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Abstract

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the SARS-CoV-2 virus. COVID-19 has been
reported to increase the propensity for systemic hypercoagulability and thromboembolism disorders such as cerebral venous
sinus thrombosis (CVST). A 66-year-old woman was found dead at her home. She had symptoms of fever, dizziness, and
malaise 2 weeks prior to her death. However, her fever declined 3 days before death. Postmortem computed tomography
conducted before the autopsy suggested CVST. On autopsy, a massive thrombus was observed from the cortical veins to the
superior sagittal sinus and transverse sinus accompanied by a small infarction region in the left parietal region. Although
the rapid antigen test was negative, the reverse transcription-quantitative polymerase chain reaction test was positive for
SARS-CoV-2, with a cycle threshold (Ct) value of 38.9. The serum C-reactive protein level was 0.532 mg/dL. COVID-19
was the only risk factor for CVST, and no other cause of death was determined. Therefore, the cause of death was determined
as acute intracranial hypertension due to CVST associated with COVID-19. The patient died after the symptoms improved,
the Ct value of RT-qPCR was 38.9, and the serum C-reactive protein level decreased. Therefore, CVST might have occurred
in the convalescent phase of COVID-19 infection.
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Introduction forensic autopsy case of a patient with COVID-19 related
to fatal CVST.
Coronavirus disease 2019 (COVID-19) is an infectious dis-

ease that is caused by the SARS-CoV-2 virus. An increased

propensity for systemic hypercoagulability and thromboem-
bolism has been reported among patients with COVID-19
[1-5]. Although studies have reported the manifestation of
cerebral venous sinus thrombosis (CVST) in patients with
COVID-19 [2-4, 6-8], the incidence of CVST is much lower
(0.02%) than that of other thromboembolic conditions such
as pulmonary thromboembolism [9]. To the best of our
knowledge, no autopsy reports on fatal CVST in patients
with COVID-19 have been published. Here, we report a
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Case report

The deceased was a 66-year-old woman who lived alone
with no medical history. She was not vaccinated for SARS-
CoV-2 virus. She had symptoms of fever, dizziness, and
malaise but did not undergo medical examination. Two
weeks after the initial symptoms, she told her son, who lives
separately, that her fever had declined. After 3 days, her
son visited her house and found her dead in a prone posi-
tion. Because the cause of death was unclear, a medicolegal
autopsy was performed at our facility.

Unenhanced computed tomography (CT) was performed
in the supine position using a helix 64-slice CT (Siemens
Somatom go. Top CT scanner) before the autopsy. The
results revealed a low-density area in the superior sagittal
sinus and transverse sinus (Fig. 1). The findings in the lung
showed signs of emphysema and ground-glass opacity due
to postmortem hypostasis.
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Fig. 1 Postmortem computed
tomography images. a Axial
image of the head. Low-density
area in the enlarged supe-

rior sagittal sinus (arrow). b
Curved multiplanar reconstruc-
tion image of both transverse
sinuses. Low-density area in
both transverse sinuses are
observed, especially in the left
transverse sinus (arrow)

The cadaver was 157 cm in height and 48.3 kg in weight
(body mass index = 19.6 kg/m?) at the time of autopsy. Inter-
nal inspection revealed a brain weight of 1273 g. Although
no signs of edema and herniation were observed, a throm-
bus from the cortical veins to the superior sagittal sinus and
transverse sinus was noted (Figs. 2 and 3). A small region
of cerebral hemorrhagic infarction was observed in the left
parietal region (Fig. 3). Histologically, lymphocytes and
plasmacytes were observed in the endothelium of the left lat-
eral sinus, and adhesion of the thrombus to the endothelium
was noted (Fig. 4). The heart weighed 376 g and contained
230 mL of dark red blood with fluidity. The coronary artery
showed mild-to-moderate stenosis; histologically, there was
no ischemic change in the heart muscle. The left and right

Fig.2 Cross sections of the
dural sinuses. Thrombus in the
superior sagittal sinus (arrow),
left transverse sinus (black
arrowhead), and right transverse
sinus (white arrowhead) are
observed

lungs weighed 550 and 766 g, respectively. Although pul-
monary emphysema was observed in both lungs, there was
no evidence of pulmonary thromboembolism, pneumonia,
and diffuse alveolar damage. No signs of macroscopic and
microscopic thromboembolism were observed in the other
organs. Lack of skin turgor, sunken eyes, and a dry organ
surface were not observed. No signs of acute infections of
the head and neck were observed. The remainder of the mac-
roscopic and microscopic examination was unremarkable.
The nasopharyngeal swab via the nasal cavity was taken
before the autopsy for the rapid antigen test and reverse
transcription-quantitative polymerase chain reaction (RT-
gqPCR) assay. Although a nasopharyngeal swab tested
negative for SARS-CoV-2 via the rapid antigen test, the
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Fig.3 Small hemorrhagic infarction in the left cortex (arrow) and
thrombus in the veins of the brain convexity (arrowheads)

RT-qPCR test was positive for SARS-CoV-2, with a cycle
threshold (Ct) value of 38.9.

The serum C-reactive protein (CRP) level was 0.532 mg/
dL, and the procalcitonin level was below the detection limit
in the serum from the cardiac blood obtained at the time of
autopsy. D-dimer and fibrinogen were not tested because the
evidence of these measurements in postmortem specimens
is scarce. No alcohol or other drugs were detected in the
cardiac blood.

Discussion

CVST is arare condition that occurs in three to four individ-
uals per 1 million adults and seven individuals per 1 million
children in a non-COVID-19 population [10]. Although the
incidence of CVST in COVID-19 patients is reported to be
0.02%, it is 30-60 times greater than the incidence of CVST
reported in non-COVID-19 populations [9, 10]. CVST is
more common in women than in men in non-COVID-19
populations [11]. Additionally, this sex difference is reported
to be similar in CVST among patients with COVID-19 [1].

The risk factors for CVST are genetic prothrombotic con-
ditions, acquired prothrombotic states, infections, inflam-
matory disease, hematologic conditions, drugs (oral con-
traceptives and asparaginase), trauma, dehydration, and
cancer [10]. In the present case, there was no history of
hematological conditions and no use of prescription drugs.
Moreover, no signs of cancer or dehydration were observed
at the autopsy. Therefore, the cause of CVST was determined
to be COVID-19. Incidentally, a study reported that 75% of
patients with CVST and COVID-19 did not have identifi-
able risk factors for CVST [1]. Although the mechanism of
venous thrombosis in patients with COVID-19 has not been
completely elucidated, mechanisms such as the cytokine
storm leading to endotheliitis, the contribution of angiotensin-
converting enzyme 2 receptor in the endothelium of
the blood vessels, and the association of antiphospholipid
antibodies have been proposed [8, 12—14]. In the present
case, inflammatory cell infiltration was observed at the
endothelium of the left transverse sinus with the adhesion

Fig.4 Histopathology of the left transverse sinus. a Thrombus in
the left transverse sinus (Elastica Masson—Goldner staining, 12.5 X).
b Adhesion of the endothelium of the left transverse sinus and the
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thrombus (magnification of a). Lymphocytes and plasmacytes can
be observed in the endothelium (Elastica Masson—Goldner staining,
100x)
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of the thrombus. No other thrombosis was found in any other
organ. Although it cannot be excluded that the inflammation
of the vessel wall was secondary to the thrombus, it was
suggested that endotheliitis/endothelial dysfunction was the
cause of the thrombosis.

The main mechanisms of death in CVST are cerebral
infarctions and hemorrhages [10]. However, an autopsy case
of an individual with fatal acute intracranial hypertension
caused by CVST with no signs of hemorrhage or infarction
has been reported [15]. Although the present patient had a
massive thrombus in the cerebral venous system, the infarct
area was not sufficient to be the cause of death. Therefore,
the mechanism of death was suspected to be acute intracra-
nial hypertension.

In antemortem unenhanced CT, cerebral venous sinus
appears as a low-density area compared with falx cerebri and
CVST, which appear as high-density areas in the cerebral
venous system [16]. However, postmortem unenhanced CT
is reported to show a high attenuation in the cerebral venous
sinus that is not limited to CVST [17]. Garland et al. [16]
reported a postmortem CT scan of a patient with CVST, and
a low-density area in the dual sinus was observed, which
suggested cerebral venous sinus thrombosis. In the present
case, a low-density area in the enlarged cerebral venous
sinus was observed in the postmortem unenhanced CT. The
low-density area was consistent with the thrombus detected
in the autopsy.

Yamayoshi et al. [18] compared rapid antigen test results
and RT-qPCR results and found that COVID-19 was
undetectable with a rapid antigen test when the Ct values
were > 30 in living individuals. The Ct value in the present
case was 38.9; thus, the rapid antigen test showed a negative
result, in contradiction to the RT-qPCR assay results.

The median time from the onset of COVID-19 symp-
toms to CVST radiological diagnosis has been reported to
be 11 days (interquartile range, 6-16.75 days) [1]. Nwajei
et al. [19] reported two cases in which SARS-CoV-2 test-
ing showed negative results at the time of presentation for
CVST and indicated the possibility that the prothrombotic
state persists after acute infection. In the present case, the
victim was found dead 2 weeks after the initial symptoms,
the Ct value was 38.9 for the RT-qPCR result, and the CRP
level was 0.532 mg/dL. CRP levels in postmortem serum are
reported to be stable, with the values reflecting antemortem
levels [20]. Therefore, CVST might have occurred in the
convalescent phase of COVID-19 infection, as previously
reported.

Thrombotic incidents, including CVST, have also been
reported after COVID-19 vaccination, mainly with viral
vector vaccines such as the Oxford-AstraZeneca vaccine
(AZD1222 (ChAdOx1)) and Johnson & Johnson COVID-
19 vaccine (JNJ-78436735 (Ad26.COV2-S)) [21]. The

main mechanism for vaccine-induced immune throm-
botic thrombocytopenia (VITT) has been proposed to be
spontaneous autoimmune heparin-induced thrombocyto-
penia. The incidence of VITT has been estimated to be
1 per 100,000 vaccine exposures, which is similar to the
incidence of CVST in non-COVID-19 populations [22].
A study has reported that among thrombosis and thrombo-
cytopenia syndromes associated with SARS-CoV-2 vector
vaccines, the incidence and mortality rates of CVST were
51% and 38%, respectively [23]. Therefore, the incidence
of CVST in patients with COVID-19 is approximately 40
times greater than the incidence of CVST associated with
SARS-CoV-2 vector vaccines.

To the best of our knowledge, this is the first autopsy
case report of a massive fatal CVST related to COVID-
19. In the present case, the rapid antigen test showed a
negative result at the time of autopsy. However, the RT-
gPCR results for COVID-19 were positive. CVST related
to COVID-19 could develop in the convalescent phase of
the disease. Therefore, the possibility of COVID-19 should
not be excluded in cases of CVST even if the rapid antigen
test is negative.

Key points

1. Cerebral venous sinus thrombosis (CVST) is a rare con-
dition that is related to COVID-19.

2. We report an autopsy case of massive CVST revealed by
postmortem computed tomography (CT) and autopsy,
which was suggested to be related to COVID-19.

3. Although the nasopharyngeal swab obtained before
autopsy tested negative for the rapid antigen test, the
RT-qPCR test was positive for SARS-CoV-2, with a
cycle threshold (Ct) value of 38.9.

4. Since the cerebral infarction in the present case was
not fatal and no hemorrhage was observed, the cause of
death was suspected to be acute intracranial hyperten-
sion caused by CVST.

5. In the present case, the test results suggested that the
CVST might have occurred during the convalescent
phase of COVID-19 infection.
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