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Polycythemia vera (PV) is a rare myeloproliferative disease that causes elevated absolute red 
blood cell (RBC) mass due to uncontrolled RBC production. Moreover, this condition has been 
associated with a high risk of ischemic stroke and large vessel stenosis or occlusion, with many 
studies reporting cerebral infarction in PV patients. Despite these findings, there have been no 
reports on the vessel wall MRI (VW-MRI) findings of the narrowed vessels in PV-associated isch-
emic stroke patients. To the best of our knowledge, this is the first report in English regarding the 
carotid VW-MRI findings of a 30-year-old male diagnosed with PV after being hospitalized due to 
stroke.

Index terms   Polycythemia Vera; Cerebral Infarction; Stenosis; Magnetic Resonance Imaging

INTRODUCTION

Polycythemia vera (PV) is a myeloproliferative disorder that occurs in multipotent he-
matopoietic progenitor cells that cause the accumulation of morphologically normal 
red blood cells (RBCs) in the peripheral blood. It may also result in the overproduction 
of white blood cells and platelets (1). The cumulative incidence of cerebral infarction 
was 25% in European PV patients (2). It is important to prevent cerebrovascular events 
in PV patients.
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Several cases of PV-related cerebral infarction with arterial steno-occlusive change have 
been reported (3-5). New advanced vessel wall MRI (VW-MRI) techniques can allow direct 
characterization of the VW. To our knowledge, there are still no MRI reports of vascular pa-
thology for these patients. We report for the first time MRI findings of vascular changes in PV 
patients with acute cerebral infarction through carotid VW-MRI.

CASE REPORT

A 30-year-old male complained of aphasia that started suddenly 7 hours ago. He also expe-
rienced dizziness before aphasia appeared. Regular peripheral blood tests were not remark-
able except for a hematocrit of 62.2% and hemoglobin of 20.9 g/dL. A peripheral blood smear 
showed normocytic normochromic RBCs. Serum erythropoietin (EPO) was reduced to 2.2 
mIU/mL (normal range: 4.3–29.0 mIU/mL). A bone marrow examination performed due to 
the increased hematocrit and abnormal range EPO levels revealed three proliferation lineag-
es. There was no Janus Kinase 2 (JAK2) mutation, but a calreticulin mutation was observed. 
He was confirmed as JAK2-negative PV.

The initial brain MRI showed acute infarction in the frontal cortical and subcortical areas 
of the left middle cerebral artery (MCA) territory on the diffusion-weighted images (Fig. 1A). 
Susceptibility-weighted imaging showed no susceptibility vessel signs in the left MCA, so 
acute thrombus was not considered. Time-of-flight MR angiography revealed moderate to se-
vere stenosis in the insular (M2) segment of the left MCA and the horizontal (A1) segment of 
the right anterior cerebral artery, and mild stenosis in the sphenoidal (M1) segment of the 
right MCA (Fig. 1B). In addition, short segmental severe stenosis was seen in the left carotid 
bulb to the proximal cervical internal carotid artery (ICA) with diffuse luminal narrowing of 
its distal ICA, and moderate stenosis was seen in the right carotid bulb (Fig. 1C). Electrocardio-
graphic monitoring showed normal sinus rhythm, and transthoracic echocardiography re-
vealed no cardiac thrombi. There were no high-intensity transient signals on transcranial col-
or-coded duplex ultrasonography, reflecting no microembolisms. There was decreased 
perfusion in the acute infarction area and the left border zone territory on mean transit time 
of the perfusion CT. Thus, perfusion abnormality was thought to be caused by severe stenosis 
of the carotid artery. 

We performed carotid artery VW-MRI using black-blood three dimensional fast spin-echo 
to identify the etiology of the stenosis. Intracranial VW-MRI was not performed because it 
was thought that VW-MRI of the carotid artery in PV patients could reflect the generalized 
vascular status. The VW-MRI showed circumferential wall thickening of T1 and T2 iso-signal 
intensity along both cervical ICAs and carotid bulbs, resulting in luminal narrowing of vari-
able degrees, although the image quality was not good due to motion artifacts. Most thick-
ened blood VWs showed no enhancement in the post-contrast imaging, but some showed 
multifocal minor enhancement in the left carotid bulb and cervical ICA (Fig. 1D, E; left carot-
id artery is 1D, and right carotid artery is 1E). 

Transfemoral cerebral angiography showed > 90% stenosis in the left carotid bulb to the 
proximal cervical ICA. Angioplasty and carotid stenting were performed on the severely nar-
rowed left proximal ICA area, and the proximal ICA lumen was widened, but there was a re-
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Fig. 1. Carotid vessel wall MRI of acute cerebral infarction caused by polycythemia vera in a 30 year-old male.
A. Diffusion-weighted imaging depicts restricted diffusion in the left frontal lobe (arrow, apparent diffusion coefficient map is not shown), re-
flecting acute infarction. 
B. Intracranial TOF MR angiography demonstrates multifocal stenosis (arrows) in the left M2 segment, right A1 segment, right M1 segment, 
and diffuse luminal narrowing at the left distal ICA.
C. Neck TOF MR angiography depicts short segmental severe stenosis in the left carotid bulb to the proximal cervical ICA (arrow), diffuse lumi-
nal narrowing of the ICA, and moderate stenosis in the right carotid bulb (arrowhead).
ICA = internal carotid artery, TOF = time-of-flight

A B C

sidual waist. The patient was treated with phlebotomy, reducing the hematocrit from 62.2% 
to 48.8%. The patient also started antiplatelet and oral anticoagulant therapies and was dis-
charged home.

This retrospective case report was prepared according to the ethical principles in the Dec-
laration of Helsinki.

DISCUSSION

PV is a chronic myeloproliferative disease and is accompanied by a variety of vascular 
events. An ischemic stroke is common and can occur as the first symptom in up to 15% of PV 
patients. The incidence of ischemic stroke or transient ischemic attacks is 1.2% per patient-
year (1). Various mechanisms underlie ischemic events in PV patients, including thrombosis, 
hyperviscosity, and reducing blood flow velocity. With these mechanisms, the elevated he-
matocrit could lead to endothelial dysfunction due to the exfoliation of the protective glycoc-
alyx between the endothelium and the circulating blood. This leads to an inflammatory cas-
cade and vascular stenosis (6). The stenosis or occlusion of the large vessel occurs in 
approximately 20% of myeloproliferative neoplasms patients, including PV (2). Several cases 
of steno-occlusive change in PV patients have been reported, but no information exists about 
the VW findings in a stenotic area using MRI (3-5). 

Our case showed that carotid artery VW-MRI revealed circumferential diffuse wall thicken-
ing in the stenotic vessels. Post-contrast imaging generally showed no contrast enhancement 
in the thickened VWs, even with multifocal minor contrast enhancements. These findings 
differed from those of arterial stenosis due to other causes, including atherosclerotic plaque, 
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Fig. 1. Carotid VW MRI of acute cerebral infarction caused by polycythemia vera in a 30 year-old male.
D, E. The left carotid VW-MRI (D) and the right carotid VW-MRI (E) show diffuse circumferential wall thickening along both cervical ICAs and ca-
rotid bulbs with iso-signal intensity on both T1-and T2WIs; most thickened VWs show no enhancement on post-contrast images, but some 
show multifocal minor enhancement in the left carotid bulb and cervical ICA; the dotted lines indicate the level of axial imaging, and the ar-
rows point to each blood vessel (VW-MRI parameters are the following: matrix of 320 x 288, field of view of 160 x 160 mm, and section thick-
ness of 1.0 [reconstructed]).
CE = contrast-enhanced, ICA = internal carotid artery, T1WI = T1 weighted image, T2WI = T2 weighted image, VW = vessel wall
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vasculitis, dissection, and vasospasm. In general, if the VW-MR image shows eccentric arterial 
wall thickening, this is likely to be atherosclerotic plaque. However, if the VW-MR image 
shows smooth and homogeneous concentric arterial wall thickening and contrast enhance-
ment, it can be considered vasculitis. Vasospasm may show concentric wall thickening with-
out contrast enhancement, but the stenosis increases disproportionately more than the wall 
thickening. Typical findings of arterial dissection include a dissection flap, eccentric intra-
mural T1 shortening indicating intramural hematoma, and abnormal enhancement (7).

Some studies have found intimal proliferation caused by intimal exfoliation in the nar-
rowed coronary artery (8, 9). These features can explain our VW-MRI results. Diffuse intimal 
proliferation is likely to result from circumferential wall thickening without contrast enhance-
ment. Minor contrast enhancement in the lesion is thought to be associated with intimal exfo-
liation. Future pathologic correlation is needed to fully understand the pathophysiology of 
macrovascular stenosis in PV patients.

The recommended treatment for patients with PV includes careful assessment of the car-
diovascular risk factors and the use of low-dose aspirin. Erythrocytosis should be controlled 
by phlebotomy to maintain a hematocrit below 45%. High-risk PV patients for thrombotic 
events with previous thrombotic events and/or age > 60 years or JAK2 mutations require phar-
macological treatment to decrease their RBCs. Hydroxyurea is the most commonly used cyto-
reductive drug, and JAK inhibitors (ruxolitinib and fedratinib) may be used in patients refrac-
tory to first-line therapy (10).

In conclusion, this case revealed that the stenotic vessels of the PV patient showed circum-
ferential wall thickening without enhancement by carotid VW-MRI. Therefore, VW-MRI 
helps to understand the etiology of stenotic vessels in PV patients with ischemic stroke.
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진성적혈구증가증은 드문 골수 증식성 질환이며 제어되지 않은 적혈구 생산으로 인해 절대 

적혈구 질량이 증가한다. 진성적혈구증가증은 큰 혈관의 협착 또는 폐색과 함께 허혈성 뇌졸

중의 위험이 높다. 진성적혈구증가증 환자에서 뇌경색에 대한 많은 증례 보고가 있다. 그러

나 합병증으로 뇌졸중이 발생한 진성적혈구증가증 환자의 좁아진 혈관에서 혈관벽 자기공

명영상 소견은 보고되지 않았다. 저자들은 뇌졸중으로 인해 입원한 후 PV로 진단된 30세 남

성의 경동맥 VW-MRI 소견에 관해 보고하고자 하며, 이는 우리가 아는 한 영어로 된 첫 번째 

보고이다.
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