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Abstract

Stroke is a frequent and severe complication in adults with sickle cell disease. Ischemic stroke
often causes physical and cognitive disability, while hemorrhagic stroke has a high mortality rate.
As more children survive, the number of strokes in adults is increasing, yet stroke remains poorly
understood. We review the epidemiology of ischemic and hemorrhagic stroke in adults with sickle
cell disease and outline a practical approach to the evaluation of stroke including both sickle cell
disease specific and general risk factors. We discuss the acute treatment and secondary prevention
of stroke in this population based on the evidence in children with sickle cell disease and the
general population, in addition to the limited studies in adults with sickle cell disease.
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Epidemiology

Sickle cell disease (SCD) confers an increased risk of ischemic and primary hemorrhagic
stroke. The association with stroke was first described by Sydentricker in a 3-year-old child
with left hemiparesis and presumed sickle cell anemia (HbSS) [1]. The predisposition to
stroke has been confirmed in multiple case series [2] and cohort studies from the 1950s to
2003, with an incidence of first stroke of 500-1280 per 100,000 person-years in adults with
HbSS and 360-1160 for all adults with SCD, compared with 12 per 100,000 person-years in
African—Americans less than 35 years of age and 202 in those 35-54 years of age [3-6]. An
analysis of administrative data from California, USA, which included individuals of all ages
with SCD, identified the greatest absolute number of ischemic and hemorrhagic strokes and
the highest incidence rates of ischemic stroke in adults 35-64 years of age (740/100,000
person-years) and >65 years of age (3500/100,000 person-years) [7]. This is significantly
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higher than the incidence of ischemic stroke (excluding transient ischemic attack [TIA])
seen in African—Americans overall (270/100,000 person years for those 35-64 years of age
and 1500/100,000 person-years for those 65—74 years of age) [5]. The results from these
studies need to be compared with caution, as the more rigorous prospective studies were
initiated before the widespread use of computerized tomography (CT) and MRI for brain
imaging, and administrative data requires estimation of the number of adults with SCD to
calculate rates. New prospective cohort studies to reexamine the epidemiology of stroke in
adults with SCD are needed in the setting of modern neuroimaging, and greatly increased
survival to adulthood.

Data on the epidemiology of stroke in less developed countries is limited. In Cameroon, a
small cross-sectional study reported a stroke prevalence of 13% (3/24) of adults with SCD
[8], and in Nigeria a larger cross-sectional study without neuroimaging identified focal
weakness in 1.7% of adults compared with 6.2% of adolescents. This decrease in prevalence
may reflect decreased survival of children and adolescents with stroke in Nigeria [9]. A
large prospective cohort of 310 children with HbSS followed from birth in Jamaica
identified stroke in 17 children with a cumulative stroke incidence of 7.8% at 14 years of
age, but data for adults have not been reported [10].

Both ischemic and hemorrhagic stroke are more common in adults with SCD than the
general population. The Cooperative Study of Sickle Cell Disease (CSSCD), a prospective
cohort study of over 4000 children and adults, identified a history of stroke in 3.8% of the
participants. Of the adults with HbSS, 14 had a first hemorrhagic stroke and eight a first
ischemic stroke. Hemorrhagic stroke occurred most frequently in young adults (20-29 years
of age) with a rate of 440 per 100,000 person-years, over 30-times the rate (14 per 100,000
person years) seen in African—Americans 20-44 years of age in the Manhattan stroke study
[3,11]. A high rate (330 per 100,000 person-years) and proportion of hemorrhagic stroke
was also seen in California (Figure 1) from 1998 to 2007, with 30 (24%) adults (18-65 years
of age) with intracerebral hemorrhage, 26 (20%) with subarachnoid hemorrhage and 71
(56%) with ischemic stroke. Mortality from ischemic stroke during the first 14 days was
uncommon in adults with SCD and ranged from 0% in the CSSCD to 8% in California.
However, 24% of children and adults with hemorrhagic stroke in the CSSCD died within the
first 14 days, and 34% of adults died with hemorrhagic stroke in California [3,7]. Death was
much more likely with intracerebral hemorrhage (50-80%) than subarachnoid hemorrhage
(0-27%) in several case series [4,12].

Risk factors for stroke

Numerous clinical and genetic risk factors for stroke in SCD have been identified, mostly
from pediatric studies. These are summarized in Tables 1-3. The most consistently
identified clinical risk factors for ischemic stroke in adults include genotype (risk is greatest
for HbSS), increasing age, increased systolic blood pressure or hypertension, and lower
baseline hemoglobin [3,4,7,13]. Several known risk factors for ischemic stroke in the
general population (diabetes mellitus, atrial fibrillation, hyperlipidemia and renal disease)
may contribute to increased risk in adults with SCD, but have only been identified in a
single study using administrative data [7]. Acute chest syndrome and aplastic crisis
secondary to parvovirus infection have a strong temporal association with ischemic stroke in
children with SCD, but it is unclear if these events increase the risk of stroke in adults
[3,14]. I1schemic stroke recurs in most (67%) untreated children with SCD, with the majority
of recurrent strokes within 24 months [4]. In a large retro spective cohort of children and
young adults chronically transfused for childhood stroke, no recurrent strokes occurred more
than 24 months after the initial stroke in those with hypertension within 24 h, acute chest
syndrome, fever, exchange transfusion, or acute anemic event requiring transfusion within 2
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weeks of the stroke [15]. Children with stroke and moyamoya are at increased risk of
recurrent TIA and stroke (58%) compared with children with stroke and no moyamoya
(28%), despite treatment with chronic transfusion [16]. Powars et al. reported in a
prospective cohort of 1056 children and adults with HbSS that an increased risk of stroke
(all types) was associated with chronic lung disease (odds ratio [OR]: 3.2), avascular
necrosis (OR: 7.4), retinopathy (OR: 2.5) and renal failure (OR: 7.3), and a decreased risk
with acute chest syndrome (OR: 0.5) [6].

The best-studied clinical risk factors for hemorrhagic stroke are low steady-state hemoglobin
and high steady-state leukocyte count [3]. Known risk factors for hemorrhagic stroke (renal
disease, hypertension and coagulopathy) may contribute to increased risk in adults with
SCD, but have only been identified using a discharge database from California [7]. A case-
control study of 15 children with hemorrhagic and 29 with ischemic stroke identified strong
associations between hemorrhagic stroke and a history of hypertension, coagulopathy and
recent (in the last 14 days) transfusion, treatment with corticosteroids, or acute chest
syndrome [12]. In a similar case-control study of 20 adults with hemorrhagic stroke and 18
with ischemic stroke, only transfusion in the last 14 days was significantly associated with
hemorrhagic stroke (Table 2) [17].

Genetic risk factors for stroke in SCD have been an active area of investigation for nearly 15
years. Multiple candidate genes have been evaluated, mostly for ischemic stroke in children,
commonly characterized by a large vessel vasculopathy with stenosis or occlusion of the
distal internal carotid or proximal middle and anterior cerebral arteries (Table 3). Single-
nucleotide polymorphisms in a number of genes have been associated with stroke risk and
have been incorporated into a Bayesian network model to predict stroke. This model
performed well in a small validation set, but, to our knowledge, has not been replicated or
implemented for clinical use [18].

Primary stroke prevention

Currently, there are no validated methods to screen for increased risk of stroke in adults with
SCD. Transcranial Doppler ultrasound (TCD) can identify children with HbSS at increased
risk of stroke, and the Stroke Prevention (STOP) trial demonstrated the efficacy of regular
transfusion to maintain hemoglobin S (Hb S) <30%, to decrease the absolute risk of stroke
from 30% over 30 months to 3% [19,20]. Several studies of TCD in adults with HbSS have
not identified individuals with the greatly increased cerebral blood flow velocities predictive
of stroke risk in children [21,22]; however, a prospective study of 50 adults evaluated the
relationship between TCD and intracranial stenosis. A velocity of 123.5 cm/s or higher in
the internal carotid or middle cerebral artery had a sensitivity of 100% and specificity of
73% for the detection of intracranial stenosis in these arteries, but has neither been validated
in an independent population nor been demonstrated to predict risk of stroke [23]. A
potential intervention, although unstudied, to decrease stroke incidence and mortality in
adults with SCD might be to aggressively treat known risk factors for stroke including
hypertension (by sodium restriction and medication) and low baseline hemoglobin (by
hydroxyurea, transfusion or hematopoietic stem cell transplantation).

Acute evaluation of suspected stroke

The acute evaluation and presumptive treatment of suspected stroke in an adult with SCD
should be guided by their history, traditional stroke risk factors, and presenting symptoms
and signs, based on limited data likely skewed toward more severe presentations. Ischemic
stroke occurs more often in younger adults with HbSS and older adults with hemoglobin SC
disease or sickle-p plus thalassemia (Figure 2). Nearly 80% of ischemic strokes present with
hemiparesis, 58% with headache and only 11% with seizure. Headache or significant
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impaired mental status at presentation is much more frequent (89%) in those with
hemorrhagic stroke, as are seizures (37%), while hemiparesis was seen in only 31% [17].
MRI of the brain, while more expensive and more difficult to obtain urgently at most
hospitals or in patients unable to hold still for the necessary sequences, can detect both acute
ischemic and hemorrhagic strokes with excellent sensitivity. CT of the brain is highly
sensitive to identify acute hemorrhagic stroke, but may not identify ischemic stroke,
especially within the first few hours of the onset of symptoms [24].

Vascular imaging should be obtained in all patients with SCD and stroke. For patients with
ischemic stroke, MR angiography (MRA) during the initial hospitalization is usually
adequate for the evaluation of the cerebral vasculature. There is increasing recognition of
extracranial stenosis of the carotids in children with SCD and extracranial disease is
common in the general population of adults with stroke, so it may be reasonable to include
duplex ultrasonography or MRA of the neck with gadolinium to improve visualization of the
carotids in addition to MRA of the brain or CT angiography of the neck and brain [25-27].
This information is useful to identify patients with obstructive vasculopathy and moyamoya
that may have increased risk of recurrent stroke. In patients with intracerebral hemorrhage,
MRA or CT angiography of the brain is a reasonable first study of choice to evaluate for
aneurysms of the cerebral arteries and moyamoya, which results in delayed perfusion of the
brain by collateral vessels that looks like a puff of smoke on a digital subtraction cerebral
angiogram. Moyamoya is a common complication in children and young adults with SCD
and obstructive cerebral vasculopathy.

We recommend digital subtraction arteriography for all adults with subarachnoid
hemorrhage given the greater sensitivity than MRA for the detection of small aneurysms.
There is a risk of stroke with the administration of hyperosmolar intravenous contrast to
patients with SCD [28]. This risk can be reduced by hydration, the use of low osmolar
contrast, and transfusion to achieve a proportion of Hb S to <20-50% of total hemoglobin
[29,30]. We recommend transfusion, preferably exchange transfusion, of all critically ill
adults with SCD and stroke to achieve a Hb S <30% and also prior to direct instillation of
contrast into cerebral arteries.

The specific evaluation for the cause of ischemic stroke in adults with SCD should include a
thorough investigation for other potential risk factors, as stroke is a heterogeneous condition
and multiple etiologic factors often contribute in a single patient. Testing should include
echocardiography and/or TCD with agitated saline to screen for a patent foramen ovale,
monitoring for atrial fibrillation, cholesterol, low-density lipoproteins, high-density
lipoproteins and triglycerides, and screening for diabetes mellitus, tobacco use and drugs of
abuse associated with stroke (cocaine and amphetamines) [31].

Treatment of ischemic stroke

The age and characteristics of the patient should guide the acute treatment of ischemic
stroke in adults with SCD given the very limited published experience [32]. In young adults
with HbSS, the use of exchange transfusion is supported by a large retrospective cohort
study that demonstrated a much lower risk of recurrent stroke in children treated with
exchange transfusion versus those treated with simple transfusion, and that cerebral blood
flow normalized in one child 1 week after exchange transfusion [33,34]. Treatment with
thrombolytic agents should be considered in adults that meet accepted criteria based on the
increased proportion of favorable outcomes seen in ischemic stroke overall [35], but there
are no published reports of thrombolysis for acute ischemic stroke in children or adults with
SCD, and the increased rate of intracranial hemorrhage in people with SCD may result in an
increased risk of this complication with thrombolysis. For these reasons it should be clear
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that the use of thrombolytic agents in adults with SCD should be considered an off-label use
of an US FDA (tissue plasminogen activator) approved drug, and this should be discussed
with the patient and family in these terms. There is a need for studies of tissue plasminogen
activator for the treatment of acute ischemic stroke in patients with SCD.

The goals of acute treatment for ischemic stroke are to limit primary and secondary injury
from the stroke, limit early recurrence, and establish effective secondary prevention.
Management of stroke patients in certified stroke centers and dedicated stroke units has been
demonstrated to improve outcomes [36-38]. Interventions to limit injury include supportive
measures to optimize cerebral perfusion, oxygenation, ventilation and maintain
normoglycemia; also, treatment of hyperthermia, and cardiac monitoring for the first 24 h.

The role in adults with SCD of interventions proven to be effective for the acute
management and secondary prevention of ischemic stroke in the general population is
unclear. In the absence of specific data, we recommend considering the interventions
described for stroke in adults in general. The identified risk factors and pathophysiology of
the stroke should guide the approach to secondary prevention. For example, anticoagulation
in patients with a strong indication (i.e., atrial fibrillation, mechanical heart valve,
intracardiac thrombus or concurrent pulmonary embolus); risk factor modification in those
with hypertension, obesity, diabetes, tobacco and hypercholesterolemia; and carotid
endarterectomy in symptomatic carotid stenosis, to name a few. Antiplatelet therapy should
be considered in all adults with acute ischemic stroke — the first choice should be aspirin 325
mg daily. Other antiplatelet agents such as aspirin/dipyridamole, clopidrogel and ticlopidine
have not been studied in acute stroke, although they do have a role for secondary prevention
[31,36]. In the specific case of adults with SCD, aspirin, aspirin combined with
dipyridamole and ticlopidine have all been evaluated in small studies for the prevention or
treatment of pain from SCD without increased bleeding [39], but these agents increase the
risk of hemorrhagic stroke in the general population [40]. This may be of additional concern
in adults with SCD given limited data that hemorrhagic stroke occurs even more frequently
in those with a history of ischemic stroke as children [41]. Statins can also be considered for
use in this setting for adults with SCD, and started during hospitalization for the acute event,
as these agents may improve outcomes and decrease recurrence of ischemic stroke and TIA
when used in patients with ischemic stroke [42]. Based on a small prospective study, the
short-term use of statins appears safe in adults with SCD despite the low baseline levels of
cholesterol in this population [43]. The long-term safety of statins in patients with SCD is
unknown.

The cornerstone of secondary prevention of ischemic stroke in children with SCD is regular
transfusion to maintain Hb S less than some threshold (initially 20%, now typically 30—
50%) before the next transfusion based on observational studies. This approach has been
found to reduce the risk of recurrent stroke from 67% at 4 years to 2.1 episodes per 100
person-years [4,44]. However, when transfusions were stopped in this population most
subjects had recurrent stroke within 12 months (70% after 1-2 years of transfusion and 50%
after 12 years of transfusion) [45,46]. One group of investigators reported a greatly reduced
rate of recurrent stroke (1.2 per 100 person-years) after stopping regular transfusions in nine
people; seven were at least 18 years of age and six were treated with hydroxyurea [47].
Regular transfusions to maintain Hb S < 30% is our preferred first-line treatment for young
adults with SCD and first ischemic stroke as children or adults, but there are only published
data to support this approach in those with first stroke during childhood. In addition,
transfusion alone is inadequate therapy for many patients as progressive cerebral injury
occurred in 45% (18/40) of well-transfused children (mean pretransfusion Hb S of 29%)
with median follow-up of 5.5 years [48].
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Alternative approaches to secondary prevention include hydroxyurea, hematopoietic stem
cell transplantation and revascularization. Hydroxyurea, after at least 6 months of
transfusions, reduced the rate of recurrent stroke in children and young adults (median age at
last follow-up of 19 years, range 13-29 years) to 4.6 per 100 person-years of follow-up [49].
This is significantly lower than seen in untransfused patients. However, the randomized
Stroke With Transfusions Changing to Hydroxyurea (SWiTCH) Trial demonstrated an
increased number of recurrent strokes in children treated with hydroxyurea (7/67) compared
with children treated with transfusions (0/66) [50]. Thus, hydroxyurea may reduce the risk
of recurrent stroke compared with no therapy, as demonstrated in a large retrospective case
series of Jamaican children, but is probably inferior to regular transfusions to maintain Hb S
<30% [51].

Hematopoietic stem cell transplantation (HSCT) is a promising therapy for secondary stroke
prevention in SCD. After myelo-ablative HSCT for stroke with an HLA-matched sibling
donor, 90% (26/29) of children were stroke free at a median of 3.2 years, with one
transplant-related death, and both recurrent strokes occurred after the stem cell therapy had
failed. There was no silent progression of cerebral injury in the 28 patients with follow-up
MRIs [52]. However, a study of children treated with a similar preparative regimen with the
MRIs performed and interpreted at a single center identified progressive or new persistent
cerebral injury in five out of nine children, but no overt strokes [53]. The greatest barriers to
HSCT for adults with SCD and stroke remains the small proportion of adults (approximately
20% of referred patients) that have an HLA-matched sibling donor and the limited adult
experience with HSCT [54]. HSCT using alternative donors (matched un related or
haploidentical donors) is currently being evaluated in adults [55].

The addition of cerebral revascularization procedures may decrease the risk of recurrent
stroke in people with SCD and moyamoya. Small case series of children and young adults
treated by encephaloduroarteriosynangiosis, an external bypass procedure, have shown a
reduction in the rates of recurrent stroke from as high as 61 per 100 person-years before to
2.1-6.1 per 100 person-years after the procedure [56-58]. However, the potential biases
inherent to case series with a comparison of rates before and after the intervention limit the
confidence in these findings.

Treatment of hemorrhagic stroke

To our knowledge, there are no studies of the acute treatment of intracranial hemorrhage in
children or adults with SCD, and only case series and case reports of adults with
subarachnoid hemorrhage. The 15 adults in the largest series of subarachnoid hemorrhage
were treated with partial exchange transfusion to increase the total Hb to 9-11 g/dl and
decrease Hb S to less than 50% before cerebral angiography [30]. Given these limited data,
we recommend transfusion in the acute setting, preferably exchange transfusion, to decrease
Hb S to less than 30%.

Recognized efficacious treatments for acute intracranial hemorrhage in the general
population include: reversal of anticoagulation or replacement of coagulation factor
deficiencies, treatment in an intensive care unit, preferably with physician and nursing
expertise in neurological critical care, appropriate management of blood pressure and
treatment of seizures with antiepileptic agents. Most patients with intracerebral hemorrhage
do not require surgical evacuation of the hematoma. The latest American Heart Association
Guidelines for the Management of Spontaneous Intracerebral Hemorrhage acknowledge that
surgery for these patients remains controversial. The STICH trial randomized 530 adults to
surgery and 503 to conservative treatment for spontaneous supratentorial intracerebral
hemorrhage and did not identify a statistically significant benefit of early surgery compared

Expert Rev Hematol. Author manuscript; available in PMC 2012 October 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Strouse et al.

Page 7

with medical treatment. Some benefit was seen in adults with hematomas extending within 1
cm of the cortical surface, while those with hemorrhage more than 1 cm from the cortex
fared worse with surgery [59]. Based on this and other smaller clinical trials, the American
Heart Association Guideline recommends that surgery for evacuation of supratentorial
spontaneous intracerebral hemorrhages with a hematoma volume greater than 30 ml and
within 1 cm of the surface may be considered as a Class Ilb, Level B (benefit may be greater
than risk, based on conflicting evidence from a single randomized trial and nonrandomized
studies; usefulness/efficacy is not well established) [60].

Most randomized trials of surgical evacuation in spontaneous intracerebral hemorrhage have
excluded cerebellar hemorrhages due to data from earlier nonrandomized studies showing
good outcomes with surgical evacuation, in patients with cerebellar hematomas of larger
than 3 cm of diameter or in patients with brainstem compression or obstructive
hydrocephalus. Patients with cerebellar hematomas of less than 3 cm of diameter tend to
have good outcomes in studies. There have not been any randomized studies in this
subgroup (cerebellar hemorrhages) because it has been thought that there is no clinical
equipoise. Therefore it is accepted that patients with cerebellar hemorrhage who deteriorate
neurologically do benefit from hematoma removal and decompression and should undergo
surgery (Class I, Level B [benefits are much greater than risk and the procedure is effective]
recommendation); patients with acute hydrocephalus due to hemorrhage will benefit from
external ventricular drain, except those in which the hydrocephalus is due to a cerebellar
hemorrhage; these patients should have surgery for evacuation of the hematoma as soon as
possible, as initial treatment of these patients with external ventricular drain may be harmful
due to delay of definitive treatment [60].

There are no data specific to children or adults with SCD so these interventions should be
considered in all patients without contraindications, and most strongly in those with
traditional risk factors for intracranial hemorrhage [60]. Patients with subarachnoid
hemorrhage should be evaluated for surgical clipping or endo vascular coiling of the
aneurysm, treated in a neuroscience intensive care unit, and managed to prevent and treat
vasospasm. This includes oral nimodipine, and maintenance of a euvolemic state for
prevention of vasospasm and institution of hypervolemic, hypertensive and hemodilution
(triple-H) therapy for the treatment of symptomatic vasospasm. Other options include
interventional therapy with angioplasty or catheter-delivered drugs for refractory cases [61].

To our knowledge, there are only a few observational studies of the secondary prevention of
stroke after hemorrhagic stroke in SCD patients. Two retrospective cohort studies that
included both intracranial and subarachnoid hemorrhage failed to identify recurrent strokes
or transient ischemic events in children or adults with hemorrhagic stroke, including several
patients who did not receive chronic transfusions or hydroxyurea. However, the studies were
small (15 children and 19 adults) with limited follow-up time (29 and 25 person-years)
[12,17]. The largest series of subarachnoid hemorrhage included 15 patients 18-43 years of
age with ruptured aneurysms. Two patients died before surgery and 13 had craniotomy and
clip ligation of the aneurysm. Eleven survived; eight with good recovery and three with
moderate disability [30]. Coil embolization of ruptured aneurysms has also been
successfully performed in adults with SCD [62]. Based on this weak evidence, it is
reasonable to consider therapies other than transfusion or HSCT after hemorrhagic stroke,
including hydroxyurea or observation alone.

We also recommend considering strategies shown to reduce the risk of recurrent stroke in
the general population. The prevention of hemorrhagic stroke will depend on the identified
cause; for example, blood pressure control if the cause is hypertension, or avoidance/better
monitoring of anticoagulants in the case of warfarin-induced hemorrhage. In the case of
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aneurysmal subarachnoid hemorrhage, securing the aneurysm with either coiling or surgical
clipping is the best prevention strategy [61].

There are no disease-specific data on the utility of dedicated stroke units and stroke
rehabilitation on adults with SCD, and only small studies in children that support the
feasibility of cognitive rehabilitation to improve memory [63]. However, given the clear
benefits of multidisciplinary stroke care for adults in general [64], we recommend that adults
with SCD and stroke be treated in dedicated stroke units when possible with input from both
neurologists and hematologists [36—38]. The treatment plan should include an evaluation for
stroke rehabilitation and formal cognitive assessment after recovery from the acute event.
This is particularly important given the high prevalence of cognitive impairment identified
in children with SCD and stroke or clinically silent cerebral infarct (mean full-scale 1Q 77
versus 85 in those with normal MRIs) [65]. Specific interventions to address cognitive
impairment are being studied in children and should be considered in the development of the
rehabilitation program of all adults with cognitive deficits.

In summary, the only high-quality evidence on adult stroke in SCD is limited to descriptions
of the epidemiology. Our recommendations on the evaluation and management of acute
ischemic stroke and the secondary prevention of stroke in adults are mostly based on
extrapolation from studies of children with SCD of low or moderate quality, and high-
quality studies in the general population. There is limited evidence in adults with SCD of the
benefits of clipping or coil embolization of aneurysms after subarachnoid hemorrhage, but
given the limited evidence, we recommend standard management as with other adults with
subarachnoid and intra cerebral hemorrhage. Prospective studies are desperately needed of
acute interventions (transfusion, aspirin or other platelet antagonists, or thrombolytics) and
secondary prevention (hydroxyurea, platelet antagonists, regularly scheduled transfusion or
HSCT) for stroke in adults with SCD. These studies will be difficult to perform in the US
given the small numbers of adults with SCD seen at many centers, but should be feasible,
given the worldwide burden of SCD and the high rate of stroke in adults with SCD.

Expert commentary

The epidemiology of stroke in children and adults with sickle cell disease is well defined,
and multiple clinical and genetic associations have been identified, and in some cases
confirmed in additional studies. However, the only validated method to identify those at risk
for stroke, TCD, is limited to ischemic stroke and children 2-16 years of age. Even more
frustrating is the lack of evidence to guide the acute management of stroke in adults with
sickle cell disease. It is one of the few diseases in which we have to extrapolate from the
limited pediatric data the best approach for adults with acute ischemic stroke. For
hemorrhagic stroke, there is only limited evidence to guide the management of aneurysmal
subarachnoid hemorrhage. Extrapolation from treatments validated in the general population
is tempting, but may be less efficacious or at greater risk of complications given the
different pathophysiology of stroke in sickle cell disease. Research, while challenging on a
complication of a rare disease, is essential to provide evidence-based care for adults with
sickle cell disease and stroke.

Five-year view

Over the next 5 years, a combination of genetic polymorphisms and clinical characteristics
may be able to identify children and adults with sickle cell disease at the highest risk of
stroke. We will hopefully have prospective observational data on the risks and benefits in
adults of the various therapies proposed in this review to guide treatment, and the design of
studies to further improve the care of adults with sickle cell disease and stroke.
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Figure 1. Rates of acute hemorrhagic and ischemic stroke in California, USA, from 1998 to 2007
by 5-year age group of patients with sickle cell disease
Reproduced from [7] with permission from John Wiley and Sons.
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Figure 2. Kaplan—-Meier estimates of the proportion without stroke by genotype of sickle cell
disease in the Cooperative Study of Sickle Cell Disease

CVA: Cerebrovascular accident; Sp+: Sickle-B-plus thalassemia; SB°: Sickle-p-null
thalassemia; SC: Hemoglobin sickle cell disease; SS: Sickle cell anemia. Reproduced from
[3] with permission from the American Society of Hematology.
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