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[0 Abstract—Background: Cerebral venous thrombosis
(CVT) rarely induces subarachnoid hemorrhage (SAH). Dur-
ing late pregnancy and puerperium, CVT is an uncommon
but important cause of stroke. However, severe SAH resulting
from CVT is extremely rare during early pregnancy. Objec-
tive: We report on a rare case of severe SAH due to CVT, and
discuss the potential pitfalls of CVT diagnosis in early preg-
nancy. Case Report: A 32-year-old pregnant woman (9th
week of pregnancy) presented with slight head dullness. Ini-
tial magnetic resonance imaging (MRI) revealed focal, abnor-
mal signal intensity in the left thalamus. Nine days later, the
patient developed a generalized seizure and severe SAH
was detected with computed tomography (CT) scan. MRI
and cerebral angiography revealed a completely thrombosed
superior sagittal sinus, vein of Galen, straight sinus, and right
transverse sinus. Transvaginal sonography indicated a missed
abortion. The day after admission, the patient presented
again with a progressive loss of consciousness and signs of
herniation. The patient underwent emergency decompressive
craniotomy, followed by intrauterine curettage. Two months
later, she made an excellent recovery except for a slight visual
field defect. Conclusions: A rare case of severe SAH due to
CVT is reported, with emphasis on the potential pitfalls of
CVT diagnosis in early pregnancy. © 2013 Elsevier Inc.

[J Keywords—hematoma; emergency; magnetic reso-
nance imaging; decompressive craniotomy; diffusion-

weighted image; cerebral venous thrombosis; subarachnoid
hemorrhage

INTRODUCTION

Cerebral venous thrombosis (CVT) is an infrequent, but
potentially fatal disease. Acute-stage CVT is a potential
cause of cortical subarachnoid hemorrhage (SAH)
(1—-3). Pregnancy and puerperium are well-known risk
factors for CVT. However, severe SAH is extremely
rare in early pregnancy. Because of its variable modes
of onset and wide spectrum of neurological signs and
symptoms, making a correct diagnosis of CVT based on
clinical assessment can be difficult (4,5). In addition,
computed tomography (CT) scan and invasive
radiological examinations using a contrast reagent are
usually avoided in pregnant patients, even with clinical
suspicion of CVT.

We treated a patient with CVT who presented in early
pregnancy with severe SAH. The patient underwent sur-
gery and intensive treatment and recovered from the neu-
rological deficits. To our knowledge, this is the first
reported case of CVT resulting in severe SAH in early
pregnancy. We present this rare case and discuss the
potential pitfalls in the CVT diagnosis.
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Figure 1. Magnetic resonance imaging (MRI) on initial presentation. Axial view of T2*-weighted image (T2*WI). (A) T2-weighted
image (T2WI) (B, D), T1-weighted image (T1WI) (C), and fluid-attenuated inversion recovery (FLAIR) (E). (C, D), and (E) are magni-
fied views of B showing the small and subacute parenchymal abnormal intensity in the left thalamus (arrows). T2*WI shows no

abnormality (A).

CASE REPORT

A 32-year-old woman in her 9th week of pregnancy, with-
out previous medical problems, experienced slight head
dullness. The patient presented to the emergency depart-
ment (ED) at our hospital for an off-hours consultation.
Neurological examination revealed no deficits, and blood
examination showed no abnormalities. Magnetic reso-
nance imaging (MRI) studies were performed using an
MR system (Signa EXCITE 3 T; GE Medical Systems,
Milwaukee, WI) with a dedicated eight-channel phased-
array coil (USA Instruments, Aurora, OH). This patient
underwent our standard brain MRI protocol, including
T1WI, T2WI, fluid-attenuated inversion recovery images
(FLAIR), T2*WI, and diffusion-weighted images (DWI).
The following imaging parameters were used: 2500/10/
not available/5/320 x 224/22 x 22/1 min, 30 s (TR ms/
TE ms/FA/section thickness/matrix/FOV/imaging time)
for TIWI, 4000/85/90/5/512 x 512/22 x 22/3 min, 20 s
for T2WI, 12000/140/not available/5/256 x 224/22 x
22/3 min, 30 s for FLAIR, 500/10/30/5/320 x 192/22 x
22/3 min, 16 s for T2*WI, and 6000/60/not available/5/
128 x 256/22 x 22/30 s with b values of 0 and 1000 using

single-shot multi-slice spin-echo echo-planar imaging for
DWI. The imaging parameters for 3D time-of-flight
(TOF) MR angiography (MRA) were 30 ms/3.3 ms/
20°/1 mm/18 cm/384 x 224/4 min, 32 s (repetition
time ms/echo time ms/flip angle/section thickness/FOV/
matrix/imaging time). MRI showed a focal, subacute, ab-
normal parenchymal intensity in the left thalamus; how-
ever, neither acute ischemic changes nor vascular
abnormalities were detected (Figure 1). Considering the
clinical presentation and laboratory data, the possibility
of acute cerebrovascular disease was excluded and the pa-
tient was diagnosed with muscle-constriction headache.
The patient was in the early stages of pregnancy, and
other detailed imaging examinations were also limited
due to the off-hours consultation. Therefore, the patient
returned home with a prescription for nonsteroidal anti-
inflammatory drugs (acetaminophen). The patient subse-
quently felt a gradual increase in headache pain and
developed a fever. She presented to our hospital again,
9 days after the first presentation, complaining of head-
ache. Her body temperature was 39.6°C and her blood
pressure was 118/76 mm Hg (systolic/diastolic). Menin-
geal irritation tests (for Kernig’s sign) were found to be
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Figure 2. Computed tomography (CT) scan upon admission (9 days after initial presentation). Axial CT scan shows a diffuse sub-
arachnoid hemorrhage in the basal cistern, bilateral sylvian fissures, and anterior inter-hemispheric fissure, with diffuse brain
swelling. The superior sagittal sinus (SSS), straight sinus (SS), and right transverse sinus (TS) show hyperdensity (arrows).

equivocal. Therefore, bacterial meningitis was suspected
and lumbar puncture (LP) was performed. Opening pres-
sure of the LP was 50 mm cerebrospinal fluid (CSF). CSF
displayed a xanthochromic appearance without blood.
Thus, the smallest amount possible of CSF was taken to
avoid acute changes in intracranial pressure. CSF analy-
sis showed white blood cells (WBC) 14/uL, protein
180.0 mg/dL, glucose level 62.0 mg/dL, and no red blood
cells. A previous episode of SAH was suspected and a CT
examination was planned immediately. Just after the pa-
tient transferred herself without assistance to the CT
scanner examining table, she developed a generalized sei-
zure. Immediately, CT examination was performed. CT
showed a diffuse SAH in the basal cisterns, bilateral syl-
vian fissures, and anterior interhemispheric fissure, as
well as hyperdensity in the superior sagittal sinus (SSS)
and right transverse sinus (TS) (Figure 2), with diffuse
brain swelling. MRI revealed subacute clot formation
within the thrombosed SSS, right TS, vein of Galen,

straight sinus, and superficial veins surrounding the SSS
(Figure 3). In particular, T2*-weighted imaging
(T2*WI) revealed a thrombus within these sinuses, de-
picted as obvious hypointensities (Figure 3E and 3F),
compared with other sequences. Conventional digital
subtraction angiography (DSA) showed no cerebral aneu-
rysm, arterial dissection, arteriovenous malformation, or
dural arteriovenous fistula, but did reveal completely
thrombosed SSS, right TS, vein of Galen, and straight si-
nus, as well as engorgement of superficial veins
(Figure 4). Blood examination upon admission indicated
a slight inflammatory response (WBC count of 11,000
and C-reactive protein levels of 0.34) and a slight eleva-
tion of fibrin degradation products (6.6) and D-dimer
(3.1). Anti-phospholipid antibody syndrome and possible
deficiencies of anti-thrombin, protein C, or protein S were
excluded. Transvaginal sonography indicated a missed
abortion. During these examinations, the patient was le-
thargic. We diagnosed severe SAH resulting from



852

J. Yamamoto et al.

Figure 3. Magnetic resonance imaging (MRI) upon admission
(9 days after initial presentation) and intraoperative findings.

extended CVT. Because thrombotic lesions were widely
extended from the whole SSS to the right TS, vein of Ga-
len, and straight sinus, mechanical thrombolysis by intra-
vascular surgery was not performed. We treated the
patient with hydration, and the intracranial hypertension
was controlled using osmotic diuretic in the intensive
care unit with sedation (6). Fibrinolytic therapy was not
performed to avoid further bleeding.

The day after admission, the patient’s level of con-
sciousness deteriorated, and herniation signs were
observed along with right pupil dilatation. Emergency
CT scan showed brain swelling in the right temporal
and parietal lobes. Therefore, an emergency right decom-
pressive craniotomy was performed. The right parietal
and temporal lobes were extremely swollen, with en-
gorgement of the superficial veins and diffuse SAH
(Figure 3K). Intrauterine curettage was subsequently per-
formed. The level of consciousness of the patient gradu-
ally improved. Two months after admission, MRI showed
focal cortical damage of the right temporal lobe and MRA
revealed recanalization of the SSS, right TS, vein of Ga-
len, and straight sinus (Figure 5). In addition, MR-DSA
also showed no vascular anomalies. Fortunately, the pa-
tient was discharged with only a slight visual field defect
in the right eye and returned to her previous occupation.

DISCUSSION
CVT Pathogenesis in Early Pregnancy

CVT is an uncommon and frequently unrecognized form
of stroke that affects approximately 5 million people an-
nually and accounts for 0.5% — 1% of all strokes (7). Preg-
nancy and puerperium induce changes in the coagulation
system, thus increasing the risk of CVT. The estimated in-
cidence of CVT during pregnancy and puerperium ranges
from 1 in 2500 deliveries to 1 in 10,000 deliveries (8.9).
The greatest risk periods for CVT include the third
trimester of pregnancy and the first 4 postpartum weeks
(9). Only a few cases of CVT in early pregnancy have
been reported (10—12). A previous study reported 10
patients (4.3%) with SAH among the 233 cases
diagnosed with CVT (13). However, in the CVT cases
that developed within the perinatal state, only two cases

Axial view of T1-weighted image (T1WI) (A, B), T2-weighted
image (T2WI) (C, D), T2*-weighted image (T2*WI) (E, F),
diffusion-weighted images (DWI) (G, H), and apparent diffu-
sion coefficient (ADC) map (I, J). Compared with T2WI,
T2*WI shows more obvious hypointensity of the thrombus
within the SSS, SS, and right transverse sinus (TS). DWI re-
veals hypointensity of the thrombus within these sinuses;
however, ADC of the thrombus decreases. Intraoperative
photograph shows bulging of the right parietal and temporal
lobes, with engorgement of the superficial veins and diffuse
subarachnoid hemorrhage (K).
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Figure 4. Lateral views of aright internal carotid angiogram. (A) Arterial phase and (B) venous phase. The arterial phase shows no
cerebral aneurysm, arterial dissection, arteriovenous malformation, or dural arteriovenous fistula (A). However, the venous phase
reveals completely thrombosed superior sagittal sinus (SSS), right transverse sinus (TS), vein of Galen, and straight sinus, as well

as engorgement of the superficial veins (B).

of CVT presented with SAH: one was in the postpartum
state and the other was in the post-cesarean state
(13,14). We could find no reports of CVT presenting
with SAH in pregnancy. To our knowledge, this is the
first report of a patient with CVT presenting with SAH
in early pregnancy.

CVT pathogenesis in pregnancy and puerperium is as-
sociated with changes in the coagulation system that oc-
cur during pregnancy, as well as hypercoagulability after
the delivery resulting from volume depletion and trauma
(15). In the present case, we diagnosed a missed abortion
and performed intrauterine curettage in the early stages
after the decompressive craniotomy. Early management
of the missed abortion in addition to the emergency de-
compressive craniotomy might have contributed to the

patient’s recovery. A case of CVT in early pregnancy
was reported in which the patient presented with severe
disturbance of consciousness, with the patient recovering
except for minor memory loss, using a therapeutic abor-
tion to eliminate the rising endogenous estrogen levels re-
sulting from the pregnancy that likely triggered
spontaneous coagulation (10). Missed abortion is there-
fore associated with the pathogenesis of CVT. The possi-
bility of CVT should be considered in patients with
missed abortions, even in early pregnancy.

Diagnosis Pitfalls for CVT Based on MRI in Pregnancy

The most important indication for the diagnosis of CVT is
the presence of intravascular thrombus or occluded

Figure 5. Follow-up magnetic resonance imaging (MRI) and magnetic resonance (MR) venography 2 months after treatment. Ax-
ial view of fluid-attenuated inversion recovery images (A) and lateral view of MR venography (B). FLAIR shows focal signal inten-
sity in the right temporal lobe (A). MR venography shows recanalization of superior sagittal sinus (SSS), right transverse sinus

(TS), vein of Galen, and straight sinus (SS) (B).
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vessels upon venous system imaging. DSA and CT ve-
nography using a contrast reagent can provide a highly
detailed depiction of the cerebral venous system (16).
However, these invasive imaging modalities are to be
avoided in pregnant patients because of radiation expo-
sure and contrast agent side effects. Therefore, MRI, as
a noninvasive imaging modality, plays an important
role in diagnosing CVT in pregnant patients. However,
it also has several potential pitfalls for CVT image inter-
pretation. The thrombus in the acute stage is predomi-
nantly represented by an isointense signal on TIWI and
a hypointense signal on T2WI because of deoxyhemo-
globin in the thrombus. A venous thrombus in the acute
stage may have a signal intensity that mimics normal
brain parenchyma and flow voids (17). Sinus hypoplasia
and atresia, flow gaps, and arachnoid granulation may
mimic the CVT intravascular thrombus by time-of-
flight MR venography (18—20). A recent study reports
that DWI can detect a thrombus with abnormal
hyperintensity in the acute phase because of the
restriction of water molecule movement within the
venous clot (21). However, in the present case, DWI de-
tected the thrombus within the sinuses as a hypointense
signal. According to T2WI and apparent diffusion coef-
ficient (ADC) findings, a hypointense signal on the
T2WI affected the hypointensity of DWI through the
T2 dark-through effect (22). Interpretation of DWI
results should be considered in the diagnosis of CVT,
in addition to T2WI and ADC findings. T2*WI is highly
recommended for the diagnosis of CVT during the acute
phase (23,24). Recently, it was reported that the
sensitivity of T2*WI for detecting clots in sinuses or
veins is estimated to be 90% during the acute phase of
CVT (24). In the present study, the T2*WI performed
upon admission showed a more obvious hypointense
signal for the thrombus than the other sequences.
However, T2*WI in the initial MRI showed no
abnormality, although an abnormal parenchymal signal
intensity in the left thalamus was detected. Retrospec-
tively, this abnormal parenchymal signal intensity might
indicate vasogenic edema associated with venous
congestion caused by CVT. Taken together, these data
suggest that parenchymal abnormal intensity might indi-
cate the possibility of CVT in patients with suspected
CVT, although neither T2*WI nor the other sequences
detected the intravascular thrombus or the occluded ves-
sels in our patient.

CONCLUSIONS

Although an accurate diagnosis is essential in the early
stages of CVT, patients develop a variable and wide spec-
trum of neurological signs and symptoms. MRI for CVT

diagnosis might be the first choice for women in the early
stages of pregnancy. However, there are some potential
pitfalls in CVT diagnosis based on MRI. Therefore,
CVT should be considered as part of the differential
diagnosis in early pregnancy, particularly when the
MRI shows abnormal parenchymal signal intensity. Early
decompressive craniotomy and intrauterine curettage
also should be considered in the extremely rare case
of a missed abortion presenting with severe SAH due
to CVT.
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