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Abstract

Introduction. Philadelphia-negative myeloproliferative neoplasms (MPNs) are a rare blood disorder characterized by pancytosis and thrombohe-
morrhagic complications.

The aim of this article is to describe clinical and neuroimaging patterns of brain changes in patients with MPN.

Materials and methods. The study included 152 patients with an established diagnosis of MPN (according to WHO criteria 2008, 2016). A clinical
and neurological examination, laboratory tests, and magnetic resonance imaging of the brain were performed.

Results. In patients with polycythemia vera and primary myelofibrosis, neuroimaging patterns are represented by small (up to 1.5 cm) post-infarc-
tion lesions in the brainstem, cerebellum, and cortex in adjacent perfusion territories after hemorheological microocclusive stroke. In patients with
essential thrombocythemia, the neuroimaging pattern is more often represented by massive post-infarction changes in cortical-subcortical brain
tissue with atherosclerotic lesions of the major head arteries, which appear to be atherothrombotic. Stroke preceded hematologic diagnosis in 30%
of polycythemia vera cases, 40% of essential thrombocythemia cases, and 25% of primary myelofibrosis cases.
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Beedenue. Ph-HezamusHbie muenonponugepamushvie ogoobpazosanus (MIIH) — pedkas namoniozus Kposu, Xapakmepusyouyascs naHyumo-
30M U MPoMOO2eMOPPACUHECKUMU OCTOKHEHUIMU.

Lleav cmambu — onucanue KNUHUKO-HellpOBU3YANUBAYUOHHbLX NAMMEPHOS UBMEHEHUI! ewjecmea Mo3ea y nayuermos ¢ MITH.

Mamepuanvt u memodot. B uccnedosanue Gvinu ekouens: 152 nayuenma ¢ ycmaroenenHsim duaciosom MIIH (coenacro kpumepusm BO3
2008, 2016 2z.). [Ipoodu.uich KAUHUKO-HEBPOJI02UHeCKULl 0CMOMP, 1a60pamopHoe 00ce008aHUe, MAZHUMHO-PE3OHAHCHAS MOMOZPAGUS 207106~
H020 M0324.

Pesynvmamot. Y nayuenmos ¢ ucmuHHOL noauyumemueti u nepeuuHsLM MUesno(uopo3om HetiposuayanusayuoHHble nammepHb npedcmasieqbl
nebombwumu (0o 1,5 cm) nocmun@apkmHsLMu U3MEHEHUSMU 8 CMBOle, MO3KeuKe, 001acmU KOpbl 8 30HAX CMEKHO20 KPOBOCHADKEHUS NocTie
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K001l JI0KaAU3AYUU HA (hoHe amepoCKIepomuteck0z0 NOPAXEHUA MAUCTPATIbHbIX APMEPULl 207108bl, 8ePOAMHO, N0 MUNy amepompomboaa.
Hncynem npedwiecmsosan nocmaoske eemamonozuyeckozo duaziosa 6 30% cryuaes npu ucmunHoti nonuyumemuu, 8 40% — npu accenyuans-
Hoti mpomboyumemu, 8 25% — npu nepsuuHom muenoQuoépose.

Kmouesvie cnosa: 3a60neanus Kposu, Mu@]lOI’lpO/lu(bEpamLMHble HO6006paSO6aHUH/3(160!I€6(1HHFl; mp0M603; UHCYJlbm, MacHUum-
HO-peé30HaHCHaA mOMOZpad)uH 20J7106H020 M032a

Oruueckoe yrBepxaenue. VccienoBaHue MPOBOAMIOCH TPU J0OPOBONBHOM HH(OPMHUPOBAHHOM COITIACHU MAl[MEHTOB.
TIporokon uccenoBanus 0fo0peH JIOKaIbHBIM 3THUECKMM KomuTeToM Hayusoro uentpa HeBponoruu (mportokon Ne 11/14
ot 19.11.2014).
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Introduction PV, ET, and PMF, respectively. The etiology of MPD remains

unclear, and the leading hypothesis is the influence of environ-

Ph-negative myeloproliferative neoplasms/diseases (MPN/
MPD) include the three most common clinical entities such
as polycythemia vera (PV), essential thrombocythemia (ET),
and primary myelofibrosis (PMF). The incidence rate is 0.5 to
4.0 cases, 1.0 to 2.0, and 0.3 to 2.0 per 100,000 person-years for

mental factors. The emergence of one of the driver mutations
in the JAK2, MPL, or CALR genes is a key factor in the deve-
lopment of MPN. Despite distinct clinical entities, these disor-
ders are linked by morphological similarities and propensity
to thrombotic complications and leukemic transformation [2].
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The prognosis for the disease course is variable and depends
on the location and grade of the thrombotic event. Thrombo-
sis with cerebral infarction is one of the major consequences
of MPN that may significantly limit life expectancy and qua-
lity of life.

The aim of this study was to describe clinical and neuroimaging
patterns of brain changes in patients with MPN/MPD.

Materials and methods

The study was conducted at the Research Center of Neuro-
logy and the National Medical Research Centre (NMRC)
for Hematology from November 2014 to April 2024. The
study included 152 patients with an established diagnosis
of MPN (according to WHO criteria 2008, 2016). To confirm
the diagnosis, data from clinical examination, complete
blood count, core biopsy and molecular genetic testing
were used, including mutation detection in JAK2 (V617F),
MPL, CALR, BCR/ABL1 genes (NMRC for Hematology).

Inclusion and exclusion criteria

The study included patients with a confirmed diagnosis
of one of the clinical entities of Ph-negative MPN, who
signed an informed consent form and had post-infarction
brain changes as assessed by magnetic resonance imaging
(MRI). Exclusion criteria included missing informed con-
sent, absence of post-infarction brain changes, presence
of severe somatic comorbidities, and contraindications to MRI
(e.g., pacemakers).

All patients underwent a comprehensive clinical and neu-
rological evaluation, as well as laboratory tests including
complete blood count and blood chemistry (cholesterol,
triglycerides, low- and high-density lipoprotein, glucose).
To confirm an ischemic brain lesion, all patients with MPN
underwent brain MRI at 3 T (Magnetom Verio, Siemens)
in the sagittal, coronal, and axial planes in T2, T1, T2-FLAIR,
and DWI sequences.

Study design

A cross-sectional, non-randomized, single-center interventional
study.

The sample was formed by continuous inclusion of obser-
vations (after diagnosis, patients were offered additional ex-
amination at the Research Center of Neurology). After brain
MRY, a study group was formed for further analysis (Figure 1).

Statistical analysis
Data analysis was performed in the RStudio environment

(v. 2023.12.1, R Programming Language v.4.2.1) using the
tidyverse, finalfit, and ggalluvial packages. Non-parametric

Patients diagnosed with MPD (based at the NMRC for Hematology) (n = 723)

Participants who withdrew from the study (n = 571)

Total number of patients with MPD (based
at the Research Center of Neurology) (n = 152)

Brain MRI

Total number of patients with MPD (based
at the Research Center of Neurology) (n = 152)

Study group

Patients with post-infarction brain changes (n = 36)

Fig. 1. Patient selection.

methods of descriptive statistics were used. For continuous
variables, data are presented as median and lower and up-
per quartiles; for discrete values, data are presented as fre-
quencies. Alluvial plots (like a Sankey diagram) are used
to visualize the relationships between groups of categorical
variables in the study population with MPN, with each stra-
tum indicating the size of the relationship (in this case, the
number of patients/frequency in each category). Compar-
isons were made using the Mann—-Whitney U test for two
independent groups, the ANOVA test for three independent
groups, and the 2 test for categorical variables. The null
hypothesis was rejected at p < 0.05.

Results

The patients were comparable in age and distribution of ma-
jor risk factors for ischemic stroke. In all groups, hydroxyurea
in combination with acetylsalicylic acid was the main regi-
men of cytoreductive therapy.

Significant differences in hemoglobin levels, red blood cell
count, and the V617F mutation status of the JAKZ gene
were not compared between the groups because MPD rep-
resents a heterogeneous group of clinical entities, and only
PV is necessarily associated with an increase in these pa-
rameters.
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Table 1. Clinical and laboratory characteristics of the study patients

Parameter

Male/female, n (%)

Age, years, Me [Q,; Q,]
Hypertension, n (%)

Diabetes mellitus, n (%)

Myocardial infarction, n (%)

History of venous thrombosis, n (%)
JAK2 V617F, n (%)

CALR, n (%)

Cytoreductive therapy, n (%)

Headache

Carotid atherosclerosis
Hemoglobin, g/L

Red blood cells, x 102

White blood cells, x 10°
Platelets, x 10°

Low-density lipoprotein, mmol/L

All patients
(n=152)

52 (34)/100 (66)
48 [36; 55]
51(34)
9(6)

7(9)

19 (12,5)
17 (77)
8(5)

Hydroxyurea — 84;
interferon — 8) (61%)

88 (58)
51 (34)
141 [127; 157]
4,8[4,2;55]
71 15.7;9,0]
476 [308; 594]
1,95 [1,42; 2,36]

With post-infarction
changes (n = 36)

23 (64)/13 (36)
52 [39; 57]
14 (39)
3(8)
3(8)

8 (22)

27 (75)
3(8)

26 (72)

12 (33)

18 (50)
150 [136; 163]
47[4,2;54]
7.3[5.,5;8,9]
429 [256; 546]
1,98 [1,40; 2,68]

Stroke in myeloproliferative neoplasms

No post-infarction changes
(n=116)

29 (25)/87 (75)
47 [35; 55]
37 (32)

6 (5)
4(3)

11 (9)

90 (78)

5 (4)

Hydroxyurea — 58) (57%)

76 (66)

33 (28)
140 [125; 153]
4,9[4,3;5,5]
71[5,7; 9,1]
490 [324; 601]
1,89 [1,42; 2,29]

p

< 0,010
0,080
0,565
0,765
0,443
0,083
0,924
0,605

0,147

0,001
0,028
0,014
0,414
0,764
0,099
0,452

The following data were analyzed to evaluate potential stroke
factors in patients with MPD: results of molecular genetic
testing of JAKZ and CALR genes, data on comorbidities, histo-
ry of venous thrombosis, blood tests, cardiovascular diseases,
prevalence of carotid atherosclerosis according to the pres-
ence of stroke in the general population, and post-infarction
brain changes (Table 1).

No statistically significant differences were found between
the two groups relative to the presence of mutations in
the JAK2 and CALR genes or in the prevalence of venous
thrombotic events. There were no significant differences be-
tween the groups in terms of specific therapy and hyper-
tension. Stroke was more often associated with male gender.
The higher prevalence rate of cephalgic syndrome was re-

Table 2. Clinical and laboratory characteristics of MPN patients with post-infarction brain changes

Parameter PV (n=17)
Male, 1 (%) 14 (82)
Age, years, Me [Q,; Q,] 49 [43; 57]
Hypertension, n (%) 5(29)
Diabetes mellitus, (%) 1(6)
Myocardial infarction, n (%) 3(18)
History of venous thrombosis, n (%) 4 (24)
JAK2 VB17F, n (%) 15 (88)
CALR, n (%) 0(0)
Cytoreductive therapy, n (%) 12 (71)
Headache 5(29)
Carotid atherosclerosis 9 (53)

Hemoglobin, g/L

Red blood cells, x 10"

White blood cells, x 10°
Platelets, x 10°

Low-density lipoprotein, mmol/L

162 [147; 174]
5,3[4,5; 5,9]
7,7[5,7; 8,6]

259 [211; 499]

1,79 [1,35; 2,02]

ET (n=15) PMF (n = 4) p
6 (40) 3 (75) 0,04
51 [38; 58] 54 [48; 56] 0,995
7 (47) 2 (50) 0,540
2 (13) 0(0) 0,610
0(0) 0(0) 0,160
4(27) 0(0) 0,514
10 (67) 2 (50) 0,175
2 (13) 1(25) 0,174
11 (73) 3 (75) 0,976
5 (33) 2 (50) 0,734
9.(60) 0(0) 0,097

131 [126: 148] 154 [150; 158] <0,0001
4,31[3,8;4,9] 4,414,0;4,9] 0,006
6,2 [4,7:7,8] 10,2 [9,3; 10,8] 0,098
436 [319; 587] 578 [387; 746] 0,123
2,4[14:27] 3,15 [2,67; 3,50] 0,022

Note. Comparisons were made using a one-way ANOVA test for continuous variables (the null hypothesis was that the means of all groups were equal) and Fisher’s exact test without continuity
adjustment for frequencies. Due to the descriptive nature of the study, no further pairwise comparisons were made at p < 0.05.
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ported in patients without post-infarction changes. Carotid
atherosclerosis was more common in stroke patients (50%
vs. 28%; p = 0.0285). Statistically significant differences were
reported in hemoglobin levels; patients with stroke had high-
er hemoglobin levels (150 vs. 140 g/L; p = 0.014) and slightly
lower platelet counts (429 vs. 490; p = 0.099).

Given the heterogeneity of laboratory parameters, we fur-
ther analyzed each clinical entity of MPD separately, includ-
ing clinical and neuroimaging features of stroke (Table 2;
Figures 2, 3).

Polycythemia vera

Typical clinical and neuroimaging signs of stroke in PV in-
cluded cortical infarct lesions in adjacent perfusion territo-
ries, brainstem, and cerebellum, corresponding to a prior
hemorheological microocclusive stroke with an incidence of
65%. In a retrospective review, the clinical picture was char-
acterized by nonspecific complaints of dizziness, sometimes
vomiting, and fatigue. Patients primarily thought of food
poisoning or, in the absence of vomiting, an exacerbation
of the underlying hematologic disease and often did not
seek medical attention. Post-infarction brain changes were
found in the vertebral-basilar system (40%) and in the ca-
rotid system or adjacent perfusion territories (60%). Throm-
botic occlusion of major head arteries followed by the stroke
was detected in 3 patients (2 patients with thrombosis of
one vertebral artery, 1 patient with internal carotid artery
thrombosis). Follow-up FAT-SAT brain MRI did not confirm
vascular dissection.

Two patients had concomitant ischemic stroke and hemor-
rhage (1 patient with the subarachnoid hemorrhage and 1 pa-
tient with the left thalamic hemorrhage). In the total group of

PV patients examined, venous sinus thrombosis occurred in
1.5% of cases. In one case, thrombosis of the right transverse
and sigmoid sinuses was complicated by a venous infarction
on day 3.

In 30% of patients with PV, the hematologic disease was di-
agnosed after the stroke. Of them, one patient with moderate
thrombocytosis and erythrocytosis developed a portal vein
thrombosis as the first clinical event. Follow-up examination
allowed diagnosing PV and specific cytoreductive and anti-
platelet therapy was initiated. Considering the development
of portal hypertension, it was decided to perform a mesen-
terico-caval anastomosis. During the 15-year follow-up peri-
od, a toxic (hepatic) encephalopathy developed, leading to
cognitive decline, self-discontinuation of treatment, and sub-
sequent recurrence of ischemic stroke.

In addition to the above cortical post-infarction changes in
adjacent perfusion territories, 35% of patients with PV also
had extensive hemispheric infarction lesions with severe neu-
rological deficit (gross hemiparesis, aphasia, hemianopsia)
with persistent loss of legal capacity and disability (mean age
of patients was 54 years).

The main neuroimaging findings in stroke patients with PV

were presented as two patterns (Figure 3):

 small (up to 1.5 cm) post-infarction lesions in the brain-
stem, cerebellum, deep white matter, and basal ganglia,
cortical post-infarction lesions, cystic and gliotic changes
without basal ganglia involvement, including adjacent per-
fusion territories, probably after hemorheological micro-
occlusive stroke;

o large cortical post-infarction changes in the middle cere-
bral artery system and adjacent perfusion territories with-
out basal ganglia involvement.

A B
31-40
ET Female No ET Female k
No
, No
' 41-50 \ t’ 41-50
: - \r /f No \a '|,|I ) No
PMF| - — PMF \
| Male A Yes | 40" 4, 51-60) Male 51-60
: PV \ Yes BN -
PV | Yes t\. Yes
# L]
- g
>60 60
Yes es >
MPN Gender Carotid Hypertension  Diabetes Age MPN Gender Carotid Hypertension Diabetes Age
atherosclerosis mellitus atherosclerosis mellitus

Fig. 2. Clinical patterns in post-stroke patients with MPN (alluvial plots).
A: color scheme by age category (right column); B: color scheme by MPN subgroup (left column).
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Fig. 3. Brain MRI of patients with PV in axial T2 (A—D) and DWI sequences with a b-value of 1,000 s/mm? (E).

Two main involvement patterns are visualized: small post-infarction lesions in the deep white matter, basal ganglia, and brainstem (4, B); one

patient had lesions of acute ischemia in the left cerebellar hemisphere (E); large cortical post-infarction changes in the middle cerebral artery
(G, D)

Estem and adjacent perfusion territories without basal ganglia involvement ; post-infarction changes (A-D) and acute ischemic lesions

S
(E) are indicated by arrows.
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Essential thrombocythemia

Typical neuroimaging patterns of stroke in ET included mas-
sive post-infarction changes in the cortex, underlying and
deep white matter, and basal ganglia with an incidence of
67%. In 26% of cases, stroke was associated with thrombotic
occlusion of the internal carotid artery followed by formation
of a massive ischemic lesion in the brain. Most cases were
characterized by an acute onset with a gross neurological
deficit. Post-infarction brain changes were found in the ver-
tebral-basilar system (26%) and in the carotid system (74%).
In 33% of the cases, the stroke resulted in permanent loss of
legal capacity and disability (the mean age of the patients
was 32 years).

In 1 patient with a history of right middle cerebral artery
stroke followed by the left hemiparesis, the disease was
complicated by thrombosis of the right jugular vein, lower
extremity veins, recurrent pulmonary embolism with conse-
quent myocardial remodeling, and persistent pulmonary hy-
pertension.

In 40% of patients with ET, the stroke preceded the hema-
tologic disease, including 1 patient with posterior reversible
encephalopathy associated with extreme thrombocytosis
(> 1 million platelets), which was the reason for the expan-
ded hematologic examination leading to the diagnosis of ET.

An extensive cortical-subcortical lesions were the predomi-
nant neuroimaging pattern of stroke in ET (Figure 4).

Primary myelofibrosis

In most of PMF patients examined, the typical clinical signs
of stroke included recurrent transient numbness in arms/
legs, fine motor clumsiness that resolved spontaneously with-
in a few hours, depending on the type of transient ischemic
attack (TIA). Some patients described having TIAs several
weeks or months before the stroke. Several patients reported
episodes of significant, atypical headache with aura (visual
snow, abnormal color perception), followed by focal changes
(for several weeks).

The mean age of PMF patients with stroke was 50 years;
there were no cases with post-infarction changes leading
to persistent disability with significant motor deficit.

One patient did not receive cytoreductive antithrombot-
ic therapy after PMF diagnosis (no history of thrombosis,
age < 60 years), but developed a stroke in the right mid-
dle cerebral artery system 7 years after PMF diagnosis.
In another patient, stroke preceded diagnosis of asymp-
tomatic hematologic disease.

The predominant neuroimaging pattern of post-infarc-
tion changes in patients with PMF included small lesions

in the deep brain substance, most likely after the hemorheo-
logical microocclusive stroke (Figure 5).

Discussion

Arterial and venous thrombosis of various locations is the
leading cause of mortality and disability in ET, PV, and PMF
[3, 4]. The diagnosis of Ph-negative MPN is based on the
clinical picture and clinical laboratory data (peripheral blood
tests, histology features in bone marrow core biopsy, and mo-
lecular genetic markers such as JAKZ, CALR, MPL).

The goal of PV and ET therapy is to inhibit disease pro-
gression and preserve patients' quality of life. With proper
management, the life expectancy of patients with PV and
ET should not differ from that of the general population.
The goal of PMF treatment is to increase life expectancy and
prevent complications that can severely impact a patient's
quality of life. All Ph-negative MPNs are treated using a
risk-adapted strategy.

Arterial thrombosis accounts for two-thirds of thrombotic
complications in patients with MPD, with stroke, TIA, and
coronary thrombosis being the most clinically relevant [5-7].
Recent recommendations use objectively validated thrombo-
tic risk factors [8]. On the one hand, such an approach reduc-
es the long-term toxic effects of cytoreductive, anticoagulant,
and antiplatelet therapies. On the other hand, existing throm-
botic risk scales mainly consider only age, prior thrombotic
events, cardiovascular diseases (hypertension), and mutation
status (V617 in the JAK2 gene), and do not include factors
such as the presence of atherosclerotic lesions in the major
head arteries, cardiac pathology (atrial fibrillation, valve dis-
order, coronary atherosclerosis), obesity, oral contraceptive
use, thrombophilia, low physical activity, and alcohol abuse.

J. Bogousslavsky first described cerebrovascular com-
pli-cations in MPN patients in 1983, emphasizing that ear-
ly diagnosis is essential to prevent the development and
progression of cerebrovascular disease [9]. Subsequent-
ly, several publications described stroke, myocardial in-
farction, extensive atherosclerosis, deep vein thrombosis,
and pulmonary embolism as the most common causes
of death in MPN patients. The main factors of thrombotic
complications have also been identified, such as the V617F
mutation in the JAK2 gene, leukocytosis, age, and vascular
factors (hypertension) [10, 11].

In the European population, the cumulative incidence of isch-
emic stroke (mean follow-up of 3 years) was 25% in the PV
group and 21% in the ET group [12]. This is generally com-
parable to our results, where the incidence of ischemic stroke
was 24% in PV and 25% in ET.

A population-based cohort study by M. Hultcrantz et al. showed
that patients with MPN have an approximately 1.5 times
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Fig. 4. Brain MRI of patients with ET; axial plane T2-weighted images.
In all cases, massive post-infarction changes are found in the cortex, underlying and deep white matter, and basal ganglia (post-infarction
changes are indicated by arrows).
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Fig. 5. Brain MRI of patients with PMF in axial T2 images (4, C) and in sagittal T2 FLAIR images (B, D).
Small post-infarction periventricular lesions are visualized (as indicated by arrows).

higher risk of ischemic stroke 5 years after diagnosis com-
pared to age- and gender-matched controls [13]. These data
support MPN as a group of diseases that require more careful
monitoring and control of the underlying disease.

Cerebral and especially carotid atherosclerosis are known to
play a key pathogenetic role in the development of ischemic
stroke [14]. A. Drofenik et al. showed comparable prevalence
and characteristics of carotid atherosclerosis in patients with
ET and in the control group. However, the level of coronary
calcium was higher in patients with ET [15], indicating great-
er vessel wall stiffness in these patients and therefore a po-
tentially higher embolic risk. S. Kwon et al. described the ep-
idemiology of cerebral atherosclerosis in patients with MPD
associated with chronic inflammation (including JAK2-media-
ted) and demonstrated a higher neutrophil-lymphocyte ratio
and carotid plaque burden compared to the general popula-
tion [16]. The authors concluded that inflammation probably
plays a critical role in the pathogenesis of MPD and that
proinflammatory factors not only induce a prothrombogenic

activity of blood, but also contribute to the progression of
atherosclerosis, increasing cardiovascular risk. Abnormal ac-
tivation of leukocytes, platelets, and vessel walls in ET and
PV may lead to earlier development of atherosclerosis.

In our study, the higher detection rate of carotid athe-
ro-sclerosis was reported in stroke patients with ET (60%).
However, extensive cortical-subcortical post-infarction
changes were observed in patients with ET, indicating
an atherothrombotic pathogenetic stroke, whereas brain tis-
sue involvement was more likely in the PV and PMF groups,
corresponding to a hemorheological microocclusive stroke.

In the study by M. Burattini et al., ischemic stroke was the
presenting manifestation of PV in 16.2% of cases. The over-
all incidence of cerebrovascular complications was 5.5 per
100 persons per year, and stroke accounted for 8.8% of all
PV-related deaths. The main risk factors were age, muta-
tions, and history of thrombosis [17]. In our study, the in-
cidence of stroke as the first manifestation of PV was 30%,
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which can be explained by the characteristics of the pop-
ulation; some patients with hemorheological microocclusive
stroke had no history of neurological symptoms, and only
brain MRI according to the study protocol detected post-in-
farction changes.

Strokes associated with PV often remain unrecognized, in part
due to the low prevalence of this clinical entity. Early diagnosis
can lead to more effective treatment (with the use of phleboto-
my, cytoreduction, and low-dose aspirin) and can reduce the risk
of recurrence.

Data on the prevalence of stroke associated with ET as the
first sign of an underlying hematologic disease are often limi-
ted to case series. T. Kato et al. described 10 patients with ET
and ischemic stroke. In 8 patients (80%), the stroke preceded
the diagnosis of ET [18]. In our study, stroke was the first
manifestation of ET in 40% of cases.

M.L Stefanou et al. at the University of Tiibingen in 2014-
2017 studied the medical records of 3,318 patients with cere-
brovascular diseases, including 17 patients with MPD and
ischemic stroke. In 58% of cases, stroke/TIA was the first
manifestation of MPD [19].

Such variability in the available data may be explained by
limitations in patient recruitment and enrollment. Howev-
er, despite the variability of the parameters used, this un-
derscores the relevant issue of the prevalence of stroke
in patients with MPD, especially at a young age.

Sinus thrombosis has also been described in the literature
as the first manifestation of MPD [20]. In our study, the
incidence of venous sinus thrombosis was 7% (all patients
had PV), but no hematologic disease was subsequently di-
agnosed.

One of the steps in this study was to evaluate erythrocyte/pla-
telet aggregation parameters and their association with cere-

Stroke in myeloproliferative neoplasms

brovascular disease in patients with MPD, which we have
previously described [21, 22]. The neuroimaging pattern
in hematologic patients is characterized by a relatively high
frequency of so-called silent cerebral infarction lesions in ad-
dition to symptomatic stroke. Despite the absence of clinical
manifestations, the consequences of previous silent MRI in-
farction lesions in patients with MPD may significantly and
directly affect cognitive function and increase the risk of de-
mentia in future [23, 24].

The rare hemorrhagic strokes described in this study are the
subject of debate regarding the appropriateness of continu-
ing aggressive antiplatelet therapy, particularly in cases of
unrecognized resistance to certain antithrombotic drugs.

Management strategies, clinical outcomes, and life expectan-
cy may be significantly affected in patients with established
hematologic disease with or without adequate cytoreductive
therapy when neurologic manifestations (headache, fatigue,
transient hemi-/monoparesis of extremities, dysarthria,
mild coordination disorders, cerebral ischemic lesions on
MR], sometimes silent) are present and the major features
of MPD are underestimated. MPD should be recognized as
a risk factor for stroke by all clinicians, not just neurologists.
An expanded hematologic and neurologic examination may
reduce the incidence of cryptogenic stroke.

Limitations of the study A relative limitation of this study
is the recruitment of patients from a single clinical center; this
cannot exclude a low representativeness of the sample.

Conclusion

A heterogeneous group of MPDs with persistent blood ab-
normalities is an important risk factor for cerebrovascular
disease. The described clinical, laboratory, and neuroimaging
patterns of cerebrovascular diseases in MPD may guide fur-
ther examination of patients with unexplained and/or cryp-
togenic stroke.
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