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Background and Objective: Essential thrombocythemia (ET) is a rare cause of cerebral
venous sinus thrombosis (CVST). Analysis of the risk factors and treatment therapies of
CVST in ET has yielded controversial findings.

Subjects and Methods: We retrospectively investigated the clinical characteristics of
CVST events in ET and compared baseline characteristics, causative factors, hematological
effects, and treatments between ET patients with and without CVST.

Results: Overall, 91 of 115 patients who met the ET diagnosis were included in this study.
Among them, 23 (25.27%) patients met the diagnostic criteria of ET with CVST for inclusion, 14
(60.87%) of whom were females, with a median age of 34 (range 25-50). CVST diagnosis was
made concomitantly to ET in 19 patients (82.61%). The most common symptom and sites of
thrombosis of CVST was an acute or subacute headache and sigmoid sinuses, respectively.
Compared with ET patients without CVST, ET patients with CVST were significantly younger
(37.65+14.45 vs 60.93+13.46, P<0.001) and had lower prevalence of hypertension (4.34 vs
32.35%, P=0.003) and coronary artery disease (0 vs 14.71%, P = 0.045). Patients with CVST
presented with significant lower platelet count (510.39+£176.71 vs 750.82+249.10, P< 0.001) and
higher score of IPSET-thrombosis (P=0.017). Multivariate logistic regression analysis indicated
that age (P=0.002, OR 1.096, 95% CI 1.035-1.161), at least one CVRF (P = 0.024, OR 0.037,
95% CI 0.002-0.649), platelet count (P=0.045, OR 0.994, 95% CI 0.989-1.001), and lower
percentage of antiplatelet therapy (P=0.035, OR 0.307, 95% CI 0.001-1.280) significantly
contributed to the risk of CVST in ET.

Conclusion: Most patients (95.65%) had a favorable outcome without recurrence after
standard anticoagulant and cytoreductive treatment at last follow-up. These findings indicate
that CVST may be the initial presentation of ET, with its detection crucial for early diagnosis
and appropriate management. Anticoagulant and cytoreductive therapies should be recom-
mended for preventing ET-related CVST with J4K2 V617F mutation.

Keywords: cerebral venous thrombosis, JAK2 V617F, anticoagulant therapy, cytoreductive

therapy, essential thrombocythemia

Introduction

Cerebral venous sinus thrombosis (CVST) is a relatively uncommon, but potentially
life-threatening cerebrovascular disease, which accounts for 0.5-1% of all stroke. '
Any of three changes in the blood compositions, hemodynamics, or vascular
endothelium may lead to CVST. The etiology of CVST is a complex and multi-
factorial process, although several risk factors have been identified, including
genetic or acquired factors such as prothrombotic conditions, oral contraceptives,
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pregnancy and puerperium, infection, and malignancy.’ In
addition, hematologic disorders, such as ET, have also
been associated with venous thrombosis.* ET, character-
ized by proliferation of megakaryocytes and high platelet
counts, is a myeloproliferative neoplasm. Generally, this
condition has been associated with thrombo-hemorrhagic
complications, a leading cause of ET-related morbidity and
mortality. Thrombosis mainly occurs in middle-aged and
older patients, with an incidence of 11% to 29%.>°
Although thrombosis can occur in arteries or veins, venous
thrombosis is less frequent. In fact, the incidence of arter-
1.2% and 0.6%,
respectively.*” Venous thrombosis in ET mainly manifests

ial and venous events is about
as venous events including deep venous thrombosis, pul-
monary embolism, portal vein thrombosis, splanchnic
veins thrombosis and cerebral venous thrombosis.
However, the underlying mechanisms of thrombosis are
still unknown, although it seems to have a multi-factorial
and more complex pathogenesis. Previous studies have
indicated hypercoagulable state, peripheral blood cell pro-
liferation, and vascular endothelium activation in patho-
genesis of venous thrombosis.”® Additionally, age (over
60 years) and previous thrombotic events are well-known
factors in risk stratification of thrombosis. However, the
exact impact of other putative features such as leukocyto-
sis, JAK2 V617F mutation, cardiovascular risk factors
CVREF, splenic enlargement remains unclear. Therefore,
unraveling the right combination of these additional fac-
tors may help to guide management strategies and improve
prognosis of CVST events in patients with ET.

Due to the variability and nonspecificity of clinical
manifestations, the diagnosis of CVST often remains over-
looked. In order to reduce recurrent risk, morbidity and
mortality of CVST in ET, accurate diagnosis and develop-
ment of appropriate management therapies are imperative.
Furthermore, it is important to assess patients with ET at
a high risk of thrombotic complications, in order to guide
date,

approaches for managing ET have primarily focused on

proper treatment approaches. To available
dealing with thrombotic complications. In fact, only
a handful of case reports are available, owing to the rarity
of ET patients with CVST. Many aspects of ET-related
CVST need to be clarified. For instance, some case reports
have reported that various pharmacologic interventions in
ET patients with CVST were effective. However, the cur-
rent therapeutic options vary widely, owing to limited
evidence from relevant randomized trials. Thus, the diag-

nosis and therapy of ET-related CVST remains challenge.

Additionally, knowledge of ET patients with CVST in
Chinese populations is limited. In the present study, we
sought to provide clinical information by analyzing related
data at our center in the past ten years. Specifically, we
aimed to describe clinical features, treatment strategies and
risk factors of CVST diagnosed with ET in this cohort, and
attempted to provide a better understanding and guidance
for appropriate management strategies against the disorder.

Subjects and Methods
Study Subjects

Consecutive ET patients, over eighteen years old, from the
departments of neurology or hematology at Xuanwu
Medical
January 2010 and September 2019, were included. These
included ET patients with CVST, and ET patients without
CVST as control group. ET diagnosis was defined accord-
ing to the ICD-10 coding system (D47.302-Essential
thrombocythemia) and the World Health Organization
(WHO) diagnostic criteria. Patients collected before 2016
were based on the 2008 WHO diagnostic criteria,” which
request the diagnosis of ET requires meeting all 4 major

Hospital,  Capital University  between

criteria or the first 3 major criteria and the minor criterion.
Major criteria: 1. Platelet count > 450 x10°/L; 2. BM
biopsy showing proliferation mainly of the megakaryocyte
lineage with increased numbers of enlarged, mature mega-
karyocytes with hyperlobulated nuclei. No significant
increase or left shift in neutrophil granulopoiesis or ery-
thropoiesis and very rarely minor (grade 1) increase in
reticulin fibers; 3. Not meeting WHO criteria for BCR-
ABLI" CML, PV, PMF, myelodysplastic syndromes, or
other myeloid neoplasms; 4. Presence of JAK2, CALR, or
MPL mutation. Minor criterion: Presence of a clonal mar-
ker or absence of evidence for reactive thrombocytosis.
Patients collected after 2017 were based on 2016 WHO
diagnostic criteria,'® which request as follows: 1. Platelet
count > 450 x 10°/L; 2. Megakaryocyte proliferation with
large and mature morphology. No or little granulocyte or
erythroid proliferation. 3. Not meeting WHO criteria for
CML, PV, PMF, MDS or other myeloid neoplasm. 4.
Demonstration of JAK2 V617F or other clonal marker or
no evidence of reactive thrombocytosis. CVST diagnosis
was defined according to international guidelines,' then
confirmed by digital subtraction angiography (DSA), mag-
netic resonance imaging (MRI)/magnetic resonance veno-
graphy (MRV) or
venography (CTV). CVST patients were divided into

cranial computed tomography
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acute group (<48 hours from symptoms onset to admis-
sion), subacute group (48 hours to 4 weeks from symp-
toms onset to admission), or chronic group (more than four
weeks from symptoms onset to admission) according to
course of disease as previously described.! Follow-up
started six months after initial CVST diagnosis, and con-
tinued via clinical visits or telephone follow-up, after dis-
charge. Functional outcomes were evaluated using the
modified Rankin scale (mRS), then categorized as favor-
able and unfavorable outcomes with mRS of 0-2 and >2,
respectively. We adopted the International Prognostic
Score for Thrombosis in ET (IPSET-thrombosis score)'’
to stratify ET patients into the following three risk groups:
low risk (0—1 points), intermediate risk (2 points), and
high risk (>3 points). Generally, the IPSET-thrombosis
evaluates the following variables: age > 60 (1 point),
history of thrombosis (2 points), CVRF (1 point), and
JAK?2 V617F mutation (2 points).

Data Collection

The following relevant information was retrospectively
collected from medical records of all enrolled patients:
demographic variables including gender, age, pregnancy
history, potential risk factors including medical history of
birth control pills and malignant tumor, clinical symptoms
and signs, laboratory investigations including evaluation
of the other causes of coagulopathy, detection of JAK2
V617F mutation, imaging material (such as CTV, MRI,
MRYV, DSA), treatment modalities, as well as clinical
outcomes.

Statistical Analysis

All statistical analyses were performed in SPSS version
19.0 (SPSS Inc., Chicago, USA). Continuous variables, for
normal distribution, were presented as means + standard
deviations (SD) of the mean, then compared by Student’s
t-test. Additionally, median and interquartile range (IQR)
or range were displayed for those of abnormal distribution
and analyzed with Mann-Whitney U-test. On the other
hand, categorical variables were reported as counts and
percentages, then analyzed with Pearson chi-square or
Fisher’s than five.

Moreover, multivariate logistic regression analysis was

exact tests for frequency less
performed to identify variables associated with CVST in
ET. To adjust for confounding factors, with P < 0.01 and
the factors that clinically considered to be closely related
to CVST. Data followed by P <0.05 were considered

statistically significant.

Results

Demographic Characteristics

A total of 115 patients, with medical records and diag-
nosed with ET were retrospectively reviewed. Among
them, 24 ET patients did not have complete information
or secondary reversible risk factors, were therefore
excluded from analysis. A total of 91 patients (79.13%)
at the median age of 60 (Range 17-89) were included in
the study. We identified 23 ET patients with CVST avail-
able for analysis, including 9 (39.13%) males and 14
(60.87%) females, which accounted for 25.27% of 91
patients. The median age, at the diagnosis of CVST,
was 34 (Range 25-50), whereas the median duration of
presenting CVST was 182 days (Range 20-365). The
diagnosis of CVST was made concomitantly to ET in
19 (82.61%) patients, and after the diagnosis of ET in 4
(17.39%) patients. A summary of demographic and clin-
ical characteristics of CVST patients is outlined in Table
1. Bone marrow smears of case 7 are presented in
Figure 1.

Neurological Features of CVST in ET

A summary of clinical features of CVST is presented in
Tables 1 and 2. The number of Et patients with CVST
presenting with acute, subacute and chronic episodes was
12 (52.17%), 4 (17.39%), and 7 (30.43%), respectively.
Headache was the first and most commonly reported com-
plaint in all patients. Headache usually presents as
a refractory and diffuse occurrence, and is distributed to
the anterior/posterior bilateral head. In addition, we also
recorded sensory disturbance, impaired cognition, mental
abnormalities, as well as loss of hearing and visual symp-
toms (such as blurred vision, visual field defect, amaurosis
fugax and metamorphopsia).

Analysis of Cerebral Spinal Fluid

All patients underwent lumbar puncture, with severe ele-
vated (=330 mm H,0) and mild to moderate elevated
(180-330mm H,O) ICP recorded in 11 (47.83%) and 9
(39.13%) cases, respectively. Normal pressure was
recorded in 3 cases (13.04%). On the other hand, the
patients exhibited normal leukocyte number, protein, glu-
cose, and chloride levels of cerebrospinal fluid (CSF).

Neurological Imaging Findings
Tables 1 and 2 show the details of the lesion sites of brain
parenchyma and the involved venous sinuses. MRI revealed
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Table | The Baseline Features of the 23 ET Patients with CVST Table | (Continued).
Variable Value*
Variable Value*
Demographics Papilled 19 (82.61
Median age (years, IQR) 34 (25-50) aptiiedema (82.61)
Male/female 9 (39.13)/14 (60.87) Treatment
Duration of CVST (days, IQR) 182 (20-365) Subcutaneous heparin 18 (78.26)
Oral anticoagulant 23 (100)
Type of onset Antiplatelet 17 (73.91)
Acute 12 (52.17) Hydroxyurea 14 (60.87)
Sub-acute 4 (17.39) IFN-o 6 (26.09)
Chronic 7 (30.43)
Outcome at 6 months
CVST as initial feature 19 (82.61) Good 22 (95.6)
. . ki Poor 1 (4.34)
Clinical manifestation
Headache 23 (100) Note: *Values are the number (percentage) unless otherwise indicated.
N o . 13 (56.52 Abbreviations: ET, essential thrombocythemia; CVST, cerebral venous sinus
ausea/vomiting (56.52) thrombosis; IQR, interquartile range.
Blurred vision Il (47.83)
Seizure 6 (26.09)
Tinnitus 4 (17.39) parenchymal lesions including cerebral infarction, cerebral
Conscious disturbance 4(17.39) venous infarction, hemorrhagic cerebral venous infarction
Limb ki 4 (17. 39 .
b weakness ( ) and cerebral hemorrhage. Meanwhile, MRV or DSA showed
Dysarthria 3 (13.04) . .
; that all cases suffered from more than one sinus thrombosis.
Visual loss 3 (13.04)
Dizziness 3 (13.04) The most common sites of CVST were the sigmoid sinus
Neck pain 2 (8.69) and transverse sinus, followed by the superior sagittal sinus,
Amaurosis fugax 1 (4.35) jugular vein and straight sinus. Additionally, the cortical
Metamorphopsia I (435) venous, confluence of sinuses and inferior sagittal sinus
Impaired cognition I (4.35) 1d also be i Ived . llv. MRV £
Mental abnormalities I (4.35) could also .e mvolved occasionally. appearances o
Unilateral sensory disturbance I (4.35) case 7 see Figure 2.
Hearing loss I (4.35)
Number of sinuses involved
One sinus 0
More than one sinus 23 (100)
Involved sinuses/veins
Sigmoid sinuses 20 (86.96)
Transverse sinuses 19 (82.61)
Superior sagittal sinus 18 (78.26)
Internal jugular vein 6 (26.09)
Straight sinus 5(21.74)
Cortical veins 3 (13.04)
Confluence of sinuses 3 (13.04)
Inferior sagittal sinus | (4.35)
Parenchymal lesions
No lesion 10 (43.48)
Cerebral infarction 4 (17.39)
Hemorrhagic cerebral venous infarction 4 (17.39)
Cerebral venous infarction 4 (17.39)
Intracranial hemorrhage 2 (8.69)
Intracranial hypertension 20 (86.96) Figure | Bone marrow smear in case 7. Bone marrow cytomorphology showed
hypercellularity and markedly increased megakaryocytes (black arrows) at low
(Continued) magnification (100x).
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Figure 2 Magnetic resonance venography of the brain in case 7. The posterior segment of the superior sagittal sinus was no development on sagittal scan (A) and coronal
scan (B). Recanalization of the lumen in the posterior segment of the superior sagittal sinus after treatment on sagittal scan (C).

Risk Factors Associated with CVST
Patients with ET

Table 3 shows the comparison of clinic-hematological
characteristics between groups of ET patients with and
without CVST. Summarily, 68 ET patients without
CVST were included as control group. Compared with
ET patients without CVST, ET patients with CVST were
significantly younger, had lower prevalence of hyperten-
sion and coronary artery disease, significantly lower plate-
let counts and higher IPSET-thrombosis scores (p<0.001
or p<0.05). Conversely, there was no significant difference
in presence of JAK2 V617F mutation, white blood cell
count, red blood cell count, hemoglobin values and hema-
tocrit between two groups (p>0.05). Table 4 shows the
results of Multivariate logistic regression analysis of risk
factors associated with CVST in ET patients, which indi-
cated that age, at least one CVR, platelet count and lower

percentage of antiplatelet therapy were the significant risk
of CVST (p<0.05). Additionally, there are no significant
differences between the groups with regards to age (over
60 years), stroke history, and risk stratification, which have
previously been recognized as classical risk factors (p >
0.05). Meanwhile, evaluation of the other causes of coa-
gulopathy, including antithrombin III, protein C and pro-
tein S, antiphospholipid antibodies, homocysteine,
antinuclear, revealed normal level. Inquired histories of
pregnancy, birth control pills, infection, trauma, surgery

and malignant tumor were all negative.

Treatment and Outcomes

After CVST diagnosis, all patients received anticoagula-
tion treatment. Most of CVST patients were treated with
subcutaneous injection of enoxaparin, followed by war-
farin and  dabigatran as

long-term  systemic
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Table 3 Comparison of ET Patients with CVST and without CVST

Variable ET with CVST (n = 23) ET without CVST (n = 68) P value
Gender, female (n, %) 14 (60.87) 38 (55.88) 0.629
Age (years, mean * SD) 37.65 = 1445 60.93 + 13.46 <0.001
Age 260 y (n, %) 2 (8.7) 34 (40.0) <0.001
Age at ET diagnosis 37.13 £ 14.11 57.73 £ 13.81 <0.001
Median disease duration, months 495.96 + 1137.88 914.59 + 1250.93 0.145
Cardiovascular risk factors (n, %)
Hypertension | (4.34) 22 (32.35) 0.003
Diabetes 0 9 (13.24) 0.063
Dyslipidemia | (4.34) 7 (10.29) 0.440
Coronary artery disease 0 10 (14.71) 0.045
Stroke history 0 9 (13.24) 0.059
Smoking | (4.34) 17 (25.00) 0.035
At least one CVRF 3 (13.04) 36 (52.94) 0.001
Laboratory tests
Platelet count, x 10%/L 536.17 + 137.06 735.06 + 264.32 <0.001
Platelet count >1000% |0%/L (n, %) 0 Il (16.18) 0.032
WBC count, x10°/L 8.86 + 3.22 9.28 + 3.80 0.614
WBC count >11x10%/L (n, %) 5(21.74) 12 (17.65) 0.758
RBC count 439 +0.85 4.52 + 091 0.541
Hemoglobin level (g/dl) 128.61 + 26.75 134.75 £ 22.92 0.290
Hemoglobin level <12g/dl (n, %) 6 (26.09) 14 (20.59) 0.572
HCT 39.29 + 745 4031 = 6.91 0.549
APTT, sec 45.03 * 16.84 41.41 +3.89 0.100
Fibrinogen (g/l) 2.89 + 0.94 3.01 £1.22 0.684
D-dimer (0.01-0.5ug/mL) 0.76 + 1.29 047 +1.28 0.345
JAK2 V617F mutation (n, %) 21/23 (91.30) 49 (72.06) 0.148
Bleeding 1122 (4.34) 5/63 (7.94) 1.000
Splenomegaly 10 (43.48) 29 (42.6) 0.944
Risk stratification (n, %) 0.017
Low-risk 0 Il (16.18) -
Intermediate-risk 0 8 (11.76) -
High-risk 23 (100) 49 (72.06) -
Treatment (n, %)
Antiplatelet treatment 17 (73.91) 65 (95.59) 0.070
Cytoreductive therapy 17 (73.91) 50 (73.53) 1.000
Hydroxyurea 14 (60.87) 36 (52.94) 0.629
IFN-a 6 (26.09) 25 (36.76) 0.350

Abbreviations: ET, essential thrombocythemia; CVST, cerebral venous sinus thrombosis; SD, standard deviation; CVRF, cardiovascular risk factors; RBC, red blood cell;
WABC, white blood cell; HCT, hematocrit; APTT, activated partial thromboplastin time.

anticoagulation. Meanwhile, most of patients received

antiplatelet therapy. Additionally, ET patients were trea-

ted with hydroxyurea, IFN-a and immunosuppressant. At

the same time, individual patients also received endovas-
cular treatment including intravenous sinus thrombolysis
in 5 (21.74%) cases, endovascular thrombectomy and
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Table 4 Risk Factors Associated with CVST in ET Patients in
Multivariate Logistic Regression

Parameter Odds Ratios 95% CI P value
Age 1.096 1.035—1.161 0.002
At least one CVRF 0.037 0.002-0.649 | 0.024
Platelet count 0.994 0.989-1.001 0.045
APTT 1.054 0.963-1.154 | 0.256
JAK2 V617F mutation 1.323 0.200-8.473 0.772
Antiplatelet treatment | 0.307 0.001-1.280 | 0.035

Abbreviations: CVST, cerebral venous infarction; ET, essential thrombocythemia;
CVREF, cardiovascular risk factors; APTT, activated partial thromboplastin time.

stents in 4 (17.39%) cases due to cerebral hernia. Some of
patients received symptomatic treatment such as 20%
mannitol dehydration for intracranial hypertension and
antiepileptic drugs for epilepsy, based on clinical situa-
tion. A majority of patients (20/23, 86.97%) showed
clinical improvement, with only one patient discontinuing
the treatment because of whose family members asking
the doctor to give up treatment after a rapid deterioration
of cerebral hernia. During the follow-up period, 22
(95.65%) patients exhibited clinically improved out-
comes (mRS>2) without recurrence of CVST and ET,
with no occurrence of bleeding complications (see
Tables 1 and 2).

Discussion

CVST represents as an unusual type of vascular event in
ET. In the present study, we retrospectively analyzed clin-
ical features, management strategies, and risk factors of 23
CVST patients, who simultaneously met the diagnostic
criteria of ET. Summarily, our findings indicated that head-
ache was the first and most common CVST presentation,
multiple sinus thrombosis was a frequent occurrence, ET
patients with CVST had favorable outcomes, and antic-
oagulation as well as cytoreductive treatment had
a synergistic effect in preventing recurrence. In addition,
young age, at least one CVRF, abnormal platelet count,
and a lower percentage of antiplatelet therapy significantly
contributed to the risk of CVST.

Generally, CVST is a multi-factorial and uncommon
cerebrovascular disorder that occurs in young patients.
Previous studies have shown that ET, a chronic clonal
myeloproliferative neoplasm characterized by
thrombocytosis,' is a common hematological disease, and
one of the underlying etiologies of CVST. Arterial or
venous thrombosis is a significant complication in ET,

whose incidence has been found to be as high as

11-25%.%° Even so, CVST is not a frequent thrombosis
complication of ET, as evidenced by an estimated preva-
lence of 0.3-1.3% and severe thrombotic events
(8-31%).>'? The clinical manifestations of CVST are
highly variable, while the clinical course of ET is often
indolent, which often leads to missing or delaying diag-
nosis. In the present study, we found a 20% CVST inci-
dence in ET, higher than previously reported. This
common (60.87%) in

females.'*"'* That may be related to the more severe

incidence was also more
cases referred to our hospital as the national cerebrovas-
cular disease center.

The clinical presentations of CVST vary depending on
the location of cerebral venous thrombosis. Most (82.61%)
patients suffered from CVST before ET diagnosis, with
more than half of the newly diagnosed cases found to be
asymptomatic. Therefore, it is recommended to follow up
clinical course of CVST patients, to ensure continued ET
detection. In the present study, the most frequent CVST
presentations were those associated with intracranial
hypertension, including headache, nausea/vomiting, and
papilledema. This was consistent with previous studies,
which have reported that CVST mainly manifests as
acute onset, with the most frequent and first symptom
being headache, a primary reason for visiting the doctors.
The most common locations of venous sinus affected in
ET with CVST were the sigmoid, transverse, and superior
sagittal sinuses. Previous studies also have shown that
non-infectious CVST is more common in the superior
sagittal sinus and transverse sinus.'>'® We think the sites
of the CVST are commonly associated with the predispos-
ing causes, pathogens easily invade cavernous sinus, mas-
toid process and middle ear, inducing thrombosis in
cavernous sinus and sigmoid sinus. While venous sinus
thrombosis caused by non-inflammatory diseases, such as
ET, is more likely to occurs in the transverse and superior
sagittal sinuses. Sigmoid sinus thrombosis is often accom-
panied by the thrombosis of superior sagittal sinus throm-
bosis or transverse sinus, which may be caused by the
spread of the latter two.

To date, the underlying mechanism of CVST in ET
patients remains unclear, although several path-
mechanisms have been proposed. For example, previous
studies have suggested that hypercoagulable state and vas-
cular endothelium activation might be the critical patholo-
gical mechanisms of venous thrombosis.”* In addition,
several risk factors, including age over 60 years, CVRF,

history of thrombosis, leukocytosis, and presence of J4K?2
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V617F mutations, have been considered significant pre-
dictors of CVST in general ET.'”'® In the present study,
however, we found that CVST occurred in patients at
a much younger age. CVST incidence and CVRF in
young patients were significantly different from those in
the general ET population, indicating that the IPSET-
thrombosis score might not be suitable for young ET
patients.'?°

To date, the effect of platelet number on the risk of
thrombosis remains controversial. In the present study,
despite platelet count correlating with CVST in ET
patients, CVST cases had lower platelet counts than non-
CVST counterparts. Several studies have reported a lack
of correlation between platelet counts and thromboem-
bolic complications.21 In addition, increased platelet, leu-
kocyte, and endothelial activation have been consistently
reported in ET patients, suggesting a pathogenetic link
between  activated  platelets and  thrombosis.*?
Conversely, other studies have demonstrated the role of
enhanced platelets at diagnosis as protective factors for
thrombosis in patients with ET.*> Our data indicated that
platelet count is not the sole risk factor of CVST.
Moreover, thrombocytopenia in CVST patients may be
related to platelet depletion, anticoagulant therapy, cytor-
eductive therapy.

JAK2 V617F mutation has been frequently reported
(around 50-60%) in ET patients, necessitating a change
in the diagnostic methods. In fact, this has been associated
with increased risk of thrombosis in ET.***° In the present
study, we found no significant differences in the positive
rate of JAK2 V617F mutations between ET patients with
and without CVST. This may be attributed to the weight of
age and the JAK2 allele. However, due to technical limita-
tions, we were unable to assay the J4K2 V617F allele
burden, which is more valuable in influencing disease
phenotype and thrombosis risk.>* Future therapeutic stra-
tegies should target standardizing management and throm-
botic reduction risk since thrombosis is the primary cause
of morbidity in ET. For acute CVST, heparin or LMWH
with early initiation before oral anticoagulation is recom-
mended. In our study, all patients received LMWH and
sequential warfarin or dabigatran, as the systemic antic-
CVST diagnosis.

Meanwhile, about 35% of patients successfully underwent

oagulation therapy, soon after
endovascular treatment due to clinical deterioration or no
improvement despite anticoagulation, or with severe neu-
rological deficits, which improved their outcomes with no

recurrence during follow-up. These results suggested that

endovascular treatment might be an alternative for CVST
patients with ET, in failed anticoagulant therapy or severe
cases. In fact, this therapy has been extensively adopted to
treat refractory CVST.?® According to the international
guidelines,””*® ET patients’ management strategy was
based on risk stratification using the IPSET-thrombosis
score:*” low risk, intermediate-risk, and high-risk group.
While the IPSET score is used to evaluate the overall
probability of thrombosis, the IPSET score does not
include some well-known causes of venous thrombosis,
and so its application in this study inevitably has some
limitations.

Observation and follow-up strategies are recommended
for low-risk asymptomatic patients, whereas life-long oral
anticoagulation is the cornerstone of CVST. High-risk ET
patients under 60 years old, especially those with concur-
rent CVST, should also receive both cytoreductive and
low-dose aspirin therapy.>® Considering the complication
of CVST, mutations of JAK2 V617F allowed categorize
our patients into the high-risk ET group. Consequently, all
patients were subjected to systemic anticoagulation; with
73.91 and 86.96% of the patients receiving antiplatelet
therapy and cytoreductive treatment (hydroxyurea or
IFN-a), respectively. The benefits of antiplatelet therapy
in patients with ET remain controversial. In addition, the
efficacy of low-dose antiplatelet therapy, as primary pre-
vention, is yet to be proven using randomized clinical
trials. Even in young ET patients, without extremely ele-
vated platelets, the routine low-dose aspirin may be
a protective factor for thrombosis.>' In the current study,
most CVST patients with ET were younger than their non-
CVST counterparts, whereas the proportion of platelet
therapy was lower in CVST relative to non-CVST patients.
However, the relationship between this therapy with the
complications of CVST in ET requires further validation.
Fortunately, similar to the CVST in the general population,
most CVST cases in ET have a relatively favorable prog-
nosis. Consequently, a majority of patients improved after
aggressive treatment, with no fatal outcomes and CVST
relapse reported during the follow-up period.

Our study had some potential limitations, owing to its
retrospective design, single-center case series, and obser-
vational results. Firstly, the research was performed in
a national referral center with severe vascular disease
cases. Therefore, the potential selection bias cannot fully
represent the actual conditions of ET patients with CVST.
Secondly, since CVST is a rare complication of ET, the
relatively small sample size and incomplete evaluation
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index may not fully determine a causal connection.
Finally, differences in genetic background may have con-
tributed to the aforementioned inconsistencies with pub-
lished studies. The practical significance of these unsolved
findings needs to be verified in the future.

Conclusion

Overall, CVST may be the first manifestation of ET.
Clinicians should regard a condition as ET, when patients
with CVST exhibit increased platelet counts, and the JAK2
V617F mutation contributes to the diagnosis and stratification
of the risk of thrombosis. Early identification and systematic
anticoagulant, combined with cytoreductive treatment, should
be considered for preventing ET recurrence.
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