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Abstract

Background Since the emergence of COVID-19 pandemic, several cases of cerebral venous sinus thrombosis (CVST) have
been reported in SARS-CoV-2 infected individuals.

Methods Consecutive patients with documented SARS-CoV-2 infection, as well as clinical and radiological characteristics
of CVST, were reported from three teaching hospitals in the South West, North West, and the center of Iran between June
and July 2020. We also searched the abstract archives until the end of August 2020 and gathered 28 reported cases. The
diagnostic criteria for SARS-CoV-2 infection were determined according to SARS-CoV-2 detection in oropharyngeal or
nasopharyngeal samples in clinically suspected patients. Demographics, prominent COVID-19 symptoms, confirmatory tests
for SARS-CoV-2 infection diagnosis, the interval between the diagnosis of SARS-CoV-2 infection and CVST, clinical and
radiological features of CVST, therapeutic strategies, CVST outcomes, rate of hemorrhagic transformation, and mortality
rate were investigated.

Results Six patients (31-62 years-old) with confirmed CVST and SARS-CoV-2 infection were admitted to our centers.
Four patients had no respiratory symptoms of SARS-CoV-2 infection. Five patients developed the clinical manifestations
of CVST and SARS-CoV-2 infection simultaneously. Three patients had known predisposing factors for CVST. Despite
receiving CVST and SARS-CoV-2 infection treatments, four patients died. SARS-COV-2 associated CVST patients were
older (49.26 vs. 37.77 years-old), had lower female/male ratio (1.42 vs. 2.19), and higher mortality rate (35.29% vs. 6.07%)
than CVST not associated with COVID-19.

Conclusions The role of SARS-CoV-2 as a “cause” versus an “additive contributor” remains to be elucidated. Practitioners
should be aware of the possibility of CVST in SARS-CoV-2 infection.
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Introduction

Cerebral venous sinus thrombosis (CVST) is far less com-

mon than arterial stroke [1]; however, it occupies a promi-
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first authors. age [2, 3]. Furthermore, acute-phase survival and favorable

long-term prognosis depend strongly on receiving prompt

and adequate treatment. This makes early diagnosis of CVST
tremendously important [4].

Since the emergence of the Coronavirus Disease 2019

(COVID-19) pandemic, non-respiratory manifestations of
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the disease like neurological manifestations [5] and throm-
botic events have been progressively appreciated. Although
there are some case reports and one case series [6—18] show-
ing the association of the CVST and Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-CoV-2) infection,
the data about diagnosis and prognosis in this association
are still limited. We investigated the demographic, clinical,
radiological, and prognostic characteristics of this associa-
tion to improve the diagnosis and treatment of patients with
CVST and COVID-19.

Methods

Consecutive patients with documented SARS-CoV-2 infec-
tion, as well as clinical and radiological characteristics of
CVST, were recruited from three teaching hospitals in the
Southwest, Northwest, and the center of Iran between June
and July 2020. Only patients with either simultaneous CVST
and COVID-19 presentation or CVST within two weeks
of the typical presentations of COVID-19 were included.
Patients who were admitted to the hospital with a diagnosis
of CVST and developed COVID-19 as a nosocomial infec-
tion were excluded.

The diagnostic criteria for COVID-19 were determined
according to SARS-CoV-2 detection in oropharyngeal or
nasopharyngeal samples in clinically suspected patients [19].
CVST diagnosis was performed according to the American
Heart Association/American Stroke Association statement
[20]. Criteria for the diagnosis of CVST were the presence
of relevant neurological syndromes (headache, intracranial
hypertension, focal neurologic deficits, and/or encepha-
lopathic states), and radiological confirmation (computed
tomography (CT), CT venography, brain magnetic resonance
imaging (MRI), and/or MR venography). Patients, whose
manifestations could be better explained by any other neu-
rological diseases were excluded.

We collected a wide range of variables including, soci-
odemographic and vascular risk factors. We also assessed
COVID-19 symptoms, confirmatory tests for SARS-CoV-2
infection diagnosis, the interval between the clinical suspi-
cion of SARS-CoV-2 infection and CVST onset. Clinical
and radiological characteristics of CVST, including areas
of involvement, therapeutic strategies, and outcomes were
collected for all cases.

The possible predisposing factors for CVST were catego-
rized into hormone-related causes (pregnancy, post-partum
and oral contraceptive use), dehydration (including religious
fasting), obesity, mechanical and traumatic causes, infec-
tions rather than SARS-CoV-2, hereditary thrombophilia
(particularly proteins C and S deficiency, factor V Lei-
den, antithrombin III deficiency, hyperhomocysteinemia),
malignancies, hematologic disorders (particularly sickle cell
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disease and paroxysmal nocturnal hemoglobinuria), inflam-
matory disorders (collagen vascular diseases, Behcet dis-
ease, vasculitis, inflammatory bowel disease), drug-induced,
multifactorial, and idiopathic.

We also searched the abstract archives including PubMed,
Web of Science, Scopus, and Google Scholar published until
the end of August 2020. Searches were conducted using the
following MeSH terms: “SARS-CoV-2”, “COVID-197,
“Coronavirus”, “Sinus Thrombosis”, and “Intracranial” and
relevant full texts were found. At the end, we compared the
cumulative data, which refer to data of SARS-COV-2 asso-
ciated CVST cases, with previous non-COVID-19 CVST
studies.

This study was approved by the ethics committee and
institutional review board of Shiraz University of Medical
Sciences (IR.sums.rec.1399-235).

Results

Eight patients were initially recruited. In two patients, a
diagnosis of SARS-CoV-2 infection was suspected due to
the presence of pathognomonic findings in chest high-reso-
lution computerized tomography or the presence of SARS-
CoV-2-specific IgM antibody. For the sake of the highest
specificity, these patients were excluded. Six patients with
CVST and SARS-CoV-2 infection were presented. Demo-
graphics, main COVID-19 symptoms, confirmatory tests
for COVID-19 diagnosis, the interval between the clinical
suspicion to COVID-19 and the diagnosis of CVST, clinical
and radiological characteristics of CVST, therapeutic strate-
gies, and outcomes of patients with CVST associated with
SARS-CoV-2 infection were investigated and presented in
Table 1. Four out of six patients had no respiratory symp-
toms of SARS-CoV-2 infection. Five out of six patients had
the clinical manifestations of CVST and SARS-CoV-2 infec-
tion, simultaneously. Three patients had known predisposing
factors for CVST including pregnancy, protein C deficiency,
and Hepatitis C. One patient had a previous history of CVST
following an oral contraceptive usage. One patient was not
a known case of systemic lupus erythematosus (SLE) or
antiphospholipid antibody syndrome (APLS) but showed
positive lupus anticoagulant during SARS-CoV-2 infection.
Despite receiving CVST and COVID-19 treatments, four
out of six patients died (between the day of admission until
21 days after admission). In two patients, death was primar-
ily due to neurological deterioration and in two patients,
death was primarily due to COVID-19. Endovascular inter-
vention was performed for one of our patients; this proved
to be futile despite initial recanalization. Case no.1, as an
illustrative case, is presented in detail. The clinical vignettes
of the other patients (case no. 2—6) were provided in the
supplementary file.
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A cumulative data were defined as an amalgam of the
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3 fé § % current series and the previously reported CVST associated

SE§2 p with COVID-19 cases [6—18]. A comparison between this

2 o cumulative data and some large-volume CVST studies per-

g § g formed before the COVID-19 pandemic [1, 3, 4, 21, 22], has

£ Za been made (Table 3).
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2 2 &,

§ é E’ % £ é 2 A 62-year-old Iranian woman was admitted to the Emer-

= 8 5 = & e gency Department of Namazi Hospital, Shiraz, in the south-

” ern part of Iran in June 2020. She reported a 5-day history

E; , = g S E;’, mg g of a gradual and progressive throbbing right-sided occipital

B £ *E; 8 E 528 &R headache associated with nausea and vomiting. She devel-

r=es - oped blurred vision and left side weakness three days after

Lk s the onset of headache.

§ 2 ;; § Except for episodes of migraine headache, which were
L v manageable with first-line analgesics, her medical or family

. g g g E; history was unremarkable. Her family history did not indi-

% "ég, E © cate any potential prothrombotic conditions.

B _ On arrival at the hospital, she was awake and oriented
£ o3 g gg g - gg é é E with a Glasgow Coma Scale (GCS) of 15 out of 15. Her
5823 EEFSASES S vital signs and oxygen saturation were within normal lim-

o L its. A neurological examination demonstrated bilateral

E 5 g % - papilledema, left-sided hemianopia, and left-sided hemipa-
£ % SE g - resis. The plantar reflex was extensor on the left side.

. Initial blood studies showed the following: white cell

£ {*% % (8 X 10*/ul, with lymphocyte count 7.7%, normal:4—10 x 10%/

2§ 3 ul), hemoglobin (14.9 gm/dl, normal:12-16 gm/dl), platelet

(140 x 10% /mm?, normal:150-450 x 103./mm3), C-reactive

CVST clinical syndrome: A—stroke-like: Brain Infarct with or without hemorrhagic transformation and focal neurologic deficit; B—encephalopathy syndrome with no brain infarct or raised

CVST cerebral venous sinus thrombosis, COVID-19 Coronavirus Disease 2019, PCR polymerase chain reaction, HRCT high-resolution computed tomography, ND not determined to be checked,
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2 £33 so EZ g3 protein (CRP) (40 mg/l, normal: 0-6 mg/l), erythrocyte
g %g Z éng 8 SR % :% sedimentation rate (ESR) (12 mm/hr, normal:0-30 mm/hr),
% 2 lactate dehydrogenase (LDH) (751 u/l, normal: <480 u/l),
= E % 2 5 ferritin level (144 ng/ml, normal: 4-204 ng/ml), D-dimer
= Q
5E5E < g ? (> 10,000 ng/ml FEU, normal: up to 500 ng/ml FEU), and
A g g - normal liver function test (LFT). Viral markers including
g % B 5‘: % %?‘ human immunodeficiency virus (HIV), the hepatitis C virus
‘; EE " = E‘ 2 (HCV) antibody and the hepatitis B surface antigen (HBs
g, = 8 8 g Ag) were negative.
= , = e .
E Zl ¢ & 3 o g % ® Due to the COVID-19 pandemic and elevated CRP, real-
= 2 8= = o ~ . . . .
S| 2488 | + 5 3 ) time reverse-transcriptase polymerase chain reaction (RT-
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2 54 a;, i ™ § PCR) for SARS-CoV-2 using oropharyngeal/nasopharyn-
E Bl &% ‘ Z g g = % Sz) S geal swabs and lung high-resolution computed tomography
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o = _§ % £ MV HRCT revealed bilateral lower lobes subpleural bands.
s2e.s5. |2 ES S5 % Spiral brain CT demonstrated a hemorrhagic venous
EZ 2558 & g 8§ 5% g . . . . . . :
2 |FES EEEQ Z f < g 8 infarct in the right parieto-occipital area associated with
E 3 é 2 z g dense clot sign in the posterior part of the superior sagittal
gl 2 &% 5%s g 5 =S E) sinus (Fig. 1a). Brain MRI and MRV confirmed the diagno-
o 8 R R Bl = 5 2 = . . . . . .
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- Il a . . . . . . .
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e |8e © E Fi 2 (Fig. 1b—d). Consequently, the patient was promptly treated
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Fig. 1 a Axial non-enhanced
spiral brain computed tomog-
raphy (CT) scan shows a

large hematoma with sur-
rounding edema in the right
parieto-occipital lobe (black
thin arrows); Note the dense
clot sign in the posterior part

of the superior sagittal sinus,
characteristic of thrombo-

sis (white thick arrow). b

Axial T2-weighted magnetic
resonance (MR) image shows a
large heterogeneous lesion with
surrounding edema in the right
parieto-occipital lobe (white
thin arrows) associated with
loss of signal void in the pos-
terior region of the superior sag-
ittal sinus (white thick arrow)
suggestive of the venous sinus
thrombosis with hemorrhagic
venous infarction. ¢ Axial
contrast-enhanced T1-weighted
MR image shows a filling defect
in the posterior part of the
superior sagittal sinus sugges-
tive of thrombosis (white thick
arrow). d Brain MR venography
shows extensive thrombosis in
the superior sagittal, right trans-
verse, and sigmoid sinuses as
well as the right internal jugular
vein (white thin arrows)

with unfractionated heparin 1000 units/hr as a continuous IV
infusion, acetazolamide 250 mg P.O. twice daily, furosemide
20 mg P.O. twice daily, hypertonic saline (NaCl 5%) 1 vial
IV g8h, lopinavir/ritonavir 400/100 mg P.O. twice daily, and
dexamethasone 8 mg IV once daily.

On the 4th day of admission, despite receiving a thera-
peutic dose of anticoagulant, she was still suffering from a
severe headache and developed an altered mental status. The
subsequent brain CT showed slight hematoma expansion
and aggravation of the brain edema. Intrasinus thromboly-
sis and mechanical thrombectomy were considered for her.
Recombinant tissue plasminogen activator (rTPA) 20 mg
was infused slowly into the superior sagittal sinus followed
by manual thrombosuction with a satisfactory result. How-
ever, despite the initial recanalization, her clinical condi-
tion deteriorated within the next two days. She developed
a decreased level of consciousness (GCS 8 out of 15) and
gasping respiration. Afterward, she developed sustained
metabolic acidosis. Mesenteric artery thrombosis could be

one of the differential diagnoses; however, mesenteric artery
CT angiography could not be performed owing to her poor
condition.

On the 7th day of admission, she became febrile (T:
38.5 °C) and blood culture was positive for enterobacter spe-
cies. Ampisulbactam 3 gr IV q8h and vancomycin 1 gr IV
q12h were administered. Due to the right-sided leg swelling
and significant size difference between right and left calves’
circumference, a color doppler ultrasound of both lower
extremities was performed which revealed partial thrombo-
sis of the right saphenofemoral vein.

Hypercoagulable workup was substantial for elevated
lupus anticoagulant (> 120 s, normal: 2845 s), positive anti-
phospholipid IgM antibody (1.3, normal: < 1.2), antinuclear
antibody (1.5, normal: < 1.2), and anti-double-stranded DNA
(27 TU/ml, normal: < 18 TU/ml). The other vasculitis and
hypercoagulable markers were normal.

The brain CT on the 8th day demonstrated evidence of a
midline shift to the left side about 10 mm. She underwent a
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decompressive craniectomy. On the ninth day of admission,
she became hypotensive and had coffee-ground nasogastric
tube drainage. Blood investigation showed leukocytosis
(13.8 x 10%/ul), significant hemoglobin drop (from 14.9 to
10.3 gm/dl), thrombocytopenia (65 x 10°/mm?), elevated
partial thromboplastin time (159 s, normal:25-36 s), and
prothrombin time (22.8, normal:10-13 s) as well as low
fibrinogen level (102 mg/dl, normal: 200-400 mg/dl). The
putative differential diagnosis was septic shock and dissemi-
nated intravascular coagulation (DIC). She died on the 10th
day of admission.

Discussion

This study represents a case series of CVST associated with
SARS-CoV-2 infection, diagnosed and treated at multiple
institutions throughout Iran. We provided a brief overview
of all previously reported cases in Table 2 as well [6—18].

Several months after the spread of SARS-CoV-2, the
association of the infection with thromboembolic events
such as cerebrovascular disease seems to be stronger than
considered incidental. SARS-CoV-2 infection can deplete
angiotensin-converting enzyme 2 (ACE2) via receptor
engulfment, make ACEI unopposed with the production
of angiotensin II, and induce thrombosis as a result [23].
Sepsis-induced coagulopathy (SIC) is associated with the
SARS-CoV-2 infection. Both viral particles and damage-
associated molecular patterns can trigger the coagulation
pathway via an inflammatory cascade [24]. There are some
reports on the possible role of antiphospholipid antibodies
and lupus anticoagulants in arterial stroke associated with
SARS-CoV-2 infection as well [25]. Hence, it seems that
a hypercoagulable and hyperinflammatory state following
SARS-CoV-2 infection might be associated with CVST; as
reported in some cases with COVID-19 and ischemic stroke
[26].

Whether SARS-CoV-2 infection “triggers” the coagula-
tion cascade in patients with other underlying diseases or
directly “causes” CVST remains to be elucidated [27]. Since
48% of the cumulative data (data of CVST associated with
COVID-19) group had other predisposing factors for CVST,
the role of SARS-CoV-2 as a principal contributor versus an
additive factor is still unclear.

The mean age of the patients in the CVST associated
with COVID-19 group is greater than the former reports
of CVST without SARS-CoV-2 infection (49.26 vs.
37.77 years old). Since older patients seem to be more
susceptible to SARS-CoV-2 infection [28], the mean age
of CVST patients is expected to be higher in the setting
of SARS-CoV-2 infection. Meanwhile, the proportion of
women was much higher in the former reports of CVST
without COVID-19 (2.19 vs. 1.42). Given that men are
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more vulnerable to the severe consequences of COVID-
19 [29] and as mentioned before, the incidence of throm-
botic events is greater in seriously affected patients with
COVID-19 [30], a reduction in the dominance of women
over men in the context of SARS-CoV-2 infection might
be reasonable.

Besides, three patients of the current study and three of
the previously reported cases developed other thrombotic
events such as deep vein thrombosis, pulmonary throm-
boembolism, or arterial thrombosis, simultaneously with
CVST or during hospitalization. It might be due to a higher
load of thrombophilia caused by SARS-CoV-2 [27].

The mortality rate in CVST associated with SARS-CoV-2
infection is higher (35.29%) than the former reports of CVST
(6.07%) (shown in Table 3). A higher burden of thrombo-
sis, the involvement of several dural sinuses, and the wide
range of COVID-19 complications [31] may contribute to
the worse outcomes in these patients. These complications
demand a high level of vigilance from physicians about
CVST in COVID-19 patients.

The lack of respiratory symptoms of COVID-19 has been
observed in four of our patients and four of the previously
reported cases, indicating the absence of correlation between
the presence of the respiratory symptoms and the risk of
developing CVST. Besides, in five cases of the current series
and three of the previously reported cases, there was no gap
between the diagnosis of COVID-19 and CVST, suggesting
that CVST might be the primary manifestation of COVID-
19. Therefore, a high level of suspicion of SARS-CoV-2
infection is essential in all patients with CVST within the
pandemic.

Endovascular intervention was performed for one of
our patients (case no.l in Table 1) and one of the patients
reported by Cavalcanti et al. [10] with relative success and
recanalization of the thrombosed sinuses; however, the
patients’ outcomes were not changed and both patients died.

As limitations of the current study, some inflammatory
or coagulation biomarkers of the patients were missing.
This can be justified because of the dismal clinical condi-
tion of some of our patients. Meanwhile, we did not have
more accurate diagnostic modalities than brain CT scan to
diagnose CVST due to unanticipated death in two patients.

As a major drawback, it should be stressed that with the
small sample size of the current study and with the non-
matched control group of patients with CVST not associated
with COVID-19 from previous studies, it is impossible to
speculate about the causative effect of COVID-19 on CVST.
Besides, three out of the six patients had known predispos-
ing factors for CVST. It also may be against the causative
speculation. In the same way, it cannot be concluded that
COVID-19 has any detrimental effect on CVST natural his-
tory. Larger case-controlled studies about this “association”
are highly recommended.
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Table 3 Comparison of the cumulative data (current cases and previous reported cases with CVST associated COVID-19) with previously pub-

lished large-volume studies on CVST without COVID-19

Cumulative data* Borhani- Ferro, et al. [21] Wasay, et al. [1] Shakibajah- Borhani-Haghighi,
Haghighi, romi, et al.  etal. [3]
et al. [4] [22]
Date 2020 1993-2010  1998-2001 2009-2012 2012-2016  2000-2007
Number of patients 34 465 624 812 174 568
Ethnicity Mostly Iranian Iranian Mostly European abd ~ Asian Iranian American
American
Mean age (years) 49.26 29.5-43.8 39.1 31 37.8 46.9
Female/male ratio 1.42 2.8 2.92 1.43 2.8 1.8
Most common predis-  Idiopathic gender- Thrombophilia; gender-related causes ~ gender- Systemic malignancy
posing factors related gender-related causes  (pregnancy/puer- related
causes (mainly OCP) perium) causes
(mainly (mainly
OCP) OCP)
Hemorrhagic transfor-  55% 11-58% 39.3% 26.7%(MRI), 40.1% NM
mation 9.6%(CT)
Mortality 35.29% 11.4% 8.3% 3.3% (in hospital) 52% 3.5%

CVST cerebral venous sinus thrombosis, COVID-19 coronavirus Disease 2019, OCP oral contraceptive pill, MRI magnetic resonance imaging,

CT computed tomography, NM not mentioned

*Cumulative data (cases with CVST and COVID-19) were obtained from Iran, Singapore, United States, Belgium, Italy, UK, France, Nether-

lands, and Japan

Nevertheless, based on the current small series, in the
COVID-19 pandemic era, a high index of suspicion of CVST
should be considered [32], particularly in patients with head-
ache, focal neurological deficit, symptoms/signs of increased
intracranial pressure, and encephalopathy; whether they pre-
sent respiratory symptoms of SARS-CoV-2 infection or not.
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