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Cerebral Infarction Caused by Polycythemia
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ABSTRACT Background: Polycythemia rubra vera is of-
ten found after the manifestation of cerebral infarction,
though the pathogenesis is still controversial. We present a
case of cerebral infarction secondary to polycythemia
rubra vera, which presented a slow expansion on mag-
netic resonance imaging despite severe hemiplegia. This
case suggests a possible mechanism for development of
cerebral infarction in polycythemia rubra vera. Methods:
This case report was conducted in a university hospital.
Magnetic resonance imaging and diffusion-weighted im-
aging were performed to assess the evolution of infarc-
tion, and the total blood volume and cerebral blood flow
were determined with the use of isotopes, *'Cr and
%™MTc, respectively. Phlebotomy was performed, but
intervention was not applicable. The manual muscle test
and sensory disturbance were assessed by the same
physiotherapist throughout the clinical course. Results:
A 64-year-old male patient with polycythemia rubra

t is generally accepted that cerebral infarction is

triggered by plaque rupture, based on atheroscle-
rosis, and is detected on magnetic resonance imag-
ing (MRI) just after the onset.! Polycythemia rubra
vera (PRV) is often found or diagnosed by the man-
ifestation of thrombosis.2 The process to form a
thrombus in PRV would be different from that of
atherogenic infarction, which has systemic vascular
atherosclerosis, stenosis or obstruction of the cerebral
arteries, plaque rupture with platelet aggregation, and
hypertension or metabolic syndrome.? Therefore, the
characteristics of cerebral infarction caused by PRV
may be different from that by atherosclerosis. Some
authors have reported the hemorheology in PRV and
the association with thrombosis,4-¢ although little is
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vera had a cerebral infarction. A subtle change was
observed on CT scan on the third day after the onset of
infarction, and a small signal was demonstrated on
magnetic resonance imaging on the fourth day. The
cerebral infarction expanded slowly in size and reached
a maximum on day 24. A diagnosis of cerebral infarction
secondary to polycythemia rubra vera was made, and
treatment by phlebotomy, hydration, and hydroxyurea
was begun. Though the hemiplegia remained, he be-
came ambulatory with a brace, as do patients with
atherosclerotic infarction. Conclusions: It is suggested
that the delayed manifestation and slow expansion of
cerebral infarction caused by elevated hematocrit might
be derived from a pathogenesis different from athero-
sclerotic infarction. KEY INDEXING TERMS: Polycythe-
mia rubra vera; Cerebral infarction; CT scan; Magnetic
resonance imaging. [Am J Med Sci 2007;333(5):317-320.]

known about the differences in clinical features or
MRI findings between cerebral infarctions caused by
atherosclerosis and polycythemia. We report a patient
with cerebral infarction based on PRV, in whom com-
plete hemiplegia and motor aphasia were observed,
although no abnormal findings were noted on the CT
scan for 3 days after the onset and a small and abnor-
mal signal was found on MRI on day 4. Thereafter, the
lesion expanded slowly and peaked in size at 24 days
after the onset.

Case Report

A 64-year-old male patient consulted a regional hospital be-
cause of left hemiplegia after repeated transient ischemic attacks
including left hemiparesis lasting for 4 to 5 hours 10 and 12 days
previously, although CT scan of the brain had shown no abnormal
findings. On the next day, or day 2, he was referred to our
hospital because the hemiplegia deteriorated with no abnormal
findings on repeated CT scan and the blood examination revealed
polycythemia. On admission, he presented left hemiplegia of 3/5
by manual muscle test and moderate dysarthria, although the CT
scan showed no abnormal findings. The blood cell counts were
elevated as follows; erythrocyte count, 6.99 X 10'%/L; hematocrit,
60.2%; hemoglobin concentration, 194 g/L; platelet count, 560.0 X
10%L; and leucocyte count, 34.16 X 10%L, with 1.0% myelocytes,
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4.0% band forms, 84.0% mature neutrophilic granulocytes, 2.0%
lymphocytes, 6.0% monocytes, 2.0% eosinophilic granulocytes,
and 1.0% basophilic granulocytes. The laboratory findings were
as follows: total bilirubin, 13.7 umol/L; LDH, 7.33 ukat/L; creat-
inine, 56.7 umol/L; uric acid, 297 umol/L; total cholesterol, 4.73
mmol/L; triglyceride, 1.05 mmol/L; fasting blood sugar, 5.50
pmol/L; and international normalized ratio of prothrombin time,
1.24. The serum levels of HDL-cholesterol and homocysteine were
not determined. In addition, cerebrospinal fluid showed no abnor-
malities. His periodic medical checkup showed no evidence of
hypertension, and his body mass index was 21.3 kg/m?. He had no
episodes of dizziness, hypotension, or arrhythmia and no habits of
smoking and drinking alcohol. His parents, sisters, and a brother
had no history of thrombosis and hyperlipidemia, though his
younger sister and brother had hypertension and diabetes melli-
tus, respectively. A tentative diagnosis of cerebral infarction was
made, and conservative therapy including glycerol, sodium oza-
grel, and hydration was started, though no evidence was found on
the brain CT scan. The next morning, disease day 3, his hemiple-
gia developed to 0/5 by manual muscle test. However, the CT scan
of the brain showed a subtle change in the white matter of the
right frontal lobe (Figure 1la). The electrocardiogram and echo-

N\

Figure 1. a, CT scan on day 3. A subtle change in the white matter of the right frontal lobe was found, although the patient presented
complete hemiplegia. b and ¢, MRI and diffusion-weighted imaging on day 4. First appearance of abnormal signal was small in the
frontal lobe on MRI but prominent in right frontal and temporal lobes on diffusion-weighted imaging, which was compatible with middle
cerebral artery infarction extended to the anterior/middle cerebral artery territory. d, CT scan on day 17. e, MRI on day 24. The
abnormal signal became maximum in size and thereafter decreased gradually. f, MRI on day 183. The abnormal signal decreased
in size and strength.
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cardiogram showed no findings suggestive of heart disease.
Echography showed that the long axis of the spleen was 10.0 cm.
The serum levels of ferritin, erythropoietin, and vitamin B, were
9.0 pg/L, 11.1 (normal range, 0.0 to 29.0) IU/L, and 1051 pmol/L,
respectively. Neutrophil alkaline phosphatase was 98% positive
and 376 in score. The total blood volume and total red cell volume
were 89.7 and 43.6 mL/100 g per kilogram, respectively. Bone
marrow aspirate showed marked erythropoiesis without increas-
ing blasts, and the karyotype of bone marrow cells presented
46XY. Blood gas analysis and chest radiographic examination
showed no evidence of pulmonary diseases. A definite diagnosis of
PRV was made. Therapy including edaravone, argatroban, and
heparin was begun. Furthermore, phlebotomy was initiated on
disease day 3. The next day (day 4), MRI demonstrated a small,
abnormal signal in the frontal lobe, and diffusion-weighted im-
aging showed prominent and abnormal signals in the frontal and
temporal lobes (Figure 1b and c¢). They made a diagnosis of middle
cerebral artery infarction with extension into the anterior cere-
bral/middle cerebral artery territory. Magnetic resonance angiog-
raphy showed no evidence of atherosclerosis and stenosis in the
cerebral arteries, and the carotid echogram demonstrated neither
plaque nor stenosis in the cervical arteries. Taken together, it
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was concluded that the cerebral infarction was caused by PRV
alone and not by atherosclerosis. Phlebotomy was continued until
the hematocrit decreased to a normal value, disease day 10.
Aspirin and hydroxyurea were given orally after the cessation of
edaravone, argatroban, and heparin. Single-photon emission-
computed tomography with technetium-99m ethyl cysteinate
dimer on disease day 14 showed decreased blood flow in both
hemispheres as follows: mean cerebral blood flow in the right
hemisphere, 37.1 mL/100 g per minute; left hemisphere, 37.5
ml/100 per minute. The lesion of cerebral infarction on MRI on
disease day 24 showed a maximum size (Figure 1le) and thereafter
decreased slowly (Figure 1f). A rehabilitation program including
physical, occupational, and speech therapies was begun on dis-
ease day 5. He could walk with a cane and a short leg brace and
speak fluently when he was discharged 2 months after the onset.
The rehabilitation course or recovery of motor function was al-
most equal to that of cerebral infarction based on atherosclerosis.

Discussion

Our patient fulfilled the criteria of PRV7 and pre-
sented complete hemiplegia and motor aphasia due
to acute cerebral infarction with no evidence of ath-
erosclerosis nor possible cause of embolism. The
infarction, therefore, was concluded to be derived
not from atherosclerosis but from elevated erythro-
cyte volume. Although left hemiplegia was evident,
CT scan of the brain demonstrated a subtle change
in the white matter of the frontal lobe 3 days after
the onset and MRI showed small signals on disease
day 4. Furthermore, the lesion of cerebral infarction
increased slowly in size on MRI, peaked on disease
day 24, and then decreased slowly in size. In con-
trast to the cerebral infarction based on atheroscle-
rosis, the cerebral infarction secondary to PRV ap-
peared transiently and expanded slowly on MRI. It
is generally accepted that the lesion is detected on
MRI several hours after the onset of cerebral infarc-
tion and that the size of the abnormal signal devel-
ops and reaches a maximum by day 5 to 7.1:89 The
delayed manifestation and slow expansion of the
lesion on CT scan and MRI might be explained by
the lack of atherosclerosis and endothelial injury in
cerebral infarction secondary to PRV.

Thrombosis was reported to be found in 43% of the
patients with PRV,10 although it is still controver-
sial how erythrocytosis develops to cerebral infarc-
tion. Previous reports have indicated that the patho-
genesis of cerebral infarction secondary to PRV
would be caused by embolic infarct, hemodynamic
infarct, and prothrombotic state. Pearce et all® and
Fiermonte et al'! inferred that the increased eryth-
rocytes obstructed small vessels to form embolic
infarct. Harrison!2 reasoned that erythrocytosis re-
sulted in a decrease in plasma volume, leading to
relative thrombocytosis and accelerating thrombo-
genesis to form hemodynamic infarct. Segura et al'3
and Koennecke et al'* deduced that increased eryth-
rocytes volume made cerebral blood flow decrease to
form a prothrombotic state. Although it is difficult to
classify our case into these pathogeneses, the endo-
thelial injury and ruptured plaque did not exist in
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our case, which might have resulted in the slow
expansion of tissue necrosis developing despite isch-
emia, compared with atherosclerotic infarction. The
pathogenesis is different from that of atherosclerotic
infarction, in which activated platelets would ad-
here and aggregate on ruptured plaque, trigger a
coagulation cascade, and involve leukocytes and
erythrocytes, resulting in a platelet-rich thrombus
connected tightly to injured endothelial cells and
rapid expansion of brain necrosis.

Some other reasoning from the viewpoint of MRI
principles may be proposed. Increased erythrocytes
might supply more oxygen to brain tissue, resulting
in lower cytotoxic edema. A large number of eryth-
rocytes would contain many ions or much iron to
hinder detection of the change of signal on MRI.
Increasing tissue hematocrit could make the abnor-
mally high signal difficult to detect on MRI. These
factors consisting of MRI principles might modify
the appearance of signals to some extent in the case
of erythrocythemia, although few reports have
shown any association between the appearance of
cerebral infarction on MRI and the degree of anemia
or erythrocytosis. We reported previously that cere-
bral blood flow and cerebral metabolic rate of oxygen
measured by positron emission tomography by using
a continuous '°0 inhalation method were decreased
in patients with polycythemia and that both cere-
bral blood flow and cerebral metabolic rate of oxygen
were increased after the normalization of hemato-
crit by phlebotomy.'5 These results suggested that
the overall content of oxygen in cerebral tissue in
polycythemic patients was decreased in combined
consequence of the decreased blood flow that re-
duced oxygen supply to brain tissue and the in-
creased erythrocytes that elevated oxygen content in
brain tissue. Considered together, the delayed man-
ifestation of cerebral infarction in our case might be
explained by the absence of atherosclerosis rather
than oxygen supply. In addition, as the lesion on
MRI expanded gradually after the phlebotomy in
our case, the possibly increased ions or iron would
have no effect on hindering detection of the mani-
festation or expansion of the lesion on MRI.

The CT and MRI findings demonstrated that the
cerebral infarction was partly attributable to water-
shed territory of anterior and middle cerebral arter-
ies. The watershed infarction was reported to be
caused mainly by a hemodynamic event such as
hypotension, internal carotid artery occlusion, or
elevated hematocrit and to evolve slowly because of
progressive loss of collateral circulation.6:17 The ce-
rebral infarction secondary to polycythemia rubra
vera is speculated to compromise collateral flow
through sludging or hyperviscosity. The slow evolu-
tion of our patient, therefore, might be referred to as
sludging caused by elevated hematocrit.

The rehabilitation course or recovery of motor
function was almost equal to that of cerebral infarc-
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tion caused by atherosclerosis in our rehabilitation
unit. A previous study reported that the average
functional recovery or gain in functional indepen-
dence measurement score after rehabilitation ther-
apy was 23.3 for patients with ischemic stroke.18
The motor functional independence measurement
score was improved from 44 to 67 in the rehabilita-
tion unit in our case. Although the progression of
cerebral infarction on MRI was delayed and slow,
once the thrombosis was completed, its recovery
might be the same as that of atherosclerotic infarc-
tion.

Conclusion

Our case suggested that the lesion on MRI and CT
appears slowly in a patient with cerebral infarction
secondary to erythrocytosis. The slow clinical evolu-
tion may be explained by sludging caused by in-
creased erythrocyte volume. Once hemiplegia is
completed, the recovery process of motor function
would be almost the same as that of atherosclerosis.
It is therefore recommended that cerebral infarction
caused by erythrocytosis should be treated by phle-
botomy and hydration after a clinical diagnosis is
made, although a definite diagnosis cannot be ob-
tained by CT or MRI.
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