Case in Point

Cerebral Venous Thrombosis
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For a patient with nonspecific symptoms and no obvious signs on imaging, having
a high index of suspicion for cerebral venous thrombosis can help shorten the time to diagnosis
and treatment and prevent more serious complications.

erebral venous thrombosis
(CVT) is a rare cerebrovascu-
lar disease that affects about
5 in 1 million people each
year and accounts for 0.5% of all
strokes.! Previously it was thought
to be caused most commonly by in-
fections (eg, mastoiditis, otitis, men-
ingitis) affecting the superior sagittal
sinus and often resulting in focal
neurologic deficits, seizures, coma,
and death. Although local and sys-
temic infections are still prominent
risk factors in its development, CVT
is now primarily recognized as a
nonseptic disease with a wide spec-
trum of clinical presentations.
Cerebral venous thrombosis
causes reduced outflow of blood and
cerebrospinal fluid, which in half
of affected patients leads to signifi-
cant venous infarct. As opposed to
arterial infarctions, CVT mainly af-
fects children and young adults; it is
an important cause of stroke in the
younger population.? There is signif-
icant overlap of the many risk fac-
tors for CVT and those for venous
thromboembolism (VTE): cancer,
obesity, genetic thrombophilia,
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trauma, infection, and prior neuro-
surgery. However, the most common
acquired risk factors for CVT are oral
contraceptive use and pregnancy,
which explains why CVT is 3 times
more likely to occur in young and
middle-aged women.?

Cerebral venous thrombosis was
first recognized by a French physician
in the 19th century, a time when the
condition was diagnosed at autopsy,
which typically showed hemorrhagic
lesions at the thrombus site.* For
many years heparin was contraindi-
cated in the treatment of CVT, and
only within the past 25 years did ad-
vances in neuroimaging allow for ear-
lier diagnosis and change perspectives
on the management of this disease.

Cerebral venous thrombosis oc-
curs from formation of a thrombus
within the cerebral venous sinuses,
leading to elevated intracranial pres-
sure and eventually ischemia or in-
tracranial hemorrhage. Improved
imaging techniques, notably mag-
netic resonance imaging (MRI) and
computed tomography (CT) venog-
raphy, allow physicians to identify
thrombus formation earlier and begin
anticoagulation therapy with heparin
before infarction. A meta-analysis of
studies found that heparin was safer
and more efficacious in treating CVT
compared with placebo.’ Further-
more, several small randomized trials

found treatment with unfractionated
heparin (UFH) or low-molecular-
weight heparin (LMWH) was not
associated with higher risk of hemor-
rhagic stroke in these patients.*®
Despite improvements in imaging
modalities, in many cases diagnosis
is delayed, as most patients with CVT
have a wide spectrum of presenta-
tions with nonspecific symptoms,
such as headache, seizure, focal sen-
sorimotor deficits, and papilledema.’
Clinical presentations of CVT depend
on a variety of factors, including age,
time of onset, CVT location, and
presence of parenchymal lesions. Iso-
lated headache is the most common
initial symptom, and in many cases is
the only presenting manifestation of
CVT.! Encephalopathy with multifo-
cal signs, delirium, or dysfunction in
executive functions most commonly
occurs in elderly populations.
Cavernous sinus thrombosis most
commonly produces generalized
headaches, orbital pain, proptosis,
and diplopia, whereas cortical vein
thrombosis often produces seizures
and focal sensorimotor deficits.
Aphasia may be present in patients
with isolated left transverse sinus
thrombosis. In the presence of deep
cerebral venous occlusion, patients
can present in coma or with severe
cognitive deficits and widespread
paresis.'® Thrombosis of different
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Figure 1A. Noncontrast Sagittal Computed

Tomography Images of Head

sinus (arrow).

veins and sinuses results in a wide
spectrum of diverse clinical pictures,
posing a diagnostic challenge and af-
fecting clinical outcomes.

Given the variable and often non-
specific clinical presentations of these
cases, unenhanced CT typically is
the first imaging study ordered. Ac-
cording to the literature, noncontrast
CT is not sensitive (25%-56%) in
detecting CVT, and findings are nor-
mal in up to 26% of patients, rarely
providing a specific diagnosis.!* Fur-
thermore, visualization on MRI can
be difficult during the acute phase
of CVT, as the thrombus initially
appears isointense on T1-weighted
images and gradually becomes hyper-
intense over the course of the disease
process.'? These difficulties with the
usual first-choice imaging examina-
tions often result in a delay in diag-
nosing CVT. However, several points
on close examination of these im-
aging studies may help physicians
establish a high index of clinical
suspicion and order the appropriate
follow-up studies for CVT.

The authors report the case of a
patient who presented with a 1-week

Increased-density venous thrombus found in the superior sagittal

history of confusion, headaches, and
dizziness. His nonspecific presenta-
tion along with the absence of obvious
signs of CVT on imaging prolonged
his diagnosis and the initiation of an
appropriate treatment plan.

CASE REPORT

A 57-year-old white air-conditioning
mechanic presented to the emer-
gency department (ED) with a
1-week history of gradual-onset con-
fusion, severe headaches, dizziness,
light-headedness, poor memory, and
increased sleep. Two days earlier, he
presented with similar symptoms to
an outside facility, where he was ad-
mitted and underwent a workup for
stroke, hemorrhage, and cardiac ab-
normalities—including noncontrast
CT of the head. With nothing of
clinical significance found, the pa-
tient was discharged and was advised
to follow up on an outpatient basis.
Persisting symptoms brought the
patient to the ED 1 day later, and he
was admitted. He described severe,
progressive, generalized headaches
that were more severe when he was
lying down at night and waking in

Figure 1B. Noncontrast Sagittal Computed
Tomography Images of Head

Increased-density venous thrombus found in the straight sinus, vein of
Galen, and internal cerebral veins (arrows).

the morning. He did not report that
the headaches worsened with cough-
ing or straining, and he reported no
history of trauma, neck stiffness, vi-
sion change, seizures, and migraines.
His medical history was significant
for hypertension, dyslipidemia, and
in 2011, an unprovoked deep vein
thrombosis (DVT) in the right leg.
He reported no history of tobacco,
alcohol, or illicit drug use. He had
served in the U.S. Navy, working in
electronics, intelligence, data sys-
tems, and satellite communications.
On initial physical examination,
the patient was afebrile and lethargic,
and his blood pressure was mildly
elevated (144/83 mm Hg). Cardio-
pulmonary examination was normal.
Neurologic examination revealed
no severe focal deficits, and cranial
nerves II to XII were intact. Fun-
duscopic examination was normal,
with no papilledema noted. Motor
strength was 5/5 bilaterally in the
deltoids, biceps, triceps, radial and
ulnar wrist extensors, iliopsoas,
quadriceps, hamstrings, tibialis an-
terior and posterior, fibulares, and
gastrocnemius. Pinprick sensation
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and light-touch sensation were de-
creased within the lateral bicipital
region of the left upper extremity.
Pinprick sensation was intact bi-
laterally in 1-inch increments at all
other distributions along the medial
and lateral aspects of the upper and
lower extremities. Muscle tone and
bulk were normal in all extremities.
Reflexes were 2+ bilaterally in the bi-
ceps, brachioradialis, triceps, quadri-
ceps, and Achilles. The Babinski sign
was absent bilaterally, the finger-to-
nose and heel-to-shin tests were nor-
mal, the Romberg sign was absent,
and there was no evidence of prona-
tor drift. Laboratory test results were
normal except for slightly elevated
hemoglobin (17.5 g/dL) and D-dimer
(588 ng/mL) levels.

Although noncontrast CT of the
head initially showed no acute intra-
cranial abnormalities, retrospective
close comparison with the arterial
system revealed slightly increased

CEREBRAL VENOUS THROMBOSIS

Figure 2A. Noncontrast Axial
Computed Tomography
Images of Head

—

Normal-density internal carotid arterial
vasculature shown (arrows).

Figure 2B. Noncontrast Axial
Computed Tomography
Images of Head

Normal-density internal carotid arterial
vasculature shown (arrows).

Figure 3A. Noncontrast Sagittal
T1-Weighted Magnetic
Resonance Imaging of Brain

Figure 3B. Noncontrast Sagittal
T1-Weighted Magnetic
Resonance Imaging of Brain

attenuation in the superior sagittal
sinus, straight sinus, vein of Galen,
and internal cerebral veins (Figures

1A and 1B) relative to the arterial ca-
rotid anterior circulation (Figures 2A
and 2B).

Subsequent brain MRI without
contrast showed a hyperintense T1
signal involving the superior sagittal
sinus (Figures 3A and 3B), extend-
ing into the straight sinus and the
vein of Galen. Magnetic resonance
imaging with contrast demonstrated
a prominent filling defect primar-
ily in the superior sagittal sinus, in
the right transverse sinus, and in the
vein of Galen. Diffusion-weighted
brain MRI sequence showed re-
stricted diffusion localized to the
right thalamic area (Figure 4) and
no evidence of hemorrhage.

Treatment
International guidelines recom-
mend using heparin to achieve

Increased signal in the middle superior sagittal
sinus shown (arrow).

rapid anticoagulation, stop the
thrombotic process, and prevent ex-
tension of the thrombus."® Theoreti-
cally, more rapid recanalization may
have been achieved by performing

Increased signal in the posterior superior
sagittal sinus shown (arrow).

endovascular thrombectomy in the
present case. However, severe bleed-
ing complications, combined with
higher cost and the limited avail-
ability of clinicians experienced
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Figure 4. Diffusion-Weighted
Magnetic Resonance Imaging
of Brain

Restricted diffusion in right thalamus is
shown (arrow).

in treating this rare disease, con-
vince physicians to rely on hepa-
rin as first-line treatment for CVT."*
A small randomized clinical trial
found LMWH safer and more effica-
cious than UFH in treating CVT."”
After stabilization, oral anticoagula-
tion therapy is used to maintain an
international normalized ratio (INR)
between 2.0 and 3.0 for at least
3 months."*

Given these findings, the patient
was initially treated with LMWH.
Eventually he was switched to oral
warfarin and showed signs of clinical
improvement. A hypercoagulability
state workup revealed that the patient
was heterozygous for the prothrom-
bin G20210A mutation, and he was
discharged and instructed to con-
tinue the oral warfarin therapy.

On follow-up, the hematology and
neurology team initiated indefinite
treatment with warfarin for his ge-
netic hypercoagulability state. Moni-
toring of the dose of anticoagulation
therapy was started to maintain INR
between 2.0 and 3.0. The patient

began coming to the office for INR
monitoring every 2 to 3 weeks, and
his most recent INR, in May 2017,
was 2.66. He is taking 7.5 mg of war-
farin on Wednesdays and Sundays
and 5 mg on all other days and cur-
rently does not report any progressive
neurologic deficits.

DISCUSSION
The clinical findings of CVT and
the hypercoagulability state workup
revealed that the patient was het-
erozygous for the prothrombin
G20210A mutation. Prothrombin is
the precursor to thrombin, which
is a key regulator of the clotting
cascade and a promoter of coagula-
tion. Carriers of the mutation have
elevated levels of blood plasma pro-
thrombin and have been associated
with a 4 times higher risk for VTE.'
Several large studies and system-
atic reviews have confirmed that
the prothrombin G20210A muta-
tion is associated with higher rates
of VTE, leading to an increased risk
for DVT of the leg or pulmonary em-
bolism.'""!* More specifically, a meta-
analysis of 15 case—control studies
found strong associations between
the mutation and CVT.?° Despite this
significant association, studies are
inconclusive about whether hetero-
zygosity for the mutation is associ-
ated with increased rates of recurrent
CVT or other VTE in the absence of
other risk factors, such as oral contra-
ceptive use, trauma, malignancy, and
infection.?"> Therefore, the optimal
duration of anticoagulation therapy
for CVT is not well established in pa-
tients with the mutation. However,
the present patient was started on in-
definite anticoagulation therapy be-
cause the underlying etiology of the
CVT was not reversible or transient,
and this CVT was his second epi-
sode of VTE, following a 2011 DVT
in the right leg.

The case discussed here illus-
trates the clinical presentation and
diagnostic complexities of CVT. Two
days before coming to the ED, the pa-
tient presented to an outside facility
and underwent a workup for non-
specific symptoms (eg, confusion,
headaches). Due to the nonspecific
presentation associated with CVT, a
detailed history is imperative to dis-
tinguish symptoms suggesting in-
creased intracranial pressure, such as
headaches worse when lying down
or present in the morning, with a
high clinical suspicion of CVT. The
ability to attain these specific details
leads clinicians toward obtaining the
necessary imaging studies for poten-
tial CVT patients, and may prevent
delay in diagnosis and treatment. The
thrombus in CVT initially consists
of deoxyhemoglobin and appears
on MRI as an isointense signal on
T1-weighted images and a hypoin-
tense signal on T2-weighted images;
over subsequent days, the throm-
bus changes to methemoglobin and
appears as a slightly hyperintense
signal on both T1- and T2-weighted
images.”

During this phase, there are some
false negatives, as the thrombus can
be mistaken for imaging artifacts,
hematocrit elevations, or low flow
of normal venous blood. Given the
clinical findings and imaging stud-
ies, it is essential to distinguish CVT
from other benign etiologies. Earlier
diagnosis and initiation of anticoagu-
lation therapy may have precluded
the small amount of localized isch-
emic changes in this patient’s right
thalamus, thus preventing the mild
sensory loss in the left upper extrem-
ity. With the variable and nonspecific
clinical presentations and the difficul-
ties in identifying CVT with first-line
imaging, progression of thrombus
formation may lead to severe focal
neurologic deficits, coma, or death.
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Using CT imaging studies to
compare the blood in the draining
cerebral sinuses with the blood in
the arterial system can help distin-
guish CVT from other etiologies of
hyperdense abnormalities, such as
increased hematocrit or decreased
flow. Retrospective close examina-
tion of the present patient’s noncon-
trast CT images of the head and brain
revealed slight hyperdensity in the
cerebral sinuses compared with the
arterial blood, suggesting the pres-
ence of thrombus formation in the
cerebral veins. As CT is often the first
study used to evaluate the nonspe-
cific clinical presentations of these
patients, identifying subtle signal-
density differences between the arte-
rial and venous systems could guide
physicians in identifying CVT earlier.

The authors reiterate the impor-
tance of meticulous imaging inter-
pretation in light of the entire clinical
picture: In these patients, it is imper-
ative to have a high index of clinical
suspicion for CVT in order to prevent
more serious complications, such as
ischemic or hemorrhagic stroke. @
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