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ABSTRACT

The incidence of dural venous sinus thrombosis (DVST) and the cerebral venous infarct have
not exactly known, but DVST is closely related to the skull fracture around the venous sinus.

A 56-year-old man experienced massive watery discharge after hitting on his face by a falling
machine. He was alert and no cerebrospinal fluid discharge on admission. Air-density was
shown on the jugular fossa in the brain computed tomography. On the 3th day of trauma,

he suddenly had dyspnea and loss of consciousness and became comatose. Acute edema on
medulla, pons and right cerebellar hemisphere and focal infarct on right medulla were visualized
on the brain magnetic resonance imaging. And the sigmoid sinus and the jugular vein were
occluded and venous circulation on the right posterior fossa was diminished on the cerebral
angiography. Air-density on the sinus may be an indicator into developing venous thrombosis
and brainstem venous infarct could be followed by the DVST round the jugular bulb.

Keywords: Sinus thrombosis, intracranial; Brain stem infarction; Skull fracture;
Traumatic brain injury

INTRODUCTION

Dural venous sinus thrombosis (DVST) is a rare condition representing roughly less than 1%
of all cases of stroke.>' DVST is usually idiopathic but may be associated with thrombophilia,
pregnancy, chronic inflammation, or trauma.>!® Venous congestion and hemorrhagic
transformation may develop in the brain and lead to cerebral edema with mass effect.

These brain lesions of DVST mostly involve the supratentorial area.’ The clinical course of
DVST ranges from benign to life threatening depending on the extent of the thrombosis, its
location, and the collateral circulation.

DVST often goes unrecognized in the initial evaluation of cases of blunt head trauma. It
usually occurs in combination with an overlying skull fracture.” However, many cases may
be missed, in particular if the DVST is small. Here we present a patient who developed DVST
and right medullary infarction following blunt head trauma injury and discuss how best to
manage such patients.
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CASE REPORT

This study was approved by Soonchunhyang University Bucheon Hospital Institutional
Review Board (IRB) and informed consent was waived by the IRB (2020-02-017).

A 58-year-old man came to the emergency room with multiple lacerations and swelling on
his face after having been struck on the face by falling heavy machinery while welding in

a factory. He was alert, and his Glasgow Coma Scale score was 15 on presentation. Blood
pressure and respiration were stable. At the time of the trauma, he reported CSF leakage
from the nose. No discharge from the nose was seen in the emergency room. Numerous
areas of air density were visualized on the basal cisterns, lateral ventricles, and third ventricle.
On initial computed tomography (CT), a linear skull base fracture was found in the central
skull base and extensive pneumocephalus was found. Furthermore, a tiny air density was
detected in the jugular fossa (FIGURE 1A-D). At this time, he had limited lateral gaze of his
right eye, but no symptoms was observed associated with lower cranial nerve damage such
as hoarseness, difficulty swallowing nor dysarthria. Also, he did not feel any nasal discharge
and no further intracranial lesions were noted on brain pre-contrast CT on the day after
admission. In addition, CT angiography was performed to verify injury to the petrous carotid
artery because of the petrous skull fracture. No arterial injury was found, but a contrast-
filling defect was noted in the right jugular fossa and the sigmoid sinus (FIGURE 1E & F). At
that time, venous sinus changes were not carefully observed. The patient was transferred to
the general ward on the third day after the trauma.

FIGURE 1. Initial pre-contrast brain CT and brain CTA. Initial brain CT of a 58-year-old man after a crushing injury to the face. Numerous areas of air density
were noted in almost the entire intracranial cerebrospinal fluid space (A, B). Central skull base and right zygomatic fractures (arrows) and air fluid level in the
ethmoid and sphenoid sinus on brain CT with the bone algorithm are shown (C, D). Focal air density (arrow) in the right jugular bulb is shown (D). No arterial
abnormalities were found on CTA (E). Retrospectively, no contrast filling was found in the right jugular bulb compared to the left on source images of CTA (F).
CT: computed tomography, CTA: computed tomography angiography.
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FIGURE 2. After sudden respiratory arrest on the 4th day of the trauma. Images after sudden respiratory arrest on the fourth day after trauma. No definite
abnormal density in the brain was found immediately after resuscitation on pre-contrast computed tomography (A, B). Although the air density present in the
intracranial cerebrospinal fluid spaces decreased (A), persistent air density was noted in the right jugular bulb (arrow; C).
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By the morning of the fourth day after the trauma, he developed mild fever of 37.8°C and
dyspnea due to aspiration pneumonia, but no new neurological signs were observed. In the
afternoon, the patient suddenly lost consciousness and was comatose, and there was no
spontaneous respiration. We performed intubation and cardio-pulmonary resuscitation for
15 minutes, then his blood pressure and pulse were normalized, but breathing did not return,
so a ventilator was applied. The patient was semi-comatose with abnormal extension to pain,
and the pupils were reactive to light with size 2/2 mm. No newly developed abnormal lesions
were found in a brain pre-contrast CT taken 3 hours after respiratory arrest. The air density in
the basal cisterns had mostly disappeared, but small air bubbles were still noted in the right
jugular fossa (FIGURE 2A-C).

Spontaneous breathing recovered and the patient was weaned off the mechanical ventilator
on the second day of intubation. He showed no improvement in consciousness. Brain
magnetic resonance imaging (MRI) was performed to evaluate his poor consciousness on
the eighth day of respiratory arrest. Ill-defined hyperintense lesions were noted on the right
medulla, pons, and some parts of the right cerebellum on T2-weighted images. The lesions
mainly showed high signal intensity on diffusion-weighted images with a high apparent
diffusion coefficient (ADC) value on ADC map, indicating vasogenic edema. There was an
intralesional hemorrhage of dark SI on T2* gradient echo images and small cytotoxic edema
in an area of restricted diffusion in the right pons and medulla (FIGURE 3A-H). These findings
were compatible with neuroimaging findings suggesting venous infarction induced by venous
congestion. We started low-molecular-weight heparin (enoxaparin 6,000 IU every 12 hours,
subcutaneously) and continued for approximately 72 hours. Unfortunately, the cerebral
hemispheres showed diffuse changes compatible with hypoxic brain injury on MRI taken
after 8 days from respiratory arrest (FIGURE 3I-K). The right sigmoid sinus and jugular vein
were occluded on magnetic resonance (MR) venography underwent 9 days after respiratory
arrest. On 23th days from respiratory arrest, no injury was observed in the vertebrobasilar
artery on catheter cerebral angiography (FIGURE 4A). The right petrosal vein and sinus

were not traced, and contrast-filling defects on the right sigmoid sinus and jugular vein
were noted on cerebral angiography (FIGURE 4B & C). Conservative treatment was provided
for pneumonia, and the patient was tracheostomized. Unfortunately, he did not regain
consciousness and survived for only 2 years.
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FIGURE 3. The 8th day of respiratory arrest. On the eighth day after respiratory arrest, brain magnetic resonance imaging was performed. Localized vasogenic
edema was noted in the medulla oblongata, pons, and some parts of the right cerebellum with focal hemorrhaging in the right posterior medulla oblongata (A-H; A,
E: T2-weighted images; B, F: diffusion-weighted images; C, G: ADC maps; D, H: T2*gradient images). Subacute stage of global hypoxic-ischemic encephalopathy of
edematous swelling in the bilateral caudate nucleus and putamen is shown (I-K; I: T2-fluid inversion recovery image, J: diffusion-weighted image, K: ADC map).
ADC: apparent diffusion coefficient.

FIGURE 4. Cerebral catheter angiogram of the case (23th day of respiratory arrest). No arterial abnormalities were revealed on vertebral angiography (A).
However, the right sigmoid sinus and jugular bulb were not visualized (B) in the venous phase on the right carotid angiogram, and the right jugular bulb was
obliterated and some of the venous channels on the right posterior fossa were not visualized (C).
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DISCUSSION

This report demonstrates the potentially life-threatening complication of DVST in blunt

head trauma injury. Although DVST in traumatic brain injury is rare, its actual occurrence
may be higher than clinically realized. Before respiratory difficulty occurred in our case, we
overlooked venous thrombosis in the jugular fossa. Venous occlusive disease of the brainstem
and cerebellum has rarely been reported because of abundant venous collateral drainage in
this region.*>10)

DVST is often overlooked in cases of blunt head trauma. It usually occurs in combination with
an overlying skull fracture.” The most frequent but least specific symptom of DVST is severe
headache, which is present in more than 90% of adult patients.'” Nonspecific symptoms

and signs can delay appropriate diagnosis and treatment. The highly variable clinical and
radiological findings associated with traumatic DVST can make the condition difficult to
diagnose and manage. The clinical symptoms are typically of acute onset, rapidly evolving
to coma and death, but can be subacute or chronic.

In one study, initial pre-contrast CT showed normal findings in 40% of cases (23 of 62 cases)
of isolated lateral sinus thrombosis.” In the retrospective review of CT venography performed
in patients for the presence of a fracture near a dural venous sinus or jugular bulb or a high
index of clinical suspicion, patients with skull fractures extending to at least one dural venous
sinus or jugular bulb had an overall risk for traumatic DVST of 40.7% (57 of 140 patients).”)
No DVST occurred without skull fractures. Therefore, CT venography or MRI should be
performed only if there is a fracture extending to the dural venous sinus or jugular bulb.
Furthermore, in one study intrasinus gas was strongly associated with DVST, present in 75%
of cases (18 of 24 cases)."”) These researchers reported that the presence of intrasinus gas

may suggest considerable dural injury, increasing the risk for sinus thrombosis. In contrast

to the study of So et al.,"” in which intrasinus gas disappeared within 1 day, intrasinus gas
was visible until 4 days after the trauma in this patient. According to previous studies that
used CT venography, associated venous infarction occurred only in patients with occlusive
DVST, and the incidence was about 7%. In our case, the air bubble did not change for 4 days
after the trauma, possibly causing occlusive venous thrombus, resulting in associated venous
infarction. This possible association between persistent intrasinus gas and occlusive venous
thrombosis should be confirmed in future studies, but based on our experience, careful
observation would be recommended if intrasinus air bubbles do not change over follow-up
for more than 1 day.

Although a catastrophic outcome has been reported,® the overall outcome is relatively
good.® Clinical outcome was good with complete recovery in a case of isolated lateral
sinus thrombosis.” The priority in the acute phase is to stabilize the patient's condition
and prevent or reverse cerebral herniation.”® The most obvious treatment option is
anticoagulation with heparin to arrest the thrombotic process. However, there is controversy
regarding anticoagulant treatment because of the tendency of venous infarcts to become
hemorrhagic. In one study, this treatment was applied to more than 80% of cases of sinus
thrombosis.® However, only 7 of 624 cases were related to head trauma. In another study,
only 4 (7%) of 57 patients with traumatic DVST developed hemorrhagic venous infarctions
in subsequent images.” In addition, the use of anticoagulation medication to prevent
thrombus propagation in trauma is also controversial, and this therapy is often used on a
case-by-case basis.?"” Low-molecular-weight heparin may be an alternative to heparin to
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reduce the risk for hemorrhage. Chemical and/or mechanical thrombectomy in conjunction
with systemic anticoagulation is an alternative strategy for treating patients with progressive
deterioration on heparin therapy or those who are moribund on presentation.” Venous
infarction in the cerebellum and brainstem is very rare. On imaging studies, cerebellar
infarction can be unilateral or bilateral, and it is frequently hemorrhagic and edematous.

Cerebellar involvement likely follows thrombosis of the surface veins of the cerebellum.
Venous infarction in the posterior fossa depends on many factors, such as the dominance

of the internal jugular vein, venous collateral circulation, and the extent of the occlusion.™

In our case, the lesions on the brainstem and cerebellum may have been caused by hypoxic
events due to cardiopulmonary insufficiency. After moderate or severe hypoxic ischemic
encephalopathy, abnormal signal intensity is commonly detected in the basal ganglia and
thalami, corticospinal tract, white matter, and cortex.” Hypoxic-ischemic injury involving the
brainstem is rarely reported in neonates.'” Reported MRI findings show bilateral columnar
T2 high-signal-intensity lesions involving the tegmentum due to selective vulnerability of the
tegmentum,’ which were not compatible with our case. In addition, in our case, the lesions
showed both vasogenic and cytotoxic edema with intralesional hemorrhage. The lesions were
not confined to the arterial territory and showed relatively ill-defined margins. These findings
indicate venous infarction rather than hypoxic encephalopathy.'®

Although there was no fracture line on the jugular fossa on CT, air density in the jugular
fossa may be a strong indicator of injury and subsequent thrombus formation in the
jugular vein. As absolute bed rest was recommended to manage CSF leakage in our case
and no anticoagulants were prescribed, the overlooked thrombosis around the jugular bulb
propagated with time, progressing to further occlusion in the brainstem and cerebellar
veins. This likely led to medullary hemorrhagic infarction and edema. The patient was
semi-comatose and hypoxic cerebral encephalopathy was evident, so we did not attempt
mechanical thrombectomy because no benefit was expected.

CONCLUSION

Air density in the jugular fossa without a fracture line is a valuable predictor of jugular bulb
thrombosis, and CT or MR venography should be performed. Although DVST in the jugular
vein and brainstem infarction are very rare, it is very important to maintain a high degree of
suspicion and practice proper management to prevent catastrophic neurological outcome.
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