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IMPORTANCE Thrombosis with thrombocytopenia syndrome (TTS) has been reported after
vaccination with the SARS-CoV-2 vaccines ChAdOx1 nCov-19 (Oxford–AstraZeneca) and
Ad26.COV2.S (Janssen/Johnson & Johnson).

OBJECTIVE To describe the clinical characteristics and outcome of patients with cerebral
venous sinus thrombosis (CVST) after SARS-CoV-2 vaccination with and without TTS.

DESIGN, SETTING, AND PARTICIPANTS This cohort study used data from an international
registry of consecutive patients with CVST within 28 days of SARS-CoV-2 vaccination
included between March 29 and June 18, 2021, from 81 hospitals in 19 countries.
For reference, data from patients with CVST between 2015 and 2018 were derived from an
existing international registry. Clinical characteristics and mortality rate were described for
adults with (1) CVST in the setting of SARS-CoV-2 vaccine–induced immune thrombotic
thrombocytopenia, (2) CVST after SARS-CoV-2 vaccination not fulling criteria for TTS,
and (3) CVST unrelated to SARS-CoV-2 vaccination.

EXPOSURES Patients were classified as having TTS if they had new-onset thrombocytopenia
without recent exposure to heparin, in accordance with the Brighton Collaboration
interim criteria.

MAIN OUTCOMES AND MEASURES Clinical characteristics and mortality rate.

RESULTS Of 116 patients with postvaccination CVST, 78 (67.2%) had TTS, of whom 76 had
been vaccinated with ChAdOx1 nCov-19; 38 (32.8%) had no indication of TTS. The control
group included 207 patients with CVST before the COVID-19 pandemic. A total of 63 of 78
(81%), 30 of 38 (79%), and 145 of 207 (70.0%) patients, respectively, were female,
and the mean (SD) age was 45 (14), 55 (20), and 42 (16) years, respectively. Concomitant
thromboembolism occurred in 25 of 70 patients (36%) in the TTS group, 2 of 35 (6%) in the
no TTS group, and 10 of 206 (4.9%) in the control group, and in-hospital mortality rates were
47% (36 of 76; 95% CI, 37-58), 5% (2 of 37; 95% CI, 1-18), and 3.9% (8 of 207; 95% CI,
2.0-7.4), respectively. The mortality rate was 61% (14 of 23) among patients in the TTS group
diagnosed before the condition garnered attention in the scientific community and 42%
(22 of 53) among patients diagnosed later.

CONCLUSIONS AND RELEVANCE In this cohort study of patients with CVST, a distinct clinical
profile and high mortality rate was observed in patients meeting criteria for TTS after
SARS-CoV-2 vaccination.

JAMA Neurol. 2021;78(11):1314-1323. doi:10.1001/jamaneurol.2021.3619
Published online September 28, 2021.

Supplemental content

Author Affiliations: Author
affiliations are listed at the end of this
article.

Group Information: The Cerebral
Venous Sinus Thrombosis With
Thrombocytopenia Syndrome Study
Group members appear at the end of
the article.

Corresponding Author: Jonathan M.
Coutinho, MD, PhD, Department of
Neurology, Amsterdam University
Medical Center, Location AMC,
Meibergdreef 9, 1105 AZ Amsterdam,
the Netherlands (j.coutinho@
amsterdamumc.nl).

Research

JAMA Neurology | Original Investigation

1314 (Reprinted) jamaneurology.com

© 2021 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 07/19/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaneurol.2021.3619?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.3619
https://jamanetwork.com/journals/neu/fullarticle/10.1001/jamaneurol.2021.3619?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.3619
mailto:j.coutinho@amsterdamumc.nl
mailto:j.coutinho@amsterdamumc.nl
http://www.jamaneurology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaneurol.2021.3619


R eports of cerebral venous sinus thrombosis (CVST)
and other thromboses at unusual sites in combina-
tion with thrombocytopenia occurring within 4 to 28

days of vaccination with the SARS-CoV-2 vaccines ChAdOx1
nCov-19 (Oxford–AstraZeneca) and Ad26.COV2.S (Janssen/
Johnson & Johnson) have prompted several countries to
restrict the use of these vaccines, especially in younger
patients.1-5 The similarities between the clinical syndrome
reported in these patients and spontaneous heparin-induced
thrombocytopenia6 led investigators to the identification of
circulating platelet-activating platelet factor 4 (PF4) antibod-
ies in many of these patients. The condition has been named
vaccine-induced immune thrombotic thrombocytopenia.1 To
identify cases and promote research aimed at confirming
whether this condition is indeed linked to vaccination, the
Brighton Collaboration has proposed a definition of throm-
bosis with thrombocytopenia syndrome (TTS), which relies
on evidence of thrombosis and new-onset thrombocytope-
nia without known recent exposure to heparin.7

To gain better insight into the clinical characteristics and
outcomes of patients with CVST with TTS (CVST-TTS), we ini-
tiated an international registry of patients with CVST after
SARS-CoV-2 vaccination. We hypothesized that patients with
CVST-TTS would have distinct clinical features and a worse
prognosis, while patients with postvaccination CVST with-
out TTS would have a clinical profile resembling that of pa-
tients with CVST prior to the COVID-19 pandemic.

Methods
Patient Selection
We report results of a registry-based study on adult patients
diagnosed with CVST after vaccination with any SARS-CoV-2
vaccine. Patients with CVST with symptom onset within 28
days of SARS-CoV-2 vaccination were included. Through
the existing International Cerebral Venous Thrombosis
Consortium,8,9 we asked physicians to disseminate this
research initiative within national and international stroke
care networks. The study was endorsed by the European
Academy of Neurology and European Stroke Organisation.
Participating investigators were requested to report con-
secutive patients with postvaccination CVST from their hos-
pital. The ethical review committee of the Amsterdam UMC
gave a waiver of formal approval for this observational
study. Each center was responsible for obtaining adequate
permission from local authorities for study participation and
for acquiring informed consent for the use of pseudony-
mized care data if required by national law and hospital
regulation. We collected data from a total of 81 hospitals in
19 countries. Data were collected from March 29 to June 18,
2021, and included both prospectively and retrospectively
enrolled patients. All included patients were diagnosed with
CVST between January 30 and June 14, 2021.

In accordance with the Brighton Collaboration level 1 in-
terim case definition of TTS (version 10.16.2; May 18, 2021),7

patients with CVST after SARS-CoV-2 vaccination were clas-
sified as having TTS if they met all of the following criteria:

(1) confirmed thrombosis, (2) new-onset thrombocytopenia,
and (3) no known recent exposure to heparin. We refer to the
group of patients classified as having TTS as the TTS group
and patients with CVST after SARS-CoV-2 vaccination who
were classified as not having TTS as the no TTS group.

The control group consisted of adult patients diagnosed
with CVST prior to the COVID-19 pandemic who were in-
cluded in the International Cerebral Venous Thrombosis
Consortium registry between January 2, 2015, and February
24, 2018, from 6 hospitals in Finland, the Netherlands,
Switzerland, Mexico, Iran, and Costa Rica. All these centers are
tertiary hospitals with experience in the management of pa-
tients with CVST. Each hospital had permission from their ethi-
cal review board for the collection of observational data and
obtained written informed consent for the use of pseudony-
mized care data if required under applicable national laws. This
study followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) reporting guideline.

Data Collection and Definitions
A standardized case report form was used to collect detailed
information on demographic characteristics, CVST risk fac-
tors, clinical manifestations, laboratory and imaging charac-
teristics, treatment, and outcome in both the post–SARS-
CoV-2 vaccination and control groups. Vaccination details were
collected for the post–SARS-CoV-2 vaccination CVST group. In
both groups, CVST had to be confirmed with computed to-
mography venography, magnetic resonance imaging, mag-
netic resonance venography, catheter angiography, or au-
topsy, in accordance with international guidelines.10,11 Patients’
sex and, for the post–SARS-CoV-2 vaccination registry, race
were reported in the case report form by the local investiga-
tor. The race of the participants was observed by investiga-
tors. CVST risk factors included oral contraceptive use, hor-
mone therapy use, pregnancy, recent delivery (up to 12 weeks
prior to CVST diagnosis), cancer, concomitant infection, pre-
vious thromboembolism, and known thrombophilia.

Thrombocytopenia was defined as a platelet count of less
than 150 × 103/μL (to convert to ×109 per liter, multiply by 1)
and was further categorized into mild (100 to 150 × 103/μL),

Key Points
Question What are the clinical characteristics and outcomes of
patients with cerebral venous sinus thrombosis with
thrombocytopenia syndrome after SARS-CoV-2 vaccination?

Findings In this cohort study of 116 patients with cerebral venous
sinus thrombosis after SARS-CoV-2 vaccination, 78 (67.2%) had
thrombosis with thrombocytopenia syndrome. Patients with
thrombosis with thrombocytopenia syndrome were frequently
comatose at presentation (24%) and often had intracerebral
hemorrhage (68%) and concomitant thromboembolism (36%),
and 47% died during hospitalization.

Meaning Patients with cerebral venous sinus thrombosis after
SARS-CoV-2 vaccination who met criteria for thrombosis with
thrombocytopenia syndrome had a distinct clinical profile and
high mortality rate.
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moderate (50 to 100 × 103/μL), or severe (less than
50 × 103/μL).12 Intracerebral hemorrhage was defined as
hemorrhagic infarction or intracerebral hematoma. Func-
tional outcome at hospital discharge among patients after
SARS-CoV-2 vaccination was assessed using the modified
Rankin Scale.13

Statistical Analysis
We did not perform an a priori power calculation but used data
of all patients included in the study up to June 18, 2021. For
the primary analysis, we used descriptive statistics to de-
scribe characteristics of the 3 groups (TTS, no TTS, and con-
trol). The number of missing values for each variable is re-
ported. In exploratory secondary analyses, we calculated
95% CIs using the Wilson method for the frequencies of con-
comitant venous thromboembolism, new major bleeding dur-
ing admission, and mortality at hospital discharge in each of
the 3 groups. To compare mortality at hospital discharge be-
tween patients in the TTS group and the control group, we cal-
culated unadjusted and age- and sex-adjusted odds ratios
(ORs) with 95% CIs using logistic regression. For this specific
analysis, we excluded patients in the TTS group who were still
admitted to the hospital at the time of analysis. Data on age,
sex, and mortality at discharge were otherwise complete in
both groups, and age had a linear association with log
(odds[mortality]). In a descriptive secondary analysis,
we report treatment details and outcome of patients with
CVST-TTS diagnosed before and after March 19, 2021, which
is the date when the scientific community first became
aware of this new syndrome and suggestions for treatment
were circulated.

Results
Of 123 reported patients with CVST after SARS-CoV-2 vaccina-
tion, 7 were excluded: 3 patients were reported in duplicate, 2
had CVST symptom onset more than 28 days after vaccina-
tion, and 2 had CVST symptom onset prior to vaccination

(Figure). Thus, we included 116 patients with postvaccination
CVST, diagnosed between January 30 and June 14, 2021. In total,
96 patients (82.8%) were vaccinated with ChAdOx1 nCov-19,
16 (13.8%) with BNT162b2 (Pfizer/BioNTech), 2 (1.7%) with Coro-
naVac (Sinovac), 1 (0.9%) with Ad26.COV2.S, and 1 (0.9%) with
mRNA-1273 (Moderna). The pre–COVID-19 control group
consisted of 207 patients. The distribution of patients per coun-
try is provided in eTables 1 and 2 in the Supplement.

Among the 116 patients with CVST after SARS-CoV-2 vac-
cination, 78 (67.2%) met the Brighton criteria for TTS. In the
control group, 2 patients (1.0%) had new-onset thrombocyto-
penia without recent exposure to heparin and would there-
fore have met criteria for TTS. In both of these patients,
thrombocytopenia was due to infection.

Of the 78 patients with TTS after SARS-CoV-2 vaccina-
tion, 76 (97%) had received ChAdOx1 nCov-19, 1 (1%) had
received Ad26.COV2.S, and 1 (1%) had received BNT162b2.
One patient developed CVST-TTS after the second ChAdOx1
nCov-19 vaccination. The patient who had received
BNT162b2 presented with mild thrombocytopenia (platelet
count of 148 × 103/μL) and had an alternative explanation
for the thrombocytopenia (cyclosporine use). Two patients
who received ChAdOx1 nCov-19 also had an alternative
explanation for the thrombocytopenia (suspected Behçet
disease [baseline platelet count of 90 × 103/μL] and sus-
pected antiphospholipid antibody syndrome [baseline
platelet count of 47 × 103/μL]).

The median (IQR) time from vaccination to CVST symp-
tom onset was 9 (7-10) days in the TTS group and 7 (3-16) days
in the no TTS group (Table 1). The median (IQR) platelet count
at hospital admission among patients with postvaccination
CVST-TTS was 45 (25-71) ×103/μL. A total of 3 of 78 patients (4%)
presented with a normal platelet count and developed throm-
bocytopenia during admission, 2 (3%) presented with mild
thrombocytopenia, 30 (38%) with moderate thrombocyto-
penia, and 43 (55%) with severe thrombocytopenia. Details on
the 5 patients with CVST-TTS with normal or mildly de-
creased platelet count at presentation are provided in eTable 3
in the Supplement. The median (IQR) platelet count nadir in

Figure. Flowchart of Patient Selection

123 Reported cases of CVST after
SARS-CoV-2 vaccination diagnosed
between January 30 and June 14, 2021

116 Patients with CVST after SARS-CoV-2
vaccination included

7 Excluded
3 Duplicate cases
2 Had CVST onset >28 d

after vaccination
2 Had CVST onset prior

to vaccination

38 With no TTS

1 Received mRNA-1273

20 Received ChAdOx1 nCov-19
15 Received BNT162b2
2 Received CoronaVac

207 Cases of pre–COVID-19
CVST included in the ICVTC
registry diagnosed between
January 1, 2015, and
March 30, 2018

207 Control patients included78 With TTS

1 Received BNT162b2

76 Received ChAdOx1 nCov-19
1 Received Ad26.COV2.S

CVST indicates cerebral venous sinus
thrombosis; ICVTC, International
Cerebral Venous Thrombosis
Consortium; TTS, thrombosis with
thrombocytopenia syndrome.
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the TTS group was 30 (14-53) ×103/μL. PF4 antibodies were
measured in 69 patients with TTS, of whom 63 (91%) tested
positive (62 of 67 [93%] after ChAdOx1 nCov-19; 1 of 1 after
Ad26.COV2.S; and 0 of 1 after BNT162b2). Of the 6 patients with
negative PF4 antibody test findings, 3 were tested with an
enzyme-linked immunosorbent assay (ELISA) and 3 with a
rapid test. Findings of platelet activation assays were posi-
tive in all 36 tested patients (35 after ChAdOx1 nCov-19 and 1
after Ad26.COV2.S).

Baseline characteristics for those in the TTS, no TTS, and
control groups are provided in Table 2. In the TTS, no TTS,
and control groups, a conventional CVST risk factor was
identified in 19 (24%), 16 (42%), and 110 (64.0%) patients,
respectively. One patient in the TTS group and 1 in the no
TTS group developed a COVID-19 infection after vaccination.
In the TTS group, 7 patients (9%) presented with petechiae,
2 (3%) with purpura, and 4 (5%) with mucosal bleeding.
Intracerebral hemorrhage at baseline was present in 53
patients (68%) in the TTS group.

Anticoagulant treatment was initiated in 67 patients with
TTS (86%) (Table 3). Heparin treatment was initiated in 30 pa-
tients (38%) in the TTS group and 32 (84%) in the no TTS
group, while nonheparin anticoagulants were started in 37
(47%) in the TTS group and in 6 (16%) in the no TTS group
(eTable 4 in the Supplement). In the TTS group, 52 patients
(67%) received immunomodulation therapy, most often in-
travenous immunoglobulins (47 [60%]). Of the patients with
TTS, 60 (81%) were admitted to the intensive care unit, 16 (21%)
underwent endovascular treatment, and 23 (30%) decompres-
sive hemicraniectomy, compared with 8 (21%), 1 (3%), and 1
(3%), respectively, in the no TTS group, and 32 (17.9%), 1 (0.5%),
and 10 (4.8%) in the control group.

A total of 25 patients (36%; 95% CI, 26-47) in the TTS
group, 2 (6%; 95% CI, 2-19) in the no TTS group, and 10
(4.9%; 95% CI, 2.7-8.7) in the control group had concomitant
thromboembolism in addition to CVST (Table 3). A new
major bleeding complication during hospital admission
occurred in 9 patients (12%; 95% CI, 6-21) in the TTS group, 3
(8%; 95% CI, 2-21) in the no TTS group, and 9 (4.4%; 95% CI,
2.3-8.1) in the control group. At the time of analysis, 76
patients (97%) in the TTS group and 37 (97%) in the no TTS
group had been discharged from the hospital or had died.
In-hospital mortality was 47% (36 of 76; 95% CI, 37-58) in
the TTS group and 3.9% (8 of 207; 95% CI, 2.0-7.4) in the
control group (unadjusted OR, 22; 95% CI, 10-52; age- and
sex-adjusted OR, 46; 95% CI, 15-147). In-hospital mortality
rate in the no TTS group was 5% (2 of 37; 95% CI, 1-18). All
deaths in the TTS group were due to brain herniation. Within
the TTS group, the mortality rate among patients receiving
heparin as the first anticoagulant treatment was 41% (12 of
29). The mortality rate in patients with CVST-TTS treated
with intravenous immunoglobulins was 28% (13 of 46). The
median (IQR) time from hospital admission to death was 2
(1-4) days. The full range of the modified Rankin Scale scores
at discharge among patients in the TTS and no TTS groups
are depicted in the eFigure in the Supplement.

Prior to March 19, 2021, when the scientific community
first became aware of this new syndrome, 8 of 23 patients

with CVST-TTS (35%) were treated with intravenous immu-
noglobulins and 17 of 23 (74%) with heparin (Table 4). After
March 19, 2021, 39 of 55 patients (71%) and 13 of 55 (24%) were
treated with intravenous immunoglobulins and heparin, re-
spectively. In-hospital mortality rate of patients with CVST-
TTS before and after March 19, 2021, were 14 of 23 (61%)
and 22 of 53 (42%), respectively.

Discussion
In this study, patients with CVST after recent SARS-CoV-2 vac-
cination who fulfilled the criteria for TTS had a severe clinical
profile, with high rates of coma and intracerebral hemor-
rhage at presentation, high rates of concomitant thromboem-
bolism, and death due to brain herniation occurring in ap-

Table 1. Details of SARS-CoV-2 Vaccination, Previous COVID-19 Infection,
and Thrombocytopenia

Variable

Group, No./total No. (%)

TTS (n = 78) No TTS (n = 38)
SARS-CoV-2 vaccinea

ChAdOx1 nCov-19 76/78 (97)b 20/38 (53)

Ad26.COV2.S 1/78 (1) 0

BNT162b2 1/78 (1) 15/38 (40)c

mRNA-1273 0 1/38 (3)

CoronaVac 0 2/38 (5)

Time from vaccination to CVST
symptom onset, median (IQR), dd

9 (7-10) 7 (3-16)

Previous COVID-19 infection 1/72 (1) 4/36 (11)

Confirmede 0 4/36 (11)

Suspected 1/72 (1) 0

Thrombocytopenia details

Platelet count at admission,
median (IQR), ×103/μL

45 (25-71) 272 (224-319)

Platelet count nadir, median (IQR),
×103/μL

30 (14-53)f NA

Positive for PF4 antibodies 63/69 (91)g NA

Positive findings on platelet
activation assays

36/36 (100) NA

Positive for antiphospholipid
antibodies

8/56 (14)h 0i

Abbreviations: CVST, cerebral venous sinus thrombosis; NA, not applicable;
TTS, thrombosis with thrombocytopenia syndrome.

SI conversion factor: To convert platelet count to ×109 per liter, multiply by 1.
a In the ChAdOx1 nCov-19 group, 29 different vaccine batch numbers could be

identified among 53 patients; in the BNT162b2 group, 9 different batch
numbers among 10 patients; and in the CoronaVac group, 1 batch number
in 1 patient.

b One patient developed CVST with TTS after the second ChAdOx1 nCov-19
vaccination; PF4 antibodies were not tested in this patient.

c Nine patients developed CVST without TTS after the second BNT162b2
vaccination.

d Data for 1 patient was missing in each group.
e Positive findings on nucleic acid amplification test.
f Data missing for 11 patients.
g Of the 6 patients who tested negative for PF4 antibodies, 3 were tested

with an enzyme-linked immunosorbent assay and 3 with a rapid test.
h Not performed in 22 patients.
i Not performed in 9 patients.
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proximately half of all patients. This clinical profile was distinct
from both patients with postvaccination CVST who did not
fulfill the criteria for TTS as well as a control group of patients
with CVST from prior to the COVID-19 pandemic. The age- and
sex-adjusted risk of death was higher for patients with CVST-
TTS than for control patients with CVST. In contrast, patients
with postvaccination CVST who did not fulfill the TTS criteria
were largely similar to those in the control group with regard
to both clinical manifestations and outcome.

The current findings support the usefulness of the
interim case definition for TTS from the Brighton Collabora-
tion for case finding purposes.7 Nevertheless, it is important
to note that 3 patients with TTS in our study had a normal
platelet count at baseline and developed thrombocytopenia

only during hospital admission. Two of these patients also
were positive for PF4 antibodies, while this was not tested
with ELISA in the third patient. On the other hand, while the
Brighton case definition uses a platelet count cutoff of
150 × 103/μL, 73 of 78 patients (94%) in this study had a
baseline platelet count of less than 100 × 103/μL. Positivity
for PF4 antibodies was also high in the TTS group (63 of 69
tested patients [91%]). As also noted in previous reports,1 a
small minority of patients (3 in our study) fulfilling criteria
for TTS tested negative for PF4 antibodies despite the use of
an ELISA test. However, the sensitivity of different PF4
ELISA tests has been found to vary.14

In accordance with prior reports,1,2 most patients fulfill-
ing the criteria for TTS presented after vaccination with

Table 2. Baseline Characteristics of Patients With Cerebral Venous Sinus Thrombosis (CVST)
After SARS-CoV-2 Vaccination With and Without Thrombosis With Thrombocytopenia Syndrome (TTS)

Characteristic

Group, No./total No. (%)

TTS (n = 78) No TTS (n = 38) Control (n = 207)

Demographic characteristics

Age, mean (SD), y 45 (14) 55 (20) 42 (16)

Sex

Female 63/78 (81) 30/38 (79) 145/207 (70.0)

Male 15/78 (19) 8/38 (21) 62/207 (30.0)

Race

Asian 4/77 (5) 2/38 (5) ND

Black 0 1/38 (3) ND

White 73/77 (95) 35/38 (92) ND

CVST risk factors

Any conventional CVST risk factor 19/78 (24) 16/38 (42) 110/172 (64.0)

Oral contraceptivesa 11/63 (17) 9/30 (30) 61/144 (42.4)

Hormone therapy among womena 2/63 (3) 1/30 (3) 0

Pregnancya 0 0 14/145 (9.7)

Recent deliverya 0 1/30 (3) 4/145 (2.8)

Any infection 5/78 (6) 0 19/206 (9.2)

Previous thromboembolism 1/78 (1)b 1/38 (3)c 17/202 (8.4)

Known thrombophilia 1/78 (1)d 1/38 (3)e 17/181 (9.4)

Cancer 3/78 (4) 3/38 (8) 20/207 (9.7)

Clinical presentation of CVST

Time from symptom onset to CVST diagnosis,
median (IQR), d

3 (2-4) 3 (0-8) 5 (2-11)

Headache 75/78 (96) 30/38 (79) 185/207 (89.4)

Focal neurologic deficits 41/78 (53) 14/38 (37) 128/206 (62.1)

Seizure 8/78 (10) 13/38 (34) 62/205 (30.2)

Coma 18/75 (24) 1/37 (3) 10/207 (4.8)

Baseline imaging characteristics of CVST

Thrombosis locationf

Sinus

Superior sagittal 43/77 (56) 15/38 (39) 102/207 (49.3)

Lateralg 67/77 (87) 27/38 (71) 129/207 (62.3)

Straight 17/77 (22) 3/38 (8) 24/207 (11.6)

Deep venous systemh 10/77 (13) 1/38 (3) 23/207 (11.1)

Cortical vein 17/77 (22) 12/38 (32) 38/207 (18.4)

Intracerebral hemorrhage 53/78 (68) 10/38 (26) 72/207 (34.8)

Focal edema only 4/75 (5) 4/38 (11) 30/207 (14.5)

Abbreviation: ND, not determined.
a Includes female patients only.
b Deep vein thrombosis.
c Cerebral venous thrombosis.
d Prothrombin G20210A variant.
e MTHFR heterozygous variant.
f Multiple locations are possible for

each individual.
g Transverse or sigmoid sinus.
h Vein of Galen, basal vein of

Rosenthal, internal cerebral vein,
inferior longitudinal sinus,
thalamostriate, or caudate veins.
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ChAdOx1 nCov-19. One patient who fulfilled the criteria for TTS
presented after vaccination with Ad26.COV2.S and 1 after vac-
cination with BNT162b2. The patient with TTS after BNT162b2
vaccination, however, had mild thrombocytopenia for which
an alternative explanation was found and negative findings
on PF4 antibody test. As a result, while this patient fulfilled
the diagnostic criteria for TTS, a causal relation with the
BNT162b2 vaccine is unlikely. As the criteria of the Brighton
Collaboration for TTS are designed for case finding and sur-
veillance purposes, it is expected that some TTS cases do not
correspond to vaccine-induced immune thrombotic throm-
bocytopenia, as is exemplified by the fact that 1% of patients
from the control group also fulfilled the criteria for TTS.

Half of patients with CVST-TTS died in this study. While
the proportion of patients treated with decompressive hemi-
craniectomy and endovascular intervention was high, sev-
eral patients with TTS did not receive medical treatment ac-
cording to current recommendations for this condition, namely
the use of nonheparin anticoagulants and intravenous
immunoglobulins.15-17 Of note, this was especially common
among patients diagnosed before March 19, 2021, when the
syndrome was first brought to wide attention. The mortality
rate appeared to be lower in CVST-TTS cases after March 19,
2021; however, given the small sample size and inability to
properly adjust for confounding variables, we could not as-

sess whether the outcome has truly improved with the evo-
lution of treatment specifically aimed at TTS. Of note, even if
the mortality rate improved after implementation of treat-
ment guidelines, it persisted to be very high in more recent
cases, highlighting the need for further studies to improve
recognition and determine optimal treatment of CVST-TTS.

Although CVST-TTS is clearly a severe condition, it is im-
portant to note that our study was not aimed at determining
whether the risks of any SARS-CoV-2 vaccine outweigh the
benefits. The denominator of persons receiving each of the
SARS-CoV-2 vaccines is unknown, and therefore, we were not
able to determine the absolute risk of CVST-TTS after vacci-
nation. COVID-19 is associated with a substantial risk of hos-
pitalization and death as well as an increased risk of throm-
botic events, including ischemic stroke and CVST.18-20

Of note, one study found that patients hospitalized for
COVID-19 have a higher risk of developing CVST than people
vaccinated against SARS-CoV-2.21

Strengths and Limitations
This study has a number of strengths. To our knowledge,
this is the largest registry of post–SARS-CoV-2 vaccination
CVST described to date and includes detailed information on
risk factors, clinical manifestations, and imaging of CVST.
The network of stroke centers that was recruited for this

Table 3. Clinical Course, Treatment, and Outcomes of Patients With Cerebral Venous Sinus Thrombosis (CVST)
After SARS-CoV-2 Vaccination With and Without Thrombosis With Thrombocytopenia Syndrome (TTS)

Treatment and outcome

Group, No./total No. (%)

TTS (n = 78) No TTS (n = 38) Control (n = 207)

CVST treatment

Any anticoagulant treatment 67/78 (86)a 38/38 (100) 200/206 (97.1)

Intensive care unit admission 60/74 (81) 8/38 (21) 32/179 (17.9)

Endovascular treatment 16/77 (21) 1/38 (3) 1/207 (0.5)

Hemicraniectomy 23/77 (30) 1/38 (3) 10/207 (4.8)

Immunomodulation treatment

Any immunomodulation treatment 52/78 (67) NA NA

Intravenous immunoglobulins 47/78 (60) NA NA

Plasma exchange 6/78 (8) NA NA

Corticosteroids 25/78 (32) NA NA

Eculizumab 2/78 (3) NA NA

Rituximab 1/78 (1) NA NA

Platelet transfusion 20/78 (26) NA NA

Because of neurosurgical intervention 13/78 (17) NA NA

Outcomes

Any concomitant thromboembolism 25/70 (36) 2/35 (6) 10/206 (4.9)

Splanchnic vein thrombosis 10/70 (14) 1/35 (3) 0

Deep vein thrombosis 6/70 (9) 0 3/206 (1.5)

Pulmonary embolism 16/70 (23) 0 3/206 (1.5)

Pelvic vein thrombosis 6/70 (9) 1/35 (3) 0

Other thrombosis 6/70 (9)b 1/35 (3)c 1/206 (0.5)

Any major bleeding complicationd 9/76 (12) 3/37 (8) 9/206 (4.4)

New intracranial hemorrhage 8/76 (11) 3/37 (8) ND

Other major bleeding 4/76 (5)e 0 ND

Mortality at discharge 36/76 (47) 2/37 (5) 8/207 (3.9)

Abbreviations: NA, not applicable;
ND, not determined.
a Reasons for withholding

anticoagulant treatment included
early death (n = 7), intracranial
hemorrhage (n = 3), and CVST
diagnosed at autopsy (n = 1).

b Kidney vein (n = 1), inferior vena
cava (n = 3), aortic arch thrombus
(n = 1), ventricular thrombus (n = 1),
myocardial infarction (n = 2), and
basilar artery (n = 1).

c Inferior vena cava thrombosis and
brainstem ischemic stroke (n = 1).

d According to the criteria of the
International Society on Thrombosis
and Haemostasis.

e Adrenal (n = 2), intraocular (n = 1),
and thigh (n = 1).
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project has a wide geographical coverage, and we collected
consecutive cases, irrespective of vaccine type or platelet
count. This is crucial to guarantee a broad overview of the
full spectrum of cases possibly related to SARS-CoV-2 vacci-
nation. This is important to avoid early assumptions on the
expected clinical profile of CVST in the setting of SARS-
CoV-2 vaccine–induced immune thrombotic thrombocyto-
penia, which could lead to circular reasoning. Also, we have
included a large control group of historical nonexposed
cases. Data collection was standardized, and information on
SARS-CoV-2 testing and PF4 antibodies was available in a
high proportion of patients.

The study has several limitations. First, the lack of cen-
tral adjudication of CVST diagnosis and study outcome mea-
sures is a possible source of imprecision and bias, although
we have focused our analysis mainly on hard end points,
such as mortality. Second, information was available up to
hospital discharge only, precluding evaluation of the long-
term consequences of CVST-TTS, which should be the focus
of future studies. Third, differences in patients with postvac-
cination CVST and the historical control group should be
taken into account. For example, many countries used dif-
ferent SARS-CoV-2 vaccines for different age groups, and
pregnant women were partly excluded from SARS-CoV-2
vaccination at the time of study recruitment. Furthermore,
the postvaccination CVST cohort included patients from
countries not included in the historical control group, each
with their own unique health care context. Unfortunately,
the limited sample size precluded us from performing a sec-
ondary analysis comparing only cases from similar coun-
tries. Fourth, although we collected detailed information on
treatment approach, the sample size and observational
design of the study limits conclusions on the contribution of
each specific approach to prognosis.

Conclusions
In this cohort study of patients with CVST, those with CVST-
TTS after SARS-CoV-2 vaccination had a clinical profile dis-
tinct from patients with CVST before the COVID-19 pandemic,
with high rates of coma and intracerebral hemorrhage and a
high mortality rate. By contrast, patients with post–SARS-
CoV-2 vaccination CVST who did not fulfill the criteria for TTS
appeared to have a similar clinical presentation and prognosis
as patients with CVST before the COVID-19 pandemic.
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Table 4. Treatment and Outcome of 78 Patients With Cerebral Venous
Sinus Thrombosis (CVST) With Thrombosis With Thrombocytopenia
Syndrome Before and After March 19, 2021a

Outcome

No./total No. (%)
Before March 19,
2021 (n = 23)

After March 19,
2021 (n = 55)

Baseline characteristics

Age, mean (SD), y 44 (11) 46 (15)

Sex

Female 20/23 (87) 43/55 (78)

Male 3/23 (13) 12/55 (22)

Time from symptom onset to CVST
diagnosis, median (IQR), d

3 (1-4) 4 (2-5)

Coma 6/23 (26) 12/52 (23)

Intracerebral hemorrhage 20/23 (87) 33/55 (60)

Treatment

Intravenous immunoglobulins 8/23 (35) 39/55 (71)

Plasma exchange 3/23 (13) 3/55 (6)

Corticosteroids 9/23 (39) 16/55 (29)

Eculizumab 1/23 (4) 1/55 (2)

Rituximab 0 1/55 (2)

Platelet transfusion 10/23 (44) 10/55 (18)

First started anticoagulant
treatment

Heparinb 17/23 (74) 13/55 (24)

Nonheparin anticoagulantc 2/23 (9) 35/55 (64)

No anticoagulant treatment
started

4/23 (17)d 7/55 (13)e

Decompressive hemicraniectomy 9/23 (39) 14/54 (26)

Intensive care unit admission 20/23 (87) 40/51 (78)

Outcome

New VTE during admission 6/21 (29) 6/49 (12)

New major bleeding during
admissionf

4/22 (18) 5/54 (9)

In-hospital mortality 14/23 (61) 22/53 (42)

Abbreviation: VTE, venous thromboembolism.
a The proportion of included patients who were classified as having thrombosis

with thrombocytopenia syndrome was 66% (23 of 35) prior to March 19 and
68% (55 of 81) thereafter.

b Low-molecular-weight heparin or unfractionated heparin.
c Fondaparinux, argatroban, danaparoid, or direct oral anticoagulant.
d Reasons for withholding anticoagulant treatment included early death (n = 2),

intracranial hemorrhage (n = 1), and CVST diagnosed at autopsy (n = 1).
e Reasons for withholding anticoagulant treatment included early death (n = 5)

and intracranial hemorrhage (n = 2).
f According to the criteria of the International Society on Thrombosis and

Haemostasis.
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