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Abstract
Background and Objective
Cerebral venous thrombosis (CVT) is a rare cause of stroke carrying a nearly 4% risk of
recurrence after 1 year. There are limited data on predictors of recurrent venous thrombosis in
patients with CVT. In this study, we aim to identify those predictors.

Methods
This is a secondary analysis of the ACTION-CVT study which is a multicenter international
study of consecutive patients hospitalized with a diagnosis of CVT over a 6-year period. Patients
with cancer-associated CVT, CVT during pregnancy, or CVT in the setting of known anti-
phospholipid antibody syndrome were excluded per the ACTION-CVT protocol. The study
outcome was recurrent venous thrombosis defined as recurrent venous thromboembolism
(VTE) or de novo CVT. We compared characteristics between patients with vs without
recurrent venous thrombosis during follow-up and performed adjusted Cox regression analyses
to determine important predictors of recurrent venous thrombosis.

Results
Nine hundred forty-seven patients were included with a mean age of 45.2 years, 63.9% were
women, and 83.6% had at least 3 months of follow-up. During a median follow-up of 308
(interquartile range 120–700) days, there were 5.05 recurrent venous thromboses (37 VTE and
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24 de novo CVT) per 100 patient-years. Predictors of recurrent venous thrombosis were Black race (adjusted hazard ratio
[aHR] 2.13, 95% CI 1.14–3.98, p = 0.018), history of VTE (aHR 3.40, 95% CI 1.80–6.42, p < 0.001), and the presence of one or
more positive antiphospholipid antibodies (aHR 3.85, 95% CI 1.97–7.50, p < 0.001). Sensitivity analyses including events only
occurring on oral anticoagulation yielded similar findings.

Discussion
Black race, history of VTE, and the presence of one or more antiphospholipid antibodies are associated with recurrent venous
thrombosis among patients with CVT. Future studies are needed to validate our findings to better understand mechanisms and
treatment strategies in patients with CVT.

Cerebral venous thrombosis (CVT) is an uncommon cause of
stroke, usually affecting younger patients,1 patients with
thrombophilia, and women who are pregnant, postpartum, or
receiving oral contraceptives.2 The annual incidence is esti-
mated to be nearly 10–20 cases per million.3-6 In the absence
of contraindications, parenteral followed by oral anti-
coagulation is the recommended treatment.7

In patients with venous thromboembolism (VTE), trials
showed a recurrence of approximately 3%–5% per year on
anticoagulation therapy.8-10 There are limited data about the
equivalent risk in patients with CVT, particularly in modern
patient cohorts. For instance, the International Study on
Cerebral Vein and Dural Sinus Thrombosis (ISCVT) showed
a recurrence rate of 4.0% at 1 year and 6.5% at 2 years,11 but
only 41.5% were on anticoagulation at the time of the re-
currence.12 Two other observational studies showed a risk of
VTE recurrence after CVT between 2.4-3.5 events per 100
patient-years.13,14 The RE-SPECT CVT trial compared
dabigatran to warfarin and showed no recurrent VTE at 24
weeks in either group.15 Therefore, studies evaluating pre-
dictors of recurrent venous thrombosis after CVT are limited
by the low event rate and further confounded by inconsistent
use of anticoagulation at the time of recurrence.2,12,15

Investigating predictors of recurrent events are important to
help identify high-risk groups for further study and closer
follow-up. In addition, a better understanding of the predic-
tors of events occurring on anticoagulation is a prerequisite to
improve treatment strategies.

Previous studies have found that racial and ethnic disparities
affect outcomes in patients with stroke,16-19 but very limited
research had similar finding in CVT population.20 This is
particularly important in CVT because the feasibility of
treatments such as direct oral anticoagulants (DOACs) and
access to care for INR checks with warfarin are altered
by socioeconomic factors. Because these are crucial to reduce
the risk VTE recurrence after CVT, we included social

determinants of health such as race and ethnicity among the
potential predictors of recurrence.

In this study, we sought to identify risk factors for recurrent
VTE in a modern CVT population from a large, multicenter,
real-world observational study.

Methods
Institutional review board approval was obtained from each
participating center to perform the study. Deidentified data are
available on reasonable request to the corresponding author.

Patient Population
The “Anticoagulation in the Treatment of Cerebral Venous
Thrombosis” (ACTION-CVT) study was a multicenter in-
ternational retrospective cohort study that included consec-
utive patients with a confirmed diagnosis of acute CVT from
January 1, 2015, to December 31, 2020.21 Patients were
identified using ICD-9 (325.0, 437.6, and 671.5) and ICD-10
codes (I67.6)22,23 and were included irrespective of the ser-
vice they were treated on. These diagnoses were confirmed by
review of medical records and imaging studies.

Inclusion and Exclusion Criteria
The ACTION-CVT study aimed to compare direct oral an-
ticoagulants to vitamin K antagonists and collected data on
consecutive adult patients hospitalized with CVT confirmed
on imaging. To reduce treatment by indication bias,
ACTION-CVT excluded patients with CVT during preg-
nancy, known history of antiphospholipid antibody syn-
drome, and those with known active cancer.

Study Variables
We collected demographic variables (age, biological sex [Male
and Female], self-reported race [Asian, Black, White, Other,
Unknown] and ethnicity [Hispanic and Non-Hispanic]),
clinical risk factors (body mass index closest to the time of
diagnosis, history of VTE, active smoking, birth control use,

Glossary
aHR= adjusted hazard ratio;CVT= cerebral venous thrombosis;DOACs= direct oral anticoagulants; ISCVT= International Study on
Cerebral Vein and Dural Sinus Thrombosis; RAPS = rivaroxaban in antiphospholipid syndrome; VTE = venous thromboembolism.
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delivery within 12 weeks of diagnosis, and family history of
venous thrombosis), presenting symptoms (headache, focal
deficit, seizure, encephalopathy, or coma), laboratory variables
(platelet count, hemoglobin level, one or more anti-
phospholipid antibodies present at the time of diagnosis but
not meeting criteria for antiphospholipid antibody syndrome24

at the time of index CVT diagnosis, factor V Leiden, and/or
prothrombin gene mutation), and variables collected during
follow-up (duration of treatment, duration of follow-up, and
available follow-up INR checks in patients on warfarin) were
obtained. Elevated hemoglobin was defined as hemoglobin
>16.5 g/dL in men or >16.0 g/dL in women, and elevated
platelet was defined as platelet count ≥450 × 109/L. Details of
variables are further described in the ACTION-CVT study.21

Study Outcome
The study outcome was recurrent venous thrombosis (VTE or
de novo CVT) during follow-up. Recurrent VTE was defined
as new deep venous thrombosis (which involves any deep vein
including upper or lower extremities or pelvis or pulmonary
embolism during follow-up occurring more than 1 week after
CVT diagnosis. The diagnostic methodology for DVT and PE
was not collected in our study, but generally, DVT and PE are
clinically suspected, and DVT is diagnosed with Doppler ul-
trasound or pelvic MRV, and PE is diagnosed with CT an-
giogram of the chest. The de novo CVT was defined as new
CVT at a distant location from the original CVT or CVT
recurrence at the same location in patients with complete re-
canalization of the initial CVT. Extension of the original CVT
was not included in the recurrent venous thrombosis outcome.
All outcomes were adjudicated by the individual sites with
plausibility checks conducted by the central site and queries
sent to confirm outcomes of interest as appropriate.

Analytical Plan
Data verificationwas conducted by queries to ensure data integrity
and consistency. Missing data were not imputed. For univariate
analyses, patients were divided into 2 groups based on whether
they had recurrent venous thrombosis. Between-group compari-
sons were performed by t test, χ2 test, Fisher exact test, or Wil-
coxon rank-sum test as appropriate. We then built Cox regression
models that included variables associated with recurrent venous
thrombosis in univariate analyses (p < 0.05) to identify important
predictors of recurrent venous thrombosis. Patients were censored
at the timeof recurrent venous thrombosis, death, or last follow-up.
Sensitivity analysis was performed with exclusion of events oc-
curring off oral anticoagulation. Kaplan-Meier survival estimates of
recurrent venous thrombosis were plotted regarding identified risk
factors. Proportionality was assessed using Schoenfeld residuals.
Data were analyzed using Stata (version 15.1), and a p < 0.05 was
considered statistically significant.

Results
Of 1,025 patients in ACTION-CVT, 67 were excluded be-
cause of active cancer and 11 were excluded because of a
known diagnosis of antiphospholipid antibody syndrome.

Thus, 947 patients were included with a mean age of included
subjects was 45.2 years, and 63.9% (605) were women.
During a median follow-up of 308 (interquartile range
120–700) days, there were 5.05 recurrent venous thromboses
(37 VTE and 24 de novo CVT) per 100 patient-years. Among
patients with de novo CVT, only 2 had same site recurrence
after complete recanalization of the initial CVT.

At least 3-month follow-up was available in 83.6% (792/947)
of patients. Compared with patients with <90 days of follow-
up, patients with ≥90 days of follow-up data were less likely to
be active smokers (12.2% vs 19.4%, p = 0.017). Other char-
acteristics were not significantly different between the 2
groups and are summarized in eTable 1 (links.lww.com/
WNL/C331).

Univariate Analyses
In univariate analyses, Black race (28.3% vs 14.7%, p = 0.005),
history of VTE (24.6% vs 10.0%, p < 0.001), encephalopathy or
coma on presentation (36.1% vs 20.5%, p = 0.004), lower platelet
count (230.6 ± 97.1 vs 268.7 ± 101.8, p = 0.006), and ≥1 positive
antiphospholipid antibodies (24.0% vs 8.4%, p < 0.001) were as-
sociated with recurrent venous thrombosis. Other characteristics
did not significantly differ between the 2 groups (Table 1).

Factors Associated With Recurrent VTE in Cox
Regression Analysis
In adjusted Cox regression analyses including variables
achieving a statistically significant association (p < 0.05) with
recurrent venous thrombosis on univariate analyses, predic-
tors of recurrent venous thrombosis were Black race (adjusted
HR 2.13, 95% CI 1.14–3.98, p = 0.018), history of VTE
(adjusted HR 3.40, 95% CI 1.80–6.42, p < 0.001), and ≥1
positive antiphospholipid antibodies (adjusted HR 3.85, 95%
CI 1.97–7.50, p < 0.001) (Figure). Other variables did not
achieve statistical significance.

Sensitivity and Exploratory Analyses
Sensitivity analyses excluding events that occurred off oral
anticoagulation yielded similar findings to the main analysis.
In univariate analyses, factors associated with recurrent venous
thrombosis were Black race (29.0% vs 14.1%, p = 0.034), his-
tory of VTE (28.1% vs 10.2%, p = 0.005), and ≥1 positive
antiphospholipid antibodies (27.6% vs 9.0%, p = 0.004)
(Table 2). In adjusted Cox regression analyses, predictors
of recurrent venous thrombosis were Black race (adjusted
HR 2.59, 95% CI 1.17–5.75, p = 0.019), history of VTE (ad-
justed HR 4.59, 95% CI 2.02–10.43, p < 0.001), and ≥1 pos-
itive antiphospholipid antibodies (adjusted HR 4.26, 95% CI
1.83–9.91, p = 0.001). Moreover, Black race, history of VTE,
and ≥1 positive antiphospholipid antibodies continued to be
predictors of recurrent venous thrombosis in sensitivity
analyses including CVT extension as outcome (n = 19) and
when not counting same site de novo CVT as outcome.

Furthermore, an additional analysis was performed compar-
ing CVT triggers and availability of appropriate INR checks
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across different race groups. In this analysis, Black race was
associated with a lower rate of expected follow-up with INR
checks when treated with warfarin (84.2% [64/76] vs 90.6%
[423/467], p = 0.091). In addition, Black race was associated
with decreased prevalence of factor V and/or prothrombin
mutation (3/102 [2.9%] vs 71/567 [12.5%], p = 0.003). The

Figure Kaplan-Meier Survival Analysis for Recurrent Ve-
nous Thrombosis Predictors: Black Race (A), History
of Venous Thrombosis (VTE) (B), and the Presence
of at Least 1 Antiphospholipid (APL) Antibody (C).

Non-Black Race is defined as a self-reported race of Asian, White, other, or
unknown.

Table 1 Differences in Baseline Characteristics and
Follow-up Duration Across Patients With or
Without Venous Thrombosis Recurrence

Recurrent
venous
thrombosis
(n = 61)

No recurrent
venous
thrombosis
(n = 886) p value

Age (mean ± SD) 45.69 ± 17.8 45.14 ± 16.63 0.802

Sex (% women) 36/61 (59.0%) 569/886 (64.2%) 0.413

Race

Asiana 1/60 (1.7%) 38/880 (4.3%) 0.507

Black 17/60 (28.3%) 129/880 (14.7%) 0.005

White 38/60 (63.3%) 617/880 (70.1%) 0.269

Othera 4/60 (6.7%) 96/880 (10.9%) 0.390

Ethnicity (% Hispanic)a 6/60 (10.0%) 89/879 (10.1%) 1.000

Body mass index
(mean ± SD)

30.36 ± 7.84 29.42 ± 7.64 0.364

History of VTE 15/61 (24.6%) 89/886 (10.0%) 0.000

Family history of VTEa 7/61 (11.5%) 91/879 (10.4%) 0.828

12 weeks postpartuma 0/60 (0.0%) 37/878 (4.2%) 0.163

Birth control use 11/60 (18.3%) 217/869 (25.0%) 0.248

Active smokinga 3/61 (4.9%) 123/880 (14.0%) 0.050

Clinical presentation

Headache 44/60 (73.3%) 676/885 (76.4%) 0.591

Focal deficit 26/61 (42.6%) 340/885 (38.4%) 0.514

Seizure 14/61 (23.0%) 210/885 (23.7%) 0.890

Encephalopathy or coma 22/61 (36.1%) 182/886 (20.5%) 0.004

Elevated hemoglobina 1/59 (1.7%) 53/868 (6.1%) 0.247

Elevated plateleta 1/59 (1.7%) 43/869 (4.9%) 0.355

Platelet count (mean SD) 230.59 ± 97.13 268.65 ± 101.84 0.006

One or more positive
APL antibody

12/50 (24.0%) 62/741 (8.4%) 0.000

Factor V and/or
prothrombin
mutationa

7/39 (17.9%) 67/635 (10.6%) 0.181

Imaging findings 35/61 (57.4%) 500/882 (56.7%) 0.916

Venous infarct 13/61 (21.3%) 249/882 (28.2%) 0.243

Cerebral edema 22/61 (36.1%) 270/882 (30.6%) 0.373

Intracranial hemorrhage 28/60 (46.7%) 342/882 (38.8%) 0.226

Duration of treatment
to imaging

181 (47–370) 178 (92–297) 0.592

Available follow-up
INR checks for
warfarin-treated
patientsa

34/41 (82.9%) 454/504 (90.1%) 0.179

Abbreviation: INR = international normalized ratio; VTE = venous
thromboembolism.
a Fisher exact test was performed.
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prevalence of other CVT-provoking factors was not signifi-
cantly different between Black vs non-Black race: being
within 12 weeks postpartum (4.9% [7/143] vs 3.8% [30/788],
p = 0.490), recent mastoiditis or sinusitis (8.2% [12/146]
vs 8.6% [68/794], p = 0.891), and recent head trauma (4.8%
[7/146] vs 9.1% [72/793], p = 0.104). Furthermore, the as-
sociation between Black race and recurrent venous thrombosis
persisted, and the effect size was unchanged after adjustment
for factor V and/or prothrombin mutation (adjusted HR 2.34,
95% CI 1.13–4.84, p = 0.022).

Discussion
This large, multicenter, international, retrospective, obser-
vational study found that among patients diagnosed with
CVT, Black race, history of VTE, and the presence of one or
more positive antiphospholipid antibodies were associated
with an increased risk of CVT recurrence. These factors were
associated with recurrent venous thrombosis in various
analyses and models: (1) only including recurrent venous
thrombosis events that occurred while on anticoagulation,
(2) considering CVT extension as recurrent venous
thrombosis outcome, and (3) excluding same site CVT re-
currence after complete recanalization from the recurrent
venous thrombosis outcome.

These findings contrast with observations from previous
studies. For instance, the ISCVT study showed that male sex
and polycythemia/thrombocythemia were the only in-
dependent predictors of VTE after CVT.11 Other multicenter
studies found an association between venous thrombosis re-
currence and history of VTE.13 A prospective study of 187
patients in France identified previous VTE, presence of cancer
or hematologic malignancies, and unknown CVT causes as
independent risk factors for CVT recurrence.2 Our study
differs from other studies by using contemporary real-world
data with different treatment strategies. For instance, in our
study, nearly 43% of patients were treated with direct oral
anticoagulants. Furthermore, prior large CVT cohorts such as
ISCVT were conducted in different patient cohorts which
may have led to differences in findings.11

The association between Black race and recurrent venous
thrombosis is noteworthy. Consistent with previous studies,25,26

our study found that Black race was associated with decreased
prevalence of Factor V Leiden and/or prothrombin mutation.
However, the association and effect size between Black race and
recurrent venous thrombosis remained unchanged even after
adjusting for Factor V Leiden and/or prothrombin mutation,
suggesting that this difference is not driving the increased risk of
recurrent venous thrombosis seen with Black race. The above
findings suggest that the association between Black race and
recurrent venous thrombosis is likely not the result of biological
differences between different races but rather the result of so-
cioeconomic inequities, structural racism, and disparities in ac-
cess to health care. These disparities have been shown to exist in

Table 2 Differences in Baseline Characteristics and
Follow-up Duration Across Patients With or
Without Venous Thrombosis Recurrence While
Taking Oral Anticoagulant

Recurrent
venous
thrombosis
(n = 32)

No recurrent
venous
thrombosis
(n = 813) p value

Age (mean ± SD) 42.25 ± 17.98 44.93 ± 16.21 0.362

Sex (% women) 20/32 (62.5%) 527/813 (64.8%) 0.787

Race

Asiana 1/31 (3.2%) 33/807 (4.1%) 1.000

Blacka 9/31 (29.0%) 114/807 (14.1%) 0.034

White 19/31 (61.3%) 581/807 (72.0%) 0.195

Othera 2/31 (6.5%) 79/807 (9.8%) 0.760

Ethnicity (% Hispanic)a 3/32 (9.4%) 79/805 (9.8%) 1.000

Body mass index
(mean ± SD)

31.44 ± 7.74 29.28 ± 7.52 0.111

History of VTEa 9/32 (28.1%) 83/813 (10.2%) 0.005

Family history of VTEa 4/32 (12.5%) 91/809 (11.2%) 0.776

12 weeks postpartuma 1/32 (3.1%) 27/804 (3.4%) 1.000

Birth control usea 9/32 (28.1%) 209/795 (26.3%) 0.838

Active smokinga 2/32 (6.3%) 109/809 (13.5%) 0.298

Clinical presentation

Headachea 25/31 (80.6%) 639/812 (78.7%) 1.000

Focal deficit 11/32 (34.4%) 311/812 (38.3%) 0.654

Seizurea 7/32 (21.9%) 192/812 (23.6%) 1.000

Encephalopathy or
comaa

9/32 (28.1%) 157/813 (19.3%) 0.254

Elevated hemoglobina 1/31 (3.2%) 47/796 (5.9%) 1.000

Elevated plateleta 1/31 (3.2%) 37/796 (4.6%) 1.000

Platelet count
(mean SD)

249.1 ± 107.55 268.93 ± 100.39 0.282

One or more positive
APL antibodya

8/29 (27.6%) 62/692 (9.0%) 0.004

Factor V and/or
prothrombin mutationa

2/22 (9.1%) 69/602 (11.5%) 1.000

Imaging findings 15/32 (46.9%) 446/809 (55.1%) 0.357

Venous infarcta 6/32 (18.8%) 226/809 (27.9%) 0.316

Cerebral edemaa 8/32 (25.0%) 244/809 (30.2%) 0.694

Intracranial
hemorrhage

11/32 (34.4%) 303/808 (37.5%) 0.720

Available follow-up
INR checks for warfarin-
treated patients

21/26 (80.8%) 467/519 (90.0%) 0.666

Abbreviations: INR = international normalized ratio; VTE = venous
thromboembolism.
a Fisher exact test was performed.
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several aspects of stroke care,27 and this study shows that they
may also exist in patients with CVT. For instance, in our study,
Black race was associated with nonsignificantly lower rates of
available follow-up INR checks when treated with warfarin, likely
a reflection of access to care disparity and decreased availability of
health care resources to Black race. Thus, tremendous efforts on
multiple levels are needed to address these disparities.28 Al-
though our analysis demonstrates that the social construct of
race is associated with differences in venous thrombosis re-
current, we cannot disambiguate the contribution of any specific
social and/or structural factors driving racial differences in ve-
nous thrombosis recurrence.

The associations between a history of VTE and the presence of
one or more antiphospholipid antibodies and recurrent venous
thrombosis are likely because of several reasons. Both factors point
to an intrinsic hypercoagulability, either because of a genetic
predisposition (in patients with a history of VTE) or acquired
(antiphospholipid antibodies), which may increase the likelihood
of recurrence, even in anticoagulated patients. Current oral anti-
coagulants are imperfect. Warfarin, for instance, is limited by
fluctuations of anticoagulation levels with a time to therapeutic
range ranging between 55%-65% in clinical trials and real-world
data.8-10,29 Furthermore, although DOACs may be effective for
CVT treatment in general,15 they have not been extensively
studied in patients who have intrinsic hypercoagulability. In fact, in
patients with antiphospholipid antibody syndrome, the rivarox-
aban in antiphospholipid syndrome (RAPS) trial showed that
rivaroxaban is not noninferior to warfarin and the Trial of Rivar-
oxaban in Antiphospholipid Syndrome trial found rivaroxaban to
be harmful in triple positive cases.30,31 Thus, in acute patients with
CVT with positive antiphospholipid antibodies on initial evalua-
tion, it may be reasonable to use warfarin pending confirmation of
diagnosis on repeat antibody testing 12 weeks later.32-34 In addi-
tion, patients with prior VTE may require a more comprehensive
diagnostic evaluation, including genetic testing and malignancy
screening particularly if the prior VTE was recent. This is im-
portant because in addition to treatment of the underlying cancer,
low molecular weight heparin or DOAC are preferred options in
patients with VTE in the setting of active cancer.35-37 Other
measures to reduce clotting tendency such as adequate oral hy-
dration and avoidance of medications with increased thrombosis
risk such a hormonal contraception should also be considered.
Furthermore, close follow-up of patients with herein identified
that risk factors may improvemedication adherence and adequate
anticoagulation levels.

Our study has several limitations inherent to its retrospective and
observational design. First, approximately 16% of patients were
lost to follow-up within 90 days. Nevertheless, we performed
survival analyses, and patients were included and censored at the
time of lost to follow-up. Furthermore, important variables and
recurrent venous thrombosis predictors in our study and pre-
vious studies were similar between patients with vs without 90
days follow-up. Second, similar to previous studies, we observed
an overall low recurrence rate of venous thrombosis,2,13,15 which
may have left our analysis underpowered to identify possible

other predictors. Third, we did not have data on several factors
including self-reported sex, certain diagnosis such as poly-
cythemia vera and essential thrombosis, and the time in thera-
peutic range for patients treated with warfarin or medication
adherence rates. These factors require further investigation in
future studies. That said, polycythemia vera and essential
thrombosis, which have been shown to predict VTE recurrence
in one study,11 are very rare causes of CVT, and in our study,
however, neither increased platelet count nor increased hemo-
globin was associated with increased risk of recurrent venous
thrombosis. Fourth, because not all patients had all anti-
phospholipid antibodies checked and testing was performed in
the acute setting, it is possible that patients may have been
labeled as falsely negative and others may have been falsely
positive. This would however bias the results toward accepting
the null hypothesis and is unlikely to affect the results of our
study. Fifth, our data set does not capture the number of positive
antibodies which may be important given that in triple positive
antiphospholipid antibodies, warfarin may be superior to
DOACs.30,31 Sixth, some patients may have been classified as
CVT extension when their CVTmay have been a de novo CVT
if they had complete recanalization that was not captured on an
imaging study after occurrence and before extension. These
cases are extremely rare because it would be highly improbable
that a patient with a known CVT at a certain location and
extension at the same site on follow-up imaging to have had
complete recanalization between the 2 scans. Finally, ACTION-
CVT excluded patients with CVT in the setting of pregnancy,
antiphospholipid antibody syndrome, and active cancer to re-
duce the risk of treatment by indication bias. Thus, our findings
may not be generalizable to the CVT population in general,
particularly some of these conditions confer a high risk of re-
current VTE. Therefore, future studies including patients with
such conditions are needed to confirm our findings.

Black race, history of VTE, and the presence of one or more
antiphospholipid antibodies are associated with recurrent
venous thrombosis and breakthrough recurrent venous
thrombosis among patients with CVT on anticoagulation
therapy. Future studies are needed to validate our findings to
better understand mechanisms and treatment strategies in
patients with CVT and anticoagulation failure.
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editor was José Merino, MD, MPhil, FAAN.

Appendix Authors

Name Location Contribution

Liqi Shu, MD Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Analysis or
interpretation of data

Ekaterina
Bakradze, MD

Department of
Neurology, University of
Alabama at Birmingham

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Setareh Salehi
Omran, MD

Department of
Neurology, University of
Colorado School of
Medicine, Aurora

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

James Giles,
MD

Department of
Neurology, Washington
University, Saint Louis,
MO

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Jordan Amar,
MD

Department of
Neurology, Washington
University, Saint Louis,
MO

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Nils
Henninger,
MD

Department of Neurology,
University of
Massachusetts;
Department of Psychiatry,
University of
Massachusetts, Worcester

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Marwa
elnazeir, MD

Department of
Neurology, University of
Massachusetts,
Worcester

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Ava
Liberman, MD

Department of
Neurology, Weill Cornell
Medical Center, New
York, NY

Drafting/revision of the
manuscript for content, including
medicalwriting for content;Major
role in the acquisition of data

Khadean
Moncrieffe,
BS

Department of
Neurology, Montefiore
Medical Center, New
York

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Jenny Rotblat,
MD

Department of
Neurology, Montefiore
Medical Center, New
York

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Appendix (continued)

Name Location Contribution

Richa Sharma,
M.D., M.P.H.

Department of
Neurology, Yale
University, New Haven,
CT

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Yee Cheng,
MD

Department of
Neurology, Yale
University, New Haven,
CT

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Adeel S
Zubair, MD

Department of
Neurology, Yale
University, New Haven,
CT

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Alexis
Simpkins, MD

Department of
Neurology, University of
Florida, Gainesville

Drafting/revision of the
manuscript for content, including
medical writing for content;Major
role in the acquisition of data

Grace Li, MD Department of
Neurology, University of
Florida, Gainesville

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Justin Kung Department of
Neurology, University of
Florida, Gainesville

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Dezaray
Perez, MD

Department of
Neurology, University of
Florida, Gainesville

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Mirjam R
Heldner, MD
MSc

Department of
Neurology, Inselspital,
University Hospital Bern,
University of Bern, Bern,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Adrian
Scutelnic, MD

Department of
Neurology, Inselspital,
University Hospital Bern,
University of Bern, Bern,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Rascha von
Martial, md

Department of
Neurology, Inselspital,
University Hospital Bern,
University of Bern, Bern,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Bernhard
Siepen, MD

Department of
Neurology, Inselspital,
University Hospital Bern,
University of Bern, Bern,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Aaron
Rothstein, MD

Department of
Neurology, University of
Pennsylvania,
Philadelphia

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Ossama
Khazaal, MD

Department of
Neurology, University of
Pennsylvania,
Philadelphia

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

e2374 Neurology | Volume 99, Number 21 | November 22, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000201122
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000201122
http://neurology.org/n


Appendix (continued)

Name Location Contribution

David Do, MD Department of
Neurology, University of
Pennsylvania,
Philadelphia

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

SamiAl Kasab,
MD

Department of
Neurology, Medical
University of South
Carolina; Department of
Neurosurgery, Medical
University of South
Carolina, Charleston

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Line Abdul
Rahman, MD

Department of
Neurology, Medical
University of South
Carolina, Charleston

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Eva A. Mistry,
MD

University of Cincinnati,
Department of
Neurology and
Rehabilitation Medicine

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Deborah
Kerrigan, MD

Department of
Neurology, Vanderbilt
University, Nashville, TN

Drafting/revision of the
manuscript for content, including
medicalwriting for content;Major
role in the acquisition of data

Hayden
Lafever

Department of
Neurology, Vanderbilt
University, Nashville, TN

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Thanh N.
Nguyen, MD,
FRCPC

Department of
Neurology, Boston
University School of
Medicine, MA

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Piers Klein Department of
Neurology, Boston
University School of
Medicine, MA

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Hugo J.
Aparicio, MD,
MPH

Department of
Neurology, Boston
University School of
Medicine, MA

Drafting/revision of the
manuscript for content, including
medicalwriting for content;Major
role in the acquisition of data

Jennifer A.
Frontera, MD

Department of
Neurology, New York
University, New York

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Lindsey
Kuohn, BS

Department of
Neurology, New York
University, New York

Drafting/revision of the
manuscript for content, including
medicalwriting for content;Major
role in the acquisition of data

Shashank
Agarwal, MD

Department of
Neurology, New York
University, New York

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Christoph
Stretz, MD

Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Appendix (continued)

Name Location Contribution

Narendra
Kala, MD

Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Sleiman
ElJamal, MD

Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Allison Chang Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Shawna
Cutting, MD

Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Fransisca
Indraswari,
MD

Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Adam de
Havenon, MD

Department of
Neurology, Yale
University, New Haven,
CT

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Varsha
Muddasani,
MD

Department of
Neurology, University of
Utah, Salt Lake City, UT

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

TeddyWu, MD Department of
Neurology, Christchurch
hospital, Christchurch,
New Zealand

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Duncan
Wilson, PhD

Department of
Neurology, Christchurch
hospital, Christchurch,
New Zealand

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Amre Nouh,
MD

Department of
Neurology, Hartford
Hospital, Hartford, CT

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Daniyal Asad,
MD

Department of
Neurology, Hartford
Hospital, Hartford, CT

Drafting/revision of the
manuscript for content, including
medicalwriting for content;Major
role in the acquisition of data

Abid Qureshi,
MD

Department of
Neurology, University of
Kansas, Kansas City

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Justin Moore,
MD

Department of
Neurology, University of
Kansas, Kansas City

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Continued

Neurology.org/N Neurology | Volume 99, Number 21 | November 22, 2022 e2375

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


Appendix (continued)

Name Location Contribution

Pooja Khatri,
MD

University of Cincinnati,
Department of
Neurology and
Rehabilitation Medicine

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Yasmin Aziz,
MD

University of Cincinnati,
Department of
Neurology and
Rehabilitation Medicine

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Bryce
Casteigne, MD

University of Cincinnati,
Department of
Neurology and
Rehabilitation Medicine

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Muhib Khan,
MD

Department of
Neurology, Spectrum
Health, Michigan State
University, Grand Rapids,
MI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Yao Cheng,
MD

Department of
Neurology, Spectrum
Health, Michigan State
University, Grand Rapids,
MI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Brian Mac
Grory, MD

Department of
Neurology, Duke
University, Durham, NC

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Martin Weiss,
MD

Department of
Neurology, Duke
University, Durham, NC

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Dylan Ryan,
MD

Department of
Neurology, Duke
University, Durham, NC

Drafting/revision of the
manuscript for content, including
medicalwriting for content;Major
role in the acquisition of data

Maria Cristina
Vedovati, MD

Department of Medicine
and Surgery, University
of Perugia, Perugia, Italy,
University of Perugia,
Perugia, Italy

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Maurizio
Paciaroni, MD

Neurology – Stroke Unit,
IRCCS MultiMedica,
Milano, Italy

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

James Siegler,
MD

Cooper Neurologic
Institute, Cooper
University, Camden, NJ

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Scott Kamen,
MD

Cooper Neurologic
Institute, Cooper
University, Camden, NJ

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Siyuan Yu, MD Cooper Neurologic
Institute, Cooper
University, Camden, NJ

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Appendix (continued)

Name Location Contribution

Christopher
Leon
Guerrero, MD

Department of
Neurology, George
Washington University,
District of Columbia

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Eugenie
Atallah, MD

Department of
Neurology, George
Washington University,
District of Columbia

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Gian Marco
De Marchis,
MD

Department of
Neurology, University
Hospital Basel and
University of Basel,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Alex Brehm,
MD

Department of
interventional and
diagnostic Neuroradiology,
Clinic of Radiology and
Nuclear Medicine,
University Hospital Basel
and University of Basel,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Tolga Dittrich,
MD

Department of
Neurology, University
Hospital Basel and
University of Basel,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Marios
Psychogios,
MD

Department of
interventional and
diagnostic Neuroradiology,
Clinic of Radiology and
Nuclear Medicine,
University Hospital Basel
and University of Basel,
Switzerland

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Ronald
Alvarado-
Dyer, MD

Department of
Neurology, University of
Chicago, IL

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Tareq Kass-
Hout, MD

Department of
Neurology, University of
Chicago, Chicago, IL

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Shyam
Prabhakaran,
MD

Department of
Neurology, University of
Chicago, Chicago, IL

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

Tristan
Honda, MD

Department of
Neurology, University of
California at Los Angeles

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

David
Liebeskind,
MD

Department of
Neurology, University of
California at Los Angeles

Drafting/revision of the
manuscript for content, including
medical writing for content;Major
role in the acquisition of data

Karen Furie,
MD

Department of
Neurology, Brown
University, Providence, RI

Drafting/revision of the
manuscript for content,
including medical writing for
content; Major role in the
acquisition of data

e2376 Neurology | Volume 99, Number 21 | November 22, 2022 Neurology.org/N

Copyright © 2022 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


References
1. Bousser MG, Ferro JM. Cerebral venous thrombosis: an update. Lancet Neurol. 2007;

6(2):162-170. doi: 10.1016/s1474-4422(07)70029-7
2. Palazzo P, Agius P, Ingrand P, et al. Venous thrombotic recurrence after cerebral

venous thrombosis: a long-term follow-up study. Stroke. 2017;48(2):321-326. doi:
10.1161/strokeaha.116.015294

3. Devasagayam S, Wyatt B, Leyden J, Kleinig T. Cerebral venous sinus thrombosis
incidence is higher than previously thought: a retrospective population-based study.
Stroke. 2016;47(9):2180-2182. doi: 10.1161/strokeaha.116.013617

4. Otite FO, Patel S, Sharma R, et al. Trends in incidence and epidemiologic charac-
teristics of cerebral venous thrombosis in the United States. Neurology. 2020;95(16):
e2200-e2213. doi: 10.1212/wnl.0000000000010598

5. Coutinho JM,Zuurbier SM,AramidehM, StamJ.The incidenceof cerebral venous thrombosis:
a cross-sectional study. Stroke. 2012;43(12):3375-3377. doi: 10.1161/strokeaha.112.671453

6. Stam J. Thrombosis of the cerebral veins and sinuses. N Engl J Med. 2005;352(7):
1791-1798. doi: 10.1056/NEJMra042354

7. Saposnik G, Barinagarrementeria F, Brown RD Jr., et al. Diagnosis and management
of cerebral venous thrombosis: a statement for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke. 2011;42(4):
1158-1192. doi: 10.1161/STR.0b013e31820a8364

8. Bauersachs R, Berkowitz SD, Brenner B, et al. Oral rivaroxaban for symptomatic venous
thromboembolism. N Engl J Med. 2010;363(26):2499-2510. doi: 10.1056/NEJMoa1007903

9. Agnelli G, Buller HR, Cohen A, et al. Oral apixaban for the treatment of acute venous
thromboembolism. N Engl J Med. 2013;369(9):799-808. doi: 10.1056/NEJMoa1302507

10. Schulman S, Kearon C, Kakkar AK, et al. Dabigatran versus warfarin in the treatment
of acute venous thromboembolism. N Engl J Med. 2009;361(24):2342-2352. doi:
10.1056/NEJMoa0906598

11. Miranda B, Ferro JM, Canhão P, et al. Venous thromboembolic events after cerebral
vein thrombosis. Stroke. 2010;41(9):1901-1906. doi: 10.1161/strokeaha.110.581223

12. Ferro JM, Canhao P, Stam J, Bousser MG, Barinagarrementeria F, Investigators I.
Prognosis of cerebral vein and dural sinus thrombosis: results of the international
study on cerebral vein and dural sinus thrombosis (ISCVT). Stroke. 2004;35(3):
664-670. doi: 10.1161/01.STR.0000117571.76197.26

13. Dentali F, Poli D, Scoditti U, et al. Long-term outcomes of patients with cerebral vein
thrombosis: a multicenter study. J Thromb Haemost. 2012;10(7):1297-1302. doi:
10.1111/j.1538-7836.2012.04774.x

14. Martinelli I, Bucciarelli P, Passamonti SM, Battaglioli T, Previtali E,Mannucci PM. Long-
term evaluation of the risk of recurrence after cerebral sinus-venous thrombosis. Circu-
lation. 2010;121(25):2740-2746. doi: 10.1161/CIRCULATIONAHA.109.927046

15. Ferro JM,Coutinho JM,Dentali F, et al. Safety and efficacy of dabigatran etexilate vs dose-
adjusted warfarin in patients with cerebral venous thrombosis: a randomized clinical trial.
JAMA Neurol. 2019;76(12):1457-1465. doi: 10.1001/jamaneurol.2019.2764

16. Gardener H, Sacco RL, Rundek T, Battistella V, Cheung YK, Elkind MSV. Race and
ethnic disparities in stroke incidence in the northern manhattan study. Stroke. 2020;
51(4):1064-1069. doi: 10.1161/STROKEAHA.119.028806

17. Levine DA, Duncan PW,Nguyen-HuynhMN, Ogedegbe OG. Interventions targeting
racial/ethnic disparities in stroke prevention and treatment. Stroke. 2020;51(11):
3425-3432. doi: 10.1161/STROKEAHA.120.030427

18. Burke JF, Feng C, Skolarus LE. Divergent poststroke outcomes for black patients:
lower mortality, but greater disability. Neurology. 2019;93(18):e1664-e1674. doi:
10.1212/WNL.0000000000008391

19. Jones EM, Okpala M, Zhang X, et al. Racial disparities in post-stroke functional
outcomes in young patients with ischemic stroke. J Stroke Cerebrovasc Dis. 2020;
29(8):104987. doi: 10.1016/j.jstrokecerebrovasdis.2020.104987

20. Camargo EC, Massaro AR, Bacheschi LA, et al. Ethnic differences in cerebral venous
thrombosis. Cerebrovasc Dis. 2005;19(3):147-151. doi: 10.1159/000083247

21. Yaghi S, Shu L, Bakradze E, et al. Direct oral anticoagulants versus warfarin in the
treatment of cerebral venous thrombosis (ACTION-CVT): a multicenter international
study. Stroke. 2022;53(3):728-738.

22. Liberman AL, Kamel H, Mullen MT, Messé SR. International classification of
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