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Abstract
Cerebral infarction as well as other thromboses, headaches, 
and visual complaints are well-known symptoms of polycy-
themia vera. However, chorea and neuropsychiatric distur-
bances are less recognized consequences of this chronic dis-
ease. Whereas chorea is a rare but acknowledged symptom 
of polycythemia vera, neuropsychiatric symptoms have only 
sporadically been reported. We depict 2 patients with an un-
usual presentation of polycythemia vera. Our first patient 
presented with right-sided hemiballism and psychosis, and 
the second patient had a long diagnostic trajectory of unex-
plained chorea. In both cases diagnosis of JAK2 positive 
polycythemia vera was established, and in both cases re-
markable recovery occurred after the initiation of phleboto-
mies. The underlying pathophysiology of these symptoms 
has not been clearly elucidated. Because of the unfamiliarity 
of the link between especially neuropsychiatric symptoms 

and polycythemia, current reported numbers are probably 
an underestimation. Benefit of treatment appears to be 
large. We seek to create more awareness among physicians 
about this phenomenon. © 2021 S. Karger AG, Basel

Introduction

Polycythemia vera is a chronic myeloproliferative dis-
order of the bone marrow causing raised blood viscosity. 
The association between polycythemia and the increased 
risk of thrombosis is well-known [1, 2]. However, chorea 
and neuropsychiatric symptoms as utterance of the dis-
ease are less known. This can be a pitfall in diagnosis both 
for patients with unexplained neuropsychiatric symp-
toms if polycythemia is not considered as cause, as for 
those with polycythemia vera, if not explicitly asked for 
these complaints. We describe 2 cases in which these 
symptoms were the chief presenting symptom of polycy-
themia vera, with a delay in diagnosis and treatment as a 
consequence.
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Case 1

An 86-year-old lady was admitted to the geriatric ward be-
cause of subacute psychotic derangement and symptoms of apha-
sia, apraxia, and right-sided hemiballism. The hemiballism had 
been present for almost a year. It involved her right arm and leg 
but had not been a severe hinderance in her daily tasks and no 
treatment had been started. The psychotic symptoms were first 
noted a week before presentation, in midsummer during a heat 
wave. The psychotic derangement included delusions, preoccu-
pation with certain words and the need to prove herself, a recur-
ring theme in all of her stories. Since she had been completely 
independent at the age of 86 – even being a board member in one 
of her clubs – her changed mental state was especially concern-
ing. She had no contributing medical history; and physical ex-
amination including a thorough neurological checkup revealed 
no further abnormalities. Laboratory workup showed a hemoglo-
bin value of 16.1 g/dL, hematocrit value of 0.49 L/L, thrombo-
cytes of 605 × 109/L, and leukocytes of 12.9 × 109/L. No evidence 
of microthrombi was found in the blood smear. No cause for a 
possible delirium was identified. A cerebral MRI scan showed 
mild generalized atrophy and signs of cerebral small vessel dis-
ease (Fazekas 2). There were no signs of recent infarction or 

bleeding. Investigation of the cerebrospinal fluid showed no 
signs of an inflammatory process. There was a slightly increased 
tau protein and slightly decreased amyloid beta 42 protein in the 
cerebrospinal fluid, with a normal phospho-tau protein, not con-
sistent with Alzheimer’s pathology. During admission, a persis-
tent pancytosis was seen, and therefore a primary hematological 
condition was considered. The erythropoietin level was low, and 
JAK2 V617F mutation was present in the peripheral blood. This 
was compatible with polycythemia vera. Phlebotomy was per-
formed, after which the hematocrit level normalized, and also 
neuropsychiatric symptoms disappeared within 2 days. This is 
beautifully illustrated as a striking improvement in her perfor-
mance on the Montreal Cognitive Assessment (shown in Fig. 1a, 
b). Carbasalate calcium was initiated and periodic phlebotomies 
were continued. The patient was discharged in a stable condition, 
and was able to resume her independent living situation. During 
hospital admission, no chemical cytoreduction with hydroxy-
carbamide was commenced initially because of the possible neu-
ropsychiatric side effects. However, since her clinical condition 
was stable after discharge, we prescribed hydroxycarbamide 4 
weeks later. No neuropsychiatric symptoms reoccurred during 
1-year follow-up.

a b

Fig. 1. a Results MOCA test prior to phlebotomy in case 1. b Results MOCA test after normalization of hemato-
crit by means of phlebotomy in case 1. MOCA, Montreal Cognitive Assessment.
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Case 2

A 71-year-old man was referred to the neurologist because of 
headaches, dizziness, double vision, and choreatic movements of 
the right arm. There had been a slight head trauma a few weeks 
earlier; however, the chorea was already present several months 
before the trauma. There was no relevant medical history. He felt 
like he had no control over his right arm and experienced trouble 
with daily tasks like cooking and writing. Neurological examina-
tion showed chorea of the right arm, as well as a Babinski reflex 
of the right foot; no other abnormalities were seen. A cerebral CT 
scan showed no evidence of subdural hematoma or an intracere-
bral mass. The symptoms progressed; and 6–8 weeks after initial 
presentation, a mildly progressive ataxia of the upper limbs was 
also noted. A cerebral MRI scan was performed, which showed a 
developmental venous anomaly in the insular region but no oth-
er abnormalities. At this point, laboratory tests for paraneoplastic 
antibodies, metabolic abnormalities, infectious serology, and 
DNA diagnostics for Huntington disease were performed but 
rendered no abnormalities. During the diagnostic trajectory, the 
patient experienced a syncope, for which he was referred to the 
cardiologist. No cardiac abnormalities were found and the syn-
cope was explained as a vasovagal syncope. However, the cardi-
ologist did a blood workup, which showed a markedly elevated 
hemoglobin value of 21.8 g/dL with a hematocrit value of 0.67 
L/L. The leukocyte and thrombocyte count were 7.3 × 109/L and 
404 × 109/L, respectively. No evidence of microthrombi was 
found in the blood smear. In retrospect, the laboratory results 
checked by the general practitioner 5 months earlier already 
showed a hemoglobin value of 22.2 g/dL. The patient was referred 
to the hematologist, JAK2 V617 mutation was confirmed in the 
peripheral blood, and the diagnosis of polycythemia vera was es-
tablished. Phlebotomies and acetylsalicylic acid were initiated, af-
ter which the headache and visual disturbances recovered quick-
ly. The chorea and ataxia showed slower but clear improvement. 
No hydroxycarbamide was started.

Discussion

Polycythemia vera is a chronic myeloproliferative neo-
plasm which causes increased red blood cell production, 
independent of normal erythropoiesis regulation. Throm-
bocytosis and leukocytosis can coexist. The diagnostic 
criteria for polycythemia vera have been revised in 2016 
by the World Health Organization and are shown in Ta-
ble 1. In virtually all patients, a JAK2 V617F or JAK2 exon 
12 mutation is present, which results in panmyelosis in 
the bone marrow. Classic symptoms are related to in-
creased blood viscosity, with a major concern being arte-
rial as well as venous thrombosis [1, 2]. Neurological 
manifestations such as headaches, dizziness, visual dis-
turbances, paresthesias, and tinnitus are other well-
known complaints, occurring in 50–78% of cases [1, 3]. 
However, chorea and neuropsychiatric disturbances, like 
in the cases we present, are less prevalent and much less 
recognized. These symptoms can be very incapacitating 
with an enormous impact on the patient and his or her 
environment. Especially in older patients, the differential 
diagnosis is broad, and a hematological disorder as a pos-
sible cause will often not be the first consideration of the 
treating clinician. The incidence of polycythemia vera in-
creases with age, with an annual incidence range of 0.01–
2.8 cases per 100,000 in Europe and North America. The 
median age at diagnosis is 60 years [1]. Therefore, it is not 
unlikely to encounter a patient with the disease in your 
daily practice. In both patients described above, the start 
of treatment with lowering of hemoglobin and hemato-

Table 1. The WHO 2016 criteria of polycythemia vera

Diagnosis requires 3 major criteria or the first two major criteria plus the minor criteriaa

Major criteria

Hemoglobin >16.5 g/dL or hematocrit >49% in males. Hemoglobin >16.0 g/dL or hematocrit >48% in females 
or increased red cell mass >25% above upper limit of normal

Bone marrow biopsy showing hypercellularity for age with trilineage growth (panmyelosis), including 
prominent erythroid, granulocytic, and megakaryocytic proliferation with pleomorphic, mature 
megakaryotypes (different in size)

Presence of JAK2 V617F or JAK2 exon 12 mutation

Minor criteria

Subnormal serum erythropoietin level

WHO, World Health Organization. a Major criterion 2 may not be required in patients with sustained abso-
lute erythrocytosis (hemoglobin concentration >18.5 g/dL or hematocrit of >55.5% in males; hemoglobin con-
centration >16.5 g/dL or hematocrit of >49.5% in females), if major criterion 3 and the minor criteria are present.
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crit levels resulted in a clear improvement of presenting 
symptoms. The first case shows us that the absolute he-
moglobin values do not have to be extremely elevated to 
cause symptomatology, which could be an extra reason 
why polycythemia is overlooked as a possible cause. In the 
first case, diagnostic delay was only a couple of weeks, but 
in the second case it was 5 months, and correct diagnosis 
was preceded by comprehensive alternative diagnostic 
tests. We therefore think it is very important to bring the 
possible relation of atypical neurological and neuropsy-
chiatric symptoms and polycythemia vera to the atten-
tion.

Chorea has been described as a feature of polycythe-
mia vera in the international literature since 1909 [4]. Un-
til 1972, only 9 cases had been reported, with Ashenhurst 
in 1972 being the first to report a male patient [5]. In the 
following years, reports increased. Chorea appears to af-
fect 1–2.5% of polycythemic patients, with a predomi-
nance for females in a 5:2 ratio [6]. It usually seems to 
improve when the polycythemia is corrected; however, it 
can also improve spontaneously, and in rare cases appear 
to persist in spite of treatment. It is often bilateral but can 
also occur one-sided [5–9]. Remarkably, in both cases, 
the chorea was unilateral. The underlying pathophysiol-
ogy has not been well understood. It is hypothesized to be 
based on hyperviscosity leading to a sluggish cerebral 
blood flow, venous stasis, and impaired tissular oxygen/
glucose metabolism; predominantly in the basal ganglia, 
rendering them more vulnerable to toxins and metabolic 
factors. However, this has not been uniformly confirmed 
with imaging studies [10, 11]. Possibly, the signs of small 
vessel disease on the MRI scan in patient 1 were compat-
ible with the long-term sluggish blood flow due to poly-
cythemia. Additionally, dopaminergic hyperactivity can 
be enhanced by receptor hypersensitivity in a setting of 
reduced catecholamine levels in the elderly patient, estro-
gen-deficit-induced dopamine receptor hypersensitivity 
in postmenopausal women and possibly by dopamine ex-
cess due to platelet congestion in the cerebral vasculature 
[6, 7, 12].

Whereas, chorea is a rare but recognized symptom of 
polycythemia vera, neuropsychiatric symptoms have 
only been reported in 8 former published reports (shown 
in Table 2) [13–20]. The first reports describing psychiat-
ric symptoms date from the early nineties, in which 3 pa-
tients were admitted with acute mania or depression [13–
15]. Two of them had been diagnosed with polycythemia 
vera several years before presentation and in 1 patient it 
was discovered during admission. Remarkably, all pa-
tients had transient ischemic attacks in their medical his-

tory. Despite poststroke depression being a rather well-
known phenomenon, 2 of these patients had their first 
episode many years after the reported minor strokes; 
therefore, secondary mood disorder was considered less 
likely by their treating physicians [13, 14]. Moreover, in 2 
cases, the mood disorder completely normalized after 
phlebotomy and normalization of the hemoglobin levels, 
which supports the possible causality between polycythe-
mia vera and the occurrence of these mood disorders [13, 
15]. Between 2000 and 2019, only 5 more cases with neu-
ropsychiatric symptoms have been published. All these 
patients presented with cognitive impairment including 
confusion, psychomotor slowing, general behavioral 
changes, and frontal lobe syndrome. One of the patients, 
like the first case we presented, even met the criteria for 
clinical dementia [16–20]. It is promising that each of 
these reports has shown at least partial, subjective revers-
ibility of the cognitive deficits. In addition, in our case as 
well as the patient with frontal lobe syndrome described 
by Severs et al. [19] in 2012, neuropsychological testing 
showed significant improvement after polycythemia vera 
treatment.

Interestingly, the patients portrayed in these studies 
presented with hemoglobin levels varying between 15.5 
and 22.1 g/dL, which as mentioned earlier, shows us that 
the absolute hemoglobin values do not have to be ex-
tremely elevated to cause symptomatology; possibly lead-
ing to an underestimation of polycythemic-induced cog-
nitive impairment. Therefore, creating awareness among 
physicians is even more important, since the literature on 
this topic is scarce.

The optimal treatment for neuropsychiatric distur-
bances related to polycythemia vera seems to be optimal 
reduction of hematocrit levels. It appears reasonable to 
follow the same treatment algorithms as for polycythe-
mia vera in general to reach this goal. In current Dutch 
and European treatment guidelines, hydroxycarbamide 
and pegylated interferon alfa-2a are suggested as first-
line treatment options, with some room for the first-line 
treatment with Busulfan in elderly patients in the Euro-
pean LeukemiaNet guidelines [21–23]. Pegylated inter-
feron alfa-2a does not seem prudent in these cases be-
cause of its possible side effects of psychiatric symptoms 
and tremor. Busulfan could have been a valuable treat-
ment option in our 2 patients but is not registered as a 
first-line treatment regimen in The Netherlands. In 
younger patients, busulfan is discouraged because of its 
carcinogenic potential.
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Conclusion

Cerebral infarction, headache, and visual disturbances 
are well-known complications of polycythemia vera, 
whereas chorea and neuropsychiatric disturbances are a 
rare but incapacitating consequence. It is important to 
consider the diagnosis of a myeloproliferative disorder in 
case of persistent pancytosis. Symptoms can be very inca-
pacitating but often be reversed with phlebotomy. It 
could be advised that in cases of unexplained neuropsy-
chiatric disease, polycythemia vera should be considered 
by performing a blood count; and in cases of polycythe-
mia vera, neuropsychiatric symptoms should be evalu-
ated by the physician.
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