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RECOMMENDATIONS
Biliary sludge is best managed by serial 
ultrasound examinations at 12- to 24-month
intervals unless cholestasis occurs; at that
point, laparoscopic cholecystectomy is indict-
ed. Elective laparoscopic cholecystectomy has
become the procedure of choice for sympto-
matic cholelithiasis (25) because of the short-
ened hospital stay, lower cost, and fewer imme-
diate surgical complications. One approach 
to asymptomatic or minimally symptomatic
cholelithiasis is careful observation until symp-
toms dictate surgery. Bacteremia, ascending
cholangitis, empyema, and other hyperacute
biliary complications require surgery on 
a more urgent basis, consistent with good 
surgical practice.  

The management of chronic hepatitis is
beyond the scope of this treatise but requires
close coordination with gastroenterologists 
and the judicious use of liver biopsy to guide 
diagnosis and therapeutic decisions. 

Iron overload can be managed by the standard
subcutaneous protocols, but the intensive
intravenous approach is attractive because 
of the claim of improved compliance (19).

The syndromes attributable to intrahepatic
vaso-occlusion appear to be treated best with
exchange red cell transfusion because of the
remote risk of acute hyperviscosity (22).
Plasmapheresis and platelet transfusion support
are useful in cases associated with coagulopathy.  
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episode, and the mortality rate in these
patients may be 20 percent (5). There are no
clear prognostic factors for the occurrence of
ASSC, although the fetal hemoglobin (Hb F)
level at 6 months of age is somewhat lower 
in children who develop this complication 
(3). Although ASSC occurs most commonly
among children with SCD-SS, it has been
reported in 5 percent of children with SCD-
SC disease at a mean age of approximately 9
years (6) and in adults with SCD-SC disease
and SCD-S β+-thalassemia (7).

TREATMENT OF ACUTE SPLENIC
SEQUESTRATION

The immediate treatment of acute splenic
sequestration is directed toward correction of
hypovolemia with red blood cell transfusion.
Because severe ASSC can be fatal within a few
hours, emergent transfusion is required (see
chapter 25, Transfusion, Iron Overload, and
Chelation). Once transfusion is employed, red
cells sequestered in the spleen are remobilized,
splenomegaly regresses, and the hemoglobin
level increases, often to a level greater than
predicted on the basis of the volume of red
cells administered.

The rate of recurrent splenic sequestration is
high and greatly influences subsequent man-
agement, which may be divided into observa-
tion only, chronic transfusion, and splenecto-
my. Indications for these approaches are not
clearly defined. Questions which bear on man-
agement decisions include: Does splenectomy

Acute exacerbation of anemia in the patient
with sickle cell disease (SCD) is a significant
cause of morbidity and mortality. The most
common process leading to this complication
is acute splenic sequestration.  

ACUTE SPLENIC SEQUESTRATION
COMPLICATION 
Acute splenic sequestration complication
(ASSC) is caused by intrasplenic trapping of
red cells which causes a precipitous fall in
hemoglobin level and the potential for hypox-
ic shock. ASSC remains a leading cause of
death in children with SCD. ASSC may be
defined by a decrease of at least 2 g/dL from
the steady-state hemoglobin concentration,
evidence of increased erythropoiesis such as a
markedly elevated reticulocyte count, and an
acutely enlarging spleen. ASSC has been
reported as early as 5 weeks of age (1) and in
adults (2), but in most cases the first episodes
in SCD-SS patients occur between 3 months
and 5 years of age. The attacks are often asso-
ciated with viral or bacterial infections. Acute
chest syndrome occurred in 20 percent in one
series (3). The usual clinical manifestations are
sudden weakness, pallor, tachycardia, tachyp-
nea, and abdominal fullness. ASSC has been
reported in 30 percent of children with sickle
cell anemia in Jamaica (3) and 7.5 percent 
of children seen at Duke University (4). In
Jamaica, the mortality rate for first attacks was
12 percent (5). Recurrent splenic sequestration
events are common, occurring in approximate-
ly 50 percent of those who survive the first
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increase the risk of invasive infection above
that of the patient with functional asplenia?
Does a partial splenectomy allow maintenance
of some splenic function? Does chronic trans-
fusion effectively restore splenic function? 
Does chronic transfusion maintain the spleen’s
potential for sequestration by delaying autoin-
farction?

Observation

Children who have ASSC are at risk for 
recurrent, potentially fatal episodes and 
should receive immediate medical attention.
Observation for adults is common because
episodes tend to be mild (8).

Chronic Transfusion

Rao and Gooden (9) treated 11 children with
subacute splenic sequestration with short-term
transfusion for 1 to 3 years. Seven patients had
recurrent sequestration when transfusions were
discontinued near 5 years of age and subse-
quently underwent splenectomy. There were
no deaths. The authors concluded that the
time gained from short-term transfusion ther-
apy was beneficial in reducing the risk of acute
sequestration and temporarily reversing splenic
dysfunction. In contrast, Kinney et al. (4)
compared short-term transfusion (n=12) with
observation (n=7) and immediate splenectomy
(n=4) in a group of 23 children with ASSC.
Despite a reduction in the concentration of
sickle hemoglobin (Hb S) to less than 30 per-
cent in the chronically transfused patients, 
the risk of recurrent sequestration appeared
unaffected by transfusion. Seven of 10 evalu-
able patients with chronic transfusion had
recurrences either during the transfusion period
or shortly after transfusion was discontinued;
4 of 7 patients who were observed had recur-
rences. Overall, splenectomy was performed in
61 percent of patients. The authors concluded
that short-term transfusion to prevent recurrent
splenic sequestration was of limited benefit. 
An intermediate recommendation came from

Grover and Wethers (10), who advised a year
or more of long-term transfusion therapy for
the child with ASSC under age 3 and prompt
splenectomy after the first episode of ASSC 
in the child 5 years of age or older.

Topley et al. (5) reported that one third of
patients with ASSC develop hypersplenism.
They noted that chronic transfusion may 
simply delay episodes of ASSC to a later age
and may not restore splenic function. In fact,
Rogers et al. (11) reported that pitted red cell
counts rose to asplenic levels after an episode
of ASSC and rarely, if ever, returned to values
compatible with normal splenic function.

Splenectomy

Powell et al. (8) described 12 patients with
ASSC. One patient died; 3 patients with
minor episodes had no recurrences, and 
8 patients had prompt splenectomy. The
researchers recommended splenectomy after
the first major episode of ASSC and reasoned
that removal of a poorly or nonfunctioning
spleen does not increase susceptibility to 
infections. Although chronic blood transfusion
can delay splenectomy and temporarily restore
splenic function, these advantages were
thought to be outweighed by the risks of
chronic blood administration. In addition,
Topley et al. (5) suggested that any child 
with a history of one classical episode of 
ASSC or a minor episode followed by the
development of sustained hypersplenism
should undergo splenectomy.

An analysis of 130 Jamaican patients with 
SCD-SS treated by splenectomy (46 for recur-
rent ASSC), and a control group matched for
sex, age, and duration of followup in a retro-
spective review by Wright et al. (12) found
that mortality and bacteremic episodes did not
differ between the splenectomy and control
groups. Painful events and acute chest syn-
drome were more common in the splenectomy
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group. The authors concluded that splenectomy
does not increase the risk of death or bac-
teremic illness in patients with SCD-SS and, 
if otherwise indicated, should not be deferred.

Partial splenectomy has been recommended
for children with recurrent ASSC as a means
of preventing further recurrence and retaining
splenic function (13,14). However, one
patient died of overwhelming sepsis when 
this approach was used (15).

EDUCATION

Emond et al. (3) describe a parental education
program in Jamaica to facilitate early diagnosis
of ASSC. The program, which involved more
than 300 children with SCD-SS, led to an
increase in the incidence of ASSC from 4.6 
to 11.3/100 patient-years, probably reflecting
increased awareness of the complication.
However, the mortality rate fell from 29.4/100
events to 3.1/100 events, a dramatic decline
resulting from improved medical management
and earlier detection.

RECOMMENDATIONS
All reports regarding the management of
ASSC (and chronic hypersplenism) were
descriptive, retrospective, and uncontrolled. 
Clinical evidence derived from controlled 
clinical trials is relatively weak. 

The following are current recommendations: 

■ Early education should be provided to 
parents of infants with SCD regarding pal-
pation of the spleen, symptoms of progres-
sive anemia, and appropriate action for
obtaining rapid evaluation and treatment.  

■ Patients who have a life-threatening
episode of ASSC that requires transfusion
support should have a splenectomy shortly
after the event or be placed on a chronic
transfusion program.

■ Alternatively, patients who have a severe
episode of ASSC and are below 2 years of
age should be placed in a chronic transfu-
sion program to keep Hb S levels below
30 percent until a splenectomy can be
considered after 2 years of age.  

■ Patients with chronic hypersplenism also
should be considered for splenectomy.  
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it may occur later in life. This dysfunction 
in urinary concentrating ability is frequently
associated with nocturia.

As a result of the inability to maximally 
concentrate the urine, patients with SCD 
are more susceptible than are normal individ-
uals to dehydration, a factor that often pre-
cipitates vaso-occlusive events. Patients with
SCD should therefore be encouraged to
drink liberal amounts of liquids in order to
compensate for the fluid loss that is brought
on by hyposthenuria.

TUBULE DYSFUNCTION
Defective urinary acidification also is well
described in SCD (3). Typically, however,
patients have normal aldosterone and renin
responses (4). The primary abnormality is 
an incomplete distal renal tubular acidosis
(RTA), and the severity of the acidification
defect is related, at least in part, to the 
severity of the hyposthenuria.

Defects in potassium excretion also are seen 
in SCD. Although not clinically apparent
under normal circumstances, hyperkalemia
does become manifest as overall renal function
deteriorates. In addition, even SCD patients
with normal renal function are at risk for
hyperkalemia following administration of
drugs such as ACE inhibitors, beta-blockers,
and potassium-sparing diuretics (2).

The kidney in patients with sickle cell disease
(SCD) exhibits numerous structural and func-
tional abnormalities, changes that are seen
along the entire length of the nephron. The
medullary region of the kidney is composed 
of renal tubules and medullary blood vessels
that are collectively referred to as the vasa recta
system. The environment of the renal medulla
is characterized by hypoxia, acidosis, and
hypertonicity. Because these conditions 
promote hemoglobin S (Hb S) polymerization
and red cell sickling, this area of the kidney 
is particularly susceptible to malfunction.
Microradioangiographic studies carried out 
on the kidneys of patients with SCD show 
significant loss of the vasa recta. Those few
medullary blood vessels that remain are
markedly dilated with a spiral configuration,
and appear to end blindly (1). Changes are
most marked in patients with homozygous
sickle cell anemia (SCD-SS), but are also seen
in those with compound heterozygous states 
(SCD-SC, thalassemia) and the sickle cell
trait. Table 1 summarizes renal abnormalities
associated with SCD.

HYPOSTHENURIA
Hyposthenuria, an inability to concentrate
urine maximally, is perhaps the most com-
mon renal abnormality in SCD (2). In indi-
viduals with SCD-SS, hyposthenuria typical-
ly becomes apparent during early childhood 
as enuresis, whereas in the other syndromes,



Table 1.  Summary of Renal Abnormalities in SCD

Renal Abnormality Comments

Abnormalities in distal nephron function
Hyposthenuria Not due to anemia
Impaired urinary acidification Incomplete distal tubular acidosis
Impaired potassium excretion Occurs despite normal renin/aldosterone

Supranormal proximal tubule function No pathological significance
Increased β-2-microglobulin reabsorption
Increased phosphate reabsorption
Increased uric acid secretion
Increased creatinine secretion

Hemodynamic changes Mediated by prostaglandins
Increased renal plasma flow
Increased glomerular filtration rate
Decreased filtration fraction

Hematuria Occurs in left kidney in 80 percent of cases

Renal medullary carcinoma Requires thorough workup of hematuria

Papillary necrosis Infrequently produces renal failure

Acute renal failure May be associated with rhabdomyolysis 

Urinary tract infection Especially in pregnant women

Glomerular abnormalities With older age or CAR βs-haplotype
Proteinuria
Nephrotic syndrome
Chronic renal failure
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Increased creatinine secretion causes a lower
serum creatinine level and thus an overestima-
tion of the glomerular filtration rate (GFR) 
in SCD-SS patients. Differences of up to 30
percent have been reported when creatinine
clearance is compared to inulin clearance (5).
The significance of this enhanced proximal
tubular function in the pharmacokinetics of
drugs in which tubular secretion is a major
pathway of elimination is uncertain (2).
Despite increased secretion of uric acid,
patients with SCD often have hyperuricemia
and are vulnerable to secondary gout.

HEMATURIA
Hematuria, a common renal abnormality in
SCD, appears to result from the Hb S poly-
merization and red cell sickling in the renal
medulla. It may be a manifestation of papillary
necrosis. In most cases, bleeding originates
from the left kidney; a small minority of
patients have bilateral kidney involvement (6).

The treatment of hematuria in SCD involves
bed rest, maintenance of a high urinary flow
documented by monitoring of intake and 
output, and, if blood loss is significant, iron
replacement and/or blood transfusion.
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Vasopressin and epsilon-amino caproic acid
(EACA) have both been used with variable
success (7,8). However, caution must be exer-
cised when using EACA as this antifibrinolytic
agent may predispose to the formation of 
clots that can obstruct the urinary collecting
system. If prolonged and life-threatening
bleeding is coming from one kidney, local
resection of the bleeding segment is preferred.
Unilateral nephrectomy is a last resort since
bleeding may recur from the other kidney.

Hematuria that occurs in SCD is not always 
a consequence of red cell sickling and papillary
necrosis. Other, nonsickling causes also should
be considered. For example, renal medullary
carcinoma in young subjects with SCD and
sickle cell trait (Hb AS) has been reported
(9,10). Therefore, a thorough evaluation is
recommended when hematuria is initially
found in individuals with SCD and Hb AS.

ACUTE RENAL FAILURE
Acute renal failure occurs as a component 
of the acute multiorgan failure syndrome
(AMOFS) in patients with SCD (11). This
syndrome is characterized by the sudden onset
of severe dysfunction of at least two major
organ systems (e.g., kidney, lung, liver) during
an acute painful vaso-occlusive episode in
patients with SCD. The pathophysiology 
of AMOFS appears to be due to diffuse, small
vessel occlusion, which in turn results in tissue
ischemia and organ dysfunction. The renal
failure in this syndrome also may be related 
to the accompanying rhabdomyolysis. Prompt
initiation of transfusion therapy or exchange
transfusion may reverse this syndrome.

GLOMERULAR ABNORMALITIES
AND CHRONIC RENAL FAILURE
Proteinuria, which can progress to the nephrot-
ic syndrome, is the most common manifesta-
tion of glomerular injury in SCD patients.
Moreover, as many as 40 percent of SCD-SS
patients with nephrotic syndrome may go 
on to develop end-stage renal disease (ESRD)
(12). Therefore, patients with persistent 
proteinuria should have a urine collection
obtained for the determination of 24-hour 
protein excretion, and a nephrology consulta-
tion should be requested for consideration of
other, nonsickling causes of proteinuria and 
possible renal biopsy.

ACE inhibitors ameliorate pathological
changes such as perihilar focal and segmental
glomerulosclerosis. They also decrease urinary
protein excretion in patients with early mani-
festations of sickle cell nephropathy (13).

Renal insufficiency occurs earlier in SCD-SS
patients than it does in SCD-SC patients (12).
Factors that appear to predict renal failure 
in SCD-SS patients include hypertension, 
proteinuria, increasingly severe anemia, and
hematuria (13). Finally, the risk of renal 
failure is increased in those SCD-SS patients
with the Central African Republic (CAR) 
βs-gene cluster haplotype.

As there is no proven treatment for sickle cell
nephropathy, every attempt should be made 
to slow its rate of progression. The amount of
proteinuria can be decreased by the adminis-
tration of ACE inhibitors, and it is conceivable
that the progression of sickle cell nephropathy
may be slowed by a prolonged course of these
drugs. Patients should avoid nonsteroidal anti-
inflammatory drugs (NSAIDs) because NSAIDs
have been shown to produce significant
declines in the rates of glomerular filtration and
renal blood flow in patients with SCD (5,14).



Chapter 19: Renal Abnormalities in Sickle Cell Disease

126

Effective control of blood pressure has been
reported to slow the progression of ESRD 
in patients with SCD; they should be treated
with standard approaches (15). Optimum 
target blood pressure has not been defined.
Because dehydration can precipitate vaso-
occlusive events, caution should be exercised
in the use of diuretic agents in an individual
with obligate hyposthenuria. 

Every effort must be made to avoid additional
renal damage due to urinary tract infection.
Infection must be recognized and treated 
vigorously. Followup should be maintained
longer than for patients without SCD.

Although erythropoietin levels are generally
high in steady-state SCD-SS patients, they are
not increased to the level that would be expect-
ed for the degree of anemia (16). One explana-
tion for the relatively decreased erythropoietin
levels is the right-shifted hemoglobin-oxygen
dissociation curve seen in SCD patients (17).
Erythropoietin levels in SCD patients fall still
further as renal function worsens, and these
patients may require substantially higher doses
of erythropoietin than are required for patients
with other forms of ESRD (18). If erythropoi-
etin is ineffective, transfusions can be given;
they must be done carefully, however, to avoid
volume overload (see chapter 25, Transfusion,
Iron Overload, and Chelation).

As with all patients who develop ESRD, SCD
patients can be treated with both hemodiaylsis
and peritoneal dialysis, and they can undergo
renal transplantation. Although early reports
suggested poor allograft survival and other dis-
ease-specific problems in SCD patients, others

have reported graft and patient survival rates
comparable to those of other nondiabetic
patients (19). A more recent study of renal
transplantation in SCD reported short-term
patient and allograft outcomes comparable 
to other age-matched African Americans.
However, there was a shorter cadaveric graft
survival and high risk of graft loss with longer
followup in the SCD patient group (20).
There was a trend toward improved survival 
in those SCD patients who received trans-
plants compared to those on chronic dialysis.

Although many SCD patients have done 
well after renal transplantation, several unique
complications have been described. Patients
may experience a resumption of frequent 
vaso-occlusive events which presumably are
related to an increase in whole blood viscosity
accompanying a higher hemoglobin level.
Renal infarction, a probable secondary conse-
quence of Hb S polymerization, cell sickling,
and vaso-occlusion, has been reported to 
occur as early as 6 days following transplanta-
tion (21). The reappearance of sickle cell
nephropathy in the donor kidney has also
been reported (22).

It is possible that the availability of new
immunosuppressive drugs may further
improve the outcome renal transplantation 
in SCD patients. Hydroxyurea is excreted by
the kidney and thus its use in patients with
renal failure requires careful monitoring. 
SCD patients receiving renal transplants may
benefit from exchange transfusion or even
from periodic phlebotomy, particularly when
hemoglobin levels are high.
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experienced priapism knew that it could be 
a complication of SCD (1). This information
prompted the authors to prepare a brochure
explaining priapism, which was distributed 
to all males and their families. Boys and young
men, as well as their families, need to know
that they should be prepared to seek medical
attention as soon as an episode begins and that
if untreated, priapism can result in impotence
in the future. The males should know that 
a full bladder can trigger priapism, and they
therefore need to urinate regularly. They also
should avoid prolonged sexual activity, which
can trigger an episode. If they have had 
more than one episode, medications can 
be prescribed that may prevent recurrences. 

EVALUATION AND TREATMENT
When evaluating a patient with priapism, the
physician or nurse should document the time
of onset of the episode as well as the presence
of any other inciting factors, such as trauma,
infections, or the use of drugs (e.g., cocaine,
alcohol, psychotropic agents, sildenafil, testos-
terone) (4-6). A careful physical examination
should reveal a hard penis with a soft glans.  

The goal of therapy is to ease pain, make the
erection go away, and preserve future erectile
function. If treatment is given within 4 to 6
hours, the erection can generally be reduced
with medication and conservative therapy.
Most of the articles in the literature concern
anecdotal reports and few randomized trials
are available. 

Priapism, defined as a sustained, painful, and
unwanted erection, is a well recognized com-
plication of sickle cell disease (SCD) (1-3).
According to one study, the mean age at
which priapism occurs is 12 years, and by the
age of 20, as many as 89 percent of males with
SCD will have experienced one or more
episodes of priapism (1). Priapism in males
with SCD is due to vaso-occlusion, which
causes obstruction of the venous drainage 
of the penis. Priapism can be classified as 
prolonged if it lasts for more than three hours
or stuttering if it lasts for more than a few
minutes but less than three hours and resolves
spontaneously; however, such stuttering
episodes may recur or develop into more pro-
longed events. Prolonged priapism is an emer-
gency that requires urologic consultation.
Recurrent episodes of priapism can result in
fibrosis and impotence, even when adequate
treatment is attempted. Currently, there is no
single standard of care for the treatment of
priapism; the information provided below 
represents current efforts with respect to the
treatment of this complication of SCD. 

PSYCHOSOCIAL AND 
COUNSELING ASPECTS 
OF PRIAPISM
Beginning in early boyhood, males need to
know that priapism is one aspect of SCD and
that this is not an event that should embarrass
them. One study found that only 7 percent 
of boys and men with SCD who had not
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ONSET OF PRIAPISM

Patients should be advised to drink extra 
fluids, use oral analgesics, and attempt to 
urinate as soon as priapism begins.

EPISODES LASTING MORE THAN
TWO HOURS

Patients should go to the emergency room to
receive intravenous hydration and parenteral
analgesia. According to one protocol (7), if
detumescence does not occur in 1 hour after
the patient has arrived in the emergency room,
penile aspiration is initiated (procedure should
be performed within 4 to 6 hours from onset
of priapism). The patient receives conscious
sedation and local anesthesia; blood is then
aspirated from the corpus cavernosum with 
a 23-gauge needle followed by irrigation of 
the corpora with a 1:1,000,000 solution of 
epinephrine in saline. In a prospective nonran-
domized unblinded study, this procedure was
successful in producing immediate detumes-
cence in 15 males on 37 of 39 occasions (7).
This study was performed in males who were
teenagers or younger and has not been validat-
ed in an older population. 

The concomitant use of automated red cell
exchange transfusions to reduce the sickle
hemoglobin (Hb S) level to less than 30 per-
cent can also be considered, especially if early
intervention with irrigation fails (8). It is
unclear if simple transfusion is equivalent 
to exchange transfusion. 

The clinical response to exchange transfusions 
is variable, and side-effects range from headaches
or seizures to obtundation requiring ventilatory
support. The association of SCD, priapism,

exchange transfusion, and neurological events
has been given the name ASPEN syndrome
(9). Recurrent priapism is strongly associated
with the development of impotence, therefore
some physicians transfuse patients as though
they were on a stroke protocol (maintenance 
of Hb S level below 30 percent). These pro-
grams should be limited in duration (6 to 12
months), and patients should be assessed often.

If there is recurrence despite aspiration and
local instillation of vaso-active drugs, shunting
may be considered. In this procedure, known
as the Winter procedure, a shunt is created
between the glans penis and the distal corpora
cavernosa with a Tru-cut biopsy needle; this
allows blood from the distended corpora cav-
ernosa to drain into the uninvolved corpus
spongiosa (10). A larger shunt can be created 
if this is not successful.

Additional medications used for reversal of
priapism have included α-agonists and β-ago-
nists such as terbutaline (11-13). Clinicians in
France and West Africa have used an α-agonist
(etilefrine) that can be injected by patients
into the cavernous sinus (12-13); however, 
this agent is not available in the United States.
None of these agents has been validated in 
a well-controlled trial and thus cannot be
endorsed at this time. 

Complications of priapism and treatment
include bleeding from the holes placed in the
penis as part of the aspiration or shunting 
procedures, infections, skin necrosis, damage
or strictures of the urethra, fistulas, and impo-
tence. If impotence persists for 12 months, 
the patient may wish to consider implantation
of a semirigid penile prosthesis (14). 
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PREVENTING FUTURE EPISODES

There are no large clinical studies document-
ing ways to prevent priapism. Some physicians
prescribe 30 mg of oral pseudoephedrine
at night as an attempt to prevent further
episodes in those who have had priapism and
have required aspiration and irrigation (7).
Injections of leuprolide, a gonadotropin-
releasing hormone analogue that suppresses
the hypothalamic-testicular axis and the pro-
duction of testosterone, also has also been
used with some degree of success as prophy-
laxis against further episodes (15). A small
(11 patients) double-blind, placebo-controlled
crossover study found that oral stilbestrol 
in doses of 5 mg daily for 3 to 4 days could
abort episodes of priapism and that much
smaller doses could prevent recurrence (16).
Although hydroxyurea may potentially be of
benefit (17), clinical studies to determine its
efficacy in preventing priapism have not been
performed.
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VASO-OCCLUSIVE EVENTS

METAPHYSEAL AND
DIAPHYSEAL INFARCTS

Bones and joints are major sites of pain in
vaso-occlusive events. It is hypothesized that
relative hypoxia in the sinusoids of the marrow
spaces predisposes to sickling and to thrombo-
sis. Sudden infarction causes acute symptoms
and signs that must be differentiated from
those of bacterial infection. Infarction may
occur in any bone, but common sites include
the spine, pelvis, and long bones. Vertebral
infarction may cause collapse of the end plates,
resulting in the so-called “codfish” vertebra.
The most common sites of involvement in the
long bones are the humerus, tibia, and femur
(in that order) (6). The distal segment is most
often involved. 

Local tenderness, warmth and swelling 
are common, as is impaired motion in 
the adjacent joints. In contrast to cases of
osteomyelitis, fever is usually absent or low-
grade, and the white blood cell differential
rarely demonstrates a left shift. Aspiration 
of the affected site yields negative cultures.
Radiographs are unremarkable in the acute
stage. Once healing and remodeling occur,
radiographs demonstrate patchy sclerosis 
and local thickening of the cortices (1). In
metaphyseal and diaphyseal infarcts of the
long bones, long term sequelae are minimal.
Because it may be difficult to differentiate
between acute infarction and acute

Musculoskeletal manifestations of sickle cell
disease (SCD) are common and may lead to
severe morbidity. Bone and joint involvement
result from three main causes: 1) bone marrow
hyperplasia, which causes distortion and
growth disturbance, particularly in the skull,
vertebrae, and long bones; 2) vaso-occlusive
events that lead to infarction of metaphyseal
and diaphyseal bone and to osteonecrosis of
juxta-articular bone; and 3) hematogenous 
bacterial infection that results in osteomyelitis
and septic arthritis.

BONE MARROW HYPERPLASIA
The chronic hemolytic anemia of SCD results
in erythroid hyperplasia. Cellular proliferation
in the marrow spaces results in bone deformi-
ties, most notably in the skull where trabecu-
lae may be oriented in a radial pattern (“hair
on-end”), and an increase in the distance
between the inner and outer tables of the
frontal bone, which results in “bossing” 
of the forehead. Growth disturbance in 
the maxilla may result in protrusion of the
incisors and an accentuated over-bite. In 
the long bones, osteopenia may predispose 
to pathologic fractures (1,2). Similar changes
occur in the vertebral bodies, and resulting
compression fractures may lead to flattening
and to kyphotic deformity of the spine (3).
Acetabular protrusion has been noted in one
or both hips of some patients with SCD and
is attributed to osteopenia associated with
marrow hyperplasia (4,5). 
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osteomyelitis (7), close followup examinations,
blood cultures, aspiration of the affected site,
and repeated white blood cell counts are appro-
priate until a diagnosis is firmly established.

DACTYLITIS, OR THE
“HAND-FOOT” SYNDROME

Dactylitis, or the “hand-foot” syndrome, is a
limited phenomenon that occurs in the hands
and feet of infants and young children. One to
four extremities may be involved at the same
time. The syndrome presents with pain in the
metacarpals, metatarsals, and phalanges of the
hands and feet. Swelling typically occurs over
the dorsum of the hands and feet, extending
into the fingers and toes. Radiographs eventual-
ly reveal periosteal elevation and a moth-eaten
appearance of involved bone (3). Symptoms
usually resolve in 1 to 4 weeks, and the condi-
tion results in no long-term sequelae (8). The
patient should receive analgesia and hydration,
and the parents should be given reassurance.
Transfusions, antibiotics and other measures
are usually not necessary. Although it is rare,
infection should be considered if conservative
management yields no benefit. At least one
study has indicated that an episode of dactyli-
tis within the first two years of life, particular-
ly in association with leukocytosis and severe
anemia, may predict severe manifestations of
SCD later in life (9). 

OSTEONECROSIS

Ischemic necrosis of juxta-articular bone arises
from thrombosis of the endarterial vessels and
often leads to painful destruction of the adja-
cent joint. The femoral and humeral heads 
are most often involved. Osteonecrosis of the
femoral head may occur in any of the genetic
variants of SCD, but is most prevalent in
patients with SCD-SS α-thalassemia (10). 
The mean age at diagnosis varies according 

to genotype; patients with SCD-SS α-tha-
lassemia present at 28 years of age, those with
SCD-SS present at age 36, and those with
SCD-SC present at age 40. The natural histo-
ry of symtomatic hip disease in SCD patients
who are treated conservatively varies with the
patient’s age. In skeletally immature patients
who are 12 years of age or younger, treatment
with analgesics, nonsteroidal anti-inflammatory
drugs, and protected weight-bearing usually
results in healing and remodeling of the
involved capital epiphysis, similar to what is
observed in Legg-Calve-Perthes disease (1,11).
This approach results in preservation of the
joint despite the persistence of deformity such
as coxa magna and coxa plana (1,12).

In contrast, conservative management of
osteonecrosis usually fails in patients in late
adolescence and in adulthood. Progressive flat-
tening and collapse of the femoral head results
in painful secondary degenerative arthritis.
The use of joint-preserving surgical procedures
such as core decompression and osteotomy 
has been reported anecdotally in sickle cell
patients who have precollapse femoral head
involvement (13). As yet, there have been 
no prospective, randomized studies in sickle
cell patients to critically assess the safety and
efficacy of such procedures.  

Hip arthroplasty is reserved for patients with
advanced disease who are severely sympto-
matic. Earlier studies have reported high rates
of early and late deep sepsis, mechanical loos-
ening of implants, and high reoperation rates
(14-18). In these studies, there was a high rate
of postoperative events, averaging 10 percent.
In more recent reports, patients have been
treated with newer surgical techniques, includ-
ing the use of cementless prostheses, and peri-
operative medical management has received
greater emphasis (19-21). These studies report
lower rates of infection, fewer risky reoperations,



135

and fewer salvage resection arthroplasties.
Despite these encouraging recent reports, 
most orthopedists continue to reserve pros-
thetic arthroplasty for those patients in whom
all other measures have failed to yield relief.  

Osteonecrosis of the humeral head occurs
commonly in SCD, especially in patients with
femoral head involvement (22). The prevalence
of humeral head osteonecrosis on radiographs
was 28 percent in one population of patients
(23); in another study, 48 percent of adults
with SCD-SS were found to have radiographic
abnormalities suggestive of healed and remod-
eled osteonecrotic lesions (24). Treatment of
symptomatic humeral head osteonecrosis is
similar to that described for femoral head
osteonecrosis, but because the forces on the
shoulder joint are smaller, morbidity is less
pronounced (25). 

HEMATOGENOUS INFECTION

OSTEOMYELITIS

Blood-borne bacteria may proliferate in the
sinusoids of the marrow spaces where flow 
is sluggish. Previously infarcted bone may 
provide a protected environment for bacterial
infection, and the likelihood of osteomyelitis 
may be increased further by a diminished
immune response in SCD. The prevalence 
of osteomyelitis may be rare or as high as 
61 percent in sickle cell populations (26,27).
The predisposition of sickle cell patients to
salmonella osteomyelitis is well known. 

As noted earlier, acute osteomyelitis must 
be differentiated from acute bone infarction.
Although acute bone “crisis” is much more
common, a high index of suspicion for
osteomyelitis is warranted. Local tenderness,
warmth, and swelling are present in both.
Fever is generally high in acute infection. 
The white blood cell count is often elevated 

in patients with SCD and further elevations
may be seen with infarcts and infection. A 
left shift in the differential is usually present 
in infection, but not in infarction. Positive 
blood cultures frequently accompany acute
osteomyelitis, and a positive culture from local
bone aspiration is diagnostic. Radiographs
rarely reveal bone changes early on, and the
only abnormality may be evidence of soft tis-
sue swelling. Radionuclide bone scans usually
do not differentiate infection from infarction
in the acute phase (6), but marrow scans may
be helpful (28). 

Surgical drainage is the primary treatment
once the diagnosis is made. Intravenous thera-
py with antibiotics, chosen according to the
sensitivity of the organism, is carried out for 
2 to 6 weeks, depending upon the nature and
extent of the infection.  Protected weight-
bearing and bracing are sometimes required
when there is significant bone destruction.
Chronic undiagnosed infections may involve
bone extensively, resulting in the formation of
a so-called “bone within a bone” radiographic
appearance, reflecting the presence of a shell of
periosteal new bone (involucrum) surrounding
a core of dead bone (sequestrum).

SEPTIC ARTHRITIS

Septic arthritis, like osteomyelitis, may 
result from hematogenous spread of bacteria
or, alternatively, from direct spread from 
a contiguous focus of osteomyelitis. Severe
pain, tenderness, joint swelling, local warmth,
and marked limitation of motion are charac-
teristic findings. 

Septic arthritis must be differentiated from
other types of arthropathy including synovial
infarction, synovitis associated with adjacent
osteonecrosis, and nonspecific synovitis, which
is usually self-limited and rarely progresses to
chondrolysis (29). The use of radiography and
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magnetic resonance imaging (MRI) in 
diagnosis of symptomatic joints is confined 
to identifying other causes of arthropathy 
once infection is ruled out by aspiration.
Surgical drainage remains the surest means 
of completely evacuating exudates and break-
ing up loculations that may predispose to 
persistent infection and articular cartilage
destruction. Intravenous antibiotics are
administered, and short-term joint immobi-
lization is carried out, followed by range-of-
motion exercises. Re-aspiration of the joint
confirms adequate suppression of the infection. 

IMAGING MODALITIES 
IN BONES AND JOINTS
Plain radiography is useful in defining estab-
lished changes of infection, infarction, and
osteomyelitis. However, it is of little or no 
use in diagnosing acute infection or infarction.
Radiography depicts the bone abnormalities
associated with marrow hyperplasia and those
later adaptive changes that result both from
remodeling and from growth disturbances. 

Radionuclide bone imaging is nonspecific 
and therefore of limited value in differentiating
infection from infarction. However, radionu-
clide marrow imaging has been shown to 
be useful because it has a high likelihood 
of depicting diminished uptake in infarction
and normal uptake in infection (28). 

Ultrasound and MRI have been shown to 
be useful in the diagnosis of acute conditions.
Ultrasound can be used in depicting soft 
tissue conditions such as abscess, particularly
when MRI is not available (30). MRI has 
been shown to depict the early changes of
osteonecrosis (31) and acute bone and joint
abnormalities in children (32). 
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the neighboring skin appears to be healthy, but
as the ulcer persists, the surrounding skin shows
hyperpigmentation with loss of subcutaneous
fat and hair follicles. These ulcers can be very
painful and often are accompanied by reactive
cellulitis and regional (inguinal) adenitis.

A general physical examination should search
for other causes of leg ulcers such as varicose
veins, diabetes mellitus, and collagen vascular
disease. Before therapy, a radiograph of the 
leg is performed to rule out osteomyelitis,
which is rare, even though periosteal thicken-
ing is common.

TREATMENT
The number of well controlled trials for treat-
ment of leg ulcers is small, the number of
patients in most of them is too low, and there
have been almost no confirmatory studies.
Methods considered to be effective in more
common conditions (burns, venous stasis, and
diabetic ulcers) have been used, but evidence
of efficacy is often absent. In most cases, the
patient’s history has been used as his control
in a condition notorious for unexplained
remissions and relapses. Thus, most evidence
is relatively weak.

There have been many proposed treatments,
including topical honey or topical granulocyte
macrophage-colony stimulating factor (GM-
CSF), zinc oxide impregnated dressings (Unna
boots), various types of natural dressings (such
as lyophilized pig skin), synthetic matrices (2)

Between 10 and 20 percent of patients with
sickle cell disease (SCD) due to a homozygous
hemoglobin S (Hb S) genotype (SCD-SS)
develop painful, disfiguring, and indolent leg
ulcers. The ulcers usually appear between ages
10 and 50 years and are seen more frequently
in males than in females. Leg ulcers are rare 
in individuals with SCD-SC, SCD-S β+-tha-
lassemia, and patients under 10 years of age,
but occur in other hemolytic anemias, such 
as thalassemia major. In the United States,
SCD is the main hemoglobinopathy that 
causes leg ulcers.

PATHOLOGIC MECHANISMS
The etiology of leg ulcers is unclear. In sickle
cell anemia, poorly deformable red cells may
cause hypoxia and infarction of distal ankle
skin, which can be ameliorated by increased
fetal hemoglobin (1). Trauma, infection, severe
anemia, and warmer temperatures also may
predispose to ulcer formation. Decreased
blood flow after the ulcer has healed often
results in recurrence.

CLINICAL FINDINGS
Sickle cell ulcers usually begin as small, elevat-
ed, crusting sores on the lower third of the 
leg, over the medial or lateral malleolus of the
ankle. Occasionally, ulcers are seen over the
tibia or the dorsum of the foot. They can be
single or multiple. Some heal rapidly, others
persist for years, and others heal only to recur
in the area of scarred tissue. In the early phase,



Chapter 22: Leg Ulcers

140

that foster healing, full-thickness skin flaps
attached with microsurgical techniques, 
parenteral erythropoietin, and intravenous
antithrombin III concentrate. Localized infec-
tion is an invariant feature (3), and proposed
approaches range from acetic acid wet-to-dry
dressings to gentle surgical debridement to
systemic antibiotics. Anemia is, of course, 
a problem; most therapeutic regimens involve
transfusion to raise the patient’s hemoglobin
concentration, and some more aggressive 
programs attempt to dilute sickle cells below
some arbitrary limit, as in treatment and 
prevention of stroke.

There are no published trials of various types
of conventional therapy, no reports that assess
the efficacy of transfusion, and no reports 
that compare skin grafting with conventional
therapy aside from comparisons of pretreat-
ment and posttreatment courses in individual
patients. Particularly when evaluating surgical
regimens, it is important to remember that
ulcers heal with bed rest alone, and that rela-
tively prolonged bed rest is often part of post-
grafting regimens.

Any treatment for a chronic condition that
causes many patients to be economically 
disadvantaged must be practical and cost-
effective. Complete bed rest for weeks may 
be effective, but it is not practical; moderately
expensive dressings used for an outpatient
might be cost-effective, but inpatient therapy
probably is not (4). Issues of cost and practi-
cality are not considered in the following
review of several controlled trials, but they
underlie any choice of treatment.

Most of the controlled trials were carried out
by Serjeant and coworkers in Jamaica (5),
where the frequency of ankle ulcers is very
high and their etiology is complex. In the first
trial, 29 patients received either zinc sulfate or
placebo for 6 months in addition to wound

care; 13 cases in the zinc group improved,
compared to 8 in the placebo group. No sta-
tistical analysis of the difference was reported.
Later, topical antibiotic spray was compared 
to sodium chloride solution in 28 patients (6);
6 of the control patients were taking oral zinc
sulfate. For ulcers of the same initial size,
those treated with the topical antibiotic were
66 percent smaller (p<0.05) after 8 weeks. 
A later trial compared Solcoseryl, Duoderm,
and conventional therapy (7); patients did not
tolerate Duoderm, and results with Solcoseryl
were not significantly different from conven-
tional therapy.

Perhaps the most useful but frustrating con-
trolled trial of treatment for ankle ulcers was
that of Wethers and coworkers (2). Fifty-five
patients with chronic nonhealing ulcers were
randomized to treatment with or without a 
gel composed of an arginine-glycine-aspartate
(RGD) peptide (a binding site for integrins 
on cell surfaces) and sodium hyaluronate for
cell attachment. Healing was accelerated in
patients treated with the RGD peptide matrix
(p=0.0085), and the gel was as effective in
ulcers of long duration as it was in those of
shorter duration. Although the study appears
to have been well designed, the manufacturer
of the RGD matrix for clinical use is defunct,
and the compound is no longer available.

SUMMARY
Studies to prove the efficacy of treatment of
leg ulcers are difficult to perform. One reason
is that healing depends on blood circulation,
and the cumulative time of bed rest and leg
elevation is not easily monitored. In addition,
the variable extent of wound debridement is
difficult to quantify, and a short period of
dependency could erase any gains made in 
the previous period. Thus, no treatments 
have been proven to work well or consistently.
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Stated differently, the “strength of evidence”
that any available treatment except bed rest
and wound cleansing is really effective is not
good, a conclusion similar to that of a recently
published comprehensive review (3).

Since the one apparently effective compound 
is unavailable, practice is empirical, rather than
based on firm evidence. Outpatient treatment 
is cheaper than hospitalization and can be
achieved with intermittent clinic visits for
supervision. Some patients will be unable to
follow medical advice if they cannot stay off
their feet because of employment or domestic
duties, afford to buy dressings, or follow
instructions on how to change dressings. 
In such cases, considerable ingenuity on the
part of the physician or nurse may be needed.
The caregiver can provide encouragement 
and understanding, which can help the patient
accept the long duration of treatment.

RECOMMENDATIONS
Ankle ulcers are painful, and the patient
should be given moderately potent analgesics
such as oxycodone. Bed rest and elevation of
the leg to reduce edema are useful, though not
always practical. Wet-to-dry dressings, even 
if applied only 2 or 3 times a day, can provide
gentle debridement; cooperation of patients
increases when they are permitted to dampen
the dressing slightly before removal, since it 
is a painful process. Oral zinc sulfate (200 mg
3 times a day) probably does no harm if it does
not cause nausea, and may be worth using.

Ankle ulcers are always colonized with patho-
genic bacteria, usually Pseudomonas aeruginosa,
Staphylococcus aureus, and/or Streptococcus
species (8), and sometimes the ulcers are
acutely infected. The infection also can be 
systemic. In the colonized patient, topical
antiseptics (dressings soaked with dilute acetic
acid, silver sulfadiazine cream, etc.) may be

helpful, but topical antibiotics invite growth
of treatment-resistant strains and should be
avoided. In acutely infected patients, vigorous
systemic antibiotic therapy is indicated.
Periosteal thickening is usually present beneath
the ulcer, but osteomyelitis is unusual.

After pain and swelling have subsided, the use
of Unna boots can be helpful. Patients can be
taught to change the dressing themselves, and
must be instructed to remove it promptly if
swelling recurs. Patients need to know before 
a boot is first applied that a shoe may no
longer fit when the boot is in place, and a
loose sneaker or sandal may fit more easily. 
If there is much exudate, the boot may need 
to be changed 2 or 3 times a week; as ulcers
improve, weekly changes are sufficient. The
ulcer size should be measured at every clinic
visit; seeing the dimensions shrink can provide
encouragement to the patient.

Some ulcers will not heal. Rigorous studies
have not been done to assess the utility of
transfusions for treating leg ulcers (see chapter
25, Transfusion, Iron Overload, and Chelation),
but the ulcers seem to correlate with degree 
of anemia, which suggests transfusions may
help. They should be considered for recalci-
trant or recurrent skin ulcers if conservative
therapy fails. If transfusions are used, they
probably should be continued for 3 to 6
months. There is no evidence that a specified
posttransfusion hemoglobin concentration 
or percentage of sickle cells is better than
another, but a hemoglobin concentration
above 10 g/dL with Hb S levels less than 
50 percent can be achieved. 

More complete bed rest, systemic antibiotics,
transfusions, and skin grafts sometimes help.
If split thickness or pinch grafts are to be used,
preoperative preparation of the ulcer bed is
probably quite important. Quantitative bacter-
ial cultures of biopsies of the bed and margin
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are advocated by some (9) but not all (10) 
surgeons as a guide to the time for surgery.
Microsurgical attachment of myocutaneous
flaps may sometimes succeed when all else 
fails (11), but this rather heroic procedure 
is not always successful (12).

Because leg ulcers are less common in patients
with high fetal hemoglobin (Hb F) levels, it
would seem logical to try to raise Hb F con-
centrations. Intravenous arginine butyrate
infusions have been reported to cause rapid
healing of ankle ulcers (13). Hydroxyurea is
not a good choice because it appears to cause
leg ulcers in patients with myeloproliferative
disease (14).
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IMPACT OF HYDROXYUREA 
ON PREGNANCY
Women and men who are taking hydroxyurea
should use contraceptive methods and discon-
tinue the drug if they plan to conceive a child,
since hydroxyurea has been shown to be ter-
atogenic in animal models. If conception acci-
dentally occurs when either partner is taking
hydroxurea, the couple should be told that
there is a paucity of information on which 
to determine the effect of hydroxyurea on the
fetus. However, in the 14 or 15 cases in which
hydroxyurea was taken throughout pregnancy,
no fetal malformations occurred (3,4).

MANAGEMENT OF PREGNANCY 

PRENATAL CARE

The prenatal assessment visit serves to provide
counseling and outline continued care for the
duration of the pregnancy. The primary focus
is to identify maternal risks for low birth
weight, preterm delivery, and genetic risks for
fetal abnormalities. At this time, the physician
reviews and discusses the behavior and social
patterns that place the patient at risk for sexu-
ally transmitted diseases, illicit drug use, alco-
hol and tobacco use, and physical abuse.

A history of previous cesarean section and
uterine curettage should be obtained at prena-
tal evaluation because of the correlation of the
occurrence of placenta previa in patients with

In a large multicenter observational study 
(1), the most common complication during
pregnancy for women with sickle cell disease
(SCD) was hypertension (table 1). A high per-
centage of the pregnancies resulted in preterm
deliveries and infants that were small for gesta-
tional age. Pain episodes were not increased
during pregnancy, and of the pregnancies car-
ried to 28 weeks gestation, 99 percent resulted
in live deliveries. This study demonstrated that
pregnancy is not contraindicated for women
with SCD. However, prenatal care for women
with SCD should be managed by a multidisci-
plinary team that includes an obstetrician,
nutritionist, primary care physician, and 
hematologist. The team must decide who will
be responsible for each aspect of the patient’s
care. Close monitoring, combined with
prompt diagnosis and aggressive treatment 
of complications during the prenatal and
neonatal period by a multidisciplinary team,
will contribute to better outcomes.

CONTRACEPTION
Oral contraceptives, contraceptive agents
administered intramuscularly, and barrier
methods are all acceptable choices for women
with SCD. Few studies have evaluated oral
contraceptives in this population; however,
there is no evidence of adverse effects (2).
Intrauterine devices are not optimal, since they
may be associated with uterine bleeding and
infection, regardless of the presence of SCD.
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previous uterine surgery. Adequate nutritional
assessment and the avoidance of precipitating
factors that cause painful events should be out-
lined with this initial visit as well as all subse-
quent visits. The patient’s prepregnant weight,
height, and optimal weight gain in pregnancy
will be recorded. Physical exam should also
include determination of splenic size.

Initial comprehensive laboratory studies
include complete blood count with a reticulo-
cyte index, hemoglobin electrophoresis, serum
iron, total iron binding capacity (TIBC), 
ferritin levels, liver function tests, urine exami-
nation and culture, electrolytes, blood urea
nitrogen (BUN), creatinine, blood type and
group, red cell antibody screen, and measure-
ment of antibodies to hepatitis A, B, and C, 
as well as to HIV. Rubella antibody titre,

tuberculin skin test, Pap smear, cervical 
smear, and gonococcus culture and screening
for other sexually transmitted diseases, and 
bacterial vaginosis also should be performed. 

Hepatitis vaccine should be administered
when appropriate for patients who are nega-
tive for hepatitis B. If asymptomatic bacteri-
uria is found, the patient should receive
antibiotics in order to prevent urinary tract
infection and pyelonephritis.

Return visits are recommended 2 weeks after
the initial visit. Low-risk patients are sched-
uled for monthly visits until the second
trimester, when they should be seen every 
two weeks; in the third trimester, they should
be seen every week. 

Table 1. Complications of Pregnancy in Women With Sickle Cell Disease

Maternal Incidence (%) Fetal Incidence (%)

Preeclampsia 14 Miscarriages 6

Eclampsia 1 Stillbirth 1

Pyelonephritis <1 Small for gestational age 21
(<10th percentile) 

Placenta previa 1
Premature 27

Rupture of membranes 6
(<37 weeks at birth) 

Premature labor 9

Acute anemic event 3
(decrease in hemoglobin
levels by 30 percent of 
baseline)

Maternal mortality 0.45

Data are based on a study of 445 pregnancies in 297 women (predominantly in women with SCD-SS) recorded 
between 1979 and 1986 at 19 centers participating in the Cooperative Study of Sickle Cell Disease (1).
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RECOGNITION OF PREGNANCY-INDUCED
HYPERTENSION AND DIABETES

For women with SCD, preeclampsia and
severe anemia have been identified as risk 
factors for delivering infants that are small for
their gestational age (1). In the study summa-
rized in table 1, the incidence of preeclampsia
(defined as blood pressure >140/90 mmHg,
proteinuria of >300 mg/2 hours, and patho-
logic edema), and eclampsia (seizures in addi-
tion to features of preeclampsia) in pregnant
women with SCD was 15 percent (1). The
mechanisms for the high incidence of hyper-
tension in this patient population remain
unclear; multiple factors such as placental
ischemia and endothelial injury have been
implicated. Other known risk factors for
preeclampsia, even in women without SCD,
are nulliparity, a history of renal disease or
hypertension, multiple gestation, and diabetes.

Pregnant women with SCD should be
observed closely if blood pressure rises above
125/75 mmHg, if the systolic blood pressure
increases by 30 mmHg, or diastolic blood
pressure increases by 15 mmHg, in association
with edema and proteinuria in the second
trimester. Preeclampsia, which requires 
frequent monitoring, can be treated with 
bed rest at home or in the hospital, if needed.
If preeclampsia is worsening, delivery of the
fetus may be required if the gestational age is
greater than 32 weeks. Expedited delivery is
recommended for uncontrolled hypertension.

INDICATIONS FOR BLOOD
TRANSFUSION DURING PREGNANCY

The role of prophylactic transfusions in preg-
nancy is controversial. One randomized trial
(5) and a retrospective study (6) concluded
that routine prophylactic transfusions from
the onset of pregnancy do not alter the out-
come for the fetus or mother. However, one

additional study, also retrospective in nature,
concluded that prophylactic transfusions, if
initiated at about 20 weeks, may be beneficial
(7). A realistic approach may be to avoid rou-
tine prophylactic transfusions for uncompli-
cated pregnancies but to consider initiation 
of transfusions for women who have complica-
tions such as preeclampsia, severe anemia, 
or increasing frequency of pain episodes (8).
Women who have had previous pregnancy
losses or who have multiple gestations may
benefit from the early use of transfusions to
maintain a hemoglobin level above 9 g/dL (8).

Women should receive leukoreduced packed
red blood cells that have been phenotyped for
major and minor antigens. If the primary goal
of transfusions is to reduce the percent of sick-
le hemoglobin (Hb S), and the hemoglobin
level is high, one approach is to remove 500
mL of whole blood and transfuse 2 units of
packed red blood cells. This procedure can 
be done manually or by automated methods
to obtain a posttransfusion hemoglobin level
ranging between 10 and 11 g/dL and to reduce
the percentage of Hb S to between 30 and 40
percent of the total hemoglobin concentration. 

SICKLE CELL-RELATED EVENTS
DURING PREGNANCY

The clinical problems of SCD, such as new-
onset seizures, hepatopathy, acute anemia, and
painful episodes should be evaluated and man-
aged for pregnant women in the same fashion
as for women who are not pregnant.

The frequency of previous acute vaso-occlusive
painful events is usually predictive of the events
during pregnancy, although some patients 
may experience an increased frequency of 
pain episodes (9,10). Patients with a chronic
pain syndrome should be identified; they 
may benefit from an individualized care plan.
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INTERRUPTION OF PREGNANCY
If interruption of pregnancy is considered at
less than 13 weeks, analgesia rather than anes-
thesia is usually all that is required for suction
curettage. Beyond 13 weeks, hypertonic urea
solutions are injected into the uterus and con-
tractions are stimulated with prostaglandin F2.
Hypertonic sodium chloride should not be
injected because it can cause sickling. Rh-neg-
ative women should receive Rh immunoglob-
ulin after therapeutic or spontaneous abortion.
Newer methods for medical termination of
pregnancy are available, but their use has not
been extensively described in women with
SCD (11).

LABOR, DELIVERY, POSTPARTUM
CARE, AND COUNSELING
Cardiac function can be compromised because
of chronic hypoxemia and anemia. During
labor, fetal monitoring is useful to detect fetal
distress, which can trigger prompt delivery by
cesarean section. If surgery appears imminent,
simple transfusion or rapid exchange transfu-
sion can be of benefit depending on the base-
line hemoglobin levels. The postpartum
patient may require transfusion if she has
undergone extensive blood loss during parturi-
tion. Venous thromboembolism can also com-
plicate the postpartum course. To prevent this,
early ambulation is initiated. 

Counseling is also an important component 
of postpartum care. Results of the screen for
SCD in the infant should be made available 
to the mother and father, as well as to the
pediatrician. Contraception and plans for
future pregnancies also should be discussed. If 
a woman is considering no future pregnancies,
she can receive preliminary counseling about
tubal ligation for permanent birth control.
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study of aggressive (exchange) versus simple
transfusion in SCD-SS patients, with both
treatments performed to achieve a hemoglobin
level of 10 g/dL. The authors found no differ-
ence in complication rates. The protocol speci-
fied a minimum of “8 hours of preoperative
hydration, with intraoperative monitoring 
of temperature, blood pressure, electrocardio-
graphic features, and oxygenation.” Postoper-
ative care included the administration of 
oxygen, intravenous hydration, monitoring
with pulse oximetry, and respiratory therapy.
These guidelines are now generally accepted 
as the standard of perioperative care.

Koshy et al. (8), reporting for the Cooperative
Study of Sickle Cell Disease on 717 patients
with SCD-SS, SCD-SC, SCD-S βo-thalassemia,
and SCD-S β+-thalassemia, reported no deaths
in patients under the age of 14 (42 percent 
of the population was under the age of 20).
This nonrandomized study also showed that
postoperative complications increased with
age, with an “estimated odds ratio 1.3 times
increased risk of postoperative complications
per ten years of age, p<0.0001.” Furthermore,
SCD-related complications were more com-
mon in those who received regional compared
with general anesthesia and preoperative trans-
fusion resulted in a lower complication rate for
those undergoing low-risk surgery (p=0.006).

Preoperative transfusions were beneficial for
SCD-SC patients undergoing any risk level 
of surgery (p=0.009) (8). Neumayer et al. (9),
reporting on SCD-SC patients in the same

Patients with sickle cell disease (SCD) may
require surgery for complications such as asep-
tic necrosis or cholelithiasis, or for conditions
unrelated to SCD. Multiple authors (1-5) have
reported that the risk of morbidity and mor-
tality in these patients is greater than in the
general population because of anemia, the
propensity for red blood cells to sickle and
obstruct the microvasculature, the presence of
chronic organ damage in some patients, the
risks of hypoxia, and the effects of asplenia.
Risks have been said to be greater for patients
with SCD-SS or SCD-S βo-thalassemia.
Various suggestions for risk reduction have
been made, including correction of anemia by
simple or exchange transfusion, attention to
hydration and oxygenation, postoperative res-
piratory care, and selection of less aggressive or
extensive surgical procedures. It also has been
suggested (6) that patients undergoing minor 
surgical procedures (excluding tonsillectomy
and adenoidectomy) may not require transfu-
sion if special attention is paid to oxygenation
and acid-base status. Several recent reports 
of larger series have begun to quantify the
magnitude of risks and provide some guidance
for management (7-9). 

SUMMARY OF THE 
STATE OF THE ART 
Two reports published in 1995 and one in
1998 have added greatly to our understanding
of the magnitude of risk and the management
of surgery in SCD patients. Vichinsky et al.
(7) reported on a multicenter randomized
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study reported by Vichinsky (7), observed that
“in patients undergoing intraabdominal proce-
dures, the incidence of sickle-related complica-
tions was significantly higher in those SC
patients not transfused prior to their surgery.”
In this study, 60 percent of the patients trans-
fused underwent exchange transfusion. 

Anecdotal data from all three studies suggests
that tonsillectomy and adenoidectomy should
not be considered low-risk procedures. The 
latter procedure, which is often associated
with blood loss, fluid loss, and inability 
to take oral hydration, appears to be more
serious for persons with sickle cell syndromes
than for other individuals.

Outcome data from the three studies are 
summarized in table 1. While some variation
exists in the incidence of acute chest syn-
drome and the infection/fever complications,
possibly due to differences in definitions, the
incidences of sickle cell pain, cerebrovascular
accident, and death are similar, lending validi-
ty to the management principles described in
the three studies.

RECOMMENDATIONS
■ Make sure the operating and anesthesia

teams are aware of the diagnosis of a 
sickle cell syndrome and the need for 
special attention.

■ In patients with SCD-SS and SCD-S 
βo-thalassemia, simple transfusion to
achieve a hemoglobin of 10 g/dL should
be performed before all but the lowest-
risk procedures.  

■ For patients with SCD-SC, exchange
transfusions may be needed to avoid com-
plications associated with hyperviscosity.

■ Alloimmunization should be minimized
by giving antigen-matched blood
(matched K, C, E, S, Fy, and Jk antigens). 

■ Patients with SCD, regardless of genotype,
should all receive careful attention, with
preoperative monitoring of intake and
output, hematocrit, peripheral perfusion,
and oxygenation status.

■ Intraoperative monitoring of blood 
pressure, cardiac rhythm and rate, and
oxygenation should be conducted for 
all surgical procedures. 

■ Postoperative care should include attention
to hydration, oxygen administration with
careful monitoring, and respiratory therapy.
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Table 1.  Outcome of Surgery in Patients With Sickle Cell Disease Who Received Perioperative Transfusions

Postoperative Complications (%) 

Ref. Yrs Hb Ages No. of Surgical ACS Pain CVA Infection Death
Procedures /Renal /Fever

Koshy
et al. (8) 1978-88 SS* 0-59 650 2.2 3.5 0.15 4.3 0.46 

Vichinsky
et al. (7) 1988-93 SS* All 604 10.0 5.0 >2.0 6.0 >0.5

Koshy
et al. (8) 1978-88 SC 0-62 81 0.0 2.5 0.0 20.0 0.0

Neumayr
et al. (9) 1988-93 SC** All 92 5.0 3.0 not 9.0            2.0**

reported

ACS = acute chest syndrome.
* Data include SCD-S βo-thalassemia patients. 
** Data include at least one SCD-S β+-thalassemia patient.
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EPISODIC TRANSFUSIONS

MANAGEMENT OF SEVERE ANEMIA

In severely anemic patients, simple transfusions
should be used without removal of any blood
from the patient. The most common causes 
of acute anemia are acute splenic sequestration
(described in chapter 18, Splenic Sequestration)
and transient red cell aplasia (see chapter 12,
Transient Red Cell Aplasia). A third form of
acute anemia, called hyperhemolysis, is associ-
ated with infection (see chapter 11, Infection),
acute chest syndrome (see chapter 16, Acute
Chest Syndrome and Other Pulmonary
Complications), and particularly, malaria. 

In patients hospitalized for pain episodes and
other events, the Hb concentration may fall
well below the admission value. If the patient
is stable and the reticulocyte count high 
(>20 percent or >250,000/µL), transfusions
can be deferred. In general, patients should 
be transfused if there is sufficient physiological
derangement to result in heart failure, dyspnea,
hypotension, or marked fatigue. Such symp-
toms tend to occur during an acute illness
when hemoglobin falls under 5 g/dL. Patients
with an acute event associated with falling
hemoglobin can die suddenly from cardiovas-
cular collapse and should be monitored closely.

Used correctly, transfusion can prevent organ
damage and save the lives of sickle cell disease
(SCD) patients. Used unwisely, transfusion
therapy can result in serious complications.
The choice of several methods, such as simple
transfusion, partial exchange transfusion, and
erythrocytapheresis, depends on the specific
requirements of the patient. Except in severe
anemia, exchange transfusion offers many 
benefits and should be made available.

Once a decision is made to transfuse, the type
of red cells to be given is specified and goals
are set for the final posttransfusion hematocrit
and percent sickle hemoglobin (Hb S) desired.
In general, phenotypically matched, sickle-
negative, leukodepleted packed cells are the
blood product of choice, and a posttransfusion
hematocrit of 36 percent or less is recommend-
ed, since a higher value theoretically causes
hyperviscosity, which is dangerous to sickle
cell patients. A comprehensive transfusion
protocol should include accurate records of
the patient’s red cell phenotype, alloimmuni-
zation history, number of units received, serial
Hb S percentages, and results of monitoring
for infectious diseases and iron overload. 

Transfusions are used to raise the oxygen-
carrying capacity of blood and decrease the
proportion of sickle red cells. Clinically, they
will improve microvascular perfusion of tissues.
Transfusions usually fall into two categories:
episodic, acute transfusions to stabilize or reverse
complications, and long-term, prophylactic
transfusions to prevent future complications (1). 
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MANAGEMENT OF SUDDEN
SEVERE ILLNESS

Leading causes of death in SCD, such as 
acute chest syndrome (see chapter 16, Acute
Chest Syndrome and Other Pulmonary
Complications), stroke (see chapter 13, 
Stroke and Central Nervous System Disease),
sepsis, and acute multiorgan failure often are
accompanied by a falling hemoglobin level. 
Transfusions can improve tissue oxygenation
and perfusion and are indicated in seriously ill
patients to potentially limit areas of vaso-occlu-
sion. Controlled clinical trials to evaluate trans-
fusions in most life-threatening situations have
not been performed, so medical practice is
based mainly on clinical observations. However,
limited studies indicate that aggressive transfu-
sion regimens may improve recovery of organ
function and survival in instances of acute 
multiorgan failure (2). In general, the goal is 
to maintain a Hb S level below 30 percent. 

PREPARATION FOR
GENERAL ANESTHESIA

A multi-institution study recently compared
perioperative complications among sickle cell
patients undergoing major surgery (e.g., chole-
cystectomy) (3). Patients were randomized 
to an aggressive transfusion arm (to decrease 
Hb S to below 30 percent) or a conservative
transfusion arm (with Hb S at about 60 per-
cent, total Hb corrected to 10 g/dL). The
groups also were compared to patients who
did not receive any perioperative transfusions.
Complications occurred in all groups but were
substantially more frequent in nontransfused
patients. There was no difference between 
the conservatively and aggressively transfused
patients with respect to perioperative complica-
tions; however, the latter group had a higher
alloimmunization rate. 

Thus, there is good evidence to recommend
that sickle cell patients be transfused before
major surgery. Anemia should be corrected 
to a Hb concentration of about 10 g/dL and
the Hb S level should be approximately 60
percent or lower. Although practice guidelines
have not been established, it is generally
acceptable to omit preoperative transfusions 
in healthy SCD-SC patients and stable SCD-
SS patients who undergo minor surgery (see
chapter 24, Anesthesia and Surgery).

CHRONIC TRANSFUSION
THERAPY 
Chronic transfusion therapy is indicated 
when avoidance of potentially serious medical
complications justifies the risks of alloimmu-
nization, infection, and iron overload (4,5).
The goal is to maintain the Hb S level
between 30 and 50 percent, depending on 
the specific problem. Transfusions are usually
repeated every 3 or 4 weeks. While simple
transfusions may be used, red cell pheresis 
or exchange transfusions may help to decrease
the risk of iron overload (6).

Chronic transfusion therapy may be warranted
for the primary prevention of stroke and 
prevention of stroke recurrence (see chapter
13, Stroke and Central Nervous System
Disease). It may also be used to treat chronic
debilitating pain (see chapter 10, Pain), pul-
monary hypertension (see chapter 16, Acute
Chest Syndrome and Other Pulmonary
Complications), and anemia associated with
chronic renal failure (see chapter 19, Renal
Abnormalities in Sickle Cell Disease). In
patients with chronic heart failure, transfusion
therapy may assist cardiac treatments and
improve quality of life (see chapter 15,
Cardiovascular Manifestations).
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CONTROVERSIAL INDICATIONS
Transfusions are sometimes suggested for con-
ditions in which efficacy is unproven, but may
be considered under extreme circumstances 
as described in chapter 20, Priapism; chapter
22, Leg Ulcers; and chapter 23, Contraception
and Pregnancy. 

PREPARATION FOR INFUSION
OF CONTRAST MEDIA

In the past, sickle cell patients were at increased
risk of sickling when given hypertonic contrast
media for radiographic examinations. To 
eliminate this problem, transfusion was rec-
ommended beforehand, but new agents, such
as gadolinium and nonionic contrast media,
now lower the risk.

MANAGEMENT OF “SILENT” CEREBRAL
INFARCT AND/OR NEUROCOGNITIVE
DAMAGE

Subclinical infarcts detected by magnetic 
resonance technology often are associated with
neurocognitive defects. Patients who have sub-
clinical infarcts appear to have a higher inci-
dence of strokes, but the efficacy of preventive
transfusion has not been evaluated in these
patients. Until rigorous controlled trials are
conducted, routine chronic transfusion therapy
cannot be recommended.

INAPPROPRIATE INDICATIONS 
AND CONTRAINDICATIONS 
The following conditions alone do not justify
transfusion:

■ Chronic steady-state anemia. Most
patients with SCD are relatively 
asymptomatic from their anemia and 
do not require transfusions to improve
oxygen delivery.

■ Uncomplicated acute pain episodes.

■ Infections.

■ Minor surgery that does not require 
prolonged general anesthesia (e.g.,
myringotomy).

■ Aseptic necrosis of the hip or shoulder
(except when surgery is required).

■ Uncomplicated pregnancies.

TYPES OF BLOOD PRODUCTS 
TO BE USED 
Standard bank blood is appropriate for
patients with SCD. The “age” of the blood
(time since collection) is usually not impor-
tant, as long as it is within limits set by the
transfusion service. Exchange transfusion 
with blood less than 5 days old (less than 3
days old for small infants) helps in acute situa-
tions requiring immediate correction of oxy-
gen-carrying capacity. All blood should be
screened for the absence of sickle hemoglobin;
a solubility test is adequate. This eliminates
blood with sickle cell trait, which can confuse
later measurements of the proportion of sickle
cells or Hb S. The antigenic phenotype of the
red cells (at least ABO, Rh, Kell, Duffy, Kidd,
Lewis, Lutheran, P, and MNS groups) should
be determined in all patients older than 6
months of age. A permanent record of the
phenotyping should be maintained in the
blood bank to optimize matching, and 
a copy of the record should be given to the
patient or family. All patients with a history 
of prior transfusion should be screened for 
the presence of alloantibodies. The efficacy 
of a chronic transfusion program should be
assessed periodically by determination of the
proportion of Hb S by quantitative hemoglo-
bin electrophoresis as well as the hemoglobin
concentration or hematocrit.

There are several causes of the high preva-
lence of alloimmunization in SCD, and phe-
notypic incompatibility between the donor
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and recipient is a major factor (7). Limited
matching for E, C, and Kell antigens is usually
performed, unless patients have antibodies (8).

Prestorage leukodepletion of red cells is 
standard practice to reduce febrile reactions,
platelet refractoriness, infections, and cytokine-
induced complications (9). Washed red cells
should be reserved for patients who had aller-
gic reactions after prior transfusions. Irradiated
blood should be considered in patients likely
to be candidates for bone marrow transplanta-
tion, but relatives should not be used as blood
donors for children who are such candidates.
The use of autologous blood transfusions in
SCD should be avoided. Red cell substitutes
are experimental and generally not indicated.

TRANSFUSION METHODS
Simple transfusions can be used for acute 
anemia or hypovolemia. Packed red cells 
are preferred, except when marked volume
expansion is needed.

CHRONIC SIMPLE TRANSFUSION

Once a sufficient level of transfused normal
cells [60-70 percent normal hemoglobin (Hb
A)] is achieved, simple transfusions every 2 to
4 weeks may maintain this proportion of nor-
mal cells for years. The level of Hb A must be
monitored regularly by quantitative hemoglo-
bin electrophoresis. Significant variation in
transfusion requirements for each patient is
common, but the pretransfusion hematocrit
should be between 25 and 30 percent. The
posttransfusion hematocrit should be 36 per-
cent or less to prevent hyperviscosity, especially
for initial transfusions.

EXCHANGE TRANSFUSION

Exchange transfusion is used to remove sickle
cells and replace them with normal red cells
without increasing whole blood viscosity or

chronic iron burden (6,10). The volume of
blood needed can be calculated from the
patient’s weight, initial hematocrit, target
hematocrit, and desired percentage of Hb A.
An adult exchange usually takes about 6 to 8
units, and children require about 50 to 60
mL/kg of blood. Whole blood or packed cells
reconstituted to hematocrits of 30 to 40 per-
cent are used to conserve units, but exchanges
will take longer than with packed cells alone.
Blood can be removed from the adult patient 
in 500 mL aliquots, followed by infusion of
500 mL of reconstituted blood, repeated for 
6 to 8 cycles, or another schedule can be used.
The following is an example:

Step 1. Bleed one unit (500 mL) of blood
from patient, infuse 500 mL of saline.

Step 2. Bleed a second unit from the patient,
infuse two units of blood.

Step 3. Repeat steps 1 and 2; if the patient has
a large red blood cell mass, repeat once more.

For children, smaller, more precise volumes
should be calculated and used in order not 
to remove or transfuse too much blood at one
time. In some patients, whole blood can be
taken from one arm at the same time that
donor cells are transfused into the other. 
For adults, this procedure can be performed 
in 500 mL units, whereas in children, smaller
amounts are practical. Automated erythrocyta-
pheresis is safe and is being used fairly often
because it prevents iron overload, despite 
concerns about increased red cell utilization,
venous access, and increased cost. When
exchange transfusion is performed, the final
hemoglobin value should not exceed 10 to 12
g/dL to avoid hyperviscosity, and the percent-
age of Hb A should meet the goals of therapy.
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TRANSFUSION COMPLICATIONS 
Transfusion complications, such as 
alloimmunization, hyperviscosity, and relative
hypertension, may be higher for sickle cell
patients than for members of the general 
population (1). Transfusions have precipitated
pain episodes, strokes, and acute pulmonary
insufficiency. 

VOLUME OVERLOAD

This condition occurs when a large volume 
of blood is transfused too quickly. Congestive
heart failure and pulmonary edema tend to
occur in patients who have cardiac dysfunc-
tion or poor cardiac reserve. Administration 
of intravenous furosemide, partial removal 
of red cell supernatant fluid before transfusion,
and a slow transfusion rate can help to prevent
this problem.

ALLOIMMUNIZATION AND DELAYED
HEMOLYTIC TRANSFUSION REACTIONS

The incidence of alloimmunization to red
blood cell antigens in transfused patients with
sickle cell anemia is approximately 20 to 25
percent, which is greater than in the general
population (7). This condition causes difficulty
in obtaining compatible blood and results in 
a high incidence of delayed hemolytic transfu-
sion reactions (12,13). Reactions occur 5 
to 20 days after transfusion and are due to
antibodies undetectable at the time of com-
patibility testing. More than 30 percent of
antibodies disappear with time, but recipients
can mount anamnestic responses to further
stimulation by transfusion. Delayed hemolytic
transfusion reactions may cause severe anemia,
painful events, and even death.

ACUTE HEMOLYTIC
TRANSFUSION REACTIONS

The causes of acute hemolytic transfusion
reactions in sickle cell patients are not differ-
ent from those in other patients. Major
hemolytic reactions occur mainly with major
blood group (ABO) mismatches and must be
treated aggressively to maintain blood pressure
and glomerular filtration. Most reactions can
be prevented by avoiding clerical and sample
identification errors in the cross-matching and
transfer of units from the donor site to the
patient. Minor hemolytic reactions occur
when the amount of antibody in the patient’s
serum is limiting and causes the transfused
blood to disappear over several days, followed
by hyperbilirubinemia. The hematocrit
decreases, but no further treatment is needed
unless the hematocrit falls greatly.

Any of these reactions, particularly the delayed
variety, can initiate a pain episode in patients
with SCD. In all cases, a patient’s blood
should be examined very carefully by
immunohematologists to document the anti-
body or antibodies responsible for the reac-
tion. The patient must be told of the compli-
cation and be given a card describing the anti-
bodies found.

Alloimmunization and hemolytic transfusion
reactions can be reduced by:

■ Acquiring and maintaining adequate
records of previous transfusions and 
complications arising from them.

■ Limiting the number of transfusions
administered.

■ Screening for newly acquired antibodies 
1 to 2 months after each transfusion 
to detect transient antibodies that cause 
a subsequent delayed reaction.
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■ Diminishing the opportunities for alloim-
munization because of a mismatch in 
the antigens of donors and patients (14). 
This may be accomplished by:

– Typing the patient before transfusion 
(if this has not already been done) for Rh
and Kell blood group antigens to avoid
transfusion of cells with these antigens
(particularly E, C, and Kell) if the patient
lacks them.

– More extensive antigen matching in
patients who are already alloimmunized.

– Increasing the numbers of African-
American blood donors because of the
similarity of their blood cell antigenic 
phenotypes. Family members and commu-
nity groups can assist in accomplishing
this objective.

Patients alloimmunized to one red cell antigen
are more likely to become alloimmunized to
others. Transfusions should be given only for
clearcut indications, and care should be taken
in the selection of units of blood. Patients
should be counseled to advise any new physi-
cian of their history of alloimmunization and
to carry a card or identification bracelet that
lists their red blood cell phenotype and any
identified antibodies.

AUTOIMMUNE ANEMIA FOLLOWING
ALLOSENSITIZATION

In a highly alloimmunized patient, a syndrome
of autoimmune hemolytic anemia may occur.
In this case, the patient may become more 
anemic than before transfusion, and the direct
antiglobulin (Coombs’) test remains positive
even after the incompatible transfused cells
have been destroyed. Autoimmune anemia
occurs because the recipient produces antibod-
ies against self-antigens, which may persist up 
to 2 to 3 months before disappearing. Further
transfusion is complicated by the autoimmune

antibody and requires special blood bank tests
to find the least incompatible units for transfu-
sion. Although transfusion may be necessary in
some patients, an alternative course may be to
avoid transfusion and to administer corticos-
teroids, large doses of erythropoietin, and pos-
sibly intravenous immune globulin.

ALLOANTIBODIES TO WHITE CELLS,
PLATELETS, AND SERUM PROTEINS

Patients who are transfused may become
alloimmunized to antigens present on leuko-
cytes or platelets but absent from red blood
cells. Such antibodies may cause febrile reac-
tions that can be prevented by the removal 
of leukocytes by filtration or washing. These
antibodies, and those for serum proteins, 
can cause allergic reactions that can be pre-
vented by prophylaxis with an antihistamine
(Benadryl®), leukodepletion, or removal 
of plasma.

INFECTION

Hepatitis and other transfusion-transmitted
viral diseases in blood occur with the same 
frequency in sickle cell patients as in other
patients who receive transfusions. The conse-
quences may be more severe with concurrent
SCD, however. Patients who have received
multiple transfusions should be monitored
serially for hepatitis C and other infections
(15,16). Parvovirus occurs in 1 in every 40,000
units, and is associated with acute anemic
events and multiple sickle cell complications. 

Transfusion-induced bacterial infections are
uncommon. Repeatedly transfused hemoglo-
binopathy patients are particularly vulnerable
to Yersinia entercolitica and bacteremia from
poor skin cleansing before phlebotomy. All
patients who develop fever after transfusion
need to be assessed immediately for potential
bacterial infection. 
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IRON OVERLOAD 
AND CHELATION
Iron overload in sickle cell patients is often
undetected or not treated. In contrast to tha-
lassemia patients, most patients are iron over-
loaded because of intermittent transfusions
throughout their lives. There is no evidence
that SCD patients are spared the fatal conse-
quences of iron overload. Therefore, a compre-
hensive program to monitor and treat iron
overload is necessary.

There is no simple test to determine iron 
overload. Measurement of serial serum fer-
ritins may help but can be unreliable because
ferritin is an acute phase reactant and values
are altered by liver disease, inflammation, 
and vitamin C stores. Liver biopsy is the most
accurate test for iron overload and can be 
performed safely by an experienced physician.
The sample should be of adequate size and
sent to a reference lab familiar with liver iron
quantitation. Some programs recommend liver
biopsies at the start of chelation and every 2
years thereafter. As a noninvasive method, the
superconducting quantum interference device
(SQUID) is acceptable for quantitating liver
iron (10). There is progress with MRI and 
CT, but their clinical use is unproven. The
best indication to begin chelation therapy is 
a rise in liver iron stores to 7 mg/g dry weight.
Alternatively, cumulative transfusions of 120
cc of pure red cells per kilogram of body
weight can be used (5). Serum ferritin levels
above 1,000 ng/mL in the steady state are
helpful, but the risk of under- and over-
treatment occurs. All iron-overloaded patients
should be followed at comprehensive sickle
cell centers that can monitor organ toxicity
and provide ongoing education and support.

Exchange transfusions and chelation therapy
are the only two accepted methods to manage
transfusion-related iron overload. Phlebotomy
will remove iron in abnormal red cells, which
are replaced by normal red cells. The initial
dose of the chelator deferoxamine (Desferal™)
is 25 mg/kg per day, over 8 hours subcuta-
neously (17); dose and duration of infusion
can be increased, depending on patient age and
iron load. Supplementation with vitamin C,
100 to 200 mg per day, may help to increase
excretion, especially in those who are vitamin
C deficient. New methods of delivery, includ-
ing twice-daily subcutaneous injections and
intravenous home parenteral access, are being
studied. Deferoxamine is generally safe, but has
been associated with ototoxicity, eye toxicity,
allergic reactions, growth failure, unusual infec-
tions, and pulmonary hypersensitivity; there-
fore, patients should be monitored annually for
growth and eye toxicity. Iron chelation always
should be discontinued during an acute infec-
tion. Other chelators are experimental and are
not recommended at this time.
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F expression without gene hypomethylation,
and hydroxyurea is one example that supports
erythroid regeneration as a mechanism of Hb
F induction.

Hydroxyurea is a ribonucleotide reductase
inhibitor, which blocks ribonucleoside conver-
sion to deoxyribonucleotides and prevents
DNA synthesis. In anemic primates, hydrox-
yurea increased Hb F levels, and in early stud-
ies in two patients with sickle cell anemia, 
hydroxyurea increased F-reticulocytes and 
Hb F concentrations. An important pilot 
trial defined effective dosages, found increased
Hb F in most, but not all, compliant patients,
and revealed little short-term toxicity. 

5-AZACYTIDINE 
5-azacytidine is an antineoplastic agent that
inhibits methylation of cytosines in DNA.
Studies on gene regulation had suggested that
methylation resulted in repression of transcrip-
tion and that hypomethylation was associated
with active gene expression. It was observed
that the inactive gene becomes methylated
during the developmental switch from γ-glo-
bin to β-globin production in erythroid cells.
The administration of 5-azacytidine caused 
a marked increase in Hb F in baboons. These
results prompted limited clinical trials, which
demonstrated significant but less dramatic
induction of Hb F in patients with SCD. 
The antiproliferative activity of this drug may
have led to the proposed use of hydroxyurea.

Enhanced concentrations of hemoglobin F
(Hb F) can inhibit sickle hemoglobin (Hb S)
polymerization and red cell sickling and
improve the clinical course of sickle cell dis-
ease (SCD). In populations such as Bedouin
Arabs from the Saudi peninsula and certain
tribes from central India, patients homozygous
for SCD have elevated amounts of Hb F and
fairly mild clinical manifestations. In a cooper-
ative study of the natural history of patients
with sickle cell anemia in the United States,
the frequency of pain episodes correlated
inversely with the Hb F concentration. Based
on these epidemiologic studies and under-
standing the biophysics of Hb S polymeriza-
tion, a search was launched for pharmacologic
agents that could reverse the switch from 
γ- to β-globin chain synthesis in erythroid 
precursors. The first “hemoglobin switching”
agent was the nucleoside analog 5-azacytidine
(1), which was followed by butyrate deriva-
tives as compounds which increase Hb F gene
expression. Other drugs, such as hydroxyurea
and erythropoietin, alter maturation of ery-
throid precursors and promote Hb F produc-
tion indirectly.

The small amount of Hb F in adults is found
in rare erythrocytes called F-cells. Rapid ery-
thropoiesis induces F-cell production, proba-
bly due to commitment of early progenitors
that contain factors that favor γ-globin expres-
sion and faster maturation and release into the
circulation. Many cytotoxic drugs induce Hb
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BUTYRATE
Butyrates appear to modulate globin-gene
expression by direct binding to transcription-
ally active elements, and by inhibition of 
histone deacetylase, histone hyperacetylation,
and changes in chromatin structure. In sickle 
cell anemia, early trials of butyrate given by
continuous infusion over 2 or 3 weeks were
inconclusive, but newer studies with pulse
butyrate treatment are encouraging. When
arginine butyrate was given once or twice
monthly, 11 of 15 sickle cell patients responded
with a mean rise in Hb F from 7 percent to
21 percent, a level maintained in some people
for 1 to 2 years. The studies also suggested
butyrate and hydroxyurea are synergistic 
without cross-resistance; pretreatment with
hydroxyurea may select a population of ery-
throid precursors with active γ-globin genes 
and make them responsive to butyrate. 
Butyrate does not seem to be cytotoxic, 
but its use is experimental.

HYDROXYUREA IN 
SICKLE CELL ANEMIA

CLINICAL AND HEMATOLOGIC EFFECTS

A pivotal multicenter efficacy trial of hydrox-
yurea in 299 adults with sickle cell anemia
showed that hydroxyurea reduced by nearly
half the frequency of hospitalization and the
incidence of pain, acute chest syndrome, and
blood transfusions (2). In good responders,
hemolysis and leukocyte counts fell, and
hemoglobin concentrations increased. 
Hb F increased from a baseline of 5 percent 
to about 9 percent after 2 years of treatment;
Hb F increased to a mean of 18 percent in 
the top 25 percent of Hb F responders and 
to 9 percent in the next highest 25 percent,
but changed little in the lower half of Hb F
responders. These results may not be typical 

of all patients because the patients in the 
study had a mean age of about 30 years, had
severe disease, and were treated to the brink of
myelotoxicity. After treatment, some individuals
had improved physical capacity and aerobic 
cardiovascular fitness. A modest improvement
in general perceptions of health and social
function and recall of pain was found.
Moreover, hydroxyurea was cost-effective 
and clinically beneficial.

Studies of hydroxyurea in infants, children,
and adolescents lag behind adult studies in 
the appraisal of clinical efficacy. Most patients
reported were adolescents or teenagers treated
in unblinded pilot studies, although 25
patients with a median age of 9 years were
treated in a single-blinded crossover study
with drug or placebo. In all trials, Hb F
increased from about 5 percent before treat-
ment to about 16 percent after 6 months 
to a year of treatment.

A trial of 84 children with a mean age of 10
years gave results similar to those in adults (3).
Sixty-eight patients reached the maximally tol-
erated dose, and 52 patients completed a year
of treatment. About 20 percent of enrolled
patients withdrew from the study, predomi-
nantly because of lack of compliance. Baseline
Hb F of 6.8 percent increased to 19.8 percent
(range, 3.2-32.4 percent). Mean cell volume
(MCV) and hemoglobin concentration
increased, and the leukocyte count fell. These
changes, apparent after 6 months of treatment,
were sustained at 24 months. The increment in
Hb F was variable, but unlike the adults, the
young patients with the highest baseline Hb F
concentration had the highest Hb F levels with
treatment, and the drop in leukocyte count did
not predict the rise in Hb F.
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Twenty-nine infants, with a median age of 
14 months, were treated with hydroxyurea at 
a dose of 20 mg/kg for 2 years, escalating to
30 mg/kg thereafter. After 2 years, all parents
elected to continue treatment, and 19 children
completed a median treatment period of 148
weeks. Changes in hemoglobin concentration,
MCV, Hb F, and leukocyte count were com-
pared with the changes observed in a historical
control group. Hemoglobin increased from
8.5 to 8.9 g/dL (predicted, 8.2 g/dL), MCV
increased from 82 to 93 fL (predicted, 88 fL),
and Hb F fell from 21.3 to 19.6 percent 
(predicted, 12.3 percent). Functional asplenia
was found in 24 percent of patients before
treatment and in 47 percent after treatment 
(predicted, 80 percent). Nine patients were
dropped from the study because of poor 
compliance or parental refusal to continue;
one child died of splenic sequestration. One
patient had a transient ischemic attack, one
had a mild stroke, eight had episodes of acute
chest syndrome, two had splenic sequestration,
and three had episodes of sepsis. Growth was
normal. Despite moderate levels of Hb F,
acute complications of sickle cell anemia still
occurred in these very young patients. Perhaps
functional asplenia is delayed by treatment,
but risks of splenic sequestration and other
complications may persist.

MORTALITY AND MORBIDITY

The best data on the complications of hydroxy-
urea treatment and its effect on morbidity and
mortality come from the followup of patients
in the Multicenter Study of Hydroxyurea in
Sickle Cell Disease. After 8 years of followup
the data strongly suggest that treatment of
moderately-to-severely affected adults with
sickle cell anemia with hydroxyurea is associat-
ed with reduced mortality. Twelve strokes have
occured, 9 in patients with more than 1 year
of hydroxyurea treatment, 2 in patients with

less than 1 year of drug exposure, and 1 in 
a patient who never received hydroxyurea.
New adverse effects have not been found.
Pulmonary disease was the most common
cause of death. 

We do not know whether hydroxyurea will
prevent or reverse organ damage (4). After 1
year of treatment, splenic function in a group
of children who averaged 12 years of age did
not change. Of 10 patients with sickle cell
anemia who received hydroxyurea for 21
months and had an increase in Hb F from 
8 to 17 percent, only 1 recovered splenic 
function. In another prospective study, some
patients had partial return of splenic function,
possibly related to Hb F levels. Splenic regen-
eration was reported in 2 adults with sickle
cell anemia who had Hb F levels of about 
30 percent after hydroxyurea treatment.

Hydroxyurea does not appear to prevent 
the cerebrovascular complications of SCD.
However, in children ages 5 to 15 years with-
out a history of overt CVA and with more
than three painful episodes yearly, hydroxyurea
maintained cognitive performance comparable
to sibling controls. Performance was found 
to deteriorate in untreated patients.

ADVERSE EVENTS

Long-term effects of hydroxyurea are still
poorly defined. The multicenter trial had
power to detect only 100-fold increases in the
incidence of leukemia or cancer. Hydroxyurea
has been given to 64 children with cyanotic
congenital heart disease for a mean duration
of more than 5 years without any reports of
malignancies. In myeloproliferative disorders,
however, the drug may have helped to trans-
form premalignant conditions into acute
leukemia in about 10 percent of patients.
There are at least three patients with SCD
treated with hydroxyurea who developed
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CONCLUSION
Hydroxyurea is a valuable adjunct in the 
treatment of severe SCD, although its clinical
effectiveness for individuals with SCD has 
not yet been reported. Meanwhile, it must 
be used carefully with full appreciation of its
toxicity and possible long-term adverse effects.
Many questions about its use and effects
remain unanswered. Hydroxyurea is not the
final solution in the pharmacologic therapy 
of SCD, but it is a promising start.
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leukemia, two after 6 and 8 years of treatment.
Cellular changes that may precede neoplastic
transformation, such as increases in chromo-
some breakage, recombination, and mutations,
have not been reported in hydroxyurea-treated
sickle cell patients.

Adverse effects on growth and development
have not been reported. Whether continuous
drug exposure at a very young age will be
especially hazardous or beneficial is not
known. Contraception should be practiced 
by both women and men on hydroxyurea, 
and the uncertain outcome of an unplanned
pregnancy should be discussed frankly.
Pregnancy resulting in infants without malfor-
maions has been reported in at least 15
women receiving hydroxyurea; most mothers
had myeloproliferative disorders, but 6 had
sickle cell anemia.

TREATMENT PROTOCOL

Table 1 summarizes the treatment protocol
and points that should be considered when
using hydroxyurea as a treatment for patients
with sickle cell anemia.

COMBINATIONS 
OF HB F INDUCERS 
When both hydroxyurea and erythropoietin
were given to patients with sickle cell anemia,
an increment in Hb F concentration beyond
that seen with hydroxyurea alone occurred (5).
It is conceivable that combination therapy
with butyrate and hydroxyurea and/or ery-
thropoietin may provide additive effects on
Hb F production, although verification of this
conclusion must await the results of appropri-
ate clinical trials.
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Table 1.  Hydroxyurea in Sickle Cell Anemia

Indications for Treatment

Adults, adolescents, or children (after consultation with parents and expert pediatricians) with sickle cell

anemia or SCD-S βo-thalassemia and frequent pain episodes, history of acute chest syndrome, other severe

vaso-occlusive events, or severe symptomatic anemia. Initial high levels of Hb F (e.g., >10 percent) do not

preclude favorable responses to therapy.

Baseline Evaluation

Blood counts, red cell indices, percent Hb F, serum chemistries, pregnancy test, willingness to follow 

treatment recommendations, nonparticipation in a chronic transfusion program.

Initiation of Treatment

Hydroxyurea, 10-15 mg/kg/day in a single daily dose for 6-8 weeks; CBC every 2 weeks; percent Hb F 

every 6-8 weeks; serum chemistries every 2-4 weeks.

Continuation of Treatment

If no major toxicity, escalate dose every 6-8 weeks until the desired endpoint is reached.

Treatment Endpoints

Less pain, increase in Hb F to 15-20 percent, increased hemoglobin level if severely anemic, 

improved well-being, acceptable myelotoxicity.

Failure of Hb F (or MCV) To Increase

Consider biological inability to respond to treatment or poor compliance with treatment. Increase dose

very cautiously to a maximum dose of 35 mg/kg/day. In the absence of transfusion support or concurrent

illness suppressing erythropoiesis, a trial period of 6-12 months is probably adequate.

Cautions

Special caution should be taken in patients with compromised renal or hepatic function. Contraception

should be practiced by both men and women since hydroxyurea is a teratogen and its effects during 

pregnancy are unknown. After a stable, nontoxic dose of hydroxyurea is reached, blood counts may be

done at 4-8 week intervals. Granulocytes should be ≥ 2,500/µL, platelets ≥ 95,000/µL.
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nation of SCD. In the decade and longer that
followed, there was considerable discussion
about who should be considered and when
they should be referred for transplantation
(13-15). The first limited series of patients
who underwent transplantation because 
they had SCD comprised a group of families
from Africa living at the time in Belgium (4).
Based in part on the very good outcome 
experienced by these initial patients, several
multicenter phase II studies for children with
symptomatic SCD were conducted in North
America and Europe (7,9). It was reasoned
that children might have a superior outcome
compared to adult patients because of chil-
dren’s lower risk of transplant-related compli-
cations such as graft-versus-host disease
(GvHD) and because of a presumed lower
burden of sickle-related organ damage. The
inclusion and exclusion criteria for enrollment
adapted from one multicenter study (7) are
summarized in table 2.

RESULTS OF HCT FROM HLA-
IDENTICAL SIBLING DONORS
Approximately 150 patients have undergone
HCT from HLA-identical siblings worldwide
(9,10,16,17). The combined results of three
studies have demonstrated that transplant-
related mortality is about 5 percent, and that
more than 90 percent of patients survive.
Approximately 85 percent survive free from
SCD after transplantation with a period of
followup that extends to 11 years, but about
10 percent of patients experience recurrence 

Hematopoietic cell transplantation (HCT) 
has curative potential for a broad spectrum of
genetic disorders, including sickle cell disease
(SCD) (1). The goal is to eliminate the sickle
erythrocyte and its cellular progenitors and
replace them with donor hematopoietic
pluripotent stem cells that give rise to erythro-
cytes that express no sickle hemoglobin (Hb
S), thereby reducing Hb S levels to those asso-
ciated with the trait condition. The possibility
of preventing serious complications from SCD,
which can cause extensive morbidity and early
death, is balanced by the risk of severe adverse
events after transplantation. The first case
reports of successful outcomes after transplan-
tation have been extended by several multicen-
ter investigations (table 1). To date, nearly all
transplants have utilized HLA-identical sibling
donors, which has limited the number of eligi-
ble sickle cell patients. Thus, there are no ran-
domized, controlled studies that support this
therapeutic option for SCD. However, with
the development of new therapies that prevent
and treat graft-versus-host and host-versus-graft
reactions, it is likely that transplantation will
take on added importance for selected patients
with SCD.  

INDICATIONS FOR HCT
The first published reports of HCT for SCD
involved patients who had other hematological
or genetic disorders that were the primary
indication for transplantation (2,3). From this
initial experience it was learned that engraft-
ment of donor cells was associated with elimi-
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Table 1. Supporting Evidence for HCT for Sickle Cell Disease

Study Description References

Case reports Johnson et al. (2), Milpied et al. (3)

Patient series Vermylen et al. (4,5)

Proposal of HCT trial Thomas (6)

Collaborative HCT trial Walters et al. (7)

Collaborative HCT trial in Europe Vermylen and Cornu (8)

Long-term impact of HCT Vermylen et al. (9), Walters et al. (10)

UCB report Brichard et al. (11), Minero et al. (12)

Table 2. Eligibility Criteria for HCT for Sickle Cell Disease

Inclusions

Patients < 16 years of age with sickle cell anemia (SCD-SS or SCD-S βo-thalassemia) 

One or more of the following complications:
Stroke or central nervous system (CNS) event lasting longer than 24 hours
Impaired neuropsychologic function and abnormal cerebral magnetic resonance imaging (MRI) scan
Recurrent acute chest syndrome or Stage I or II sickle lung disease
Recurrent vaso-occlusive painful episodes
Sickle nephropathy [glomular filtration rate (GFR) 30-50 percent of predicted normal]
Osteonecrosis of multiple joints

Exclusions

Patients >16 years of age

HLA-non-identical donor

One or more of the following conditions:
Lansky performance score <70 percent
Acute hepatitis or biopsy evidence of cirrhosis
Renal impairment (GFR <30 percent predicted normal)
Stage III or IV sickle lung disease
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of SCD. Neurologic complications, such as
seizures, occurred frequently after transplanta-
tion, leading to the development of preventive
measures (18-20). 

Among patients who had stable engraftment
of donor cells, there were no subsequent sickle
cell-related clinical events, and there was stabi-
lization of preexisting sickle cell-related organ
damage (9,10,21). There was also recovery 
of splenic function (22). Some patients 
developed mixed donor-host hematopoietic
chimerism after transplantation that was stable
(23). Of interest, these patients also had no
symptoms from SCD. 

About 5 percent of patients developed Grade
III acute or extensive chronic GvHD; the 
others had no graft-vs-host response or mild
GvHD. Primary and secondary amenorrhea
were common among females after transplan-
tation and it is likely that most patients will 
be infertile (9,10). The risk of secondary can-
cers after HCT remains uncertain, but it is
estimated to be less than 5 percent (24). Linear
growth was normal or accelerated after trans-
plantation in the majority of patients (9,10).

ALTERNATIVE SOURCES 
OF STEM CELLS
Umbilical cord blood (UCB) and hematopoi-
etic cells from volunteer donors represent
alternative sources of hematopoietic stem cells
that might increase the number of donors 
for SCD patients. Successful hematological
reconstitution has been observed after UCB
transplantation for SCD (11). However, there
are no published reports of transplantation 
to treat SCD using UCB from volunteer, 
unrelated donors. 

There is evidence to suggest that the incidence
of GvHD is lower after UCB transplantation
than after bone marrow transplantation (25).

This advantage is balanced by somewhat
lengthier periods for hematopoietic engraft-
ment and perhaps a higher rate of graft rejec-
tion, especially when nonidentical donors 
are used and when cell doses are low (26).
Strategies for transplantation from unrelated
volunteer stem cell donors will need to over-
come histocompatibility barriers associated
with higher rates of GvHD and graft rejec-
tion. There are no established protocols for
transplantation from alternative sources of
stem cells; however, pilot clinical investiga-
tions are being designed.

HCT FOR ADULTS
There is very limited information about the
outcome after HCT among adult patients.
However, they might have a higher risk of
dying due, in part, to the increased frequency
of GvHD in adults (27). Compared to
younger patients with β-thalassemia major,
adult patients had an increased risk of dying
after HLA-identical bone marrow transplanta-
tion (28), but ethnic factors might have con-
tributed to the risk. The use of nonmyeloabla-
tive preparation before HCT may lower the
risk of complications (29). The intent is to
establish stable donor-host hematopoietic
chimerism after transplantation, which might
provide a significant clinical benefit. If suc-
cessful, the nonmyeloablative approach might
improve the safety profile of HCT for older
individuals who have advanced organ damage
from SCD. Several investigations have been
initiated to test this hypothesis.

SUMMARY OF THE 
STATE OF THE ART
Currently, HCT is the only therapy for 
SCD that has curative potential. The results 
of transplantation are best when performed 
in children with a sibling donor who is 
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HLA-identical. While there appears to be 
a considerable benefit to those who survive
with stable engraftment of donor cells, there
are also significant health risks associated with
this treatment. Thus, careful discussions with
families by health care professionals experi-
enced in the care of patients with SCD and
with HCT should be conducted to establish
informed consent for this procedure.

HCT is reserved for those patients who have
experienced significant complications caused
by SCD, such as stroke and recurrent episodes
of acute chest syndrome or pain. In the future,
identification of clinical or genetic markers
that reliably predict an adverse outcome may
permit the application of HCT before signifi-
cant clinical complications occur. Efforts are
ongoing to expand donor availability by over-
coming graft-versus-host and host-versus-graft
reactions and to diminish the toxicity of 
HCT by using nonmyeloablative preparations
to establish stable donor-host hematopoietic
chimerism. If successful, these efforts could
expand the role of HCT in treating patients
with SCD.

RECOMMENDATIONS
Children with SCD who experience signifi-
cant, noninfectious complications caused 
by vaso-occlusion should be considered for 
HCT, and if full siblings are available, HLA
typing should be performed. Families should
be counseled about the collection of UCB
from prospective siblings (30). For severely
affected children who have HLA-identical 
sibling donors, families should be informed
about the benefits, risks, and treatment alter-
natives such as HCT. There are no compara-
tive studies that would permit clinicians to
recommend one intervention, such as chronic
red blood cell transfusions or hydroxyurea
treatment, over another.
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gene cluster haplotypes, chromosome 6 locus),
and 2) the copresence of α-thalassemia. These
known factors explain only a small fraction 
of the diversity of sickle cell anemia, however.
Other epistatic genes must exist, and based 
on our knowledge of the pathophysiology of
SCD, candidate genes have been suggested (3). 

FETAL HEMOGLOBIN 
MODULATION OF 
SICKLE CELL ANEMIA 

THE β-GLOBIN GENE CLUSTER
AND GLOBIN GENE SWITCHING

Hb F levels in sickle cell anemia vary over two
orders of magnitude. Initially only very high
levels of Hb F were considered capable of
influencing the phenotype of sickle cell ane-
mia (4,5), but any increment in Hb F appears
to be clinically and perhaps therapeutically
important (6).

Hemoglobin gene switching is the process of
sequential globin gene activation and inactiva-
tion. It involves complex interactions of stage-
specific transcription factors, chromosomal
gene order, gene proximity to the β-globin
locus control region (LCR), cis-acting sequences
that positively and negatively regulate tran-
scription, and erythroid-specific and ubiqui-
tous trans-acting factors (7). By interacting
with promoters of the β-like globin genes, 
the LCR plays a critical role in gene expression;
polymorphisms in some of their sequences 

A unique mutation is responsible for sickle
hemoglobin (Hb S), but sickle cell disease
(SCD) is clinically pleiotropic and can be 
considered a multigene disease. Polymerization
of Hb S can injure red cells and cause a cas-
cade of pleiotropic effects that determines the
clinical picture (1,2). Some patients are always
sick, and others infrequently ill. What is the
basis of this variability? An environmental
effect on the course of SCD is dramatically
apparent in tropical Africa. Provided there is
good access to medical care, survival to adult-
hood and a decent quality of life is possible.
Still, SCD in Africa remains a childhood 
disease since premature death, often from
malaria, is common.

Most of the pleiotropic effects result from 
the activity of other genes—which also may 
be polymorphic—that differ among patients.
These epistatic (or modifier) genes may
account for the interindividual variation that
characterizes SCD. Another source of genetic
variation in SCD derives from the multicen-
tric origin of the Hb S gene. Because it arose
more than once, the gene had the opportunity
to interact with different (polymorphic) linked
genes, particularly the two γ-globin genes that
ameliorate SCD through expression of fetal
hemoglobin (Hb F).

The two best understood genetic factors that
influence the clinical expression of the Hb S
mutation are 1) those linked to the synthesis
of fetal hemoglobin (Hb F) (gender, β-globin
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are considered vital elements of γ-globin gene 
regulation in sickle cell anemia. Nevertheless,
the full picture of this process is not known. 

β-GLOBIN GENE CLUSTER
HAPLOTYPES—EFFECTS ON HB F
LEVELS, HEMATOLOGY, AND
CLINICAL COURSE

Four β-globin gene cluster haplotypes are
linked with the independent emergence of four
βs genes in Africa. The three most common are
the Senegal haplotype in Atlantic West Africa,
the Benin haplotype in central West Africa,
and the Bantu haplotype in all Bantu-speaking
African societies (equatorial and southern
Africa) (8). The Arab-Indian haplotype is
found in the Middle East and India.

Although β-globin gene cluster haplotypes 
are convenient markers for genetic regulators
of γ-globin gene expression, most polymorphic
endonuclease restriction sites used to assign a
haplotype have no known role in the differen-
tial transcription and temporal regulation of
these genes. An exception is the Xmn I site
that is 5' to the Gγ-globin gene in the Senegal
and Arab-India haplotypes (9-11). This site is
strongly associated with high expression of the
Gγ-globin gene compared with the Aγ-globin
gene. In adults and neonates lacking the Hb S
gene, this polymorphism is associated with
small but significant increases in the synthesis
of Hb F and Gγ-globin chains. More recently,
twin studies have implicated it as a major 
factor in defining the level of Hb F expression
(see below).

Considerable variation also exists among
patients who have Senegal or Arab-India 
haplotypes, although they tend to have higher
Hb F levels than those who have Benin and
Bantu haplotypes.  A patient’s sex, in addition
to his or her haplotype, also may modulate
Hb F production (12). 

Most of the detailed and larger studies of the
clinical and hematological effects of haplotype
in sickle cell anemia have been in regions
where the Hb S gene arrived by gene flow.
After many years of miscegenation, patients
are commonly haplotype heterozygotes, 
complicating the interpretation of potential
associations of haplotype with phenotype.
Therefore, reports of the clinical and hemato-
logical effects of haplotype in sickle cell 
anemia should be interpreted carefully. Often
too few patients are studied, the patients’ ages 
differ among series, clinical events are not
sharply defined, age-dependence of their 
phenotype is not considered, and the distinc-
tion between haplotype homozygotes and 
heterozygotes is not clearly drawn. 

In longitudinal studies from the United States,
the Senegal haplotype was associated with
fewer hospitalizations and painful episodes. 
The relationship between the Senegal haplo-
type and reduced frequency of acute chest 
syndrome was of marginal significance. The
Bantu haplotype was associated with the high-
est incidence of organ damage and was strong-
ly associated with renal failure in a study that
used robust statistics and a large number of
patients (13-15). Most work suggests that the
Arab-India haplotype is associated with milder
disease, although vaso-occlusive events are not
rare. In India the almost fixed (approaching
100 percent) haplotype frequency of α-tha-
lassemia adds considerably to the benign 
picture of SCD (16).
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HB F MODULATION UNLINKED TO
THE β-GLOBIN GENE CLUSTER: GENDER
EFFECTS AND ROLE OF CHROMOSOMAL
SITES OTHER THAN CHROMOSOME 11
Hb F is restricted to a subset of red cells,
called F-cells, whose numbers are determined
genetically, although exactly how is unknown.
There are likely to be genetic determinants 
of Hb F level not linked to the β-globin gene
cluster that influence Hb F concentrations 
in sickle cell anemia. The Hb F level in sickle
cell anemia is set by the number of F-cells, the
amount of Hb F per F-cell, and the differen-
tial survival of F-cells and non-F-cells (17).
Family studies have shown that this consider-
able variation is inherited, but the number of
genes involved and the mode of inheritance
are largely unknown. Identical-twin studies
showed that the heritability of F-cell numbers
is very high and that gender, age, and the -158
T-to-C mutation 5' to the Gγ-globin gene
account for close to 40 percent of the variance. 

Other trans-acting autosomal loci, termed
quantitative trait loci (QTL), also appear to
influence the amounts of Hb F in F-cells (18).
Two such QTLs have been mapped by linkage
analysis, one to chromosome 6q23 (19).
Genetic studies originally localized this QTL
to a region approximately 4 Mb or 11 cM
between markers D6S408 and D6S292. More
recently, novel polymorphic markers plus
existing markers have further localized the
QTL within an interval of 0.8-1 Mb between
D6S270 and D61626 (20). Further analysis
suggests an additional QTL on chromosome 8q
(20). It is clear that further QTLs affecting the
expression of Hb F will be found in the future.

The second possible F-cell production locus
(FCP) is X-chromosome-linked and has been
localized between DXS143 and DXS16 within
the short arm of chromosome X (Xp22.3-
22.20) (21). The FCP locus may account, 

in part, for the higher Hb F levels in females
compared to males, an observation found in
both the normal population and in patients
with sickle cell anemia. More recent multi-
point linkage analysis with seven polymorphic
markers has further localized the FCP within
2 to 3 cM between DXS452 and APXL, with
a maximum LOD score of 3.3.

αα-THALASSEMIA 
α-thalassemia in individuals of African descent
is usually a result of the deletion of one or 
two α-globin genes. Missing even two of the
normal complement of four α-globin genes is
not clinically significant in normal individuals.
About a third of African Americans carry an
α-globin gene deletion, and this prevalence 
is even higher in some populations, so α-
thalassemia and sickle cell anemia frequently
coexist (22).

The hematological and clinical consequences
of interactions between these two disorders
have been studied intensively. The presence 
of α-thalassemia with sickle cell anemia is
associated with less hemolysis, higher hemo-
globin concentration, lower mean corpuscular
volume (MCV), and lower reticulocyte count,
when compared to individuals with normal 
α-globin gene numbers. α-thalassemia does
not appear to modify the effect of haplotype
on Hb F levels in sickle cell anemia despite an
early report to the contrary, but it can further
ameliorate the disease. Therefore, it is unlikely
that any clinical benefit α-thalassemia confers
upon sickle cell anemia is mediated through
its effect on Hb F level.

α-thalassemia has a strong effect upon the
phenotype of sickle cell anemia by reducing
the erythrocyte Hb S concentration. Hb S
polymerization depends on hemoglobin 
concentration, so concurrent α-thalassemia
should diminish the polymerization potential
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of sickle hemoglobin in sickle cell anemia.
When these conditions coexist, there is less
hemolysis, and anemia is less severe. Clinically,
the copresence of α-thalassemia and sickle cell
anemia is a paradoxical outcome. Vaso-occlu-
sive events appear undiminished in SCD with
α-thalassemia, and in some studies, even
appeared to be increased. Fewer dense and
poorly deformable cells as a result of α-tha-
lassemia raise the packed cell volume (PCV),
and because the cells contain Hb S, blood 
viscosity is increased. Raising the number of
sickle cells, as occurs with α-thalassemia, might
promote vaso-occlusion since younger sickle
cells are more adherent (a critical phenome-
non in painful episodes) (23). On the other
hand, a higher PCV may have beneficial
effects in some organs, so that skin ulcers 
of the leg, childhood stroke, and retinal 
vascular disease may be less common in 
carriers of α-thalassemia and sickle cell ane-
mia. The effect of α-thalassemia on cellular,
hematological, and clinical aspects of sickle
cell anemia have been reviewed recently (22).

Some but not all studies suggest that the 
combination of α-thalassemia and sickle cell
anemia may increase survival (24). A recent
followup study of the age-dependency of 
α-globin gene frequency is compatible with
the following interpretation: as medical care
improves, the advantage of α-thalassemia on
survival disappears, a phenomenon that could
explain the contradiction in the available data. 

INTERACTIONS OF ββ-GLOBIN
GENE HAPLOTYPE AND 
αα-THALASSEMIA
Some studies have examined how α-thalassemia
interacts with different β-globin gene haplo-
types to modify the hematological and clinical

picture of sickle cell anemia (12,25,26). Most
often there is little interaction besides minor
reductions in MCV and reticulocyte count and
increases in PCV. One exception was a study
of two western Indian populations with high
Hb F levels in which the coexistence of α-tha-
lassemia was associated with milder disease (16).

HEMOGLOBIN A2
Hb A2, the tetramer of α- and δ-globin
chains, impairs the polymerization of Hb S 
to the same extent as the γ-globin chain of 
Hb F. When Hb A2 and Hb F levels are high,
the combination of these two hemoglobins
may potentially modulate SCD and cause 
a mild phenotype.

ERYTHROCYTE G-6-PD DEFICIENCY

Glucose-6-phosphate dehydrogenase (G-6-
PD) deficiency is common in sickle cell ane-
mia. In a study of 800 males over age 2 with
SCD, G-6-PD deficiency was not associated
with differential survival, reduced hemoglobin
levels, increased hemolysis, more pain episodes,
septic episodes, or a higher incidence of acute
anemia episodes (27,28). It now seems clear
that there is little, if any, modulation of the
phenotype of sickle cell anemia by coincident
G-6-PD deficiency, particularly in males
where the expression of this X-linked trait 
is most apparent. 

INHERITED DISORDERS 
OF THROMBOSIS 
Some have postulated that thrombosis and
hemostasis could play roles in the pathophysi-
ology of SCD. Coincidental mutations that
favor blood coagulation or thrombosis could
influence disease phenotype (29), particularly
the occurance of SCD-related stroke.
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Recent studies attempting to relate the pres-
ence of mutations in genes for factor V,
platelet glycoprotein IIIa, and 5,10 methyl-
enetetrahydrofolate reductase (MTHFR) to
the pathogenesis of specific complications of
SCD have had disparate results. In one report,
a C→T mutation at position 677 of the
MTHFR gene that is associated with enzyme
thermolability and a putative hypercoagulabile
state due to hyperhomocystenemia was found
in 36 percent of 45 adults with SCD and
osteonecrosis but in only 13 percent of 62
SCD patients without osteonecrosis—a signif-
icant difference (30). However, smaller studies
reported that the same mutation was not asso-
ciated with vascular complications of SCD,
including osteonecrosis and stroke (31-33).
Studies of the platelet glycoprotein IIIa gene
have not found a link between a C→T muta-
tion at position 1565 (which is associated 
with premature coronary artery disease) and
osteonecrosis. Factor V Leiden, a common
cause of thrombosis in Caucasians, is rare in
African Americans; limited studies have not
linked this mutation to stroke in SCD.

High levels of antiphospholipid antibodies
were found in patients with SCD and individ-
uals with sickle cell trait (33), but no relation-
ship to disease complications was noted.
Clearly, further work is needed to resolve 
the role of genetic risk factors for thrombosis,
many of which have been examined only 
in pilot studies or reported in abstract.

The potential genetic contribution to stroke
risk in SCD can be estimated from clinical
stroke risk observed in sibling pairs with SCD.
In 210 pairs among 2,353 patients with SCD,
167 pairs had no history of stroke, 33 pairs
had a stroke in one sib, and 10 pairs had his-
tory of stroke in both sibs (34).

A case-control candidate gene association study
involving patients with SCD and ischemic
stroke suggested an association with ischemic
stroke and angiotensinogen repeat alleles 
3 and 4 (p<0.05) and plasminogen activator
inhibitor (PAI-I) 4/4 alleles (p<0.01) (35). 

GENETIC PREDICTION 
OF PHENOTYPE IN 
SICKLE CELL ANEMIA 
As with other diseases, the sickle cell diseases
are variable in their presentation due to differ-
ences in the genetic makeup and the environ-
mental exposure of the affected individual.
Although the exact genes have yet to be iden-
tified, extensive advances in understanding the
pathophysiology of SCD suggest that genes
involved in numerous mechanisms might have
epistatic potential in SCD. These include: 

1. Genes involved in the adhesion of young
sickle cells to the vascular endothelium
(e.g., genes related to integrin and other
adhesive molecules).

2. Genes that affect the density of sickle cells,
including transporter genes such as those
involved in Ca-dependent K efflux, K:Cl
cotransport, Na/H exchange.

3. Genes involved in thrombosis, 
particularly in sickle cell stroke.

4. Genes involved in angiogenesis, 
particularly in sickle cell retinopathy.

5. Genes involved in hemopoiesis, 
particularly marrow response to anemia.

6. Genes involved in vascular reactivity, 
particularly genes involved in the effects 
of endothelin and NO.
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Eventually, researchers may develop a reliable
method of predicting severity of disease. This
would allow better grounds for decisions 
pertaining to termination of pregnancy in 
the context of prenatal diagnosis and the
establishment of risk/benefit ratios when 
contemplating bone marrow transplantation,
chemotherapeutic manipulation of Hb F 
level, and even gene therapy, all of which 
have potentially serious complications. 
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risk factors responsible for the increased mor-
bidity and early mortality of SCD (table 1).
Below are just a few of the findings from the
CSSCD studies, which have resulted in 39
papers (1-39).

LABORATORY REFERENCE VALUES

The CSSCD described reference values and
hematologic changes from birth to 5 years 
of age (2). Anemia was observed by 10 weeks 
of age in infants with SCD-SS and was associ-
ated with a rising reticulocyte count, exceeding
12 percent by 5 years of age. The fetal hemo-
globin (Hb F) concentration in SCD-SS infants
declined more gradually than did that of infants
with SCD-SC. Infants with SCD-SS had evi-
dence of abnormal splenic function after 6
months of age, and by 1 year, 28 percent of
SCD-SS infants had evidence of poor splenic
function. By the time the children had reached
3 years of age, this percentage had increased to
78 percent for SCD-SS children and 32 percent
for those with SCD-SC. Children with SCD-
SC were mildly affected, and displayed mild
anemia (10.5 g/dL), slightly elevated mean
reticulocyte counts (3 percent), and fetal hemo-
globin levels (3 percent) during early childhood.  

PAINFUL EVENTS

One of the major accomplishments of the
CSSCD was an analysis of the epidemiology
of pain episodes (3). The natural history of
3,578 individuals ranging in age from new-
borns to 66 years was evaluated. The average
pain rate was 0.8 episode per person-year in

Many of the observational studies and thera-
peutic trials that have contributed to the
understanding of syndromes associated with
sickle cell disease (SCD) have been federally
funded. This chapter highlights some of the
research funded by the National Heart, Lung,
and Blood Institute (NHLBI) that has led to 
a clearer understanding of the clinical course
of SCD and appropriate interventions to
reduce morbidity. Specifically, it describes 
a large multi-year observational study, known
as the Cooperative Study of Sickle Cell
Disease (CSSCD), as well as several interven-
tional clinical trials. The discussions are not
inclusive but rather highlight successful efforts
in the study and treatment of the disorder.

COOPERATIVE STUDY OF SICKLE
CELL DISEASE—EPIDEMIOLOGY
COHORT STUDY
The CSSCD, started in 1979 after years 
of planning, was a large multi-institutional
prospective study of the clinical course of
SCD (1). The recruitment goals included indi-
viduals with major phenotypes of sickle cell
disease (SCD-SS, SCD-SC, and SCD-S β+/o

thalassemia); 3,200 subjects, with an SCD-SS
sample of 2100; individuals from different
geographic areas (including rural areas); and
inclusion of individuals at all stages of life
(including newborns and pregnant women).
The CSSCD completed its third phase in
1999; it followed the newborn cohort of 694
children who were identified through screen-
ing programs. The CSSCD has identified the
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sickle cell anemia (SCD-SS), 1.0 episode 
per person-year in SCD-S βo-thalassemia, 
and 0.4 episode per person-year in SCD-SC
β+-thalassemia and SCD-SS β+-thalassemia. 

The rates varied widely within each of these
four groups. Thirty-nine percent of persons
with sickle cell anemia had no episodes of
pain, and 1 percent had more than six episodes
per year. The 5.2 percent of persons with 3 
to 10 episodes per year had 32.9 percent of 

all episodes. Among persons over the age 
of 20, those with high pain rates tended to 
die earlier than did those with low pain rates.
High pain rates were associated with high
hematocrit and low Hb F levels, and α-tha-
lassemia had no effect on pain rates apart 
from its association with an increased hemat-
ocrit. The data indicated that the Hb F level
was predictive of the pain rate, prompting
attempts to increase Hb F levels with pharma-
cologic agents such as hydroxyurea.

Table 1. Risk Factors for Major Organ Dysfunction or Event (Results from the CSSCD)

Condition (Reference) Associated Risk Factors*

Painful events (3) ↓ Hb F
↑ hematocrit (Hct)

Premature death (3) ↑ painful event rate

Leg ulcers (4) ↓ Hb F concentration

Splenic sequestration (12) ↓ Hb F concentration

Osteonecrosis, femoral head (13) ↑ painful episodes
↑ Hct
↓ mean cell volume (MCV)

Infarctive stroke (17) acute chest syndrome
prior transient ischemic attack (TIA)
↓ Hb concentration
↑ systolic blood pressure

Hemorrhagic stroke (17) ↓ Hb concentration
↑ white blood cell count (WBC)

Silent infarct (18) ↓ Hb concentration
↑ WBC
↓ splenic function
Senegal globin haplotype

Acute chest syndrome (19) ↓ Hb concentration
↓ Hb F concentraion
↑ steady state WBC

Sickle cardiomyopathy (21) ↓ Hb concentration
↑ age

* ↓=decreased, ↑=increased
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MAJOR ORGAN DYSFUNCTION

Leg Ulcers  

The incidence of leg ulcers was evaluated at
study entry in 2,075 persons 10 years and
older between 1979 and 1986 (4). Leg ulcers
were most prevalent in persons with SCD-SS
and SCD-SS α-thalassemia. Prevalence rates
per 100 persons were: SCD-SS (4-5 α genes)
= 4.97; SCD-SS (2-3 α genes) = 3.9; SCD-SS
unmapped = 1.5; SCD-S βo-thalassemia = 0.9.
Individuals with SCD-SC and SCD-S β+-tha-
lassemia did not have leg ulcers at entry. The
incidence rates of leg ulceration among males
were significantly higher than among females
(15 versus 5 per 100 person-years). Persons
who had SCD-SS experienced a sharp increase
in incidence of leg ulcers after the second
decade of life. At any given total hemoglobin
concentration, rates were lower in individuals
with fetal hemoglobin (Hb F) levels greater than
5 percent.

Osteonecrosis of the Humeral Head 

Osteonecrosis of the humeral head was deter-
mined in a study of 2,524 persons in the
CSSCD cohort (5). At entry, 5.6 percent had
radiologic evidence of osteonecrosis in one or
both shoulders. The highest age adjusted inci-
dence rates were observed in SCD-SS persons
with concomitant α-thalassemia (4.9 per 100
person-years), followed by SCD-S βo-thalas-
semia (4.8 per 100 person-years), SCD-SS
without α-thalassemia (2.5 per 100 person-
years), and SCD-SC (1.7 per 100 person-
years). Most were asymptomatic, with 20.9
percent reporting pain or limited range of
motion at time of diagnosis. 

ALLOIMMUNIZATION RISKS
OF TRANSFUSION

In 1,814 persons with SCD who had been
transfused, the rate of alloimmunization to
erythrocyte antigens was 18.6 percent (6). 
The rate of alloimmunization increased expo-
nentially with increasing numbers of transfu-
sions. However, the rate of alloimmunization
in persons whose first transfusion occurred 
at less than 10 years of age was less than
expected based on the number of transfusions
administered.

DEMOGRAPHICS

An analysis of socioeconomic status of 3,538
African-American SCD persons enrolled in
the CSSCD revealed the following: there were
fewer two-parent families than in the total
United States black population (USBP) (40
percent versus 54 percent); twice as many 
persons of both sexes with SCD worked in
white-collar positions; a higher percentage of
SCD persons were unemployed and disabled
(compared to the USBP); and men with 
SCD patients had lower median incomes 
than all black males in the United States (7).
The percentage of high school graduates was
similar (71 percent SCD versus 75 percent
USBP), and female heads of household
employed full time earned about the same
salary as USBP females.

CLINICAL TRIALS IN 
SICKLE CELL DISEASE
Interventional trials grew partly from needs
and observations related to the CSSCD.
Examples of clinical trials funded by the
NHLBI are described below and are summa-
rized in table 2.
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PROPHYLACTIC PENICILLIN STUDIES
I & II (PROPS I & PROPS II)
The Prophylactic Penicillin Study (PROPS I),
one of the first multicenter clinical trials, was
initiated in 1983 to test the effectiveness of
prophylactic oral penicillin in the prevention
of severe pneumococcal infections in young
children under 3 years of age with SCD (8,9).
The multicenter randomized double-blind
placebo-controlled trial demonstrated an 84
percent reduction in the incidence of infection
in children who received oral penicillin twice
daily, compared to the placebo group. It indi-
cated that all neonates should be screened 
for sickle hemoglobinopathies, and those 
with sickle cell anemia should be placed on
prophylactic penicillin by 4 months of age. 

Penicillin Prophylaxis in Sickle Cell Disease 
II (PROPS II) demonstrated that penicillin 
prophylaxis can be stopped safely after age 5
because no significant benefit was found in com-
paring the placebo and penicillin groups (40).

HYDROXYUREA PHASE II TRIAL

Based on the findings that persons with poorer
prognoses often had lower fetal hemoglobins
(table 1), a multicenter safety and dosing
study of hydroxyurea was undertaken in adults
to determine responsiveness of fetal hemoglo-
bin levels and toxicity (41). Forty-nine persons
were enrolled, and 32 of them were still
receiving therapy at the end of the study.
Eighteen persons were treated for 24 months
or longer, and 11 completed 16 weeks of 
therapy at a maximally tolerated dose (MTD).
Hb F levels ranged from 1.9 percent to 26.3
percent, with the most significant predictors
of Hb F levels being last plasma hydroxyurea
level, initial white blood cell count, and initial
Hb F level. No serious toxicities were observed,
significant bone marrow depression was avoid-
ed, and chromosome abnormalities after 2

years of treatment were no greater than those
observed before treatment. Hemoglobin 
concentrations increased, as did body weight.
There was a suggestion of clinical benefit,
although the study was uncontrolled and
open-label and therefore was not designed 
to test therapeutic efficacy. This study was 
followed by the Multicenter Study of
Hydroxyurea in Sickle Cell Anemia (MSH
Trial), the first randomized double-blind trial
to test the efficacy of an agent in decreasing
the rate of painful events.

MULTICENTER STUDY OF
HYDROXYUREA IN SICKLE CELL
ANEMIA (MSH TRIAL) 
The randomized, double-blind, placebo con-
trolled MSH Trial conducted at 21 clinic cen-
ters (42,43) found that hydroxyurea decreased
painful sickle cell episodes or crises, hospital-
izations for painful episodes, acute chest syn-
drome, and total number of units of blood
transfused by approximately 50 percent. In
1998, as a result of this trial, hydroxyurea
became the first agent to be approved by the
Food and Drug Administration for the pre-
vention of painful episodes in adults with 
sickle cell anemia.

A contract to follow the MSH patient cohort,
a phase IV study, began in February 1996.
Only persons involved in the MSH Trial 
were recruited for this study, and they are
being followed for long-term morbidity 
and mortality in association with long-term
hydroxyurea usage.

Ancillary studies in the MSH Trial have
explored factors responsible for genetic modu-
lation of γ-globin gene expression (44) and
effects of hydroxyurea administration on body
weight and exercise performance (45). An
analysis of the cost-effectiveness of hydroxyurea
has shown that individuals with SCD who
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received the drug had an average yearly lower
cost of health care than did those originally
randomized to receive placebo (46). Other
areas being explored by the MSH investiga-
tors include effects of hydroxyurea usage on
quality of life and the effect of hydroxyurea
on analgesia use.

PHASE I/II STUDY OF HYDROXYUREA
IN CHILDREN (PED HUG)
Children between the ages of 5 and 15 years
with sickle cell anemia were entered into a
multicenter safety and dosing study of hydrox-
yurea in 1994 (47). A total of 84 children
were enrolled, 68 reached MTD, and 52 were
treated at MTD for 1 year. This study demon-
strated significant increases in hemoglobin
concentration, Hb F levels, and decreases 
in white blood cell, neutrophil, platelet, and
reticulocyte counts. Laboratory toxicities were
transient and were reversible with cessation of
hydroxyurea, as had been seen in adults. This
study set the stage for the design of phase III
trials of hydroxyurea in even younger children
to determine whether hydroxyurea can prevent
chronic end-organ damage.

PERIOPERATIVE TRANSFUSION STUDY

Perioperative transfusions are used frequently
to prevent morbidity in patients with sickle cell
anemia. A prospective multicenter study that
ran from 1988 to 1993 randomly assigned 692
patients to receive either exchange transfusions
to decrease their Hb S levels below 30 percent
or simple transfusions to increase their hemo-
globin levels to 10 g/dL (48). The conservative
transfusion regimen was as effective as exchange
transfusion in preventing perioperative com-
plications, and the conservative regimen was
associated with a much lower rate of transfu-
sion-associated complications. In addition to

decreasing morbidity for patients undergoing
surgical procedures, simple transfusions 
are associated with significant cost savings.

STROKE PREVENTION TRIAL IN
SICKLE CELL ANEMIA (STOP TRIAL)
Stroke is the second leading cause of death 
in children with SCD. In the STOP trial, an
investigator-initiated multicentered trial fund-
ed by the NHLBI, children between the ages
of 2 and 16 who were at risk for first-time
stroke, as determined by having transcranial
Doppler velocity greater than 200 cm/sec,
were randomized to receive either periodic
transfusions to maintain the Hb S level below
30 percent or standard supportive care (49).
An interim analysis demonstrated that period-
ic transfusions were efficacious in preventing
first-time stroke in the children randomized 
to the transfusion arm. At the end of the trial,
all participants were offered periodic transfu-
sion therapy. The main side effects of the
transfusion therapy were iron accumulation
and alloimmunization, although the rate of
occurrence was low. A new trial, known as
STOP II, is now in place to determine whether
transfusions need to be continued indefinitely
or if they can be stopped after some period of
time when risk of stroke has diminished. 

SUMMARY
The trials discussed are examples of only some
of the major clinical efforts in SCD research.
The NHLBI funds 10 Comprehensive Sickle
Cell Centers, whose mission is to perform
basic research in SCD, conduct clinical studies,
and provide community outreach and education.
It also supports a variety of other endeavors. 
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Table 2. NHLBI-Sponsored Clinical Trials in Sickle Cell Disease

Trial Therapy Tested (Type of Trial) Outcome (Reference)

PROPS I Prophylactic penicillin in infants Pneumococcal sepsis prevented
(Phase III) in infants (8)

PROPS II Prophylactic penicillin in children Penicillin prophylaxis can be safely
(Phase III) stopped at age 5 (40)

Hydroxyurea Hydroxyurea in adults Hydroxyurea can be safely given to
Phase II Trial (Phase II) adults with SCD-SS (41)

MSH Trial Hydroxyurea in adults with Hydroxyurea lowered rate of painful
severe sickle cell anemia events, blood transfusions, acute 
(Phase III) chest syndrome, and hospitalizations 

by 50 percent (42,43)

PED HUG Hydroxyurea in children Hydroxyurea can be safely given 
(HUG KIDS) (Phase II) to children between the ages of 5 

and 15 (47)

Perioperative Simple blood transfusions to raise the Simple blood transfusions can be safely 
Transfusion Trial total Hb level to 10 g/dL regardless of Hb S given during the perioperative period 

concentration, compared to aggressive to raise Hb concentration to 10 g/dL (48)
blood transfusions to suppress Hb S level 
to below 30 percent at time of surgery  
in children and adults 
(Phase III)

STOP Trial Blood transfusions to prevent stroke First-time stroke can be prevented 
in children in children found to be at risk by periodic
(Phase III) blood transfusions to suppress Hb S 

concentraion to less than 30 percent (49)
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