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Abstract

Cerebral Venous Thrombosis (CVT) is a relatively uncommon but important
cause of stroke that tends to affect young adults, especially women. Head
trauma with or without skull fracture was reported to be triggering factors for
CVT, but the underlying pathophysiology was not well elucidated. Endothelial
injury and coexistent hypercoagulability were supposed to contribute to CVT
after head trauma without skull fracture. We report a 49-year-old female patient
who presented with headache with vomiting after head trauma and was initially
diagnosed as post-traumatic Intracerebral Hemorrhage (ICH), but subsequently,
progressed to CVT that resulted in cerebral venous infarction with hemorrhagic
transformation. Magnetic Resonance brain Venography (MRV) confirmed
CVT in superior sagittal sinus as well as right transverse and sigmoid sinuses.
She was treated with endovascular mechanical thrombectomy followed by
anticoagulation. The coagulopathy panel was checked both in hospital and
in outpatient clinic for evaluating the etiology underlying post-traumatic non-
pyogenic CVT. Persistently elevated level of plasma Factor VIII was identified.
We should consider that patients with recent head trauma history without
skull fracture and coexistent hypercoagulability could develop CVT resulting
in cerebral venous infarction with hemorrhagic transformation even when the
patient showed no definite focal neurologic deficit or the patient’s initial CT scan

revealed no intracranial hemorrhage.
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Introduction

Cerebral Venous Thrombosis (CVT) is a relatively uncommon
but important cause of stroke that tends to affect young adults,
especially women. The hypercoagulable state explains the increased
tendency of developing cerebral venous thrombosis in various medical
conditions such as thrombophilia, pregnancy, oral contraceptive
usage, malignancy and rheumatologic diseases. Head trauma with
or without skull fracture was also reported to be a triggering factor
for CVT [1-3], but the underlying pathophysiology was not well
elucidated. Endothelial injury and coexistent hypercoagulability
possibly contributed to CVT after head trauma without skull fracture
[1,2]. A few articles showed that CVT after head trauma could be
complicated with cerebral venous infarction or delayed Intracerebral
Hemorrhage (ICH) [3,4].

We report the case of a young female patient who presented with
headache with vomiting after head trauma without skull fracture
and was initially diagnosed as post-traumatic ICH, but subsequently
progressed to CVT that resulted in acute venous infarction with
hemorrhagic transformation. Persistently elevated plasma level
of Factor VIII was identified and considered to be an underlying
hypercoagulable condition that was responsible for non-pyogenic
CVT after head trauma without skull fracture.

Case Presentation

A 49-year-old female patient visited our Emergency Room (ER)
with a complaint of headache with vomiting after she had fallen from
the bed during sleep and suffered head trauma. She had no remarkable
findings in past medical history. She was discharged from ER and
referred to outpatient clinic. She had no focal neurologic deficit on
neurological examination, but brain CT was taken and revealed
intracerebral hemorrhage in both frontal lobes (Figure 1A). CT brain
Angiography (CTA) showed no abnormal findings in both head and
neck arteries (Figure 1B). Enhanced T'1-weighted brain MRI detected
no definite thrombosis in cerebral venous sinuses including superior
sagittal sinus (Figure 1C). She was diagnosed as post-traumatic ICH
and recovered after she was treated in a conservative manner.

After discharge, she visited ER again due to headache with
nausea. CTA was taken immediately, but it only showed old cerebral
lesions in both frontal lobes without acute hemorrhage. She was
followed up in outpatient clinic three days later and expressed her
symptom relief without focal neurological deficit. Five days later, she
revisited outpatient clinic due to left hemiparesis beginning one day
ago. T2-weighted brain MRI showed cerebral venous infarction with
hemorrhagic transformation in right temporal lobe (Figure 2A). 3D
Multi-Planar Reformatted (MPR) images visualized CVT in right
transverse sinus and in superior sagittal and right sigmoid sinuses
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Figure 1: (A) Post-traumatic Intracerebral Hemorrhages (ICH) in both frontal lobes. (B) CT brain Angiography (CTA) showing no abnormal findings in head and
neck arteries. (C) Enhanced T1-weighted brain MRI confirming no definite Cerebral Venous Thrombosis (CVT) in superior sagittal sinus.

Figure 2: (A) T2-weighted brain MRI showing cerebral venous infarction with hemorrhagic transformation in right temporal lobe. 3D MPR images visualizing CVT
(B) in right transverse sinus as well as (C) in superior sagittal and right sigmoid sinuses. MRV showing CVT (D) in superior sagittal sinus from the sagittal view as
well as (E) in right transverse and sigmoid sinuses from the anterior view. (F) DSA confirming CVT in superior sagittal sinus.

(Figures 2B,C). Magnetic Resonance brain Venography (MRV)
confirmed CVT in superior sagittal sinus as well as right transverse
and sigmoid sinuses (Figures 2D,E). Digital Subtraction Angiography
(DSA) elucidated CVT in superior sagittal sinus again (Figure 2F).

We treated her immediately with endovascular mechanical
thrombectomy through superior sagittal sinus followed by
anticoagulation with intravenous Unfractionated Heparin (UFH)
and oral warfarin (Figures 3A,B). The coagulopathy panel including
protein C, protein S and von-Willebrand’s Factor (vWF) showed
elevated plasma levels of D-dimer, Fibrinogen Degradation Product
(FDP) and Factor VIII activity (>150%; reference interval 60~150%)
as well as increased Prothrombin Time (PT) and activated Partial
Thromboplastin Time (aPTT). Follow-up MRV was performed one
week later and showed partial recanalization of CVT in superior
sagittal sinus as well as right transverse and sigmoid sinuses (Figures
3C,D). She was discharged on the next day and advised to maintain
oral warfarin daily with target INR 2.0-3.0. Two weeks after discharge,
follow-up MRV confirmed that not only superior sagittal sinus, but
also right transverse and sigmoid sinuses were fully recanalized
under maintenance of oral warfarin (Figures 3E,F). The patient was
regularly followed up in outpatient clinic and treated with aspirin
after cessation of warfarin about six months later.

About one year later, we reevaluated the etiology underlying

non-pyogenic CVT that was triggered by head trauma and resulted
in cerebral venous infarction with hemorrhagic transformation. The
coagulopathy panel was checked again and revealed the persistently
elevated plasma level of Factor VIII activity whereas plasma levels
of other factors in the coagulopathy panel were normalized. She
has been regularly followed up in outpatient clinic with continued
medication of aspirin.

Discussion

This case showed that non-pyogenic CVT could be triggered
by head trauma without skull fracture and cause cerebral venous
infarction with hemorrhagic transformation. Post-traumatic CVT
could result either directly from head trauma or indirectly from
post-traumatic ICH, which was possibly caused either by cerebral
contusion or by hemorrhagic progression due to coagulopathy related
to Traumatic Brain Injury (TBI) [5]. In this case, the coagulopathy
panel was checked when the patient was diagnosed as cerebral venous
infarction with hemorrhagic transformation. The results showed
elevated plasma levels of D-dimer, FDP and Factor VIII activity as
well as increased PT and aPTT. Follow-up coagulopathy panel was
checked about one year later and showed persistently elevated plasma
Factor VIII activity whereas the plasma levels of other factors in
the coagulopathy panel were normalized. We considered that both
endothelial injury caused by cerebral contusion and coagulopathy
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Figure 3: (A) Endovascular mechanical thrombectomy through superior sagittal sinus. (B) Partial recanalization of CVT in superior sagittal sinus after mechanical
thrombectomy. Follow-up MRV before discharge showing partial recanalization of (C) superior sagittal sinus as well as (D) right transverse and sigmoid sinuses
after intravenous Unfractionated Heparin (UFH) and oral warfarin treatment. Follow-up MRV two weeks after discharge showing full recanalization of (E) superior
sagittal sinus as well as (F) right transverse and sigmoid sinuses under maintenance of oral warfarin treatment.

related to TBI might trigger post-traumatic CVT, but persistently
elevated plasma Factor VIII in this case would be an important
coexistent hypercoagulable condition underlying post-traumatic
CVT that resulted in cerebral venous infarction with hemorrhagic
transformation.

A variety of risk factors for CVT were documented in the
literatures [6]. Head trauma with or without skull fracture was known
to be an independent risk factor for CVT [1-3]. Head trauma with
skull fracture could cause penetrating injury or compression of dural
sinuses, which subsequently progressed to intramural hemorrhages
or endothelial injuries that can predispose cerebral venous sinuses to
thrombosis [7]. Head trauma without skull fracture was also reported
to cause CVT with coexistent hypercoagulable states, intramural
hemorrhages caused by rupture of small sinusoids or endothelial
lining injuries [1,2].

Hypercoagulable states including thrombophilia, malignancy and
rheumatologic diseases were considered to be important independent
risk factors for the development of CVT [6]. The coincidence of
acquired risk factors and inherited thrombophilia was reported to
multiply the risk of developing CVT [2,8]. D-dimer concentrations
may be raised in most patients with CVT, but normal D-dimer levels
do not exclude CVT in patients with high suspicion or in the subacute
or chronic phase of the disease because D-dimer levels decline with
time from onset of symptoms [9]. Elevated plasma level of Factor
VIII activity was known to increase the risk of de novo and recurrent
venous thromboembolism [10]. It was also previously reported that
elevated plasma Factor VIII was the most common prothrombotic
risk factor for CVT [11]. In this case, persistently elevated plasma
Factor VIII was an important identifiable risk factor for post-
traumatic non-pyogenic CVT. The cause of elevated Factor VIII was
supposed to be a combination of hereditary and acquired variables.
The mechanisms underlying the link between elevated plasma Factor
VIII activity and CVT remain to be elucidated.

The patient in this case was successfully treated with endovascular

mechanical thrombectomy followed by anti-coagulation involving
intravenous UFH and oral warfarin. Endovascular mechanical
thrombectomy with balloon angioplasty was reported to resolve
post-traumatic CVT and make successful immediate reduction
of intracranial pressure [12]. However, there has been insufficient
evidence tosupportthe use of endovascular mechanical thrombectomy
in patients with CVT. Both American Stroke Association guideline
and European Stroke Organization guideline recommend that
endovascular mechanical thrombectomy for the management of
CVT should be considered only if patients clinically deteriorate
despite adequate anti-coagulation or if mass effect made by cerebral
venous infarction or ICH causes intracranial hypertension resistant
to medical therapies [13,14]. Efficacy and safety of endovascular
mechanical thrombectomy remain to be elucidated in prospective
randomized clinical trial. It should be also addressed whether Non-
vitamin K antagonist Oral Anti-Coagulant (NOAC) could be safely
applied to patients with CVT [15].

Conclusion

Because clinical presentations of CVT are highly variable,
the diagnosis of CVT is often delayed or overlooked. We should
consider that patients with recent head trauma history without skull
fracture and coexistent hypercoagulability could develop CVT that
might bring about a fatal complication of cerebral venous infarction
with hemorrhagic transformation even when the patient showed
no definite focal neurologic deficit or the patient’s initial CT scan
revealed no intracranial hemorrhage. The novel point in this paper
is to suggest the possible pathophysiology underlying CVT after head
trauma without skull fracture. The hypercoagulable state triggered
by head trauma without skull fracture in patients with pre-existent
hypercoagulable conditions like elevated plasma level of Factor VIII
activity could synergistically result in devastating CVT. We propose
to check the coagulopathy panel including plasma Factor VIII activity
in addition to routine lab including PT, aPTT and D-dimer in ER to
evaluate the underlying hypercoagulability and the possibility of CVT
in patients with recent head trauma history.
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