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Abstract
Stroke is common in children with sickle cell anemia but is rarely attributed to the traditional causes
of stroke identified in other children. We report an 11 year-old girl with sickle cell anemia who
presented with severe headache and was found to have recurrent bilateral multifocal strokes in a
cardioembolic pattern. Evaluation revealed the presence of a patent foramen ovale, antiphospholipid
antibodies, and elevations in factor VIII and lipoprotein a. Sickle cell anemia is itself a
hypercoaguable state with potential for increased right heart pressures, both of which predispose to
paradoxical embolization via right-to-left intracardiac shunting of emboli causing stroke. This case
suggests that the more traditional etiologies for pediatric stroke may also cause stroke in children
with sickle cell anemia.

Introduction
Clinically overt stroke occurs in 8–10% of children with sickle cell anemia and evidence of
silent stroke is detectible by MRI in up to 35%. [1] Traditionally, the diagnostic evaluation of
stroke in affected patients ends with the identification of the abnormal hemoglobin. There are
few identified risk factors, with previous stroke, severe anemia, acute chest syndrome, cerebral
vasculopathy, and increased transcranial Doppler ultrasound velocity predisposing to recurrent
stroke.[2] In children and young adults without sickle cell anemia, patent foramen ovale is an
established risk factor for stroke via paradoxical embolization, whereby emboli from the
venous circulation escape filtration by the lungs and pass from the right atrium directly to the
left heart and on to the brain. [3,4] Coincident thrombophila and patent foramen ovale further
increases the risk of stroke. [5] We report a girl with sickle cell anemia, antiphospholipid
antibodies, elevations of factor VIII and lipoprotein a, and patent foramen ovale who presented
with multiple recurrent strokes in a cardioembolic pattern suggesting a significant role for these
alternative etiologies in her stroke.
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Case Report
An 11 year old girl with homozygous sickle cell anemia (hemoglobin SS) presented with
parvovirus-associated aplastic crisis. She had a recent history of cough, fever, diarrhea, as well
as pain in her abdomen and lower back and mild headache. On admission, her hemoglobin
concentration was 2.7 g/dl (baseline 8.3 g/dl), reticulocyte count was 0.1%, and polymerase
chain reaction was positive for parvovirus B19. She was slowly transfused in multiple small
aliquots to a hemoglobin concentration of 12.0 g/dl. Three days later, she developed a severe
bilateral frontal headache with pounding quality with associated photophobia and
phonophobia. There were no focal findings on her neurologic examination.

MRI identified a single area of restricted diffusion in the right superior frontal lobe with no
evidence of hemorrhage (Figure 1A). She was treated for headache and was started on aspirin.
Her headache resolved but recurred two days later. A repeat MRI at that time (Figure 1B)
revealed enlargement of the area of restricted diffusion in the right frontal lobe with multiple
additional areas of restricted diffusion in the deep left frontal white matter, as well as in the
right periatrial and parietal occipital subcortical white matter and the right putamen. MRA
revealed narrowing and irregularity of the supraclinoid internal carotid arteries and M1 segment
of the right middle cerebral artery. There were no prior MRA or transcranial Doppler ultrasound
studies. Patent foramen ovale was identified by noncontrasted transthoracic echocardiography.
Antiphospholipid antibodies were detected, with marked elevation of anticardiolipin IgM and
IgG as well as antiphosphatidylserine IgM and IgA antibodies. Further evaluation for
hypercoagulability showed mildly elevated factor VIII activity (185%) and elevated
lipoprotein a (83 mg/dl).

She had a recurrence of severe headache two weeks later with repeat MRI demonstrating new
areas of infarction in the bilateral caudate and right putamen (not shown). She was
anticoagulated with heparin and transitioned to therapy with warfarin, given her ongoing
recurrent stroke, patent foramen ovale, and hypercoaguable state. Aspirin therapy was
continued and chronic transfusion therapy, the starndard prevention for recurrent stroke in
sickle cell disease was initiated. Follow up MRI two months later (not shown) revealed areas
of increased T2 signal in fluid attenuated inversion recovery images in areas corresponding to
the previous areas of restricted diffusion but no evidence of further stroke. Follow-up MRA
showed widely patient arteries (Figure 1C), demonstrating that she did not have a significant
sickle vasculopathy and that the vascular abnormalities observed at the time of acute stroke
were transient. Antiphospholipid antibody titers returned to normal levels by 12 weeks and
warfarin was discontinued 18 months later. She continues on verapamil for migraine
prophylaxis as well as aspirin and chronic transfusions. She has had no further evidence of
recurrent stroke for 4 years.

Discussion
Our patient had multiple risk factors for stroke: Sickle cell anemia itself, possible sickle cerebral
vasculopathy, a severe anemic event, transfusion, and multiple thrombophilic abnormalities
including transient antiphospholipid antibodies, elevated factor VIII, and elevated lipoprotein
a. Antiphospholipid antibodies have been reported in sickle cell anemia [6] and following
parvovirus infection. [7] Elevated factor VIII has been demonstrated to increase risk of venous
and arterial thrombotic disease in African-Americans and elevated lipoprotein a has been
identified as a risk factor for stroke in children. Her hypercoaguable state and an underlying
sickle vasculopathy could have led to multiple embolic events; however, the normal appearing
cerebral vasculature on MRA two months after presentation argues against the presence of a
significant irreversible sickle vasculopathy. Her presentation with recurrent, multifocal,
bilateral infarcts was more consistent with a cardiac source. We suspect patent foramen ovale
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may have played a causal role by the mechanism of paradoxical embolization of thrombi
resulting from her hypercoagulable state. A significant association between patent foramen
ovale and stroke was demonstrated in a meta-analysis of case-control studies of young adult
patients ≤ 55 years of age, with patent foramen ovale noted in 17.8% (95% CI: 14.3%–21.3%)
of the combined control group and in 40.2% (95% CI: 36.2%–44.2%) of patients with stroke.
[3] The role of paradoxical embolization in stroke and treatment options for patent foramen
ovale is the subject of much recent controversy. [8]

There are several physiologic features of sickle cell anemia that may serve to predispose to
stroke by paradoxical embolization. First, the disorder is, in itself, a hypercoagulable state. Old
and new thrombi are observed in the pulmonary vasculature in postmortem studies of patients
with sickle cell anemia, illustrating the effective pulmonary filter. Patients have high levels of
thrombin, abnormal activation of fibrinolysis, decreased levels of anticoagulant proteins, and
platelet activation. [9] Second, right-to-left shunting is favored by the pathophysiologic
changes secondary to anemia itself and to pulmonary hypertension, which may affect up to
46% of children with sickle cell anemia. [10] Right heart pressures can also increase in the
setting of acute chest syndrome, a condition associated with stroke. [11] During vaso-occlusive
crisis, immobility and dehydration favor formation of deep venous thrombi, a potential source
of paradoxical emboli, and pulmonary artery pressures increase, favoring right-to-left shunting.
[12]

Studies of fat embolization syndrome in sickle cell anemia are also supportive of a role of
paradoxical embolization in stroke. Multiple scattered punctate MRI abnormalities, consistent
with embolic phenomenon were reported with fat embolization syndrome following vaso-
occlusive crisis. [13] Neurologic symptoms, including focal signs and focal lesions on MRI,
were noted in half of the patients with fat emboli detected by bronchoscopy in patients with
vaso-occlusive crisis and acute chest syndrome, while none of the patients without pulmonary
fat emboli had neurologic symptoms. [14] The heart was not examined in these studies, but
the only route for fat emboli to the brain is via right-to-left shunting in the heart or lungs.

Our case illustrates that children with sickle cell anemia and stroke may have other traditional
stroke risk factors in addition to their hemoglobinopathy. The consensus recommendation of
the Paediatric Stroke Working Group [15] is to include evaluation for other hypercoagulable
conditions as well as transthoracic echocardiogram in the diagnostic evaluation of children
with sickle cell anemia and stroke. In these children, recognition of these alternative risk factors
could alter the management and potentially reduce recurrence or aid in primary prevention of
stroke.
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Figure 1.
(A) Axial diffusion-weighted image (TR 4580.01/TE 90) revealed a single area of restricted
diffusion in the right superior frontal lobe. (B) Axial diffusion-weighted image (TR 5129.89/
TE 90) two days later revealed enlargement of the initial area with new areas of restricted
diffusion in the periventricular, deep, and subcortical white matter of the left and right
hemispheres. (C) 3-D time-of-flight MR Angiogram (TR 22.6872/TE 6.32305) from 2 months
after presentation revealed no significant arteriopathy.
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