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Abstract
Introduction: Sickle cell disease is an inherited blood disorder
with multisystem complications, including cerebrovascular accidents
primarily due to micro infarcts. However, people with sickle cell
trait, the heterozygous form of sickle cell disease, usually lead a
normal, healthy life. Very rarely, severe tissue hypoxia, acidosis,
dehydration, and hypothermia in sickle cell trait increase red blood
cell polymerization and sickling, which could lead to micro infarcts in
blood vessels. Moyamoya disease is a rare neurovascular complication
caused by repeated strokes after arterial cerebral infarction. It
commonly manifests as ischemic stroke in young patients, but mainly
as intracranial hemorrhage in adults.
Case presentation: A 14-year-old girl with sickle cell trait, who had
been living a normal and healthy life, started to complain of severe
persisting headache, migraine, drowsiness, and a tendency to sleep.
Brain magnetic resonance imaging and angiography revealed
moyamoya disease. Hematological treatment with hydroxyurea,
aspirin, and an NSAID was commenced for this patient.
Conclusion: Under rare circumstances, sickle cell trait could lead
to sickle cell disease complications. Although moyamoya has been
seen in sickle cell disease, it is a very rare neurological complication
of sickle cell trait. To the best of our knowledge, only three cases of
moyamoya have been reported in individuals with sickle cell trait.

Introduction
Sickle cell disease (SCD) is a hereditary autosomal recessive blood
disorder. It is the most frequent type of hemoglobinopathy. Patients
with SCD present with a broad range of phenotypic hemoglobin
structures; they vary clinically from mild vaso-occlusive crises to
severe clinical manifestations [1]. Neurological dysfunction is a wellknown complication in patients with SCD. It usually manifests as an
acute cerebrovascular accident or as a headache, seizure, or cognitive
decline [2]. Children and teenagers are particularly vulnerable to
overt cerebrovascular complications of SCD [3]. Sickle cell trait
(SCT) is the heterozygous form of SCD, found in approximately
300 million people. Traditionally, SCT has been viewed as a benign
condition, a non-disease status, without any painful episodes that are
characteristic of homozygous SCD. On a population basis, SCT has
no discernible impact on life expectancy. Hemoglobin and hematocrit
values in such individuals are similar to those of persons without
hemoglobinopathy. People with SCT are eligible for blood donation
in the United States and other countries. SCT is rarely accompanied
by severe tissue hypoxia, acidosis, dehydration, and hypothermia,
which may increase red blood cell (RBC) polymerization; this can
lead to RBC sickling, which can cause micro infarcts in capillary
blood vessels [4]. Moyamoya disease (MM) is a chronic cerebral
vasculopathy first described in 1957 by Takeuchi and Shimizu from
Japan [5]. Moyamoya means hazy in Japanese. This disease derived its
unusual name from the angiographic appearance of cerebral vessels
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resembling a ‘puff of smoke’ [6]. MM is characterized by slowly
progressive stenosis and obliteration of the large vessels at the base of
the brain, mainly affecting the supraglenoid segment of the internal
carotid artery with the initial portion of the anterior or middle cerebral
arteries and the posterior cerebral arteries [7]. Also, it is associated
with collateral vessels at the base of the brain (moyamoya vessels) [8].
However, the diagnostic criteria for this disease are mainly based on
angiographic findings [9]. Children and adults with MM may have
different clinical presentations; the symptoms and clinical course
vary widely, ranging from being asymptomatic to manifesting as
severe neurologic deficits. Children more commonly have ischemic
events and may experience hemiparesis, monoparesis, sensory
impairment, involuntary movements, headaches, dizziness, seizures,
mental retardation, or persistent neurologic deficits. In adults,
symptoms and signs are similar to those in children, but sudden onset
intraventricular, subarachnoid, or intracerebral hemorrhage is more
common [10]. MM, in general, is a rare neurovascular disorder [11].
To our knowledge, only three cases of MM have been reported in
patients with SCT [12].

Case Presentation
A 14-year-old girl, who had been living a completely normal
life, started to complain of a headache, migraine, drowsiness, and a
tendency to sleep. There was no family history of MM. A complete
blood count revealed microcytic hypochromic RBCs. Highperformance liquid chromatography showed double heterozygosity
of SCT and β-thalassemia trait. Laboratory test results were as
follows: white blood cell count, 7.8×109 /L (normal 4-10×109 /L);
RBC count, 5.19 (normal 4-5.2×1012/ L); hemoglobin level, 12.5
(normal 12.0-15.0) g/L and platelet count,445×109 /L (normal 170-
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450×109 /L). High-performance liquid chromatography results were
as follows: HbA 63.02% (normal 96-98%); HbF <1% (normal <1%);
HbA2 3.79% (normal 1.5-3.5%) and HbS 32.89%; liver function tests
revealed total protein level of 70 (normal 61-79) g/L, an albumin
level of 47 (normal 35-48) g/L, an alkaline phosphatase level of 89
(normal 42-98) IU/L, an alanine transaminase level of 9 (normal 1060) IU/L, and an aspartate aminotransferase level of 17 (normal 1042) IU/L. Renal function tests revealed a blood urea nitrogen level
of 3.8 (2.5-7.1) mmol/L and a creatinine level of 46 (normal 53-88)
mmol/L. Brain magnetic resonance imaging and angiography were
performed and revealed images of MM (Figures 1 and 2). The patient
was prescribed topiramate tablets (Topamax) 25 mg once daily as
prophylaxis for migraine and etoricoxibtablets (Arcoxia) 90 mg once
daily for headache. She was referred to the hematology department
where aspirin tablets 81 mg once daily and hydroxyurea capsules
500 mg once daily were added to prevent cerebral thrombosis and
to increase the HbF level. Cranial neurosurgery was planned. No
blood transfusion treatment was used in this case because she had
SCT, and the baseline HbS was only 32.89%. Instead, treatment with
hydroxyurea was commenced to increase the HbF ratio.

Discussion
Compared with normal populations, individuals with SCT
show increased coagulation activity measures with higher levels of
D-dimers, thrombin-antithrombin complexes, and prothrombin
fragments, and their absolute blood monocyte levels are higher
[13]. Subclinical sickling occurs in these cases upon loss of normal
phospholipid asymmetry, resulting in abnormal phosphatidylserine
that contributes to hemostatic problems [14,15]. Moyamoya
angiopathyis a well known complication of SCD but has rarely been
observed in SCT or other hemoglobinopathies [16]. Patients who
develop MM have a high chance of recurrent strokes like collaterals
on imaging studies; these should be treated as soon as the diagnosis is
confirmed [17]. Suspected patients should refer promptly to imaging
studies. A large survey from Japan showed no significant differences
in outcome between medically or surgically treated patients. Surgery

Figure 1: Sagittal MRA ToF image of the brain shows bilateral attenuated of
the anterior cerebral artery and narrowed supraclinoid part of internal carotid
artery.
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Figure 2: Coronal MRA ToF image of the brain shows bilateral attenuation
of the middle cerebral arteries and supraclinoid part of both internal carotid
arteries in a typical picture of Moyamoya.

should be considered only in high-risk patients. Antiplatelet agents
have been used to prevent emboli and microthrombi formation at
sites of arterial stenosis because these could be a possible cause of
ischemic symptoms. Anticoagulants, such as coumadin in and lowmolecular-weight heparin, are rarely used [18]. At Children’s Hospital
Boston, children with MM are treated with lifelong aspirin therapy
with those younger than six years of age receive 81 mg/day and older
children receive variable doses depending on the presence or absence
of symptoms. Genetic analyses have suggested associations between
MM patients and chromosomal abnormalities [19,20].
Hydroxyurea is thought to be an effective drug for the
management of SCD as it leads to a variety of alterations in RBCs,
including increased HbF, mean cell volume; hydration that probably
increases RBC lifespan and reduced hemoglobin polymerization.
Hydroxyurea also alternate the RBC membrane and decreases
expression of adhesion molecules [21]. Chronic transfusion therapy
aims to maintain sickle hemoglobin levels below 30% to reduce the
likelihood of strokes. However, in patients with SCD, transfusions
seem to be required for long-term therapy because 50% of patients
are susceptible to cerebrovascular accidents after transfusions are
discontinued [22]. Medical treatment is recommended for patients
with MM with acute infarction and relatively only mild MM to prevent
further stroke. Antithrombotic drugs, such as aspirin, heparin, and
argatroban, are recommended for adult patients presenting with
cerebral infarction. Supporting treatments include controlling blood
pressure levels, blood sugar levels, and pain; seizure medication may
also be needed during the acute phase. For the prevention of recurrent
ischemic attack in the chronic phase, aspirin is recommended. Other
drugs, such as clopidogrel or thienopyridine, can be used when
aspirin is not tolerated or ineffective [23]. However, there are few
data from long-term studies evaluating treatment outcomes or from
comparative analyses of surgical treatment in adult patients with
MM [24,25]. Further study of this disorder is required to improve
understanding and, ultimately, develop better therapy for MM [20].
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Conclusion
People with SCT usually lead a normal life; however, rarely and
under specific circumstances, they may experience SCD complications.
MM in SCT is a very rare finding. It could be a mild or progressive and
devastating disease, so it must be managed and followed up carefully
by a hematologist, neurologist, and neurosurgeon in cooperation to
achieve the best specialized care.
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