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Abstract: Cerebral venous thrombosis (CVT) is a cerebrovascular disorder caused by complete or partial occlusion of the cerebral
venous and sinus system. The etiology has been attributed to hypercoagulability and pro-thrombotic states, leading to raised
intracranial pressures that often manifest as headaches and focal neurological deficits. However, the multifactorial nature of CVT
can create a diagnostic conundrum for clinicians. We describe a unique case of a 16-year-old female who presented with convulsions,
postictal confusion, and drowsiness followed by residual weakness of her extremities. She initially presented to the primary care center
with headache, high-grade fever, and altered mental status and was empirically treated for pyogenic meningitis. The patient failed to
improve with a week of antibiotics and was referred to the tertiary care center for urgent attention. On presentation, the patient
developed VI and VII cranial nerve palsy. Subsequently, MRI images showed filling defects in the superior sagittal, right transverse,
and sigmoid sinuses with right parietal gyral T1 hyperintensity and T2 hypo-intensity. She was diagnosed with septic CVT based on
sinus venous thrombosis and venous infarction, probably secondary to meningococcal pneumonia. It can be challenging to distinguish
between both conditions as their presentations overlap. Moreover, cranial nerve palsy is an infrequent manifestation of CVT, with
unclear pathogenesis. We highlight the role of neuro-imaging in the early detection of CVT and bring to light the unfamiliar symptoms
and a more varied clinical spectrum that may hinder the diagnosis in a limited-resource setting. Future research should be explicitly
modeled to improve the diagnostic efficiency of CVT and improve outcomes in younger patient populations.
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Introduction

Cerebral venous thrombosis (CVT) is a cerebrovascular disorder involving the intracranial veins and sinuses and
contributes to nearly 0.5% of strokes.'™ It is a rare disorder with an incidence of 3 to 5 people per million and
about 7 cases per million in pediatric age group."? Approximately four-fifths of patients have favorable neuro-
logical outcomes, and mortality is less than 10."? Two distinct mechanisms can contribute to CVT."** Firstly, CVT
can develop due to cerebral vein occlusion leading to localized edema and venous infarction."* Secondly, dural
venous sinus occlusion can decrease cerebrospinal fluid absorption and intracranial hypertension."* Though the
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causes are multifactorial, infection secondary to CVT can lead to septic thrombosis of the cavernous sinuses
(CST) and has become an infrequent entity since the introduction of antibiotics. Despite this, the severe morbidity
associated with CST necessitates early recognition and treatment to prevent lethal neurological complications. The
developments in neuroimaging modalities in the past two decades have enabled clinicians to diagnose the case
early, but CST can be complicated by many overlapping signs and symptoms of other diseases that require a high
degree of clinical suspicion."** This case report is unique in that an otherwise healthy young patient developed
thrombosis in her dural venous sinus. It emphasizes to the clinician the point that infection anywhere in the body
could create a hypercoagulable state with devastating consequences.

Case Report

A 16 years old girl presented with complaint of abnormal body movements for one week. The patient reported
multiple generalized abnormal jerky movements of upper and lower extremities, up rolling of the eyes, and
drooling of saliva, as witnessed by bystanders. She reported postictal confusion and drowsiness for half an hour
with associated residual weakness of her left upper and lower extremities. Three weeks before her presentation,
she mentioned having a productive cough with pleuritic chest pain, self-reported intermittent fever, night sweats,
and decreased appetite. She also reported neck pain and a diffuse throbbing headache of a same duration. For this
complaint, she was taken to another hospital where she was empirically treated for pyogenic meningitis with
Ceftriaxone 2gm IV BID and Dexamethasone 8mg IV QID. However, she did not show improvement in her
symptoms after a few days of treatment and was referred to our hospital for better care. Vancomycin was not
given initially and the treatment she was given before referral to our hospital was empirical with no CSF analysis
and CT scanning of the head. Upon presentation, she appeared lethargic with tachycardia (120 beats per minute),
the temperature of 38.6°C, blood pressure of 110/70 mmHg, and respiratory rate of 22 breaths per minute. Lung
examination was remarkable for left-sided bronchial breath sound. Cardiovascular and abdominal examination
unremarkable. On CNS examination, she was conscious with intact orientation to time, person, and place. Cranial
nerve (CN) examination revealed CN VI and CN VII palsy as she could not abduct her left eye and close her eyes
bilaterally, more on the left. Muscle strength was 2/5 on the left upper and lower extremities and 3/5 on the right
upper and lower extremities. Deep tendon reflex (DTR) was 3/4 on the right brachial and knee but normal on the
left side. The tone was increased in all extremities. The Babinski sign was positive on the right side.

Extensive investigations showed normal WBC count, and normocytic normochromic anemia. Her Erythrocyte
sedimentation rate was elevated, but ANA was non-reactive. She had mild albuminemia. RFT and LFT were
within the normal range. PT, PTT and INR were also normal. HIV antibody test, VDRL, and rheumatoid factor
were negative. Chest x-ray was remarkable for left lung opacity suggestive of pneumonia. Magnetic resonance
imaging (MRI) showed filling defects on the superior sagittal sinus, right transverse, and sigmoid sinuses,
indicating sinus venous thrombosis on the corresponding sinuses (Figure 1). There were right parietal gyral T1
hyperintensity and fluid attenuated inversion recovery (FLAIR) and T2 hyper-intensity with restriction on diffuse
weighted imaging (DWI) indicating venous infarction (Figures 2 and 3). After imaging, lumbar puncture was
done, which showed no WBC. Glucose and protein in the cerebrospinal fluid (CSF) were within a normal range.
EEG was not done.

She was admitted with the working diagnosis of septic CVT and was started with a treatment dose of
Unfractionated Heparin 12,500 IU BID. Warfarin 5 mg per os was later started for maintenance after an
appropriate bridging period. The antiepileptic phenytoin was loaded with 10mg/kg and was maintained at Smg/
kg, which significantly controlled the abnormal body movements. Additionally, empirical course of antibiotics was
commenced, including Ceftriaxone 2g IV BID, Vancomycin lg IV BID, and Metronidazole 500mg IV TID. After
2 weeks of admission, her fever was controlled. There was a significant improvement in the extremity weaknesses
noted at admission, and she was ambulatory during discharge. Power was 5/5 in all extremities at discharge. The
patient is an otherwise healthy young individual with no comorbidity and no family history of a known disease.

She was not taking any medication.
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Figure | Magnetic resonance imaging T| weighted image without contrast demonstrating filling defects in the superior sagittal sinus.

Figure 2 Magnetic resonance imaging FLAIR weighted image depicting subcortical hyperintensity in the right parietal lobe.

Discussion

This case study presents a constellation of signs and symptoms that make CVT a complex condition to diagnose
and treat. As a result, it is vital to identify the causes of local or systemic factors. The etiology of CVT is
associated with multiple disorders that predispose patients to hypercoagulability and pro-thrombotic states, a risk
factor that is also present in deep venous thrombosis (DVT).>”” A summary of all possible etiologies is reported in
Table 1. In the literature, the most common causes of septic CVT are bacterial infections spreading from
a primary source (ie, lungs) to the cavernous sinuses, with a notable rise in viral cases due to the COVID-19

pandemic.’
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Figure 3 Magnetic resonance imaging T| weighted image, without contrast, hyperintensity in the right parietal lobe; there is also hyperintense thrombus in the right
transverse sinus.

Although the frequency of infectious causes complicated by CVT has declined in recent years to around 6% to 12% in
adults, infections of the head and neck, and systemic infection may lead to thrombosis of the venous sinuses.” Based on
our patient’s history, symptoms of fever, chills, and pleuritic chest pain typically describe the clinical picture of
pneumonia as the inciting event of septic cerebral venous thrombosis.'® It is difficult to discern the cause of pneumonia
in this patient, as the absence of bacterial cultures from previous hospital visits could not conclude meningococcal
pneumonia as the etiology. However, her previous medical history suggests pneumonia secondary to septic CVT was
a late complication of pyogenic meningitis. These findings aligned with a retrospective study by Jacob et al, where 22
patients with CVT secondary to infectious etiologies were described, with 12 patients being treated with pyogenic
meningitis.'' In this patient group, the most common sinuses involved were the transverse sinus followed by the sigmoid
sinus. Though the mechanism of septic CVT is entirely unclear, direct bacterial invasion of the sinuses can cause
intravascular coagulation due to a procoagulant and anti-fibrinolytic reaction as a possible mechanism. Additionally,
a systemic infection could also stimulate a pro-inflammatory reaction that causes endothelial injury and thus creating
a hypercoagulable state that predisposes patients to venous thrombosis.'> However, it can be challenging to recognize
pneumococcal meningitis complicated by CVT, as symptoms of headache, focal neurological deficits, and seizures are
clinical features present in both conditions."?

Based on disease progression, the most commonly reported presentations of CVT include headaches, visual deficits,
papilledema, focal neurological deficits, and seizures accompanied by postictal confusion.” In our case, these typical
symptoms were accompanied by cranial nerve palsy, which has only been reported in around 12% of CVT cases with
preferential involvement in CN II, IV, and VI.'*'" Facial palsy associated with CVT is relatively uncommon, and the
understanding of its pathophysiology is very limited.'® Pressure palsy, either directly caused by a thrombotic clot laying
near the nerve or indirectly induced by higher intracranial pressure, was assumed to be the origin of the cranial nerve
disorders documented in the older literature.'” Kuehnen et al reported cranial nerve palsy as the only symptom of isolated
transverse sinus thrombosis, likely due to transient oxygen impairment or glucose intake caused by venous drainage
impairment.'® A false localizing sign is the most common symptom of sixth cranial nerve palsy. CN VI palsy is
characterized by impaired abduction of the ipsilateral eye, leading to diplopia or double vision.'® Though its pathogenesis
is unclear, abducens nerve palsy is thought to develop due to increased intracranial pressure and has previously been
reported in Ozgoniil et al and Marzo et al.?>*' The involvement of cranial nerves in thrombosis of the petrosal sinuses is
known from the older literature, along with other neurological events. Petrosal sinuses thrombosis is primarily defined by
a CN V palsy for the superior sinus and CN 6 palsy for the inferior one.”” Klestadt et al linked CN VI lesions to inferior
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Table | Etiology and Risk-Factors Associated
with Cerebral Venous Thrombosis

Genetic thrombophilia
Antithrombin deficiency

Protein C and protein S deficiency
Factor V Leiden mutation
Hereditary Homocysteinemia
Systemic Inflammatory Conditions
Systemic lupus erythematosus
Antiphospholipid syndrome
Wegener’s granulomatosis
Sarcoidosis

Inflammatory bowel disease
Behget’s syndrome

Infections

Otitis, Mastoiditis, Sinusitis
Meningitis

Sepsis

Female-gender specific conditions
Oral contraceptive use

Pregnancy and puerperium
Hormonal replacement therapy
Trauma

Head injury

Neurosurgical Procedures

Lumbar Puncture leading to low ICP
Jugular Venous Catheterization
Other Causes

Hematologic Malignancies

Cancer

Dehydration

Arteriovenous Malformation of Dural Venous Sinus

Note: Data from Ferro JM, Canhao P. Cerebral venous thrombo-
sis: etiology, clinical features, and diagnosis. UptoDate; 2022.
Available  from:  https://www.uptodate.com/contents/cerebral-
venous-thrombosis-etiology-clinical-features-and-diagnosis?
search=cerebral%20venous%20sinus%20thrombosis&source=
search_result&selectedTitle=|~144&usage_type=default&dis
play_rank=1. Accessed July 8, 2022.

petrosal sinus thrombosis, suggesting that the lateral rectus palsy associated with otitic hydrocephalus could have stated
the emergence of the syndrome in the petrosal sinus attributed to an increased intracranial pressure.*

Over the past decades, increased awareness of the diagnosis and improved neuroimaging have helped in effective
management.”* Computed tomography scan of head is often the first investigation performed to exclude various acute or
subacute cerebral disorders. However, an MRI offers a significant advantage for evaluating possible CVT- sensitivity to
blood flow and the ability to visualize intraluminal thrombus promptly with T1 and T2 weighted images.”> T2
hyperintensity is suggestive of thrombus in subacute or chronic phase.”> However, diffusion-weighted imaging (DWI)
and perfusion-weighted MRI can help improve the accuracy of CVT diagnosis with high signal intensity as restricted
diffusion.”® One can use a contrast agent or not when doing the MR venography modality.?” Time-resolved contrast-
enhanced MR venography has very superior accuracy which relies on luminal filling by contrast material rather than MR
flow phenomena when utilizing the time-of-fight method.?’

Nevertheless, there were certain limitations in our case. Even though meningitis was the suspected cause of CVT in
our case, a blood sample for culture was not obtained emergently, which may have helped isolate the causative
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organism.”® A lumbar puncture for CSF analysis after brain imaging would have assisted in the diagnosis by demonstrat-
ing the characteristic CSF appearance of a bacterial infection or CVT, the latter of which has no specific CSF
abnormalities.”> Given the significant overlap of clinical signs and symptoms of meningitis and CVT, further research
explicitly modeled to improve the diagnostic efficiency of CVT in a suspected patient is needed to improve clinical
outcomes and minimize the impact of long-term sequelae.

Conclusion

The constellation of clinical presentations present in CVT may prevent a timely diagnosis of the condition. CVT
secondary to infection such as meningococcal pneumonia is an infrequent neurological complication that can create
a diagnostic conundrum due to the overlapping symptoms of headaches and focal neurological deficits. Cranial nerve
palsy is an underreported clinical feature in the literature and can be caused by increased intracranial pressure from the
impediment of venous outflow. Neuroimaging plays an essential role for the accurate diagnosis of CVT, as prompt
treatment is essential.
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