside London. The topics covered are
informed by the wishes of members and provide an
opportunity for continuing updates and specialist
professional development. The meetings are usu-
ally attended by up to 200 people and it is clear that
they provide a very useful and supportive network
for any health professional involved with sickle 
cell and thalassaemia services. Another group is the
Sickle and Thalassaemia Association of Counsel-
lors (STAC) established in 1986. While the majority
of members are specialist nurses employed and
working within the NHS-funded centres, others 
include social workers, lecturers and community
project workers. Their website (www.stacuk.org)
includes the contact details of sickle cell and thalas-
saemia counsellors and clinical nurse specialists in
the UK, and specialist educational courses. A future
and much needed resource will be the 4 Training
Centres for Sickle Cell and Thalassaemia Counsel-
lors that have been commissioned by the NHS 
Sickle and Thalassaemia Screening Programme.
Their remit will be to develop modular-based multi-
disciplinary training programmes for health profes-
sionals in England (http://www-phm.umds.ac.uk/
haemscreening/).

The four themes

Information about SCD and thalassaemia 
(Table 25.1)

There has been a welcome increase in the amount of
electronic information that health professionals
can utilize to improve their understanding about
SCD and thalassaemia. The strength of these 

tools is that they have been produced locally and 
internationally by both specialist voluntary and
professional organizations, and most are con-
stantly updated. The Sickle Cell Society (www.
sicklecellsociety.org) and the UK Thalassaemia So-
ciety (www.ukts.org) are both UK-based support
organizations and their websites are a useful first
port of call for affected individuals and their fami-
lies, professionals and the general public. They each
contain information on the respective disorders,
some of which is specifically aimed at health profes-
sionals. Topics covered include the inheritance 
pattern, symptoms and complications, diagnosis,
management, psychosocial aspects, personal expe-
riences, research, suggestions for further reading
and links to other relevant sites.

Internationally, the Georgia Comprehensive
Sickle Cell Information Centre (www.scinfo.org) is
an online resource from the USA, the mission of
which is to ‘provide sickle cell patient and profes-
sional education, news, research updates and world
wide sickle cell resources’. There is an excellent 
section on problem-oriented clinical guidelines 

Table 25.1 Awareness, attitudes and behaviour of health
professionals and patients

Health-care professionals
‘Working with health-care professionals who do not have

knowledge/interest in caring for clients with sickle cell disorders’
(Specialist nurse, haemoglobinopathies).

‘Lack of interest of other clinicians due to sickle patients being seen
as trouble makers or awkward people’ (Doctor).

‘Sickle patients seen as junkies and trouble makers’ (Doctor).
‘Biggest challenge for me – understanding complexity of disease. For

my team – managing diversity in patient needs’ (Doctor).
‘Learning and understanding the disease, learning management of

the disease and the impact on patients’ lives’ (Doctor).
‘Understanding the pathology, management and long-term

complications of the disease and dealing with social impact on
the patient’ (Doctor).

‘Lack of understanding of the disease’ (Nurse, Accident and
Emergency Unit).

‘Promoting awareness of client concerns in haematology wards’

(Sickle Cell and Thalassaemia Nurse).

Patients and families

‘Antisocial behaviours/attitudes by some patients and the

disproportionate effect on health-care providers and provision’

(Nurse).
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and topics include pregnancy, priapism and chest 
syndrome. In addition there is an archive, personal 
accounts, PowerPoint® presentations, online books
and resources as well as streaming videos on a huge
number of topics. It has weekly sickle news up-
dates and also facilitates links to a considerable
range of relevant websites. It is also possible to 
obtain a free monthly email update that provides
details of recent sickle cell news by contacting
aplatt@emory.edu. There is also the site of the 
Sickle Cell Disease Association of America, Inc.
(www.sicklecelldisease.org), which incorporates a
section on research updates as well as webcasts that
enable the viewer to see and hear conference presen-
tations on SCD by eminent international speakers.
There are also sites that contain information about
SCD in languages other than English. As an exam-
ple, the following sites may be useful for those UK
practitioners trying to obtain information in French
for families who have originated from countries
such as the Democratic Republic of Congo (for-
merly Zaire). These include the African Franco-
phone network for SCD (http://www.drepanet.org)
and the site of the Sickle Cell Centre in Guade-
loupe in the French West Indies (http://www.
pixeldress.com/drepano/). In respect to thalas-
saemia, a vast array of information about the condi-
tion can be downloaded from the site of the
Cyprus-based Thalassaemia International Federa-
tion (TIF) (http://www.thalassaemia.org.cy/) and
the US Cooley’s Anemia Foundation (http://www.
cooleysanemia.org/).

Specific diagnostic and management issues 
(Table 25.2)

In addition to the above, the following are examples
of sites that offer more specific information for
those involved in health-care services for SCD and
thalassaemia. Identification of various haemoglo-
bin variants [16] is a crucial component of sickle cell
and thalassaemia services and particular challenges
have been identified by some course participants.
Useful online resources include the British Commit-
tee for Standards in Haematology (1998) guidelines
on laboratory diagnosis of haemoglobinopathies
[17], which can be downloaded via www.
bcshguidelines.com/pdf/bjh809.pdf, as well as 

the Globin Gene Server http://globin.cse.psu.edu/,
which contains a database of human haemoglobin
variants. The British Committee for Standards in
Haematology guidelines on the management of the
acute painful crisis in SCD [18] is available online:
www.bcshguidelines.com/pdf/SICKLE.V4_0802.
pdf.

In the USA, a useful site for SCD is the Med-
lineplus for sickle cell anaemia, which includes 

Table 25.2 Specific diagnostic and management issues

Diagnostic issues
‘Finding very rare mutations of haemoglobins and the need for

better molecular methods of detection becoming easily available’
(Biomedical scientist).

‘Differentiation of sickle beta thalassaemia and HbSS’ (Biomedical

scientist).

Pain control
‘Recurrent admission to hospital with pain crisis. Pain and opiate

dependence’ (Doctor).
‘Pain control crisis is the biggest challenge’ (Doctor)

‘Pain control, doctor versus patient’s ideas’ (Doctor)

Blood transfusions
‘We had a 7-year-old boy, known SCD who had a stroke. We could

not start the exchange blood transfusion as the father was abroad
and the mother would not consent until he returned’
(Haematologist).

‘Poor venous access’ (Doctor).
‘Persuading a 30-year-old male with SCD to embark on exchange

transfusion programme following a CVA’ (Doctor).

‘Family refusing blood transfusion for a child of 8 months with beta

thalassaemia major’ (Haematologist).

Hydroxyurea
Crises in sickle patient and decision re hydroxyurea therapy in days

when there are fears of its “possible” carcinogenetic effect’
(Doctor).

‘Managing a patient on hydroxyurea’ (Doctor).

‘Use of hydroxyurea in young children with SCD – ethics of the

treatment in infants’ (Paediatric haematologist).

Pregnancy

‘Management of pregnancy’ (Doctor) .

Death of patients
‘How to tell a patient that another one has died of SCD’ (Doctor).

‘Dealing with the loss of a friend’s 24-year-old son with the disease’

(Nurse).
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information about latest research findings and 
clinical trials including those related to hydroxy-
urea in children and adults (www.nlm.nih.gov/
medlineplus/sicklecellanemia.html). Resources re-
lating to sociological perspectives on SCD and 
thalassaemia are accessible via the Centre for 
Research into Primary Care at the University of 
Leeds (http://www.leeds.ac.uk/crpc/). The centre
provides details of relevant publications and on-
going research. The website of the TASC Unit for
the Social Study of Thalassaemia and Sickle Cell 
at de Montfort University in Leicester (http://
tascunit.com/) includes details of courses, research
and publications relevant to sociological and social
studies of the conditions. The Brent Sickle and 
Thalassaemia Centre has a dedicated Psychology
website (www.sickle-psychology.com/) that pro-
vides information on a self-help approach to cogni-
tive behavioural therapy for managing SCD. The
Cochrane Library is an electronic publication de-
signed to supply high quality evidence to inform
people providing and receiving care, and those 
responsible for research, teaching, funding and 
administration at all levels and is freely available 
to NHS staff, patients and the public in England
through the National electronic Library for Health
(NeLH) at www.nelh.nhs.uk/cochrane.asp. Re-
views on various aspects of management of sickle
cell and thalassaemia can be accessed via the Topics
button and then clicking on the group entitled 
Cystic Fibrosis and Genetic Disorders. Examples
include neonatal screening for SCD, pneumococcal
vaccines for SCD, psychological therapies for 
thalassaemia and SCD and pain, hydroxyurea and
blood transfusions.

The dilemmas associated with treatment regi-
mens such as regular blood transfusions are clearly
articulated in Table 25.2. While the reasons for re-
fusal will be varied and each case will be unique,
practitioners can best serve the needs of the patient
and family by incorporating a multidisciplinary 
approach and identifying the possible relevance of
religious, cultural and health beliefs together with a
possible needle phobia.

Young people still die of complications asso-
ciated with SCD and thalassaemia and concerns re-
lated to the impact of death and dying on patients,
carers, families and health professionals are illus-

trated in Table 25.2. The author has developed an
online information resource aimed at supporting
student nurses and midwives to become more com-
petent and confident in addressing these and other
issues within a multi-ethnic health-care setting. 
Entitled Multi-Ethnic Learning and Teaching In
NursinG (MELTING), it includes a case scenario
featuring a young man with SCD and can be 
accessed via www.maryseacole.com/maryseacole/
melting.

Screening and genetic counselling (Table 25.3)

As noted previously, the NHS Plan [1] incorporated
a commitment to creating a nationally linked ante-
natal and neonatal screening programme for SCD
and thalassaemia by 2004. This has resulted 
in the establishment of the NHS Sickle and Thalas-
saemia Screening Programme, and their website
http://www-phm.umds.ac.uk/haemscreening/ pro-
vides a vital resource for health professionals. The
publication section includes reports of the outcome
of various national and international workshops as
well as commissioned projects. One useful example
of the latter is the report on the Care Pathways 
for Antenatal and Neonatal Haemoglobinopathy
Screening in London by Gill and Klynman [5], as 
it includes both a detailed review of the issues as
well as the findings of the survey. The site contains
helpful links relating to antenatal and child health
screening and policy.

Health professionals may find it difficult to ob-
tain funding for information and handouts to 
support them and their clients in the provision of 
genetic counselling for the haemoglobinopathies.
Such materials need to take into account the huge
array of possible combinations, such as the couple
cited in Table 25.3 where one is a carrier for 

Table 25.3 Screening and genetic counselling

‘The main challenge is counselling sickle cell patients, especially
pregnant ladies who are approaching childbirth’ (Doctor).

‘Counselling in pregnancy, e.g. a young couple where one is a carrier
for HbE and the other is a carrier for beta thalassaemia trait’
(Doctor).

‘The need to improve sickle and thalassaemia screening’. (Doctor).
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Hb E and the other is a carrier for beta thalas-
saemia trait. An ideal online resource, that is 
also available on a CD format, is Accessible Pub-
lishing of Genetic Information (ApoGI). Located 
at www.chime.ucl.ac.uk/APoGI/, APoGI supplies
data on nearly all the haemoglobin disorders. It
provides information and handouts that profes-
sionals can print out and give to individuals 
or couples found to have sickle, thalassaemia or 
other haemoglobin variant carrier states or 
disorders.

Information about the provision of genetic serv-
ices in the UK can be accessed via the British Society
for Human Genetics (http://www.bshg.org.uk/)
and details of genetic counselling courses are 
contained in the site of the Association of Genetic
Nurses and Counsellors (http://www.agnc.co.uk/).
The NHS National Screening Committee (www.
nsc.nhs.uk) determines policy on screening and
their site includes information sheets on many 
conditions plus details about the activities of the
Antenatal and Child Health Screening subgroups.
Policy positions on screening for various condi-
tions can be found on www.nelh.nhs.uk/screening/. 
The NHS National Co-ordinating Centre for
Health Technology Assessment provides access 
to executive summaries of their reports by down-
loading them from their website www.hta.
nhsweb.nhs.uk/. These include the two undertaken
on screening for SCD and thalassaemia [7, 19], as
well as reviews concerning informed decision mak-
ing and screening for other conditions such as cystic
fibrosis and Fragile-X.

Finally, on the wider ethical issues the Human
Genetics Commission (www.hcg.gov.uk) is the UK
advisory body on how new developments in genet-
ics might impact on people and health care. Their
site includes opportunities to become involved in
their consultation exercises on ethical issues (exam-
ples include Genetics and Reproduction) and access
to publications on completed ones. Two examples
of the latter are the uses of genetic information and
supplying genetic tests directly to the public. It also
provides details about the venue of forthcoming
quarterly public plenary sessions, and health pro-
fessionals involved with sickle cell and thalas-
saemia might find attending such sessions very
informative.

Socio-political issues in providing an equitable
service (Table 25.4)

The final theme draws together instances of the
challenges that relate to constraints identified in the
provision of health-care services for conditions pri-
marily impacting upon black and minority ethnic
communities. At an institutional level, course par-
ticipants often expressed frustrations about per-
ceived lack of power to influence their local NHS
Trusts to position SCD and thalassaemia services
higher on their agendas and thereby increase re-
sources and improve equity of access. NHS Trusts
are public bodies that are legally bound by the Race
Relations (Amendment) Act 2000, which includes a
statutory general duty to promote race equality and
that they have ‘a due regard to the need to eliminate
unlawful racial discrimination, promote equality of
opportunity and promote good relations between
people of different racial groups’. To assist in deliv-
ering the general duty, specific duties have been im-
posed on public bodies such as NHS Trusts. One
that is relevant to the provision of sickle cell and
thalassaemia services relates to the policy/service
delivery side. Here there is a requirement to set 
out, in a Race Equality Scheme, information on a
number of actions that will help deliver non-
discriminatory services to local people. NHS organ-
izations were required to publish a ‘race equality
scheme’ by May 2002 that sets out their arrange-
ments for meeting the duties and this has to be re-
viewed every 3 years. The Commission for Racial
Equality has enforcement powers where public
bodies are failing in these duties.

Health professionals in the UK may find out
about the Race Equality Scheme in their own NHS

Table 25.4 Socio-political issues in providing an equitable
service

‘Cultural differences and effects on accessing health care. Refugees’
(Nurse).

‘Facilities are not available or difficult to access’ (Doctor).
‘Tackle poverty. Educate. Improve specialist care for sickle/thal – by 

providing more doctors and nurses specializing in care of HB 
disorders’ (Doctor).

‘Providing equitable care for SCD and thalassaemia clients’ (Sickle Cell

and Thalassaemia Nurse).
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Trust, and how it affects services for SCD and 
thalassaemia. Details about the implications of 
this legislation can be found on the websites 
of the Commission for Racial Equality (www.cre.
gov.uk), the Department of Health (www.doh.
gov.uk/raceequalityresource/index.htm), and the
Home Office: www.hmso.gov.uk/acts/acts2000/
20000034.htm. There may be issues with providing
health services for refugees and asylum-seekers. A
helpful resource in the UK [20] can be down-loaded
via: www.london.nhs.uk/newsmedia/publications/
Asylum_Refugee.pdf. The impact of cultural differ-
ences and effects on accessing health care in general
may present a challenge to health professionals. 
An online educational resource mentioned earlier 
is Multi-Ethnic Learning and Teaching In 
NursinG (MELTING) at: www.maryseacole.com/
maryseacole/melting. It explores the concepts 
of cultural diversity, transcultural nursing and cul-
tural assessment models and essential aspects of
care such as communication and spiritual needs.
Extensive references and links to a range of relevant
sites are also included.

Those with a general interest in being kept up-to-
date and discussing issues related to the health of
minority ethnic communities within the UK may
wish to join an emailing list for like-minded NHS
staff and academics. To find out about joining visit:
www.jiscmail.ac.uk/lists/MINORITY-ETHNIC-
HEALTH.html.

Conclusion

Health professionals involved in the delivery 
of sickle and thalassaemia services are situated 
in every part of the UK, in high-, mid- and low-
prevalence areas. Some may have a great deal of 
experience because they are working in a specialist
unit in a metropolitan area, whereas others may be
based in rural areas and only see a few cases a year.
Practitioners from all these locations face similar
challenges. They include being knowledgeable, em-
pathetic and having adequate resources to provide a
quality health service that is culturally and linguisti-
cally appropriate. The resources identified in this
chapter to support busy health practitioners cannot
possibly be a complete catalogue of what is cur-

rently available. Nevertheless it is to be hoped that
the examples cited will provide a cheap and accessi-
ble foundation for anybody who can log on to a 
PC, as well as provide opportunities to network 
and keep up-to-date with similarly interested 
colleagues.
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Networks

UK Forum on Haemoglobin Disorders: www.
haemoglobin.org.uk

Sickle and Thalassaemia Association of Counsellors (STAC)
www.stacuk.org

Websites

Accessible Publishing of Genetic Information (APoGI):
www.chime.ucl.ac.uk/APoGI/

African Francophone network for SCD: 
http://www.drepanet.org

Association of Genetic Nurses and Counsellors: 
http://www.agnc.co.uk/

Brent Sickle and Thalassaemia Centre’s Psychology website:
www.sickle-psychology.com/

British Committee for Standards in Haematology guidelines

on the management of the acute painful crisis in SCD:
www.bcshguidelines.com/pdf/SICKLE.V4_0802.pdf

British Committee for Standards in Haematology (1998)
guidelines on laboratory diagnosis of haemoglo-
binopathies: www.bcshguidelines.com/pdf/bjh809.pdf

British Society for Human Genetics: 
http://www.bshg.org.uk/

Centre for Research into Primary Care at the University of
Leeds: http://www.leeds.ac.uk/crpc/

Cochrane Library Cystic Fibrosis and Genetic Disorders 
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Plate 2 Spleen in sickle crisis; the sinusoids are dilated and
packed with elongated sickled red cells. H&E ¥400.

Plate 1 Sickle cell crisis with bone infarction; the necrotic
(anuclear) bone trabeculum sits in necrotic haemopoietic
marrow. H&E ¥ 200.

Plate 3 Focal segmental glomerulosclerosis (FSGS) with
nephritic syndrome; the glomerular capillary loops are 
becoming thickened as is the mesangium. H&E ¥200.

Plate 4 Kidney with regional cortical infarction in SCD; the
lower congested zone is viable and the upper anuclear zone is
infarcted. H&E ¥100.



Plate 5 Lung in acute chest syndrome; the small arteriole has
embolic fat droplets (the round clear spaces) and the alveolar
capillaries are dilated with sickled red cells. H&E ¥100.

Plate 8 Multiple myeloma presenting with generalised acute
bone pains, and mimicking sickle cell crisis. This diagnostic
bone marrow aspirate shows plasmacytosis and erythrocyte
rouleaux formation.

Plate 6 Lung in SCD patient with pulmonary hypertension;
the small arteriole has intimal and muscular hyperplasia and
the lumen shows recanalization. H&E ¥100.

Plate 7 Heart in SCD: intramyocardial arteriole in the 
septum showing fibromuscular dysplasia. H&E ¥100.
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