


Head CT revealed hyperdensity in
the straight sinus, distal superior sagit-
tal sinus, torcular, and right transverse
sinus, as well as in several cortical
veins adjacent to the superior sagittal
sinus, a pattern consistent with CVT
(Fig 1B). There was associated cerebral
edema. Pertinent laboratory results are
listed in the Table. CT venography
confirmed CVT, including a near-
occlusive thrombus in the right inter-
nal cerebral vein (Fig 1C). Enoxaparin,
70 mg, was given subcutaneously twice
a day. Nevertheless, the patient rapidly
decompensated, with extensor postur-
ing of the arms and clonus. Cranial
nerve examination findings were nor-
mal; the NIHSS score was 14. The
patient’s temperature increased to
104.3°F, his respiratory rate increased
to 40 breaths per minute, and he
quickly became hypoxemic, gasping
for air, and was intubated 7 hours after
admission.

FIG 1. Acute onset of cerebral venous thrombosis in multiple locations in a man with COVID-19
without any significant comorbidities except for mild autism spectrum disorder and Tourette
syndrome. A, Axial view of a CT of the chest shows patchy multifocal peripheral and peribron-
chovascular airspace opacities with a combination of ground-glass and consolidation in different
lobes. B, Axial view, CT of the head without contrast, shows effacement of the cerebral sulci sug-
gestive of significant cerebral edema; hyperdensity is seen in the region of the superior sagittal
sinus posteriorly (arrow), characteristic of dural venous thrombosis. C, CVT with sagittal recon-
struction demonstrates extensive occlusive filling thrombus within the superior sagittal (white
arrow), right transverse, and sigmoid sinuses; thrombosis extends from the torcula into the
straight sinus (black arrow). There is occlusion of several cortical veins adjacent to the superior
sagittal sinus as well. D, Digital subtraction angiography, lateral view, reveals significant venous
congestion involving the entire right cerebral hemisphere with no visualization of the superior
sagittal (white arrow), transverse, and sigmoid sinuses, with clot extension in the straight sinus

The patient was subsequently
taken to the angiography suite for
a percutaneous venous mechanical
thrombectomy. Arterial injections
showed decreased contrast transit
time throughout the brain parenchyma,
indirectly suggesting significantly
increased supra- and infratentorial
pressures (Fig 1D). Marked venous
congestion of the right hemisphere,

with similar-but-lesser involvement

(black arrow).

reviewed for significant history, physical examination findings,
laboratory findings, and imaging. Due to the retrospective nature
of this report, informed consent was not required. We used the
Case Report Guideline (CARE; https://www.care-statement.org/)
checklist when writing this report.'”

RESULTS

Case 1

A 38-year-old man with mild autism spectrum disorder was
admitted to the emergency department with vomiting and diar-
rhea for 10 days, headache for the past 7 days, and altered mental
status for the past 2 days. At presentation, he exhibited signs of
dehydration, blood pressure of 127/62 mm Hg, and temperature
of 102.9°F. He was screened by nasopharyngeal swab with an
RT-PCR for SARS-CoV-2, with positive findings. Chest radio-
graph and CT confirmed patchy multifocal peripheral and peri-
bronchovascular air space opacities (a combination of ground-
glass and consolidation) in all lobes (Fig 1A).
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on the left due to partial patency of

the sigmoid sinus and the associated

vein of Labbé, and congestion of the
vein of Galen, internal cerebral system, and posterior fossa were
present.

Thrombectomy was performed using our standard proce-
dures with satisfactory results in the superficial venous system
(Fig 2A-2C) but residual cortical vein thrombi as shown in
Fig 2D. A microcatheter was left in the superior sagittal sinus
with an infusion rate of 2 mg/h of tPA. No neurosurgical inter-
vention was advised at that point. The patient was treated with
lopinavir-ritonavir and had an initial improvement on neurologic
examination in the following 6 hours; however, his respiratory
status soon deteriorated, leading to cardiac arrest and death
32 hours after admission.

Case 2

An otherwise healthy 41-year-old woman, recently discharged
from an outside hospital following a short and uneventful admis-
sion for COVID-19, presented to our emergency department
with confusion and a sudden episode of aphasia. She had received
hydroxychloroquine and azithromycin, started during her first



Summary of laboratory findings at admission

Laboratory Findings Case 1 Case 2 Case 3
White cell count (per mm?) 16,710 9950 8840
Total neutrophils (per mm®) 14,280 8390 6980
Total lymphocytes (per mm?) 490 940 1360
Total monocytes (per mm®) 1690 360 330
Hemoglobin level (g/dL) 143 104 123
Platelet count (per mm3) 141,000 239,000 86,000
Activated partial thromboplastin time (sec) 30.6 27.7 53.5
Prothrombin time (sec) 225 1.8 19.1
INR 19 0.99 1.6
D-dimer level (ng/mL) >55,000 787 920
Fibrinogen level (mg/dL) 121 - -
Albumin level (g/dL) 44 44 47
Alanine aminotransferase results (U/L) 27 27 19
Aspartate aminotransferase levels (U/L) 31 26 38

Note:—INR indicates international normalized ratio; —, not available.

FIG 2. Images acquired during the intervention in case 1. A, A 12F Flexor Shuttle Guiding Sheath
(Cook) was brought to the internal jugular vein. An 8F Indigo Aspiration Catheter (Penumbra) is
seen in the right transverse-sigmoid junction after thrombectomy of the right sigmoid sinus. B,
Multiple control angiograms and venograms were obtained during the venous thrombectomy; it
is possible to see a significant amount of thrombus partially occluding the torcula and the distal
two-thirds of the right transverse sinus. Partial recanalization of the posterior third of the supe-
rior sagittal sinus is also seen. C, Venography, cranial view, anterior-posterior projection, shows
complete recanalization of the torcula, and most of the posterior third of the superior sagittal
sinus. D, Venography, cranial view, right anterior oblique projection reveals full recanalization of
the superior sagittal sinus. A microcatheter was left in its anterior third to maintain continuous
tPA infusion.

normal. Intravenous tPA was not
given because last her known well
time was >4.5hours. CT angiogra-
phy did not identify any large-vessel
occlusion. There was right-greater
than-left  multifocal  consolidation
throughout the lungs on chest imaging.
While waiting for a brain MR
imaging, she developed labored breath-
ing, a further decrease in the level of
consciousness, and worsened neuro-
logic examination findings with exten-
sor posturing to noxious stimulation;
she was then intubated and sedated.
The CSF analysis revealed elevated
protein levels (616 mg/dL), 41 white
blood cells/mm® with polymorpho-
nuclear predominance (84%), and a
normal glucose level. A multiplex
PCR assay was negative for common
pathogens causing meningitis and en-
cephalitis. A repeat head CT showed
interval development of a venous
infarction in the left basal ganglia,
thalamus, and mesial temporal lobe
with hemorrhagic transformation, in-
traventricular hemorrhage, and ob-
structive hydrocephalus (Fig 3A, -B).
A chest CT was characteristic for
COVID-19 (Fig 3C). A CT venogram
confirmed occlusion of the internal
cerebral veins with significantly re-
duced enhancement of the vein of
Galen and distal straight sinus (Fig
3D). Concomitantly, her D-dimer
level increased from 787 to 2032 ng/
mL; it had been 243 ng/mL 7 days
prior. An external ventricular drain
was placed. Heparin infusion was ini-
tiated without a bolus in the treat-
ment of deep CVT. The patient soon
exhibited loss of brain stem reflexes
and died 4 days from presentation.

Case 3

A 23-year-old man with no known
medical history presented with leth-
argy in the setting of 1 week of head-
aches, body aches, fever, and dry
cough. Blood pressure at presenta-
tion was 95/53 mm Hg. Multifocal
pneumonia was present on the ini-
tial chest x-ray. RT-PCR was posi-

admission. Home medications included estrogen-containing oral ~ tive for SARS-CoV-2. A head CT was ordered due to the

contraceptives. Her blood pressure was 107/75mm Hg, and she  decreased level of consciousness and revealed patchy areas of

was afebrile. The patient had global aphasia and left-gaze prefer-  low density in the bilateral cerebral hemispheres with foci of

ence with an NIHSS score of 16. Initial head CT findings were ~ subcortical hemorrhage in the left parieto-occipital region. A
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FIG 3. Subacute onset of isolated deep cerebral venous thrombosis in a patient with COVID-19.
A, Noncontrast head CT, axial view, reveals an infarct of the left basal ganglia and thalamus, with
hemorrhagic transformation and intraventricular hemorrhage with obstructive hydrocephalus. B,
Noncontrast head CT, sagittal reconstruction, reveals hyperdensity in the topography of the vein
of Galen (short arrow) and left internal cerebral vein (long arrow), corresponding to deep venous
thrombosis. C, CT of the chest, axial view, demonstrates patchy multifocal airspace opacities
combining ground-glass and consolidation in different lobes, suggestive of pneumonia/pneumo-
nitis. D, CT venogram, MPR sagittal reconstruction, shows a filling defect in the vein of Galen
(short arrow), internal cerebral veins (long arrow), and the anterior aspect of the inferior sagittal

sinus, confirming deep venous thrombosis.

CTA of the head had negative findings; however, there remained
concern for CVT. The initial laboratory work-up further estab-
lished a new diagnosis of diabetic ketoacidosis with new-onset dia-
betes mellitus (glucose level = 1384mg/dL and pH = 7.0).
Azithromycin and hydroxychloroquine were both administered.

A subsequent brain MR imaging (Fig 4) revealed confluent,
nonenhancing regions of pathologically reduced diffusion through-
out the subcortical and deep hemispheric white matter bilaterally,
left greater than right. Punctate foci of susceptibility artifacts con-
sistent with petechial hemorrhage were revealed on gradient
recalled-echo images. Differential considerations included potential
complications of diabetic ketoacidosis, which can include arterial
and venous compromise together with secondary injury by
increased intracranial pressure, and posterior reversible encephal-
opathy syndrome-like white matter injury. The imaging pattern
and absence of large-vessel occlusion disfavored the diagnosis of
atheroembolic infarctions or deep MCA borderline ischemia. Acute
necrotizing leukoencephalitis was considered unlikely in the ab-
sence of deep ganglia injury, and toxic-metabolic etiologies were
unsupported by the history. In combination with generalized low
intensity of the white matter on long-echo T2- and T2*-weighted
images, the imaging appearance was thought to be consistent with
manifestations of a generalized vaso-occlusive crisis such as can
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occur in disseminated intravascular
coagulation, thrombotic thrombocyto-
penic purpura, and related thrombotic
microangiopathies, including compro-
mise of the deep medullary veins.'®'”
Common to the preceding processes is
endothelial dysfunction and impaired
thromboresistance, which have been
reported extensively in COVID-19 and
other SARS-mediated disorders.'®

In the ensuing days, the patient
further deteriorated, with D-dimer
levels increasing from earlier values
of 1625ng/mL to >11,000ng/mL
the day he died and ferritin values
reaching 18,431 ng/mL. The patient
was intubated following worsening
hypotension and fulminant acute re-
spiratory distress syndrome in the
following days before his death.

DISCUSSION

We report an unusual presentation
characterized by catastrophic cerebral
venous thrombosis in young, previ-
ously healthy patients, infected with
SARS CoV 2, previously healthy and
potentially without antecedent car-
diopulmonary symptoms or fever.
Although dehydration was a precipi-
tating factor in cases 1 and 3, and, oral
contraceptives, a risk factor in case 2,
COVID-19 was probably an additive
risk factor in this series.

CVT is a rare cause of stroke, accounting for approximately
0.5% of all stroke cases,'”*® and associated with a reported mortal-
ity of 4%."® Interestingly the first report of thrombosis involving
the superior sagittal sinus and lateral sinuses from 1825 led to a
long-standing belief of a direct relationship with infections.*"**
Indeed, Krayenbl'ihl23 demonstrated, in 1968, that 40% of a series
of 92 patients with CVT were associated with infection. Central
nervous system infections per se are both: a risk factor for CVT,
and, are associated with a poor prognosis.24 Moreover, in a recent
series, a pro-coagulopathic state could be identified in as many as
48% of patients with CVT.*

The superior sagittal sinus is the more frequently reported
cerebral venous structure involved (63% of patients in a large
MR imaging series); however, more extensive multi-site throm-
bosis is the typical finding. The deep venous system is an inde-
pendent predictor of death in the International Study on
Cerebral Vein and Dural Sinus Thrombosis (odds ratio, 8.5;
95% confidence interval, 2.6-27.8).">'* Most reports included
children, especially neonates.

Hypercoagulable State in Other Scenarios
Numerous factors are related to CVT, including the use of oral
contraceptives, pregnancy, and puerperium, which produce



FIG 4. A 28-year-old man presenting with a decreased level of consciousness. Imaging included
CT of the head (A), and MR imaging with DWI (B), ADC maps (C), T2WI (D), TIWI without contrast
(E) and 2D T2* gradient recalled-echo (F). Confluent areas of low density are present in the bilat-
eral cerebral hemispheres in A, corresponding to nonenhancing, pathologically reduced diffusion
on B and C. T2- and T2*-weighted images reveal generalized low intensity of the white matter in
excess of that explained by subtle foci of petechial hemorrhage in F and consistent with slow or

impaired outflow of the deep medullary venous system.

transient prothrombotic states.'”*> CVT accounts for 2% of
pregnancy-associated strokes.”® Diabetes mellitus, systemic
inflammatory disease, cancer, hematologic disorders, head and
neck infections, and CNS infections and hyperhomocysteine-
mia are other significant causes, and the patients were not sys-
tematically worked up for all those conditions.'"!*?"?®
Anemia is another known risk factor for CVT, though not
present in our patients.*

Numerous viral infections are associated with coagulopa-
thy.5'9%932 Direct or indirect activation of endothelial cells by
viruses may impair coagulation and the fibrinolytic systems.
Moreover, antiphospholipid antibodies can be identified in sev-
eral viral infections, including cytomegalovirus, HIV, and vari-
cella zoster virus,”'® also in immunocompetent patients.” A
hypercoagulable state is well-known among patients with human
herpes viruses (DNA viruses) and HIV 8103932 Chronic HIV
infection has been associated with up to a 10-fold increased risk
of venous thrombosis.®

Finally, microvascular thrombosis was seen in a specific trans-
genic mouse model, used in studying the Middle East respiratory
syndrome coronavirus infection.”’

Hypercoagulable State in COVID-19

A recent study comparing a cohort of 94 patients with SARS-
CoV-2 infection in a hospital in Wuhan with 40 healthy volun-
teers found values of D-dimer, fibrin/fibrinogen-degradation
products, and fibrinogen to be significantly higher among
patients with COVID-19.°

In reporting a 21.6% incidence of
deep venous thrombosis in 88 labora-
tory-confirmed cases in Wuhan,*?
Wang et al’ observed positive correla-
tions between the degree of D-dimer
elevation and the incidence of deep
venous thrombosis with the severity
of disease, possibly related to over-
whelming endothelial cell activa-
tion.>** Indeed, D-dimer levels were
>500 ng/mL in all patients in this
report at diagnosis, being >55,000
ng/mL in case 1.

There is also a growing understand-
ing that antiphospholipid antibodies
(anticardiolipin immunoglobulin A,
and anti-f32-glycoprotein I immuno-
globulin A and immunoglobulin G)
may play a role in both arterial and
venous infarcts. Zhang et al” found pos-
itive antiphospholipid antibodies in 3
patients with critical COVID-19 and
multifocal ischemic strokes.

Yang et al**

reported a high preva-
lence of hypertension, diabetes, and
respiratory system disease in a meta-
analysis including 46,248 patients with
severe presentation of COVID-19,
some with well-known risk factors for venous thromboembo-
lism.>® Moreover, increased immobility of vulnerable and at-risk
patients may occur during resource-strained pandemics, with
shortages of health care personnel further contributing to con-
ditions of venous stasis and thromboembolism.'> More studies
are needed to clarify the direct relationship of the SARS-CoV-2

and thromboembolic disease.

Cerebrovascular Disease in Patients with COVID-19
Recently, Li et al’ identified 13 patients (5.9%) with stroke among
221 consecutive patients with confirmed SARS-CoV-2 infection
in Wuhan. Among this cohort, 11 had severe disease while only
one, a 32-year-old man, had CVT involving multiple cortical
veins. Parenthetically, a surge in large-vessel arterial occlusive
strokes was reported in a group of patients younger than 50 years
of age in New York City.*®

In general, approximately 80% of patients with CVT expe-
rience acute-to-subacute onset of symptoms.'> The median
time from onset to diagnosis of the thrombotic events was 7
days, the same as reported in the literature. Although head-
ache is the most commonly reported initial symptom; altered
consciousness was the critical symptom in each of the present
cases. When a patient is admitted to the hospital with head-
ache, altered mental status, focal neurologic deficits, and seiz-
ures, the likelihood of an earlier diagnosis is higher.'* Early
identification is critical because prompt anticoagulation and/
or endovascular management may decrease the progression
of cerebral edema, intracranial pressure, and hemorrhage
rates, improving outcomes.
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Limitations

The main limitation is that this is a small case series of only 3
patients collected in a short time. Also, 2 patients were treated
with azithromycin and hydroxychloroquine before their CVTs,
and the effects of these drugs during COVID-19 infection are
under study and inconclusive at this time. Both may affect coagu-
lation and interact with other medications and treatment, and it
is unknown whether they could have been contributors to the
CVTs. Moreover, there were concomitant signs of dehydration in
the first case, and the second patient was on oral contraceptive
pills, both known precipitating or risk factors for CVT. Another
limitation of this work is the lack of a strongly confirmed diagno-
sis on case 3.

CONCLUSIONS

An unusual presentation with catastrophic cerebral venous
thrombosis in previously healthy young patients infected with
SARS-CoV-2 was demonstrated. No conclusions can be drawn
other than that these cases provide hints as to the accumulating
evidence that COVID-19 is a serious contributor to hypercoagu-
lation, increasing the fatality of the disease. Heightened awareness
of this atypical but potentially treatable complication of the
COVID-19 disease spectrum is encouraged.
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