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Abstract

A 47-year-old male receiving anticoagulant therapy for thrombophlebitis in the left leg for several years
presented with mild left hemiparesis and ipsilateral hypesthesia. The cause of the thrombophlebitis was
still unknown. Magnetic resonance (MR) imaging showed subacute thrombosis of both the superior
sagittal sinus (SSS) and a cortical vein in the right cerebral hemisphere. Fluid attenuation inversion
recovery axial MR imaging demonstrated these lesions more obviously than conventional T,-weighted
axial MR imaging. Right carotid angiography showed a partial SSS filling defect and occlusion of the
cortical vein with collateral circulation. Coagulation studies revealed decreases in both protein C ac-
tivity and antigen levels with normal levels of blood coagulation factors II, VII, IX, and X and protein
S activity and antigen. The patient’s mother had normal levels of both protein C activity and antigen,
but his father had decreased levels. The diagnosis was SSS and cerebral cortical venous thrombosis
caused by congenital protein C deficiency. The patient was treated conservatively, and his clinical
course was uneventful. His neurological dysfunctions recovered within approximately 3 weeks after
the onset. Ten months later, right carotid angiography showed recanalization of the SSS and partial
filling of the cortical vein. Anticoagulant therapy has been continued, and no cerebral venous throm-
bosis has recurred during the 1.5 years after the onset.
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Introduction

Congenital protein C deficiency carries a high risk
of venous thrombosis and embolism elsewhere in
the body,**® and usually manifests as recurrent deep
venous thromboses and/or pulmonary embolism oc-
curring in younger people. We describe a rare case
of superior sagittal sinus (SSS) and cerebral cortical
vein thrombosis caused by congenital protein C
deficiency.

Case Report

A 47-year-old male with a history of thrombophlebi-
tis in the left leg developed mild left hemiparesis and
ipsilateral hypesthesia 2 days prior to admission. He
complained of headache but had no other signs of
intracranial hypertension. The cause of the throm-
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superior sagittal sinus, protein C deficiency

bophlebitis was still unknown but he had been
receiving 1 mg of warfarin per day for several years.

Brain computed tomography showed no findings
corresponding to the neurological dysfunctions.
Fluid attenuation inversion recovery (FLAIR) (repe-
tition time [TR]/echo time [TE]/inversion time =
6882/110/1700 msec) axial magnetic resonance (MR)
imaging showed areas of homogeneous hyperin-
tensity in both the SSS and a cortical vein in the
right cerebral hemisphere (Fig. 1 left). FLAIR axial
MR imaging also found a linear hyperintense area in
the white matter of the right frontal lobe (Fig. 1
center). T,-weighted (TR/TE = 3630/110 msec)
coronal MR imaging demonstrated a hyperintense
spot in the SSS and swelling of the right frontal lobe
(Fig. 1 right). These findings were strongly sugges-
tive of subacute thrombosis in both the SSS and a
cerebral cortical vein draining into the SSS.

Right carotid angiography showed no abnormali-
ties in the arterial phase, but the lateral view during
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Fig. 1

Fluid attenuation inversion recovery (FLAIR) axial magnetic resonance (MR) image (left)

showing hyperintense areas in both the superior sagittal sinus (5SS) and a cerebral cortical
vein indicating subacute thrombosis. FLAIR axial MR image (center) showing a linear
hyperintense area in the right frontal subcortex close to the thrombosed cortical vein. T,-
weighted coronal MR image (right) showing hyperintense areas in the right frontal white
matter and a hyperintense spot in the SSS (arrow).

Fig. 2 Initial right carotid angiogram in the venous phase (left) showing a partial filling defect in the
superior sagittal sinus (SSS) (arrow) and abnormal fine vessels with a corkscrew appearance
(arrowheads) indicating venous collateral blood flow due to occlusion of a cortical vein
(probably the right rolandic vein). Left carotid angiogram (center) showing normal venous
flow in the same portion of the SSS. Follow-up right carotid angiogram (right) showing the
normal SSS and partial recanalization of the occluded cortical vein (arrow) with reduction of
the collateral vessels.

the venous phase demonstrated a partial filling
defect of the SSS where the thrombosed cortical vein
might have connected (Fig.2 left). However, left
carotid angiography of this portion of the S§S with
the partial filling defect showed normal venous flow
on the lateral view during the venous phase (Fig. 2
center). The occluded cerebral cortical vein was
thought to be a rolandic vein, and the collateral
vessels had a corkscrew appearance (Fig. 2 left). Left
vertebral angiography showed no abnormalities in
both the arterial and venous phases.

Measurement of blood coagulation parameters

showed a normal protein S total antigen level of
109% (normal: 65-135%) and activity of 66% (nor-
mal: 60-150%), but a decreased protein C activity of
34% (normal: 65-140%) and a decreased antigen
level of 32% (normal: 70-150%). The levels of
vitamin-K-dependent blood coagulation factors II,
VII, IX, and X were 66%, 100%, 99%, and 76% of
control (normal: more than 70%), respectively. Other
results were normal. The patient’s father also had a
decreased protein C activity of 33% and a decreased
antigen level of 43%. His mother had normal protein
C activity and antigen levels (Table 1). The findings
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Table 1 Familial data of protein C and protein S levels

Protein C (%)

Protein S (%)

Activity Antigen Activity Free antigen Total antigen
Normal range 65-140 70-150 60-150 60-150 65-135
Patient 34| 32} 66 95 109
Father 33! 43} 113 106 109
Mother 93 113 51} . 68 92

Protein C activity and antigen of both the patient and his father were below the normal level. His mother had values

in the normal range.

of these neuroimaging and coagulation investiga-
tions confirmed the diagnosis of SSS and cerebral
cortical venous thrombosis caused by congenital
protein C deficiency.

The patient was treated conservatively because his
neurological dysfunctions were mild and did not
worsen in the acute phase. Administration of 1 mg
per day of warfarin was continued, and intravenous
infusion of 400 ml per day of 10% glycerol and 80
mg per day of sodium ozagrel was performed for 14
days. The clinical course was uneventful, and his
neurological dysfunctions improved sufficiently to
allow him to resume work within approximately 3
weeks after the onset. One month later, FLAIR axial
MR imaging showed no sign of thrombi in the cor-
tical vein, and T,weighted MR imaging showed
homogeneous hypointensity of the SSS indicating
recanalization. Approximately 10 months later,
right carotid angiography showed the SSS as nor-
mal, a partially recanalized cortical vein which
might be occluded by thrombus, and reduction of
the collateral vessels (Fig. 2 right).

In the outpatient clinic, oral anticoagulant therapy
was continued to adjust the daily dose of warfarin to
maintain the prothrombin time ratio according to
the international normalization ratio of 1.5 to 2.5.
No recurrent cerebral venous thrombosis has oc-
curred during the past 1.5 years.

Discussion

The present case of cerebral venous thrombosis is
relatively rare, as the cause was congenital protein
C deficiency. Only 11 cases, including the present
case, of cerebral venous thrombosis caused by
congenital protein C deficiency have been report-
ed 25-712151618-20) The clinical characteristics of the
patients are as follows. There were four males and
seven females, aged from 15 to 75 years, and nine
patients were below the age of 50 years. There was
an obvious congenital basis in eight patients, a
history of venous thrombosis in six, and thrombotic
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risk factors of pregnancy, oral contraceptives, and
cigarette smoking in seven. Ten patients had
thrombi of the SSS associated with or without
thrombi in another intracranial venous system, such
as the lateral sinus, straight sinus, inferior sagittal
sinus, and cerebral cortical veins. There were
hemorrhagic infarctions in five patients, brain ede-
ma or swelling in two, focal ischemia in one
manifesting as parenchymal brain damage, and
three patients had no abnormalities on brain MR
imaging. Nine patients had a favorable outcome and
only two died.

Cerebral venous thrombosis can be identified rel-
atively easily by MR imaging within 15 days after
occlusion of the dural sinus. However, the use of
MR imaging requires knowledge of the different age
of thrombi and pitfalls in the interpretation of the
findings.? The present case was also confirmed
without difficulty. FLAIR axial MR imaging was
especially useful in confirming the signal of the in-
travenous thrombus and the ischemic lesion in the
white matter adjacent to the brain surface, which
could not be distinguished from that of cerebrospi-
nal fluid on conventional T,-weighted MR images.

Our patient suffered from cerebral venous throm-
bosis at the age of 47 years, despite continuous an-
ticoagulant therapy. Congenital protein C deficiency
was verified after the onset. Therefore, congenital
coagulation disorders are important to consider as
potential causes of cerebral venous thrombosis in
younger patients (less than 50 years), in particular
those with episodes of venous thrombosis elsewhere
in the body. In our case, the congenital protein C
deficiency was identified after repeated measure-
ments of serum protein C activity and antigen.

General considerations concerning protein C
deficiency are as follows. Protein C is a vitamin-K-
dependent plasma protein, and is probably one of
the most important inhibitors of blood coagulation.
Protein C is activated in vivo by thrombin coupled
with the endothelial cofactor thrombomodulin to
form the serine protease, activated protein C (PCa),
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and is inactivated by a specific plasma protease in-
hibitor. PCa is a potent anticoagulant enzyme that
also enhances blood clot lysis, and has at least three
mechanisms of action: PCa inhibits thrombin for-
mation by inactivating the coagulation factors Va
and VIIla; PCa inhibits binding of factor Xa to
platelets, probably by inactivation of factor Va, the
receptor for factor Xa; and PCa stimulates the
release of plasminogen activator, thus promoting
fibrinolysis.**'®) The mode of inheritance of con-
genital protein C deficiency is thought to be au-
tosomal dominant.>'” The heterozygous state is
usually asymptomatic and the estimated prevalence
is 1 in 200 to 300 according to a prospective study of
5422 normal adults.' Diagnosis of protein C
deficiency is made by repeated measurements of
decreased levels of serum antigen and activity with
a normal range of all other vitamin-K-dependent
coagulation factors.?

The present patient was successfully treated con-
servatively. However, if the patient’s neurological
condition deteriorates progressively, then prompt
direct thrombolysis of the dural sinus should be
performed, because recent developments in en-
dovascular treatment can achieve satisfactory out-
comes for acute dural sinus thrombosis.’>'¥ Whether
direct thrombolysis of the dural sinus is performed
or not, anticoagulant therapy should be started as
soon as possible to prevent recurrent thromboem-
bolic events. During the initial period of adminis-
tration of warfarin, a high dose of heparin should be
given concurrently, since the half life of protein C is
shorter than that of the other vitamin-K-dependent
coagulation factors, and the plasma concentration
of protein C decreases more rapidly in response to
warfarin leading to occurrence of thrombosis.?
Concurrent heparin administration must be main-
tained until warfarin reaches full effectiveness as
determined by a prothrombin time ratio of interna-
tional normalization ratio 2 to 3.59

Thromboembolic diseases tend to occur during
early adulthood when risk factors, such as a history
of malignancy, cigarette smoking, oral contracep-
tive use, pregnancy, puerperium, trauma, or sur-
gery, are present in patients with protein C
deficiency.» Therefore, lifelong anticoagulant ther-
apy should be continued for patients with cerebral
venous thrombosis caused by protein C deficiency
and a history of thromboembolic diseases.
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