
Stroke is available at www.ahajournals.org/journal/str

Stroke

Stroke. 2022;53:e407–e410. DOI: 10.1161/STROKEAHA.122.038955 September 2022  e407

 

Correspondence to: Margy E. McCullough-Hicks, MD, Department of Neurology, University of Minnesota, 420 Delaware St, Minneapolis, MN 55455. Email 
mccul284@umn.edu
Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/STROKEAHA.122.038955.
For Sources of Funding and Disclosures, see page e410.

© 2022 American Heart Association, Inc. 

BRIEF REPORT

High Incidence and Unique Features of Cerebral 
Venous Sinus Thrombosis in Hospitalized Patients 
With COVID-19 Infection
Margy E. McCullough-Hicks , MD; Daniel J. Halterman , MS; David Anderson , BSAE; Kenneth Cohen , MD;  
Kamakshi Lakshminarayan , MBBS, PhD

BACKGROUND: Cerebral venous sinus thrombosis (CVST) secondary to vaccine-induced thrombotic thrombocytopenia is 
an extremely rare side effect of adenovirus-based COVID-19 vaccines. CVST incidence associated with COVID-19 itself 
has not been widely reported. We report the incidence of CVST in patients hospitalized with COVID-19 during the first 
year of the pandemic.

METHODS: We analyzed de-identified electronic medical records of a retrospective cohort of patients admitted with COVID-19 to 
>200 hospitals between March 2020 and March 2021. We used International Classification of Diseases, Tenth Revision codes 
and natural language processing extracts to identify patients with a new CVST diagnosis during COVID-19 hospitalization. 
The primary outcome was CVST incidence in hospitalized, COVID-19-positive patients. Secondary outcomes included CVST 
incidence and mortality. Incidence rates were calculated using the DerSimonian-Laird estimator method.

RESULTS: Ninety-one thousand seven hundred twenty-seven patients were evaluated; 22 had new CVST diagnoses by 
electronic medical record review. CVST incidence in the hospitalized COVID-19 cohort was 231 per 1 000 000 person-years 
(95% CI, 152.1–350.8). Females<50 had the highest incidence overall (males <50: 378.4 [142–1008.2]; females<50: 
796.5 [428.6–1480.4]). In patients ≥50 years old, males had a higher estimated CVST incidence (males≥50: 130.5 [54.3–
313.6]; females≥50: 88.8 [28.6–275.2]). Older patients (45.5% of patients ≥50 versus 0% of <50 years of age, P=0.012) 
and males (44.4% of males versus 7.7% of females, P=0.023) were more likely to die in hospital.

CONCLUSIONS: CVST incidence in COVID-19–positive hospitalized patients is high. Advanced age and male gender were 
associated with likelihood of death in hospital; further studies are required to confirm these findings.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.
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COVID-19 is a primary respiratory disease. How-
ever, arterial and venous thrombosis influence the 
morbidity and mortality of COVID-19, with 74% 

higher odds of mortality among patients who develop 
thromboembolism.1

Two adenovirus-based COVID-19 vaccinations have 
been associated with a rare risk of simultaneous acute 
thrombosis—usually cerebral venous sinus thrombosis 

(CVST)—and thrombocytopenia in an entity called vac-
cine-induced thrombotic thrombocytopenia.2,3

CVST is rare in the non-COVID general population. 
Risk factors for CVST include pregnancy, malignancy, 
hormone use, and thrombophilia.4 In the pre-COVID 
US population, reported CVST incidence ranges from 
13.9 and 20.2 per million5 and is 3× more frequent in 
females.6
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CVST incidence associated with adenovirus-based 
COVID-19 vaccination is extremely low and ranges 
between 7.5 per million after the AstraZeneca vaccine 
(99% CI, 2.7–4.7)3 to 0.9 per million (99% CI, 0.2–2.3) 
after the Janssen vaccine.7 The incidence of CVST in 
unvaccinated COVID-19–infected patients has not been 
widely reported. The 2 existing publications reporting 
CVST incidence in COVID-19 patients have very differ-
ent reported incidence rates, between 42.8 (95% CI, 
28.5–64.2)8 and 207.1 per million hospitalized patients 
(99% CI, 23.3–757.7).7

We report the incidence of CVST in patients hospi-
talized with COVID-19 during the first year of the pan-
demic—before vaccines were widely available—and 
describe patient characteristics and disease course.

METHODS
This study had approval from the University of Minnesota 
Institutional Review Board. A waiver of consent was given as the 
research was determined to have no more than minimal risk to 
the subjects, it would not adversely affect the rights and welfare 
of subjects, and the research could not practically be carried out 
without the waiver. We reported against STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiology) criteria 
as per journal guidelines (Supplemental Material).

Data Source
We analyzed retrospective cohort data from >200 US hospi-
tals including all patients hospitalized with COVID-19 between 
March 2, 2020 and March 15, 2021 (Figure). Anonymized indi-
vidual electronic medical records for COVID-19-related hospi-
talizations were fully reviewed. We used the U07.1 International 
Classification of Diseases, Tenth Revision (ICD-10) code to iden-
tify COVID-19 patients. CVST was identified either by validated 
ICD-10 codes submitted by human coders for CVST diagnosis 
(I67.6, I63.6, O22.5, O87.3, G08.X)9,10 or natural language pro-
cessing (NLP) engine extractions. NLP was used as a filter 
flag for chart review. Our combined method used both claims- 
and NLP-based searches to narrow the expansive dataset to 
patients with claims- and/or NLP-flagged diagnosis of CVST. 
Vascular neurologists (M.E.M.-H., K.L.) confirmed CVST diagno-
sis by review of patients’ electronic medical records. There was 

Nonstandard Abbreviations and Acronyms

CVST cerebral venous sinus thrombosis
EMR electronic medical record
ICD-10  International Classification of Diseases, 

Tenth Revision
NLP natural language processing

Figure. Study flow chart.
CVST indicates cerebral venous sinus thrombosis; ICD-10, International Classification of Diseases, Tenth Revision; and NLP, natural language 
processing.
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100% concordance between raters in CVST diagnosis. The 
data are proprietary and not available for public use but, under 
certain conditions, may be made available to editors and their 
approved auditors under a data-use agreement to confirm the 
findings of this study.

Outcomes and Study Variables
The primary outcome was CVST incidence in hospitalized, 
COVID-19–positive patients during the defined period pre-
sented as per 1 000 000 person-years. Secondary outcomes 
included CVST incidence and mortality stratified by age and 
gender and mortality stratified by status of inpatient steroid 
administration.

Statistical Analysis
Our observation window extended from March 2, 2020 to the 
patient’s first COVID+ hospitalization during which CVST was 
diagnosed or when the patient was censored on March 15, 
2021 as no CVST during this period. Incidence rates were 
calculated using the DerSimonian-Laird estimator method (R 
package).

We used Fisher exact test to examine the independence 
between in-hospital death versus age, gender, and inpatient 
steroid use.

RESULTS
One hundred eleven thousand one hundred twenty-two 
inpatient visits were associated with COVID-19 positivity 
within the specified period. We excluded 10 110 without 
an associated patient identifier, which hampered our abil-
ity to track diagnoses, and 6 due to missing age or gen-
der. Our final analytic sample consisted of 91 727 distinct 
patients with at least one COVID-19 inpatient stay.

NLP engine and CVST ICD codes flagged 45 patients 
as potential CVST cases. After review of clinical notes 
and radiology reports, we confirmed 22 of 45 had a new 
CVST diagnosis. The Figure contains NLP versus claims 
accuracy measures. ICD-10 codes incorrectly identified 
9 cases as CVST positive that, after electronic medical 
record review, were deemed not new CVST diagnoses. 
ICD-10 codes missed 2 CVST cases that NLP correctly 
identified. Erroneous CVST flags resulted from history of 
CVST and mentions of CVST as a differential diagnosis.

Overall CVST incidence rate in the inpatient COVID+ 
population was 231 per 1,000,000 person-years (95% 
CI, 152.1–350.8). Table 1 shows age-gender incidence 

rates; age was dichotomized at 50 as per publication 
directing CVST research.11

Older patients with CVST were more likely to die 
in hospital (45.5% of patients over the median age of 
46.5 years died versus 0% under the median, P=0.012). 
Males were more likely to die (44.4% of males ver-
sus 7.7% of females; odds ratio, 12.9 [95% CI, 1.03–
762.14]; P=0.023). Those treated with inpatient steroids 
were more likely to die (44.4% who received steroids 
died versus 7.7% who did not; odds ratio, 12.9 [95% CI, 
1.03–762.14]; P=0.023). All steroids were administered 
for treatment of COVID-19; none were given for treat-
ment of CVST. Table 2 contains pertinent patient charac-
teristics. We used gender, not sex, to describe our patient 
population because this is how cases were classified in 
patient charts.

DISCUSSION
We found a high CVST incidence among patients hos-
pitalized with COVID-19. The incidence of CVST in this 
population appears higher than rates reported in both 
the general (non–COVID-19) population as well as 
COVID-19 vaccine-induced thrombotic thrombocyto-
penia–related CVST. We caution against definitive com-
parison, as incidence rates for these 3 groups have not 
been estimated from the same population. We stress that 
our reported CVST incidence is only among hospitalized 
COVID-19 patients; the incidence of CVST in the total 
COVID-19–positive population is likely much lower.8

We observed higher mortality in older patients—par-
ticularly male—and in patients treated with steroids for 

Table 1. Age-Gender Incidence Rates (95% CI) in 1 000 000 
Person-Years

Age Male Female 

<50 n=4 n=10

378.4 (142–1008.2) 796.5 (428.6–1480.4)

≥50 n=5 n=3

130.5 (54.3–313.6) 88.8 (28.6–275.2)

Table 2. Patient Characteristics, Hospitalization Features

Variable Female (n=13) Male (n=9) 

Median age 27 (18–87) 63 (41–80)

Pregnancy status 1 postpartum (8%) 0

Exogenous estrogen 5 (38%)  

Hypercoagulable panels 9/10 (90%) 
tested negative
1/10 (10%) had 
glycoprotein 2 
antibodies

0

Multiple vessel CVST 12 (92%) 9 (100%)

Ischemic infarct associated with CVST 4 (31%) 2 (22%)

Intracranial hemorrhage associated with 
CVST

7 (54%) 2 (22%)

Concomitant venous thromboses (deep 
venous thrombosis, pulmonary embolism)

1 (8%) 1 (11%)

Steroids for COVID treatment 4 (31%) 5 (56%)

Discharge disposition

 Home 9 (69%) 4 (44%)

 Dead 1 (8%) 5 (56%)

 Other 3 (23%) 0

CVST indicates cerebral venous sinus thrombosis.
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COVID-19 infections with concomitant CVST. COVID-19 
mortality is known to increase with age and male sex, and 
in-hospital steroid administration is typically for severe 
COVID-19 cases. Our findings may be confounded by 
known COVID-19 morbidity risk factors. Recently pub-
lished data suggests that higher COVID-19 male mortal-
ity rates may be accounted for by higher risk thrombosis 
risk in males.12

A limitation of our study is the relatively small number 
of CVST patients in the hospitalized COVID-19 popula-
tion. This precludes definitive inference about risk fac-
tors for mortality in patients with CVST. Further studies 
are required to confirm our findings. Due to reporting 
constraints, we did not have any race or ethnicity data 
for our cohort, nor did we have sex/gender concordance 
reporting in this dataset. The study dataset was on a pre–
COVID-19 vaccination population; our findings are thus 
likely most currently relevant to unvaccinated populations. 
In contrast to traditional retrospective claims-based stud-
ies reliant only on ICD-10 codes, our study benefited from 
NLP-augmented results and full review of patients’ charts. 
We widened the search for CVST diagnoses using NLP 
flags in combination with ICD-10 codes. Only 50% of 
patients flagged for CVST were determined to have a new 
CVST diagnosis upon full review. We found evidence that 
claims-based coding both missed some CVST cases and 
wrongly coded CVST as other diagnoses. The NLP output, 
by design, is aggressive in identifying and flagging disease 
for human review. Other estimates of CVST incidence are 
based on large claims datasets5; based on our experience 
in this study, claims data may tend to overestimate CVST. 
Our combined method indicates a potential improvement 
in accuracy for large dataset, claims-based studies.
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