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Abstract

Classic Myeloproliferative Neoplasms (MPNs) include Polycythemia Vera 
(PV), Essential Thrombocythemia (ET), Chronic Myeloid Leukemia (CML) 
and Primary Myelofibrosis (PMF). Among these Chronic Myeloproliferative 
Disorders (CMPDs), ET can be diagnosed by the presence of a chronic 
nonreactive thrombocythemic state and by the exclusion of the other CMPDs. 
Similar to other CMPDs; ET can lead to vascular events through quantitative 
and qualitative changes of the affected hematologic cell. The disease can 
present with any subtype of stroke including Cerebral Vein Thrombosis (CVT), 
which although rarely, may complicate, proceed, and occur at the moment 
of this CMPD. We present the case of a 65-year-old female affected by CVT 
complicated by ischemic stroke with haemorrhagic transformation. After 
detection of JAK2 V617F mutation, the patient was diagnosed with Essential 
Trombocythemia (ET). We discuss the relationship between MPNs, focusing 
on ET, and cerebrovascular disease, the possible mechanisms linking the two 
conditions, and the different clinical features regarding stroke subtypes (both 
of arterial and venous origin). We also describe the clinical relevance of JAK2 
V617F mutation and its role in the pathogenesis of thrombosis, ischemic stroke 
and CVT. 

Keywords: Essential thrombocythemia (ET); Myeloproliferative neoplasms 
(MPNs); Stroke; Cerebral venous thrombosis (CVT); JAK2 V617F

neurological examination revealed sensory impairment in the left 
lower limb, left  homonymous hemianopia and tactile neglect. The 
patient was discharged on oral anticoagulant therapy on day 27. One 
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PLTS: Platelets; PV: Policythemia Vera; PMF: Primary Myelofibrosis; 
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Case Presentation
A 65-year-old female was admitted to the emergency department 

for acute headache and delirium. She had no previous history of 
stroke or chronic diseases and was not assuming any medication. 
On admission, she showed a decreased level of consciousness and 
no other neurological signs. General examination was unremarkable. 
Routine laboratory exams were negative. Brain CT scan showed 
a temporo-parietal lesion consistent with an ischemic stroke 
complicated by haemorrhagic transformation with associated 
subarachnoid haemorrhage and mass effect (Figure 1, A-B). Digital 
subtraction cerebral angiography revealed enlargement of the 
cortical veins and acute right transverse sinus thrombosis (Figure 
1, C-D). A diagnosis of Cerebral Vein Thrombosis (CVT) was done 
and the patient was treated with unfractionated heparin followed 
by oral anticoagulation. Before oral anticoagulation therapy was 
initiated, we performed an extensive screening for thrombophilic 
abnormalities including protein C deficiency, protein S deficiency, 
antithrombin III deficiency, the G20210A mutation in factor II gene, 
the G1691A mutation in factor V gene, anti-cardiolipin antibodies, 
anti-β2 glycoprotein I antibodies and lupus anticoagulant which 
was unremarkable. After improvement of the conscious state the 
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Figure 1: A, B: Brain CT scan showing temporo-parietal lesion interpreted 
as ischemic stroke complicated by haemorrhagic transformation (arrowhead) 
with associated subarachnoid haemorrhage (asterisk), mass effect and 
midline shift (arrow). C, D: Digital subtraction cerebral angiography showing 
acute right transverse sinus thrombosis (C) and enlargement of the cortical 
veins (D).
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month after discharge, the patient experienced an acute pain in the 
left knee. Ultrasonographic examination revealed a thrombosis of the 
left popliteal vein, although the patient was still on oral anticoagulant 
therapy and within the therapeutic range. One year after the patient 
complained acute onset of sensory loss on the right side of the face 
associated with paresthesias, which resolved spontaneously in 2 
hours. Symptoms were consistent with the clinical diagnosis of 
transient ischemic attack. Laboratory exams showed thrombocytosis 
(platelet count, 519,000/mm3). Blood count was otherwise normal. 
No iron deficiency was found. Molecular analysis of JAK2 gene was 
performed which revealed the JAK2 V617F mutation. Although 
the patient refused to undergo a bone marrow study, we diagnosed 
Essential Thrombocythemia (ET) according to the British Committee 
for Standards in Haematology (BCSH) diagnostic criteria (Table 
1) [1,2], and started a long-term therapy with hydroxyurea, at an 
initial dose 15 mg/kg per day, then adjusted depending upon the 
balance between the desired effect on the PLT count. On subsequent 
evaluations we observed a regular course and follow up neuroimaging 
revealed no further complications. Laboratory, clinical and imaging 
findings are summarized in Table 2.

Essential Thrombocytemia
The incidence of ET is about 1.0-2.5 cases per 100,000 people 

per year and increases with age, with a peak between 50-70 years 
[3,4], and a female preponderance, according to most of the studies 
(female to male ratio, ~ 2:1) [5-7]. Although a bone marrow study 
is always advisable to better understand the underlying pathology, it 
is not considered mandatory in order to make a diagnosis. Actually, 
for a definitive diagnosis, it is necessary to exclude other causes of 
thrombocytosis such as other Myeloproliferative Neoplasms (MPNs) 
or inflammatory causes. As most patients are asymptomatic at 
presentation, the diagnostic workup for ET sometimes begins after 
incidental laboratory findings. Symptomatic patients usually report 
headache, visual disturbance, and dizziness. Besides the risk of 
myelofibrosis progression or acute myeloid leukemia, thrombotic 
and haemorrhagic events are the most important complications of 
ET, with an incidence ranging between 11% and 25% of the cases 
[8]. Vascular complications encompass a broad spectrum of clinical 
features including easy bleeding and bruising, erythromelalgia, 

migraine and brain ischemia [4]. In particular, the frequency of 
arterial thrombosis is higher than that of venous thrombosis. The 
proportion is roughly two thirds on the arterial side vs one third for 
the venous side for Policythemia Vera (PV), and the difference is 
even greater for ET. Landolfi and colleagues [9] found a prevalence 
of major thromboses ranging between 9.7% and 29.4% among ET 
patients in different studies. The prevalence of arterial thrombotic 
events ranged from 68.2% to 96.7%, while that of venous thrombotic 
events from 3.3 to 31.8 %. The prevalence of major thromboses was 
22% to 38.6% among PV patients (among these, the prevalence of 
arterial thrombotic events was 64% to 75%, that of venous thrombotic 
events 33% to 42%) [19].

In the multicenter ECLAP study [10], 143 episodes of arterial 
thrombosis (35 TIA, 36 strokes, 72 myocardial infarctions and 
peripheral arterial thrombosis) were recorded during a mean follow-
up of 2.7 years in among 1638 PV patients, for an incidence rate of 
32 events per 1000 patient-years. Cerebrovascular events showed an 
overall incidence rate of 16 per 1000 patient-years [10,11]. 

Two studies of 306 [12] and 532 [13] ET patients followed for a 
median period of 96 months and 7.6 years, described an incidence 
of cerebrovascular events of 8.3 per 1000 patient-years, 13 TIA (4 
%) and 7 strokes (2 %) and of 7.7 per 1000 patient-years, 31 TIA or 
strokes (6 %), respectively [11]. 

Hepatic vein thrombosis is the hallmark of ET, occurring in 
5–10% of patients with overt MPNs, and can be the first clinical 
manifestation of still undiagnosed MPNs in 25–65% of the cases [14-
16]. 

Similarly, overt MPN can be identified in about one-third of 
patients with Splanchnic Vein Thrombosis (SVT), another frequent 
complication of ET, at the time of the vascular presentation [17,18]. 
Although splenomegaly is the most common sign on physical 
examination, occurring in approximately 50% of the cases at the time 
of diagnosis [19], it is usually relatively mild in ET, as compared to 
what observed in other MPNSs [4]. 

Pathophysiology of the thrombotic process in MPNs
Susceptibility to thrombotic diseases in patients affected by MPNs 

is the consequence of an underlying prothrombotic state due to the 

BSCH 2010 WHO 2008
requires A1-A3 or A1 + A3-A5 requires A1-A4

A1: Sustained platelet count >450x10^9/l A1: Sustained platelet count >450x10^9/l

A2: Presence of an acquired pathogenetic mutation (e.g. in the JAK2 or MPL genes)
A2: bone marrow showing ncreased number of enlarged, 

mature magakariocytes; no significant increase of left-shift of 
granulopoiesis or erytrhopoieis

A3: no other myeloid malignancy especially PV, PMF, CML or MDS. A3: no meeting of WHO criteria for PV, PMF, CML, MDS or 
other myeloid neoplasms

A4: No reactive cause for thrombocytosis and normal iron stores A4: acquired mutation or clonal marker or no reactive cause 
for thrombocytosis

A5: Bone marrow aspirate and trephine biopsy showing increased megakaryocyte numbers 
displaying a spectrum of morphology with predominant large megakaryocytes with hyperlobated 
nuclei and abundant cytoplasm. Reticulin is generally not increased (grades 0–2/4 or grade 0/3)

PV, polycythaemia vera; PMF, primary myelofibrosis; CML, chronic myeloid leukaemia; MDS, myelodysplastic syndrome.

Table 1: The British Committee for Standards in Haematology Criteria (BSCH) for ET.
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procoagulant effect of circulating malignant cells as well as of the raise 
of the inflammatory stimuli as a host response to the tumour, with 
subsequent activation of physiologic cells including Platelets (PLTs), 
leukocytes and endothelial cells. The increase in blood viscosity due 
to the raise of haematocrit, with subsequent slowing of blood flow 
and blood stasis are well-known microcirculatory disturbances 
predisposing to thrombosis. At low-shear conditions like in the 
venous circulation, a high haematocrit has a major influence on blood 
viscosity and subsequent impairment of the blood flow. Under high 
shear rates, the rise of Red Blood Cells (RBCs) mass may displace 

PLTs toward the vessel wall, facilitating the PLT-PLT and PLT-
leukocyte interaction, and the subsequent prothrombotic activation. 
Finally, RBCs and PLTs are not only increased in absolute number 
but they also present non-physiologic, procoagulant properties. 
Biochemical changes of the RBCs membrane may facilitate the 
formation of RBC aggregates and impair blood flow, especially in 
the small vessels. This mechanism may play an important role in 
the cerebral circulation. PLTs functional abnormalities may involve 
a large number of morphological, functional and biochemical 
abnormalities, particularly in the glycoprotein IIb/IIIa (gp IIb-IIIa), 

normal 
range CVT VT TIA Follow UP

Laboratory findings
WBC x10^3/uL 4-10,8 9.93 8.92 9.98 9.86
RBC x10^6/uL 4-5,20 4.38 4.46 5.12 4.38
Hb g/dL 12.0 - 16.0 13 12.2 13.3 13.5

HCT % 37.0 - 47.0 39.2 37.6 42.8 40.2
MCV fl 82-99 89.5 88.9 79.4 90.2
PLT x10^3/uL 130-400 330 380 519 512

Prothrombin time
sec 12.8 24.9 33.2 23.9
% 80-120 86 32 23 34

INR 1.1 2.1 2.8 2.1
activated partial 

thromboplastin time
sec 24 - 38 30 - 44 -
ratio 0,70 - 1,28 1.01 - 1.44 -

JAK2V617F positive
Thrombophilia screening 

(prior to OAC) negative

Risk factors for CVT/VT
Oral contraceptives - -

Hormone replacement 
therapy - -

Infection - -
Pregnancy/puerperium - -

Trauma - -
Solid cancer - -

Surgery - -
Autoimmune disease - -
Fracture, prolonged 

immobilization - -

Liver disease - -

Clinical Findings
General: acute headache, 
delirium, decreased level of 

consciousness.

General: acute pain 
in the left knee

no further clinical 
complication

Neurological examination: 
sensory impairment in the left 
lower limb, left homonymous 

hemianopia and tactile neglect

Neurological examination: 
acute onset of sensory loss 
on the right side of the face 

associated with paresthesias, 
which resolved spontaneously 

in 2 hours
Splenomegaly - - - -

Imaging Findings

CT scan: temporo-parietal 
ischemic stroke complicated by 
haemorrhagic transformation 
with associated subarachnoid 
haemorrhage and mass effect

Doppler Ultrasound: 
thrombosis of the left 

popliteal vein
CT scan: no new lesions

Follow Up Brain 
MRI: persistent right 

transverse sinus 
thrombosis with no 
further complication

Digital subtraction cerebral 
angiography: enlargement of 

the cortical veins and acute right 
transverse sinus thrombosis

Therapy OAC OAC OAC + hydroxyurea OAC + hydroxyurea

Table 2: Summary of laboratory, clinical and imaging findings.
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Adenosine Diphosphate (ADP) and Thromboxane (TXA) pathways. 
Furthermore, PLT-leukocytes interactions may also be impaired. 
Of note, the prevalence of inherited thrombophilic disorders, 
may be also higher in MPNs than in the general population [9]. 
Noteworthy, among ET patients, a reduction of circulating levels of 
the naturally occurring anticoagulant protein S has been described, 
mimicking the resistance to activated protein C [11,20-25]. Moreover 
the presence of the gain-of-function mutation factor V Leiden was 
associated with a 4-fold increased risk of thrombosis in a cohort of 
191 PV or ET patients [11,26]. Finally, to further increase the pro-
thrombotic tendency, several studies demonstrated elevated plasma 
homocysteine levels among MPN patients [9,27].

Essential trombocythemia and stroke subtypes
ET may present with CVT and virtually with any kind of 

ischemic and haemorrhagic stroke [28-32]. TIA may also be the first 
manifestation of such a disease [33]. The susceptibility to hemorrhagic 
events in a disease with a thrombotic tendency may be caused by 
the development of a Von Willenbrand syndrome due to very high 
PLTs count (i.e. >1,500x109/L), with consequent increased clearance 
of the large circulating Von Willenbrand factor multimers by PLTs 
themselves [34]. 

Cerebral venous thrombosis: CVT is an infrequent vascular 
disorder sometimes complicated by stroke [35-38]. The exact 
incidence of CVT is difficult to determine. A recent report by 

Coutinho and colleagues showed an overall incidence of 1.32 per 
100,000 person-years [39], which is higher than previously thought. 
Although local susceptibility factors for CVT are well known (i.e. 
brain tumors, cerebral infections and traumas), the commonest 
predisposing conditions are oral contraceptive use, pregnancy 
and puerperium and prothrombotic disorders (Table 3) [40]. The 
diagnosis of CVT may be challenging, and is typically based on a high 
level of clinical suspicion and imaging confirmation (Figure 2). In 
patients with MPNs the prevalence of CVT has been reported to be 
about 1% while, among patients with CVT, a MPN is diagnosed in 
3–7% of the cases [41]. Thrombotic events may occur before or after 
or may be concomitant to the diagnosis of MPNs. In a recent study 
by Martinelli and colleagues [41], conducted on 48 MPNs patients 
with CVT [ET, 30 (63 %); PV, 11 (23%); Primary Myelofibrosis, 6 
(12%); post-ET or post-PV myelofibrosis, 1 (2%)], the diagnosis of 
thrombosis was concomitant to that of MPNs in 22 patients (46%), 
it was made within one year before the diagnosis of MPN in 8 (17%), 
and after this diagnosis in 18 (38%) patients. Of note, MPNs-CVT 
patients showed a higher probability to develop recurrent thrombosis 
compared to patients affected by thrombosis in sites other than the 
cerebral district. Noteworthy, in the same study, they compared to 
178 MPN patients (ET patients, 105) with no thrombosis, 135 MPN 
thrombotic patients, 48 MPNs-CVT (ET patients, 30) and 87 MPN-
venous thrombosis (ET patients, 53) respectively. Among those with 
ET, there was a higher prevalence of JAK2 mutation: 76% (19/30) and 
78 % (32/53) vs 55% (53/105).

Another recent study assessed the frequency of MPNs in a series 
of 706 patients with CVT and that of CVT in a cohort of 2,143 MPNs 
patients. Among CVT patients, 27 (3.8%) were diagnosed with MPNs: 
4 concomitantly (0.6%), 8 before (1.1%), and 15 after CVT (2.1%). 
Among the MPN patients, CVT was diagnosed in 9 cases (0.4%), with 
a higher frequency in patients affected by PV (5 out of 735; 0.7%) as 
compared to those affected by ET (3 out of 964; 0.3%) or primary 
myelofibrosis (1 out of 444; 0.2%) [42] (Table 4). These findings 
suggest, therefore, a weak association between CVT and MPNs and 
may discourage a thorough investigation for underlying MPNs in CVT 
patients without overt myeloproliferative features. However, despite 

Figure 2: Proposed algorithm for the diagnosis of cerebral venous thrombosis 
and the screening for JAK2 V617F mutation [41,73,74]. Cerebral Venous 
Thrombosis (CVT), Intracranial Pressure (ICP), Intracerebral Hemorrhage 
(ICH), MR Venogram (MRV), CT Venogram (CTV), Idiopathic Intracranial 
Hypertension (IIH).

Systemic risk factors (%) Cerebral sinus and vein thrombosis
Inherited

Antithrombin deficiency 1-7
Protein C deficiency 3-6
Protein S deficiency 3-8

Factor V Leiden 3-12
Prothrombin G20210A 11-21

Acquired
Cancer 3-10

Myeloproliferative neoplasms 1-3
Antiphospholipid antibodies 4-17

Behçet disease 1
Autoimmune diseases 8

Paroxysmal nocturnal hemoglobinuria 1
Hyperhomocysteinemia 4-29

Inflammatory bowel diseases 2-3
L-asparaginase and other drugs 1-2

Circumstantial *
Oral contraceptives 10-77

Hormone replacement therapy 4-7
Pregnancy or puerperium 2-3

Local risk factors (%)
Acquired

Brain tumors 2
Central nervous system infections 2-5

Ear, mouth, face, and neck infections 8-14
Circumstantial

Head trauma, neurosurgery,  
 lumbar puncture, jugular catheter 1-2

Table 3: Risk factors for cerebral sinus and vein thrombosis in adults.

*Percentage calculated on the number of women.
Modified from Martinelli and colleagues [44].
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extensive work-up, the etiology of CVT may remain unexplained in 
up to 15% of patients [43]. In this regard, it is noteworthy that among 
those CVT patients who do not undergo a JAK2 V617F mutation 
testing, a considerable number of MPNs may remain undiagnosed. 
Finally, as highlighted by the Europen Leukemia Net Study, patients 
with CVT and MPN have a significant risk, compared to patients 
with MPNs alone, of carrying an abnormal thrombophilia testing, 
suggesting the importance of further evaluation in patients affected 
CVT even when the diagnosis of ET is already known [41].

Janus kinase 2 (JAK2) V617F mutation
In 2005, the somatic gain-of-function mutation (due to a 

homozygous G → T transversion) in the Janus Kinase 2 (JAK2) gene, 
determining the replacement of valine by phenylalanine at codon 617 
(V617F), and contributing to the clonal expansion of hematopoietic 
cells in MPNs was identified [44]. Since then, the role of JAK2 
mutation, both in better understanding the pathophysiology and 

contributing to the diagnosis of MPNs has increased. 

A direct effect of JAK2 V617F mutation on PLTs function has 
long been suspected, although attempts to find a clear relationship 
have been elusive. A recent study by Hobbs and colleagues [45] 
based on the application of the JAK2 V617F knock-in mouse model 
(in which hematopoietic cells are heterozygous for human JAK2 
V617F) revealed some important information about the relationship 
between JAK2 V617F, megakaryocyte and PLTs biology. The 
presence of JAK2 V617F mutation in megakaryocytes resulted in 
a hypersensitive signalling through the Thrombopoietin (TPO)/
Myeloproliferative Leukemia virus oncogene (MPL) pathway leading 
to increased activation of signal transducer, activator of transcription 
and extracellular signal-regulated kinase. JAK2 V617F–positive 
megakaryocytes exhibited increased ploidy and mobility as compared 
to wild-type JAK2 megakaryocytes. Finally, JAK2 V617F–expressing 
megakaryocytes exhibited an increased pro-platelet formation. 

CVT [46] (n=706) MPNs [46] (n=2, 143) MPNs [45] (n = 5,500)
n (%) n (%) n (%)

MPNs diagnosis
total 27 (3.8)

before 8 (1.1)
concomitantly 4 (0.6)

after 15 (2.1)
CVT
total 9 (0.4)

before 3 (0,14)
concomitantly 3 (0,14)

after 3 (0,14)
CVT-MPNs subgroup

ET 3/964 (0.3)
PV 5/735 (0.7)

PMF 1/ 444 (0.2)
MPNs and no thrombosis 178

ET 105 (59)
PV 51 (28)

PMF 21 (12)
post-ET or post-PV myelofibrosis 1 (1)

JAK2V617F, in ET 53 (55)
MPNs and venous thrombosis (other than CVT) 87

ET 53 (61)
PV 24 (28)

PMF 7 (8)
post-ET or post-PV myelofibrosis 3 (3)

JAK2V617F, in ET 32 (78)
MPNs and cerebral vein thrombosis 48

ET 30 (63 )
PV 11 (23)

PMF 6 (12)
post-ET or post-PV myelofibrosis 1 (2)

JAK2V617F, in ET 19 (76)
CVT diagnosis

before 8 (17)
concomitantly 22 (46)

after 18 (38)

Table 4: Cerebral venous thrombosis and myeloproliferative neoplasms relationship.

MPNs: Myeloproliferative Neoplasms; CVT: Cerebral Venous Thrombosis; ET: Essential Thrombocythemia; PV: Policythemia Vera; PMF: Primary Myelofibrosis
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Authors [45] concluded that JAK2 V617F-positive megakaryocytes 
are characterized by increased differentiation, greater migratory 
ability and pro-platelet formation.

The biological effects of JAK2 V617F were not limited to 
megakaryocytes but also affected PLTs. JAK2 V617F-PLTs exhibited 
increased thrombus formation, increased reactivity in response to 
collagen-related peptide and thrombin, and increased aggregation. 
Key experiments, performed by Hobbs and colleagues, allowed to 
exclude the possibility that the altered biological activity of JAK2 
V617F-PLTs was simply due to a higher concentration of PLTs. 
Even considering equivalent PLTs numbers, the increased biological 
activity of JAK2 V617F-PLTs was still evident. PLTs reactivity to 
agonists was enhanced, with an increase in PLTs aggregation in vitro 
together with a reduced duration of bleeding in vivo. The Authors 
concluded that the JAK2 V617F mutation leads to intrinsic changes 
in both megakaryocyte and PLTs biology that extend beyond a simple 
increase in cell number [46]. Finally, the effect of JAK2 mutation 
may be not only confined to hematopoietic cells. The detection of 
JAK2 V617F mutant liver endothelial cells in patients with Budd-
Chiari syndrome further extends the possible influence of JAK2 
V617F mutation on thrombosis, although the underlying pathogenic 
mechanism is complex and not yet completely uncovered [46,47]. 
JAK2 V617F characterizes the majority of MPN patients, i.e. nearly 
100% of patients with PV and about 50% of ET and PMF patients 
present the mutation. Its prevalence and clinical significance in 
the general population has been also evaluated [48]: among 10,507 
participants from the Copenhagen City Heart Study with up to 
17.6 years of follow-up who were screened for JAK2 mutation, the 
prevalence of the mutation was 0.2% and its presence was associated 
with increased morbidity and mortality. A subsequent study [49] by 
the same Authors showed a prevalence of 0,1% (n=68) among 49,488 
individuals from the general population. Interestingly, an association 
of the JAK2 V617F mutation with age was observed, which implies 
that the status may change over time [49]. 

JAK2 mutation, venous and arterial thrombosis
The prevalence of JAK2 V617F mutation varies according to 

the site of thrombosis. Shetty and co-workers performed molecular 
screening for JAK2 mutation in a cohort of 321 patients affected by 
venous thrombosis in different sites. Overall, 19 cases (5.9%) carried 
the V617F variant of JAK2. The prevalence of the mutation were 3% 
(1/36) in patients with deep venous thrombosis, 8.8% (12/137) in 
those with Budd-Chiari syndrome, 5% in those with portal venous 
thrombosis (4/78), and 3% in those with CVT (2/70) [50]. In other 
studies the prevalence of JAK2 mutation in CVT patients was reported 
to range between 0% and 6.2%, with the highest frequency observed 
in a recent study by Passamonti and colleagues [16], in which 10 out 
of 152 patients (6.6%) affected by CVT turned out to be mutation-
carriers (excluding the 6 patients with an overt MPNs at the time of 
CVT, the prevalence of the JAK2 V617F mutation was 2.7%: 4 out of 
146). In particular, 6 patients met the diagnostic criteria for MPNs 
at the time of CVT, and 3 additional patients developed the disease 
during the follow-up (median duration, 7.8 years; range, 6 months to 
21.3 years), giving an annual incidence of 0.26% patient-years [16], 
while one patient had no evidence of MPNs after 3 years of follow-up 
despite the JAK2 mutation. Among these patients, ET was the most 
frequent diagnosis (6 patients), with normal o slightly elevated PLTs 

count in most of the cases. It is important to consider that the JAK2 
mutation was found in the absence of myeloproliferative features in 
2.7% of CVT patients in the Italian cohort reported by Passamonti 
and colleagues [16] and in 5.9% in an Indian cohort [42,51]. In 
patients affected by ET, the JAK2 V617F mutation was the risk factor 
more frequently detected in patients with CVT [41].

The JAK2 V617F mutation is also common in patients with SVT 
(between 71% and 100% of the affected subjects) [15]. Up to 25% of 
these patients may have latent MPNs and present with normal blood 
counts. In this setting the presence of the JAK2 mutation was reported 
to be a strong predictor for the subsequent diagnosis of MPNs 
during follow-up [15,52-54]. These findings differ among different 
populations. In a recent study on thrombotic risk factors for Budd-
Chiari syndrome (BCS) in a Chinese population, the JAK2 V617F 
mutation was found in 4 of the 169 patients tested. Overt MPNs were 
diagnosed in 5 patients (PV, 3; ET, 1; PMF, 1). In a previous study by 
Yoo and colleagues [55] on a Korean cohort, among the 26 patients 
with SVT, two patients (7.7%) had overt ET at the time of thrombosis 
and the JAK2 V617F mutation was detected in 3 (11.5%, including 
the two patients with ET). JAK-2 V617F mutation is an independent 
risk factor for thrombosis. Systematic reviews and meta-analyses on 
patients affected by PV, ET, or PMF show that JAK-2 V617F carriers 
have a 2–3 fold increased risk of thrombosis compared non carriers 
[11,56-58].

Finally, a thrombotic risk score (International Prognostic Score of 
thrombosis in Essential Thrombocythemia – IPSET thrombosis) was 
developed and validated in a large group of ET patients, who were 
divided into 3 risk groups of low (1.03 % patient-years), intermediate 
(2.35 % patient-years) and high (3.56 % patient-years) thrombosis risk 
on the basis of age above 60 years, thrombosis history, cardiovascular 
risk factors, and the presence of JAK-2 V617F mutation [11,59].

MPL and calreticulin (CALR) mutations: A gain-of-function 
mutation in the Myeloproliferative Leukemia virus (MPL) gene, which 
encodes the TPO receptor, has been identified in patients with ET and 
MPF in multiple sites within exon 10 and most of these result in the 
activation of MPL, even in the absence of TPO [60].MPLW515L/K 
has been shown to promote tumorigenesis in vivo [61], and a 
higher mutant allele frequency is associated with progression to 
myelofibrosis [60,62]. 

In 2013, Klampfl and colleagues [63] and Nangalia and colleagues. 
[64] described heterozygous Calreticulin (CALR) mutations as the 
second most prevalent acquired nucleotide changes in ET and PMF.

CALR mutations were mutually exclusive of JAK2 and MPL 
mutations. CALR mutational frequencies are estimated to range 
between 15% and 24% in ET, and between 25% and 35% in PMF 
[65]. In terms of prognosis, CALR mutations were associated with 
better thrombosis-free survival in ET and overall survival in PMF 
[65]. Klampf and colleagues [63] were the first to notice a two-fold 
difference in cumulative incidence of thrombosis between JAK2 
and CALR mutated ET (13% vs 6.3% at 5 years, 21% vs 11% at 10 
years, and 27.1% and 12.8% at 15 years, respectively). In contrast, 
Nangalia and colleagues [64] did not find a difference in thrombosis 
rates between JAK2 and CALR mutated patients. A subsequent study 
by Rotunno and colleagues [66] which included 576 ET patients, 
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reported a significantly longer thrombosis-free survival in CALR 
mutated and triple-negative patients, compared to JAK2 or MPL 
mutated cases. JAK2 mutated ET patients had a two-fold increased 
risk of thrombosis compared to those with CALR mutations, and 
the difference remained significant after adjusting for age in the 
analysis by Rumi and colleagues [67]. Finally, Gangat and colleagues 
[65] analyzed on 300 ET subjects describing mutational frequencies 
of 53% for JAK2, 32% CALR, 3% MPL, and 12% ‘triple-negative’. 
Triple negative ET patients (who carried the wild type genotype of 
JAK2, calreticulin-CALR and MPL) showed better thrombosis-
free survival compared to JAK2 mutated cases, and these findings 
remained significant after correction for age and previous thrombosis 
in multivariable analysis. These observations further underline the 
importance of JAK2 mutational status in the clinical assessment of 
these patients [65]. 

When searching for JAK2 mutations in stroke patients?: 
Because of its pathogenic role in the thrombotic process, screening 
for JAK2 mutation might be a reasonable diagnostic approach 
in selected clinical situations, such as stroke in young adults and 
cryptogenic stroke, even in the presence of normal blood count. In 
line with this view, Richard and colleagues [68] found PLTs count 
< 600 x 109/L in 5 out of 14 patients with ischemic stroke who were 
subsequently diagnosed as affected by ET, further emphasizing the 
difficulty of diagnosing the disease at stroke onset, and suggested 
that searching for the JAK2 V617F mutation might be considered 
in selected stroke patients irrespective of PLT count. In contrast, 
Xavier and co-workers [69] recently concluded that routine testing 
for JAK2 V617F is not recommended for patients with venous 
thrombosis (except for those with SVT) and for all patients with 
arterial thrombosis, because of the low prevalence of JAK2 V617F 
in these clinical situations. Nevertheless, they also observed that the 
value of testing for JAK2 V617F mutation in patients with CVT is yet 
to be established. Actually, while JAK2 V617F mutation is reported to 
range from 12% to 74% in SVT patients lacking clinical evidence of 
MPN, studies that evaluated the frequency of JAK2 V617F mutation 
in patients with venous thrombosis at other sites (including lower 
limb deep venous thrombosis, pulmonary embolism, and retinal vein 
occlusion), found absence or very low prevalence (0.1–3%) of this 
genetic variant [69]. Similarly, mutation frequency in patients affected 
by arterial thrombosis (ischemic stroke, acute myocardial infarction, 
and peripheral arterial thrombosis) is very low (1.1% according to a 
meta-analysis of 6 studies including 535 subjects) [70]. 

Although these data could be considered an argument against 
molecular screening, the role of JAK2 V617F in arterial thrombosis 
may still be considered. Zerjavic and co-workers detected JAK2 
V617F mutation in 1.4% of patients with venous thrombosis and in 
3.3% of patients with ischemic stroke from a cohort of 444 patients 
with venous peripheral thrombosis and/or pulmonary embolism and 
60 patients with ischemic stroke of arterial origin. When compared 
to a control group of 2,430 subjects, the Authors found a significant 
association between JAK2 V617F mutation and both venous 
thrombosis (OR 5.53, CI 1.77 to 17.2, p = 0.0053) and ischemic stroke 
(OR 13.9, CI 2.75 to 70.5, p = 0.0145) [71]. In line with these findings, 
all the 11 patients who complicated with stroke out of the 102 affected 
by ET enrolled in a recent longitudinal study [8], showed the presence 
of JAK2 V617F mutation, suggesting a major role of this genetic 

variant in the pathogenesis of stroke of arterial origin. A systematic 
search for MPNs might be especially important for young patients 
with stroke of undetermined cause [72]. 

Conclusion
ET may present and complicate with any kind of stroke, and 

stroke may precede or follow the diagnosis of ET. Clinicians should 
keep in mind that stroke is a possible manifestation of MPNs, and this 
relation should be considered especially in those cases of ischemic 
stroke of arterial origin occurring at young age without plausible, 
alternative, causative mechanisms, as well as in cases of CVT in which 
no obvious risk factors are detectable, regardless of PLTs count. The 
link between JAK2 V617F mutation and stroke (including arterial 
and venous thrombosis) may extend beyond their connection with 
MPNs. Searching for JAK2 V617F mutation, although presently not 
recommended as a screening tool in all patients with stroke, may 
lead to earlier diagnosis of ET in a considerable number of patients, 
especially in those with normal or slightly elevated PLTs count and no 
obvious manifestation of the disease. 
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