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IntrOduction
Historically, the first case of sickle cell disease
(SCD) was reported in 1910 by a Dental Surgeon
who made blood films of one of his patients and
demonstrated red blood cells having a "slender
sickle shape' ,. 1 The history of sickle cell anaemia is
a very good reminder of the importance of
supportive role of the laboratory to clinical diagnosis
and research'". The observation that sickle cell trait
may have a survival advantage against malaria was
based on the fact that blood from persons with sickle
cell trait contained less malaria parasites and that the
sickle trait conferred some protection against
malaria in early childhood', The mechanism of such
protection has been the matter of much debate.
Plausible mechanisms include selective sickling of
parasitised red blood cells resulting in more
effective removal by the monocyte-macrophage
system, an inhibitory effect on parasite growth by
increased red cell potassium loss, decreased red cell
PH and increased endothelial adherence of
parasitised sickle red blood cells'. Thus, the
prevalence of sickle cell anaemia closely mirrors the
world-wide distribution of falciparum malaria.
However, due to migration of people to the
industrialised western countries sickle cell disease
has become prevalent in areas where malaria is not
endemic.
SCD is common in the tropics and particularly so
among the black race. The incidence in Nigeria is up
to 2% and about 25% ( or 1 in 4 adult Nigerians)
may be carriers of sickle cell trait. Nigeria therefore
has been identified as having the largest sickle cell
gene pool in the world'.

Pathophysiology
Sickle Cell Disease results from the substitution of
valine residue for glutamic acid at position 6 in the
beta subunit of haemoglobin. Individuals with one
gene for haemoglobin S (HbS) are phenotypically
normal (sickle cell trait) while those who inherit two
HbS genes from their parents (HbSS) are said to have
Sickle Cell Anaemia (SCA). Haemoglobin S, on
deoxygenation
undergoes
non-covalent
polymerization into long strands that deform the red
blood cell, giving the "sickle cell" morphology.
However, HbS with bound oxygen (as in arterial
circulation) does not polymerize. It is not proven,
unequivocally, the mechanism by which these
changes in the physical properties of haemoglobin
molecule produce the clinical manifestations of the
disease. The most widely accepted hypothesis is that
erythrocytes deform as they release their oxygen in
the capillaries
and are trapped
in the
microcirculation.
The blockage of blood flow
produces areas of tissue ischemia, leading to the
myriad of clinical problems seen with sickle cell
disease.
The clinical manifestations and presentations of SCD
are extremely varied. A study of natural history of
sickle cell disease indicated that about 5 % of patients
account for nearly one-third of hospital admissions,
the average life-span of people with sickle cell
disease is shorter than normal, however, reflecting
increased mortality due to the complications of the
disease. The. aim of this review, therefore, is to
highlight some of these complications and their
treatment, particularly the novel modalities, with a
view to enlighten and broaden the knowledge of
healthcare providers, in order to ultimately reduce
the morbidity
and mortality
arising from
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complications of sickle cell anaemia.
Chronic Pain
The cause of chronic pain in sicklers is uncertain, but
organ injury and necrosis produced by years of
intermittent ischaemia, from vaso-occlusion largely
playa role._The severity of the pain varies. In some
patients, the pains- are controlled using mild
analgesics/such as Non-Steroidal Anti-Inflammatory
Drugs (NSAIDs) while others benefit from frequent
doses of opioid analgesics. The side effects of these
analgesics should always be kept in view. One
potential problem with NSAIDs is renal damage
especially as the patients with SCD are more
susceptible to renal injury than other peoples.
Physicians should closely monitor renal function in
patients on these drugs. Cyclooxygenase-2 (COX-2)
inhibitors produce less nephrotoxicity than do
standard NSAIDs and they are worth serious
consideration in these patients. The patients who
frequently present the greatest management
challenges are those with persistent severe pain
controlled by chronically administered opioid
analgesics. Most patients who require large or
frequent doses of opioids become tolerant to opioids.
There is no universally applicable formula for
chronic pain management. Appropriate treatment of
pain irrespective of the cause requires an on-going
dialogue between the doctor and patient.' whenever
possible, patients should start taking their analgesics
before the pain becomes extremely severe.
Maintaining pain at a tolerable level is easier than
reducing it from a high level of intensity. Intravenous
fluid is essential in alleviation of pains because it
promotes red blood cell hydration and minimises the
sickling process.
Renal Dysfunction (Sickle Cell Nephropathy)
The most common defect in patients with Sickle Cell
Disease is impaired urine concentrating ability
(hyposthenuria) which often occurs by the age of
three or four years. This condition should be
considered in children with SCD who bed-wet. The
risk of renal failure is substantial in patients with
sickle cell disease. The high osmolality in the renal
medulla increases cell propensity to sickling. As a
result, medullary ischaemia and papillary necrosis
are common problems. Sometimes, the necrotic
papillae slough into the collecting system obstructing
the outflow tract. There is no specific intervention
effective for these patients. Following rise in serum
urea and creatinine,
reduction
in protein
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consumption is advisable as is recommended in
other patients with renal dysfunction. It is suggested
that angiotensin converting
enzyme (ACE)
inhibitors may also retard the progression of
nephropathy in sickle cell disease. Further
investigation of this promising lead is needed.
Sickle Cell Disease patients usually have low serum
creatinine and urea level probably due to the high
glomerular filtration rate along with a high rate of
creatinine secretion in the distal tubule. Potentially
nephrotoxic drugs should be used with extreme
caution in patients with sickle cell disease.
Antibiotics such as gentamicin should be avoided
when other agents are available that are less toxic to
the kidney. As noted previously, NSAIDs should be
used cautiously in patients with SCD. Limited
experience exists on the efficacy of dialysis in
patients with SCD and every effort should be
undertaken
to prevent renal deterioration.
Microscopic haematuria is a common problem in
SCD patients and it requires no intervention unless
the blood loss is massive. Some of the patients with
renal failure have benefitted from kidney
transplants.
Retinopathy
Retinopathy is a very significant problem for 1020 % of patients with SCD and resembles that seen in
people with diabetes mellitus. The peak age of onset
is 20 years and it develops more frequently in
patients .with haemoglobin SC than those with
homozygous SCD. Ischaemia to the retina is
believed to be the cause of the retinopathy and areas
affected are in the periphery of the retina making
direct ophthalmoscopy
rarely revealing. An
ophthalmologist should evaluate the patient using
pupillary dilatation and indirect ophthalmoscopy.
Patients should be seen at least once a year and more
frequently if abnormalities are noted. Ischaemia can
lead to retinal thinning as well as neovascularization.
The fragile vessels formed by neovascularization are
subject to rupture, often leading to disastrous
intraorbital haemorrhage. This can produce sudden
loss of vision. Laser photocoagulation has been used
in an effort to prevent retinal haemorrhage, Retinal
detachment is another common problem, especially,
as a sequel to retinal haemorrhage.
The Heart
Cardiomegaly is common in patients with SeD
usually due to sustained state of high cardiac output.
The heart is hyperdynamic in most of the patients.
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Pulmonary congestion due to fluid overload during
hydration for painful crises is not a common problem
in young patients. The picture changes as patients
age. Minority of patients will develop problems with
fluid balance with the fluid challenge that occurs with
hydration. For some patients, the problem is more of
left atrial dysfunction than impaired ventricular
activity. Patients who develop a chest picture
suggestive of "congestive heart failure" during
treatment for painful crisis must be examined
carefully to rule out other complications such as
acute chest syndrome (ACS) which is characterised
by alveolar consolidation, chest pain, fever,
tachypnoea,
wheezing, cough and hypoxia.
Management
modalities
of ACS include
oxygenation, adequate pain control, antimicrobial
therapy, bronchodilation and red cell transfusion.
Skin ulcers
The most common site of skin ulcers is over the
lateral malleoli. Studies in Ibadan and Benin City,
Nigeria, showed that majority of leg ulcers were
located on the left ankle": The incidence of leg
ulcers is reported to range from 8% to 75%8,9. The
aetiology of leg ulcers in sickle cell disease is not
known but is thought to be due to micro-thrombi in
the small capillaries of the legs resulting in
ischaemia. This obstruction is said to upregulate
integrins which promote platelet aggregation and
adherence to the endothelium with additional
obstruction of the vessel. Other associated factors
include release of injurious cytokines by interaction
of granulocytes with sickle cells, thrombocytosis,
anaemia, lower levels of fetal haemoglobin, antithrombin deficiency, trauma, possession of certain
HLA such as HLA B35, Cw4, males gender, presence
of lupus anticoagulants and living in certain
geographic areas8-1O• Therapy for sickle cell disease
leg ulcer comprises prevention, treatment of existing
ulcers and infections. Prevention includes the use of
properly fitting shoes, prompt treatment of minor
injuries, leg elevation and salt restriction. Treatment
include topical dressing, systemic medication with
zinc and hydroxycarbamide intervention: 1.12.
Avascualr Necrosis (AVN) Of Bone
This is a common problem in patients with sickle cell
disease and the most affected areas are cortical bone
of acetabulum, the head of femur and head of
humerus". The aetiology is unknown but one
hypothesis posits marrow hyperplasia in the femoral
head with tissue crowding and reduced blood flow to
M.U. Nwagu

the bone as the inciting factor". It occurs in both
HbSS and HbSC. Studies at Ile-Ife, Nigeria showed
no statistical difference between the prevalence of
AVN of bone in HbSS and HbSC and most of the
patients present late with advanced disease", Patients
usually report that the quality of the pain associated
with AVN of bone differs from their sickle cell pain.
Movement of joint becomes excruciatingly painful.
Non Steroidal Anti-inflammatory Drugs can be
helpful initially but with more severe situations
especially involving the shoulder, injections of
corticosteroids may help. Invasive procedures such
as decompression of the tissue in the head of the
femur or humerus is reserved for patients with more
advanced cases of AVN, and the efficacy of this
procedure is still being investigated. Artificial joints
can be used though are not well tolerated by some
patients" and some are very vulnerable to infections
of their orthopaedic hardware.
Stroke
Strokes or cerebrovascular accidents (CVA) are
more common in children than adults. The average
age of stroke is about four years. Large arteries such
as the internal carotid or middle cerebral are
frequently occluded". The mechanism of occlusion
of these vessels is not clear. Angiography and noninvasive Magnetic Resonance Angiography (MRA)
have provided information on the sequence of events
that precede vascular occlusion". A common finding
is narrowing at the separation of the middle cerebral
and the internal carotid arteries. Paradoxically, the
higher rate of blood flow produced by arterial
narrowing is believed to contribute to the risk of
complete arterial occlusion. Stroke in SCD is a
medical emergency and deficits are often profound
although many children recover substantial function.
Exchange
blood transfusion
followed
by
maintenance hypertransfusion is mandatory", This
therapy improves recovery and reduces the risk of
recurrent stroke. In the absence of this intervention,
as many as two-thirds of children will suffer
subsequent events. The duration of transfusion
therapy is not clear but studies have shown that as
many as 50 % of children on maintenance therapy for
as long as five years suffer new strokes within
months of stopping treatment. Apart from blood
transfusion patients with particularly poor outcome
benefits from revascularisation of affected cerebral
blood vessels. A newly recognized area of interest
and concern in patients with SCD is ' ,silent
stroke':". Advances in radiology such as Magnetic
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Resonance Imaging (MRI), Magnetic Resonance
Angiography (MRA) and Positron Emission
Tomography (PET) scanning have been combined
with neuro-psychiatric testing to gain a new window
into the effect of silent strokes in children with sickle
cell disease. Analysis of 42 children showed that
nearly 20 % had suffered silent cerebral infarction as
detected by MRI20. Multivariate analysis showed a
number of associations including a greater risk of
silent infarctions with lower haematocrits - an
association which was also found in another study of
50 patients". One-third of the latter children showed
evidence of mild intellectual impairment on
cognitive testing. Positron emission scans and
magnetic resonance angiography could be useful
adjuncts in the effort to diagnose children with silent
cerebral infarctions". Clearly, this is an area of
major concern
that deserves
much more
investigation and research.

continuous. Stuttering priapism is common, here the
(young) man develops erections lasting one to two
hours, initially, that resolve spontaneously and it is
repetitive. Priapism lasting more than three or four
hours is a medical emergency since it can produce
impotence. The most commonly used intervention in
the past was irrigation of the ventral vein of the penis
by a urologist, in an attempt to remove the blockage
to blood flow. Adeyokuonu et al in Ibadan, showed
that the outcome of all patients subjected to surgery
was very poor and conservative management is
preferable. These conservative approaches include:
pain relief/sedation,
hydration, alkalinisation,
stilboestrol and blood transfusion. Prophylaxis has
been attempted
with pseudoephedrine
and
gonadotrophin-releasing
hormone analogues to
suppress testosterone".
Research and clinical
management 'of sickle cell priapism is strengthened
by multidisciplinary
collaboration
between
haematologists
and ur o l o g is ts
The
haematologists, who are usually the first to be
consulted by the patient, must promptly commence
conservative treatment aimed at relieving pain and
alleviation of the vascular congestion of the penis.
The failure of conservative measures to cause rapid
alleviation of priapism necessitates the expertise of a
Urologist who uses a variety of surgical procedures
to treat the patient. Some of the surgical methods are:
the shunting of blood from the corpora to the adjacent
saphenous vein (cavernous-saphenous vein shunts)
or the creation
of shunts between the corpora
cavernosa and the corpus spongiosum (cavernosusspongiosum shunts).
t?".

Hyperhaemolytic crisis and the role of parvovirus
Hyperhaemolytic crisis is a term used to describe the
occurrence of episodes of accelerated haemolysis
characterised by decreased blood haemoglobin,
increasing reticulocytes and other markers of
haemolysis such as hyperbilirubinaemia
and
increased lactate dehydrogenase. Episodes of
hyperhaemolysis are known to occur in certain
conditions e.g, resolution phase of a vaso occlusive
crisis during which irreversibly sickled red cells and
dense red cells trapped in the microcirculation are
rapidly destroyed.
Parvovirus BI9 is implicated in the aetiology of
aplastic crisis during which there is a cessation of red
cell production in the face of ongoing haemolysis,
resulting in an acute, severe drop in haemoglobin
levels. The mechanism whereby parvovirus causes
the aplastic crisis is unclear although inhibition of
erythroid burst forming units and colony forming
units has been demonstrated. It is also possible the
virus directly infects the late erythroid progenitor
cells or even the pronormoblasts.
Priapism
This is defined as painful persistent purposeless
penile erection. It is a potentially serious problem for
young men with Sickle Cell Disease. It results from
impaired blood flow from corpus spongiosum of the
penis leading to prolonged erection. It often occurs in
association with spontaneous nocturnal erections.
Episodes of priapism can last from several hours to
several days and can either be stuttering or
Management of sickle cell disease

Osteomyelitis & Bone Infarction
Osteomyelitis often occurs at the site of necrotic bone
segments. About 75% of cases of osteomyelitis in
patients with sickle cell are due to salmonella
species. Other principal infectious organisms include
Staphylococcus aureus and Gram-negative bacilli.
Local pain and fever are the most common indicators
of osteomyelitis. It frequently affects femur,
humerus, vertebrae, ribs and sternum. In the early
stages of the disorder, bone scan are frequently
unrevealing but Gallium scans can provide early
evidence of the problem. Xray shows new bone
deposition by the elevated periosteum and some
rarefaction in the-bone due to local hyperaemia. An
x-ray sometimes reveals a sequestrum which has
separated from the surface of the bone or which lies
in a cavity. Tomographs may also help to
87
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demonstrate a sequestrum and a sonogram may
delineate an abscess cavity in the bone. Definitive
diagnosis often requires bone biopsy. Treatment of
salmonella osteomyelitis requires chloramphenicol
or ampicillin
and surgical
drainage
or
sequestrectomy may be necessary.
Pregnancy Complications
The haemoglobinopathies commonly encountered in
pregnancy in Nigeria are HbSS or HbSC4• Sickle
Cell Disease is more commonly encountered in
present day Obstetrics practice because of improved
survival outlook for patients with sickle cell disease.
This is ascribed to the effect of modern day
technology and advancement in Medicine with more
girls having this disorder surviving to childbearing
age25-27• In pregnancy, labour and pueperium, they
constitute a very high-risk group with associated
increased
maternal/perinatal
morbidity
and
mortality. Reports from University of Benin
Teaching Hospital (UBTH), Benin City, Nigeria
gave a maternal mortality rate of 3811000 and
perinatal mortality rate of 25011000. Studies from
the same centre by Omo-Aghoja and Okonofua, twoand-half decades (25years) later, still showed
unchanged high maternal and perinatal mortality
rates", This is due to lack of specific programmes
targeted at SCD patients and it is recommended that
pregnant SCD patients be managed in institutions
accustomed to sickle cell disease and its
complications with facilities for careful prenatal
monitoring. In the recent Benin City study, the most
common complications of pregnancy in order of
frequency were anaemia, malaria, bone pain crisis
and pneumonia. Other complications of pregnancy
include
post
partum
infections,
pyelonephritis, intrauterine
growth restriction,
preterm labour, preclamspia, increased antepartum
hospital admissions and increased emergency
Caesarean section deliveries. There remains a role
for prophylactic blood transfusion programmes in
women with poor obstetric and haematological
histories". Specific haemoglobinopathy clinics run
jointly by haematologists and obstetricians with
special interest in SCD if established would go a long
way to optimising the maternal and fetal outcomes.
In addition, reducing future population of HbSS
patients, through public enlightenment programmes
and premarital genetic counseling, should be
emphasised because prenatal diagnostic techniques
are not readily available and affordable in Nigeria.
M.U. Nwagu

Better obstetric outcome, in SCD patients in
particular, is summarised in three key factors of
early booking, good antenatal care and supervised
hospital delivery.
Susceptibility To Infections
Patients with sickle cell disease are predisposed to
infections which is the leading cause of death.
Functional asplenia and defective neutrophil
responses are some of ·the reasons for increased
susceptibility to infections?". Functional asplenia
results in susceptibility to encapsulated microorganisms, particularly, Streptococcus pneumonia
especially in children younger than five years of age.
The pneumococcal
vaccine PCV7 can be
administered in infancy with effective immunologic
response prior to two years of age. The American
academy of Paediatrics recommended a total of four
doses in a schedule at ages two, four, eight and 12 to
15 months. The PCV7 vaccine decreases invasive
pneumococcal disease by as much as 80-90 %. Oral
penicillin prophylaxis is still recommended at a dose
of 125mg twice a day for children between ages zero
and three years and at 250mg twice a day between
ages three and five years". Penicillin prophylaxis
beyond five years is recommended only for patients
with recurrent pneumococcal infections or who have
had a surgical splenectomy. Patients allergic to
penicillin are offered erythromycin. Parents and
care-givers of children should be educated to
recognise infections and to seek medical attention
early. The role of prophylactic penicillin in adults
with sickle cell disease is unclear. Adults develop
overwhelmirtg sepsis but at a much lower frequency
than do children. No controlled study to determine
whether prophylactic antibiotics are useful in adults
has been done. Recently, studies in older children
suggest that prophylactic antibiotics may not benefit
adults. Many physicians, however, still prescribe
prophylactic antibiotics for adults.
Anaemia
Patients with sickle cell disease are anaemic by
definition. The degree of anaemia varies. The
haematocrit frequently is in the mid-20s. The
baseline haematocrit remains relatively stable in a
given patient. Most patients are conditioned to
tolerate their degree of anaemia and routine
transfusion is not necessary. Raising the haematocrit
provide no clinical benefit unless the baseline value
has fallen into the mid-teens, at which point oxygencarrying capacity can be compromised. On the other
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hand, transfusing patient with SCD to a haematocrit
level in the mid-to-upper 30s can be dangerous, since
blood viscosity increases substantially at higher
haematocrits. The increase in viscosity can worsen
the sickling propensity by increasing the time during
which the cells remain in the low oxygen tension
regions of the circulation. Patients with SCD, like
other people with haemolytic anaemia, require daily
folic acid replacement. Folate is rapidly consumed
by the proliferating erythroid precursors. The
normal daily intake of this vitamin sometimes is
insufficient to maintain a balance. One milligram of
supplementary folate per day is more than enough to
satisfy the needs of the erythron. A patient with SCD
whose haematocrit begins to fall unexpectedly
should be checked for folate deficiency as a part of
the general work-up.
Sequestration Crisis
Sequestration crisis is typically seen in infants and
children (usually less than five years of age) prior to
autoinfarction of the spleen. It is characterised by
sudden, massive pooling of red cells, especially in
the spleen resulting in hypovolaemic shock and
cardiovascular collapse. The cause is unknown.
Hepatic sequestration can also occur. Splenic
autoinfarction makes splenic sequestration crisis
uncommon in adults with homozygous HbS sickle
cell disease. The condition can occur in adults with
sickle beta-thalassemia or sickle-hemoglobin C (SC)
disease since autoinfarction does not occur in these
syndromes. The larger blood volumes of adults make
hypotension and circulatory collapse much less
common than in children.
Splenic sequestration crisis is a medical emergency
that demands prompt and appropriate treatment.
Children should be seen as speedily as possible in the
emergency room. Treatment consists of intravenous
infusions and either red cell transfusion or exchange
transfusion. Splenectomy is recommended for those
with life-threatening splenic sequestration crisis. To
promote early detection and reduce mortality from
splenic sequestration crisis, parents should be
familiar with the signs and symptoms of splenic
sequestration crisis ie they should be taught how to
examine their. children for splenomegaly and for
conjunctival pallor.
Evolving Therapies
a) Therapies of proven benefit: Hydroxyurea
Hydroxyurea
induces
fetal haemoglobin
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production", it also increases the red cell mean
corpuscular volume (MCV) and reduces the number
of dense cells and irreversibly sickled cells in the
circulation.
A detailed study showed that
hydroxyurea modifies the characteristics of red cells
in patients with homozygous HbS disease to
resemble those of patients with HbSC disease".
Hydroxyurea is the first (and only) drug proven to
prevent sickle cell crisis, however, the drug does not
cure sickle cell disease nor is it effective in all
patients. Study showed that patients on hydroxyurea
had significantly fewer crises than did the controls".
Patients who have relatively few vaso-occlusive pain
crises should not receive hydroxyure~. Other
contraindications include pregnancy, allergy to the
drug and thrombocytopenia or neutropenia.
Hydroxyurea is not approved for use in children and
restricted to people 18 years of age or older.
Bone Marrow (Stem Cell) Transplantation
Sickle cell disease being an inherited defect in the
haemopoietic stem cell, bone marrow (stem cell)
transplantation is an attractive option to permanently
cure the disease rather than managing its sequelae
piecemeal. Bone marrow transplantation (BMT) can
cure SCD and this was first discovered when a
patient with SCD who also had relapsed Acute
Lymphoblastic Leukemia (ALL)36.
. The transplant was done to treat the leukemia but
cured the SCD as well. The largest experience with
transplantation for sickle cell disease comes from
Belgium and France where about 80 patients have
undergone BMT. The results have been quite
promising with cure of the SCD in every case in
which engrafunent occurred. Two potentially fatal
complications of BMT, graft versus host disease and
interstitial pneumonia, have limited the 'Use of this
modality in the United States". Children fare better
with transplantation than do adults hence the optimal
time for transplantation is during childhood. The
variable clinical course of SCD makes it impossible
to predict in childhood which patients will have more
severe clinical manifestations. Analysis of data from
the study of the natural history of SCD suggested that
patients with fetal haemoglobin levels of less than
8.6% tend to have more severe disease over the long
run", This would seem to provide a guide that could
be used in the decision of which patients to
transplant.
b) Experimental therapies:
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Erythropoietin at a very high dose, increases the
concentration of fetal haemoglobin. The same
applies to the use of Butyrate. Clotrimazole and
other imidazole antimycotics prevent red cell
dehydration". Nitric Oxide is a gas noticed to reduce
the polymerisation
tendency
of sickle
haemoglobin". Fluocor is still undergoing clinical
trial but patients on it tend to have reduced hospital
length of stay". Gene Replacement Therapy (GRT)
needs a lot of clinical studies, its usage and
application in humans is not yet imminent".
Ciclavit and so many other preparations available are
nutritional supplements and there are conflicting
reports concerning their effectiveness in alleviating
the clinical manifestations of sickle cell anaemia.
Despite their wide usage and to my knowledge, none
of these drugs has been scientifically proven to cure
sickle cell anaemia i.e conversion of HbSS to HbAA.
Conclusion
The complications of sickle cell disease are by no
means exhaustive as the pathology affects every
organ and system of the body. There is no other
known inherited disorder present at such high
frequency in a large population and of comparable
severity as sickle cell anaemia". Without major
breakthroughs in Bone Marrow Transplantation or
gene therapy, drug intervention will remain the
major therapeutic option for Sickle Cell Disease.
The likelihood is low for discovery a "magic bullet' ,
medication that substantially improves Sickle Cell
Disease for all or even most patients.
A major goal of investigation should be development
of intervention that can be used in very young
patients. Many of the problems experienced by
adults and adolescents with sickle cell disease reflect
incremental organ damage by bouts of hypoxia. The
affected areas may initially be microscopic; with
time these foci of injury coalesce to form regions of
macroscopic injury. Prevention must be the
watchword as we seek to improve the management
of patients with sickle cell disease.
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