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Abstract

Background JAK2 V617F mutation increases the risk of thrombosis, and both ischemic and hemorrhagic strokes can occur
in essential thrombocythemia (ET). The mechanisms underlying ischemic stroke in ET are diverse, and hemorrhagic stroke
has rarely been reported in ET.

Methods Among 627 stroke patients, those identified as having ET were investigated retrospectively. A comprehensive
systemic literature search of the PubMed database was also conducted.

Results Two cases were extracted with the diagnosis of ET who developed SAH and then ischemic stroke. In Case 1, a
47-year-old woman developed SAH in the left high convexity. Eleven hours later, acute cerebellar infarction suddenly devel-
oped due to right vertebral artery dissection. In Case 2, a 70-year-old woman developed SAH in the right high convexity.
Magnetic resonance angiography showed multifocal stenotic changes in intracranial arteries. Three days later, she developed
acute brain infarcts in the right middle cerebral artery territory. Eight weeks later, multifocal stenotic lesions improved. The
literature review revealed 5 patients with hemorrhagic stroke and 40 patients with ischemic stroke associated with ET. Age
at onset varied, female gender predominated, and the frequency of JAK2 V617F mutation was high. Atherosclerotic vascular
risk factors were more common in ischemic stroke, but not in hemorrhagic stroke.

Conclusions The current study describes rare cases of SAH accompanied by ischemic stroke secondary to ET along with
a review of the current literature, implying specific mechanisms for cerebral artery disorders associated with JAK2 V617F
mutation.
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Background deregulation of the hematopoietic stem cells, and the JAK?2

V617F mutation is observed with high frequency among ET
Essential thrombocythemia (ET) is classified as a myelo-  patients [1, 2]. ET causes thrombotic and hemorrhagic com-
proliferative neoplasm in the World Health Organiza-  plications, which contribute to mortality and morbidity [1, 3,

tion (WHO) classification [1]. Platelets are increased by 4]. After JAK2 V617F was identified, risk stratification for
thrombosis in ET was proposed, and the presence of JAK2
V617F was shown to elevate the risk of thrombosis [1, 4, 5].
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In the present study, we report two cases of ET with
prior treatment using anagrelide in which subarachnoid
hemorrhage (SAH) was accompanied by ischemic stroke.
A comprehensive review of the literature was conducted to
explore the clinical characteristics of ET patients develop-
ing cerebrovascular diseases.

Materials and methods
Case reports

From November 2015 to February 2018, 627 patients with
cerebrovascular diseases including ischemic and hemor-
rhagic strokes were admitted to the Department of Neu-
rology, Juntendo University Hospital. We retrospectively
investigated stroke patients who had been identified as
having ET from chart reviews. Data obtained from medi-
cal charts included patient characteristics (age, sex, ath-
erosclerotic risk factors, and previous history of stroke),
findings from computed tomography and magnetic reso-
nance imaging (MRI) of the brain, stenosis of intracra-
nial arteries on magnetic resonance angiography (MRA),
12-lead electrocardiography, carotid ultrasonography,
and transthoracic echocardiography. This study was con-
ducted in accordance with the Declaration of Helsinki.
The independent ethics committee at Juntendo University
Hospital approved this study (19-034). We obtained writ-
ten informed consent from all patients before enrollment
in the study.

Literature review

The literature review was carried out to identify case series
and single case reports regarding cerebrovascular diseases
related to ET with comprehensive data including clini-
cal characteristics, radiological findings, laboratory data,
JAK2 V617F mutation, therapy for ET prior to stroke, neu-
rological symptoms, outcomes, and therapy after stroke.
Cases were identified through a search of the PubMed
database utilizing the search strings “essential thrombo-
cythemia”, “JAK2”, “JAK2 V617F”, “stroke”, “ischemic
stroke”, “hemorrhagic stroke”, “intracranial hemorrhage”,
“subarachnoid hemorrhage”, “brain infarction”, and “cer-
ebral artery dissection”. Diagnosis of ET was based on
the assessment of clinical and biological data according to
WHO diagnostic criteria [1]. Reference lists of identified
papers were searched to find additional papers not cap-
tured by the initial search strategy. All identified articles
were fully read with the relevant information extracted
and summarized.
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Results

During the study period, three stroke patients were identi-
fied as having ET (0.48%). Among these, we extracted two
rare cases with the diagnosis of ET who initially developed
SAH followed by ischemic stroke from our registry. The
literature search (searching from 2008 to 2018 on Pub-
Med) identified 45 cases.

Case presentation
Case 1

A 47-year-old Japanese woman with a previous history of
abortion but lacking atherosclerotic vascular risk factors
had been diagnosed with ET with JAK2 V617F mutation.
She had been treated using anagrelide at 0.5 mg/day for
2 months, then 1.5 mg/day for the subsequent 2 months.
She had also been treated with aspirin at 100 mg/day for
9 months, but aspirin was stopped 3 months before stroke
after platelet count was found to be elevated (1070 X 10°/L).
The patient experienced a sudden onset of headache in the
left parietal region and was referred to our hospital. Blood
pressure was 140/79 mmHg without arrhythmia. No neuro-
logical deficits other than pain in the left parietal region were
identified. Laboratory testing showed marked elevations of
both white blood cells (WBC, 33 x 10°/L) and platelet count
(1081 x 109/L), and decreased von Willebrand factor (vVWF,
17%), leading to the diagnosis of acquired von Willebrand
syndrome (AVWS). Brain CT showed SAH in the left high
convexity (Fig. 1a). Contrast-enhanced three-dimensional
CT showed no intracranial vascular malformations, arterial
narrowing, or aneurysms. MR venography showed no occlu-
sion of the superior sagittal sinus. SAH was treated with
nifedipine and tranexamic acid. Eleven hours after the devel-
opment of SAH, she suddenly presented with dysarthria,
right-sided hemiparesis, cerebellar ataxia, and sensory defi-
cits on the left side of the body. National Institutes of Health
Stroke Scale (NIHSS) score was 4. MRI of the brain showed
acute brain infarct in the right cerebellar hemisphere, cer-
vical spinal cord, and medulla oblongata, and occlusion
together with intramural hematoma in the right vertebral
artery (Fig. 1b—f) [13, 14]. SAH owing to AVWS was thus
diagnosed, followed by right cerebellar infarction associated
with vertebral artery dissection. She was treated with aspirin
at 100 mg/day and hydroxyurea at 1000 mg/day in place
of anagrelide. Two weeks after therapy, WBC and platelets
had decreased to 8.9 x 10°/L and 280 x 10%/L, respectively.
Two months later, NIHSS score had improved to 2, and the
patient was transferred to a rehabilitation hospital.
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Fig. 1 Radiological studies in Case 1. a Unenhanced CT shows suba-
rachnoid hemorrhage (SAH) at the left high convexity. b Diffusion-
weighted imaging (DWI) shows acute brain infarction in the right cer-
ebellum and cervical spinal cord. ¢ MR angiography (MRA) shows

Case 2

A 70-year-old Japanese woman had a previous history of
hypertension and JAK2 V617F-positive ET, and had been
treated with 100 mg/day of aspirin for 22 years. She had
also been treated with 1 mg/day of anagrelide for 3 months,
then 3 mg/day of anagrelide for the next 3 months. She sud-
denly developed transient dysarthria and amnesia, and was
referred to our hospital. Blood pressure was 168/90 mmHg
without arrhythmia. Neurological examinations showed
truncal ataxia, but NIHSS score was 0. Brain CT showed
SAH in the right high convexity (Fig. 2a). MRA showed
multifocal stenotic changes in bilateral anterior cerebral
arteries (ACAs), middle cerebral arteries (MCAs), and pos-
terior cerebral arteries (PCAs) (Fig. 2b). Laboratory data
showed: WBC, 7.7 x 10/L; platelets, 666 x 10°/L; and vWF,
182%. Cerebral angiography showed no intracranial vascu-
lar malformations or aneurysms. Anagrelide was stopped,
and 100 mg/day of aspirin and 500 mg/day of hydroxyu-
rea were started. Three days after admission, she developed
transient left-sided hemiparesis. In brain MRI and MRA,
acute brain infarcts were found in the territory of the right
MCA (Fig. 2¢), and multifocal stenotic lesions were still
present in bilateral ACAs, MCAs, and PCAs. Cilostazol was

occlusion in the right vertebral artery (arrow). d—f Representative
images from T1-weighted (d), T2*-weighted (e), and fluid-attenuated
inversion recovery (f) imaging show intramural hematoma in the right
vertebral artery (arrows)

added at 200 mg/day, and the patient did not show any fur-
ther neurological deficits. Four weeks after admission, WBC
was 3.0x 10°/L, platelet count was 260 X 10%/L, and she was
discharged. Follow-up MRI at 4 and 8 weeks after develop-
ment of SAH showed that stenotic lesions in bilateral ACAs,
MCAs, and PCAs had markedly improved (Fig. 2e, f). She
did not present with any headache during the entire period.
Case 2 displayed reversible multifocal stenoses on repetitive
MRA, but symptoms differed from reversible cerebral vaso-
constriction syndrome (RCVS), in which headache is com-
mon and the angiographic maximum point occurs 2-3 weeks
after onset [15, 16]. The final diagnosis was RCVS mimic,
as a cause of SAH in the territory of the right ACA accom-
panied by brain infarction in the territory of the right MCA.

Summary of the literature review

After 2008, when the WHO diagnostic criteria were updated
to include the presence of JAK2 V617F mutation, 5 sin-
gle case reports with hemorrhagic stroke (Table 1) and 4
case series (37 cases) with ischemic stroke secondary to ET
were identified (Table 2). Dissection of the cerebral artery
was the underlying mechanism of stroke in Case 1, so the
literature review identified five cases with ischemic stroke

@ Springer



1872

Journal of Neurology (2019) 266:1869-1878

Fig.2 Radiological studies

in Case 2. a Unenhanced CT
shows subarachnoid hemorrhage
(SAH) at the right high convex-
ity. b MR angiography (MRA)
on admission shows stenosis in
bilateral anterior cerebral arter-
ies (ACAs, white arrowheads),
middle cerebral arteries (MCAs,
arrows), and posterior cerebral
arteries (PCAs, arrowheads
with white lines). ¢ Diffusion-
weighted imaging (DWI) shows
acute brain infarction in the
right cerebral hemisphere. d, e
MRA 4 weeks (d) and 8 weeks
(e) after stroke shows multifocal
stenotic lesions in bilateral ACA
(white arrowheads), MCAs,
(arrows) and PCAs (arrowheads
with white lines) have improved
over time

with cerebral artery dissection, comprising three single case
reports and two patients from two case series (Table 3). In
total, 40 cases of ischemic stroke secondary to ET were iden-
tified. No reports with RCVS were found.

Among 45 patients identified through the current litera-
ture review, age at stroke onset ranged from 18 to 83 years
for all strokes, and 30 patients were female (67%). Hyper-
tension, diabetes mellitus, dyslipidemia, and current smok-
ing were found in 27 patients (60%), 6 patients (13%), 18
patients (40%), and 11 patients (24%), respectively. In par-
ticular, frequencies of hypertension, dyslipidemia, and cur-
rent smoking in hemorrhagic and ischemic strokes were 26
(65%) and 1 (20%), 18 (45%) and 0 (0%), and 11 (28%) and
0 (0%), respectively. JAK2 V617F mutation was positive in
30 of the 38 patients (79%) who were genetically examined.
Antithrombotic agents and treatment for ET were not per-
formed in hemorrhagic stroke, while antithrombotic agents
and hydroxyurea were often used in ischemic stroke patients.

Discussion

We encountered two rare cases of women with ET who
developed SAH accompanied by ischemic stroke, and our
literature review revealed eight single case reports and four
case series for stroke associated with ET since the updated
WHO diagnostic criteria included the presence of JAK2

@ Springer

V617F mutation. To the best of our knowledge, the current
study represents the first literature review of ET patients
developing cerebrovascular diseases with comprehensive
data, showing the clinical aspects of ischemic and hemor-
rhagic strokes secondary to ET. More importantly, the cur-
rent study provides the first two case reports of ET patients
developing SAH accompanied by ischemic stroke, with
JAK?2 V617F mutation and pretreatment with anagrelide.
A large-scale study showed that systemic thrombotic
events manifested more frequently than hemorrhage in ET,
and age > 60 years, previous history of thrombosis, pres-
ence of atherosclerotic risk factors, leukocytosis, and pres-
ence of JAK2 V617F mutation increased the risk of arterial
thrombotic events [1, 4, 5]. With regard to ischemic stroke,
several studies have focused on the association of ischemic
stroke with ET, revealing ischemic stroke attributed to ET
in<0.6% of cases [7, 12, 17]. The mechanisms contributing
to the development of ischemic stroke related to ET appear
heterogeneous, from major ischemic stroke subtype such as
atherothrombotic infarction and lacunar stroke, to particular
pathogeneses such as thrombus in the carotid artery, hemo-
dynamic infarction, and cerebral artery dissection [6, 7, 9,
10, 18]. Some case series have clarified frequent clinical
characteristics of female sex, atherosclerotic vascular risk
factors, and prior use of anti-thrombotic agents [6, 7, 19,
20]. The JAK2 V617F mutation was positive in a major-
ity of patients, and half of the patients in two studies were
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prior users of cytoreduction therapy. Thus, not only athero-
sclerotic vascular risk factors, but also ET itself appears to
contribute to the development of ischemic stroke associated
with ET under the treatment with anti-thrombotic therapy.

Conversely, hemorrhagic stroke has rarely been reported
in ET [8, 11, 21-23]. The type of hemorrhagic stroke was
diverse, including SAH, intracranial hemorrhage, and intra-
ventricular hemorrhage, while our two cases developed
SAH. In contrast to ischemic stroke, atherosclerotic vascular
risk factors were infrequent, and no antithrombotic agents
or cytoreduction therapies had been used previously. The
JAK2 V617F mutation was positive in all patients in whom
genetic examination was performed. An excessive increase
in platelets to> 1000 x 10°/L has been shown to induce
AVWS, which can be associated with hemorrhage [24].
However, only one case displayed platelets > 1000 x 10°/L
in the development of hemorrhagic stroke. The pathogenesis
of hemorrhagic stroke in ET thus remains to be elucidated.

ET patients with cerebral artery dissection developing
ischemic stroke show similarities in terms of the female pre-
ponderance and common JAK2 V617F mutation, but differ-
ences in the infrequency of major atherosclerotic vascular
risk factors and pretreatment with antithrombotic agents and
cytoreduction therapy, compared to overall ischemic stroke
patients with ET. These clinical characteristics were consist-
ent with cerebral artery dissection in stroke patients without
ET, especially when occurring in young adults [25].

In the present study, our two cases initially developed
SAH, then infarction in the right cerebellar hemisphere
after 11 h in Case 1, and in the right cerebral cortex after
3 days in Case 2. Case 1 showed extreme elevation of
platelets > 1000 x 10%/L and decreased vWF, and brain
MRI elucidated intramural hematoma in the right vertebral
artery. We thus diagnosed AVWS as a cause of SAH, and
cerebral artery dissection as the cause of cerebellar infarc-
tion. In Case 2, platelet count was 666 x 10%/L, and vWF
was 182% in the occurrence of SAH, which did not reach
the diagnosis of AVWS. Repetitive MRAs revealed that
the involvement of bilateral ACAs, MCAs, and PCAs was
conspicuous at the onset of SAH, and improved from onset
to 2 months later. Case 2 displayed reversible stenosis of
multifocal intracranial arteries, but the angiographic maxi-
mum point was at the onset of SAH rather than 2-3 weeks
after onset, characteristic headache was absent, and the
final diagnosis was RCVS mimic, which might be a cause
of SAH and right cortical infarction [15, 16]. On the other
hand, several studies elucidated that endothelial injuries
associated with JAK2 V617F mutation were induced in
ET [22, 26-28]. In particular, JAK2 V617F mutation
induces pronounced activation of platelet—leucocyte inter-
actions as well as increased expression of P-selectin on
the platelet surface, leading to a hypercoagulable state

@ Springer

and the formation of leukocyte—platelet mixed aggregates
[26]. It is suggested that ET with JAK2 V617F mutation
may cause a hypercoagulable state and disturbance of the
microcirculation within the vasa vasorum in the cerebral
arteries, increasing the vulnerability of the arterial wall,
and thereby damaging the endothelium of the cerebral
arteries. Collectively, cerebral artery dissection in Case 1
and RCVS mimic in Case 2 suggested a common patho-
genesis of endothelial injury in cerebral arteries associated
with JAK2 V617F mutation. Further study is warranted.

Each of the patients in our cases had been treated with
anagrelide prior to the development of cerebrovascular dis-
eases. Anagrelide is an oral imidazo-quinazoline deriva-
tive, and selectively lowers platelets by affecting megakar-
yocyte maturation [29]. The ANAHYDRET study showed
no inferiority of anagrelide compared with hydroxyurea in
preventing thrombotic complications among patients with
ET [30]. To date, thrombotic and hemorrhagic complica-
tions linked with long-term anagrelide treatment in ET
patients have been reported [31]. On the other hand, two
cases had been treated with aspirin before stroke onset, but
aspirin was stopped in Case 1, because the platelet count
increased to> 1000 x 10°/L together with AVWS. Aspirin
was shown to reduce thrombotic events in JAK2 V617F
mutation-positive ET, but increased hemorrhagic events in
patients with platelet counts > 1000 x 10%/L [32], consist-
ent with our therapeutic strategy before stroke develop-
ment. Taken together, the direct mechanisms behind the
association of pretreatment by anagrelide and aspirin with
SAH accompanied by ischemic stroke owing to endothelial
injury in cerebral vessels in our cases remain essentially
unknown.

The current study has some potential limitations. This
was a retrospective study, and platelet counts before, dur-
ing, and after stroke were not monitored for all patients.
Furthermore, genetic examinations and bone marrow
analyses were not conducted in patients with platelet
counts continuously elevated to >450x 10°/L. Some ET
patients among our stroke patients might thus have been
overlooked.

In conclusion, our first literature review elucidated that
the comprehensive clinical aspects of stroke secondary to
ET, and that type of stroke and its pathological mecha-
nisms were diverse. Among these, we report two rare cases
of SAH accompanied by ischemic stroke occurring in ET,
in which specific mechanisms of cerebral endothelial
injury related to JAK2 V617F mutation may be implicated.
In the case of SAH accompanied by ischemic stroke, inves-
tigations for disorders of cerebral large arteries associated
with JAK2 V617F mutation are critical. Further study to
explore these stroke mechanisms is warranted.
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