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Abstract
BACKGROUND
Polycythemia vera (PV) is a chronic myeloproliferative disorder characterized by an increase in red blood cells in the peripheral blood. Previous work has reported the occurrence of thrombosis or hemorrhage arising in the cerebral vasculature secondary to PV. However, hemorrhagic transformation after PV-associated acute ischemic stroke has not been previously described. 

CASE SUMMARY
We herein present two cases of PV where hemorrhagic transformation occurred after an acute ischemic stroke. Case 1 was a 57-year-old woman with a history of hypertension who was admitted for left-sided weakness. Case 2 was a 68-year-old man who was admitted for a 10-d sudden left arm weakness. Imaging examinations for the two patients revealed hemorrhagic transformation after acute ischemic stroke. Both patients had JAK-2-V617F mutation and received antiplatelet therapy. Both of them had a good prognosis during the follow-up.

CONCLUSION
This report suggested that hemorrhagic transformation may occur in acute ischemic stroke caused by PV. Antiplatelet drugs do not seem to influence the long-term outcomes in such patients. Future research should focus on establishing a standard antiplatelet treatment strategy for this condition.

Key Words: Polycythemia vera; Acute ischemic stroke; Hemorrhagic transformation; Antiplatelet treatment; Thrombosis; Case report

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved. 

Citation: Cao YY, Cao J, Bi ZJ, Xu SB, Liu CC. Hemorrhagic transformation after acute ischemic stroke caused by polycythemia vera: Report of two cases. World J Clin Cases 2021; 9(25): 7551-7557
URL: https://www.wjgnet.com/2307-8960/full/v9/i25/7551.htm  
DOI: https://dx.doi.org/10.12998/wjcc.v9.i25.7551

Core Tip: Polycythemia vera (PV) is a rare, myeloproliferative disorder. Ischemic stroke is the most frequent neurologic manifestation of PV. However, hemorrhagic transformation after acute ischemic stroke caused by PV has not been previously reported. Here, we present two patients with PV who developed hemorrhagic transformation after sustaining an acute ischemic stroke. Antiplatelet drugs did not lead to poor long-term outcomes in our patients.


INTRODUCTION
Polycythemia vera (PV) is a rare, myeloproliferative disorder characterized by the overproduction of erythrocytes, granulocytes, and megakaryocytes. It has been widely recognized that PV increases the incidence of thrombotic events, especially cerebral infarctions and transient ischemic attacks. Previous studies have revealed that ischemic stroke is the most frequent neurologic manifestation of PV[1]. Although not as common as thrombosis, hemorrhagic stroke has also been associated with PV[2,3]. To our knowledge, hemorrhagic transformation after acute ischemic stroke caused by PV has not been previously reported. Here, we present two patients with PV who developed hemorrhagic transformation after sustaining an acute ischemic stroke. 

CASE PRESENTATION
Chief complaints
Case 1: A 57-year-old woman presented with a chief complaint of left-side weakness for 5 d (Supplementary Figure 1).

Case 2: A 68-year-old man was admitted to our hospital with left arm weakness for 10 d (Supplementary Figure 2).

History of present illness
Case 1: The patient had hypertension for 3 years. 

Case 2: The patient was a smoker with an otherwise unremarkable medical history.

History of past illness
Case 1: The patient had hypertension for 3 years. 

Case 2: The patient was a smoker with an otherwise unremarkable medical history.

Personal and family history
Case 1: The patient had hypertension for 3 years. 

Case 2: The patient was a smoker with an otherwise unremarkable medical history.

Physical examination
Case 1: On admission, the patient’s blood pressure was 154/93 mmHg. Physical examination revealed obvious redness on her face and hands, as well as left hemiplegia with a muscle strength grade of 3/5.

Case 2: Neurological examination showed the patient to be healthy, although he experienced left hemiplegia of 0/5 as assessed by the manual muscle test.

Laboratory examinations
Case 1: Laboratory testing revealed a leukocyte level of 9.3 × 1012/L, hemoglobin level of 19.8 g/dL, and hematocrit of 66.7%. Inflammation, coagulation, and autoimmunity markers were all negative. In addition, an ultrasound examination of her lower extremities detected left intermuscular venous thrombosis. Abdominal ultrasound revealed mild splenomegaly (spleen thickness: 43 mm). Bone marrow biopsy and positive JAK-2-V617F mutation tests provided strong evidence for PV. 

Case 2: Routine blood testing highlighted that the patient possessed an erythrocyte count of 10.6 × 1012/L, hematocrit of 71.7%, hemoglobin 22 g/dL, and platelet count of 794 × 109/L. Other blood sample tests revealed no obvious abnormalities. Abdominal ultrasound revealed splenomegaly (spleen thickness: 46 mm). A diagnosis of PV was suspected and a subsequent bone marrow biopsy and a positive JAK-2-V617F mutation confirmed this diagnosis.

Imaging examinations
Case 1: Brain computed tomography (CT) showed patchy high-density changes in right parietal low-density lesions (Figure 1A). Magnetic resonance imaging confirmed an acute cerebral infarct in the right parietal and occipital lobes with restricted diffusion (Figure 1B and C). CT-angiography imaging revealed only mild atherosclerosis (Figure 1D). A magnetic resonance venogram (MRV) was unremarkable (Figure 1E).

Case 2: On admission, brain CT revealed infarctions in the right parietal and temporal lobes (Figure 2A). Three days later, a brain CT re-examination revealed an infarct lesion in the right cerebral hemisphere with a right parietal hematoma (Figure 2B). Brain magnetic resonance angiography, MRV, cardiac ultrasonography, and 24-h dynamic electrocardiogram revealed no obvious abnormalities.

FINAL DIAGNOSIS
Case 1: The patient was diagnosed with hemorrhagic infarction in addition to PV.

Case 2: The presence of post-ischemic stroke parenchymal hematomas was concluded to be derived from the patient’s PV.

TREATMENT
Case 1: The patient received hydroxyurea and hydration treatment, as well as antiplatelet therapy (aspirin 100 mg daily). CT re-examination after 1 wk demonstrated the resolution of the hemorrhage within the infarction lesions (Figure 1F). Due to the high risk of thrombotic complications, anticoagulation treatment followed by antiplatelet therapy was initiated 1 mo after symptom onset.

Case 2: The patient was consequently given antiplatelet therapeutics, hydration, and cytoreductive therapy. However, 3 d later, the patient suffered a hemiplegia deterioration, accompanied by left-side weakness and drowsiness. 

OUTCOME AND FOLLOW-UP
Case 1: At the 6-mo follow-up, the patient retained slight weakness and mild disability (modified Rankin Scale score, 1). She was stable in hematology and neurology outpatient follow-ups without any recurrence of vascular complications.

Case 2: Three months after disease onset, the patient improved to ambulatory care and was provided a brace (modified Rankin Scale score, 3). He was referred for hematology outpatient monitoring with chemotherapy with hydroxyurea follow-ups. To prevent secondary strokes, a regimen of low-dose aspirin (100 mg daily) was reinitiated 6 mo after symptom onset. Currently, he is recovering well with aspirin and hydroxyurea.

DISCUSSION
Stroke is a prevalent disorder in neurology clinics. Its common causes include atherosclerosis, cardiogenic embolism, and small vessel disease among others. By contrast, hematological diseases rarely underly a stroke, accounting for less than 1% of cases[4,5]. PV, as a chronic hematological disorder, is typically associated with an increased incidence of stroke[1,6]. Our cases further suggest that in PV patients, hemorrhagic transformation can occur after an acute ischemic stroke, a clinical manifestation that has yet to be reported.
Ischemic stroke is considered to be the first presenting symptom in more than 15% of PV patients[4]. The peak incidence of PV occurs between 50–70 years of age, and these ages coincide with a high incidence of stroke[7]. However, the etiology behind increased thrombotic events in PV patients is not fully understood. The mechanisms are likely multifactorial. First, increased hematocrit and blood viscosity may decrease cerebral blood flow and form a prothrombotic state for patients with PV[1]. Second, JAK2 V617F mutations, which occur in 95% of PV cases[8], cause endothelial damage to systematic vessels, and confer a differentiation advantage towards megakaryocytes, thereby increasing intrinsic platelet reactivity[9,10]. Activated platelets will adhere and aggregate on ruptured plaques, resulting in thrombosis formation. Coincidingly, endothelial dysfunction in vessels facilitates leukocyte migration, which in turn triggers an inflammatory cascade in a similar way to atherosclerotic lesions[11]. Moreover, malignant cells can release cytokines and other mediators and provoke an inflammatory response in the vascular endothelial cells. Third, an increase in erythrocytes could obstruct small vessels and form an embolic infarct in the brain[12]. Consistent with this mechanism, microembolic signals on transcranial doppler sonography have been detected in patients with PV, indicative of cardiac embolism[2]. Finally, the hemodynamic infarct is common in PV. Previous work has shown that erythrocytosis decreases plasma volume and leads to a relative thrombocytosis, consequently accelerating thrombogenesis to form a hemodynamic infarct[13]. 
Hemorrhagic transformation is a frequent complication of acute ischemic stroke, especially after tissue-plasminogen activator intravenous thrombolysis or mechanical thrombectomy[14]. Moreover, massive cerebral infarction and cardioembolic stroke are associated with an increased risk of hemorrhagic transformation[15,16]. The mechanism behind hemorrhage in PV patients, an unusual presentation, has rarely been explored. 
Consistent across all causes of ischemic stroke, and present in our first case, infarction is always accompanied by brain edema, which leads to compression of the peripheral vasculature. Increased permeability of the vascular wall caused by vascular compression enhances the risk of hemorrhagic transformation[17]. Furthermore, PV increases blood volume, and this, in turn, brings high pressure to the vessel wall, resulting in vessel overfilling and microaneurysm formation[18]. Once vessel rupture and microaneurysms occur, hemorrhage may follow. Moreover, spontaneous hemorrhages in PV patients may be also associated with platelet dysfunction caused by abnormal proliferation of bone marrow cells[19]. In our second case, we further speculate a role for antiplatelet therapy in causing hemorrhage. However, although neither of our cases developed cerebral venous thrombosis, we cannot exclude that impaired venous drainage, caused by PV, may have also contributed to hemorrhagic infarction[20]. 
There is a high risk of thrombotic events in PV patients[21]. Antiplatelet therapy can be useful for decreasing the risk of thrombosis and related morbidities. The European Collaboration on Low-Dose Aspirin in PV study confirmed that low-dose aspirin can safely prevent thrombotic complications in PV patients without contraindications[22]. A meta-analysis also suggested that the use of low-dose aspirin in patients with PV is associated with a reduced risk of all-cause mortality, and does not increase the risk of bleeding[23]. For both of our cases, aspirin was also the main preventive treatment for long-term adverse vascular events. For our patients, hemorrhagic transformation as a contraindication existed in the acute phase of stroke. After the resolution of the hemorrhage, reinitiating antiplatelet drug did not overtly cause long-term negative outcomes. Future research should focus on the treatment of this condition.

CONCLUSION
Our case report suggests that hemorrhagic transformation can occur following acute ischemic stroke in PV patients. Antiplatelet drugs do not lead to poor long-term outcomes in such patients.
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Figure Legends
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Figure 1 A 57-year-old woman with hemorrhagic infarction due to polycythemia vera. A: Computed tomography (CT) showed patchy high-density changes in right parietal low-density lesions; B and C: Diffusion-weighted imaging showed acute ischemia in the right parietal and occipital lobes; D: CT-angiography showed mild atherosclerosis; E: Magnetic resonance venogram was unremarkable; F: CT re-examination after 1 wk demonstrated the resolution of hemorrhage within the infarction lesion.
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Figure 2 A 68-year-old man with parenchymal hematomas after acute ischemic stroke caused by polycythemia vera. A: Computed tomography (CT) revealed right parietal and temporal lobe infarction; B: CT re-examination after 3 d revealed a hematoma within the infarct lesion of the right cerebral hemisphere.
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