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Abstract
Background and Purpose Cerebral venous sinus thrombosis (CVST) has been reported as a rare adverse event in association 
with thrombosis-thrombocytopenia syndrome (TTS) following COVID-19 vaccination.
Methods  We performed a systematic review and meta-analysis of investigator-initiated registries including confirmed CVST 
cases, with the aim to calculate (1) the odds ratio of TTS–CVST versus non-TTS–CVST after vector-based vaccines and (2) 
after non-vector-based vaccines, (3) the in-hospital mortality ratio of TTS–CVST compared to non-TTS–CVST; and (4) the 
dependency or death at discharge among TTS–CVST compared to non-TTS–CVST cases.
Results Two eligible studies were included in the meta-analysis, comprising a total of 211 patients with CVST associated 
with COVID-19 vaccination. Vector-based COVID-19 vaccination was associated with a higher likelihood of TTS-associated 
CVST than with non-TTS–CVST (OR: 52.34, 95% CI 9.58–285.98). TTS–CVST was also associated with higher likelihood 
of in-hospital mortality (OR: 13.29; 95% CI 3.96–44.60) and death or dependency at discharge compared to non-TTS–
CVST (OR: 6.70; 95% CI 3.15–14.26). TTS–CVST was recorded with a shorter interval between vaccination and symptom 
onset [Mean Difference (MD):-6.54 days; 95% CI − 12.64 to − 0.45], affecting younger patients (MD:-9.00 years; 95% CI 
− 14.02 to − 3.99) without risk factors for thromboses (OR:2.34; 95% CI 1.26–4.33), and was complicated more frequently 
with intracerebral hemorrhage (OR:3.60; 95% CI 1.31–9.87) and concomitant thromboses in other sites (OR:11.85; 95% CI 
3.51–39.98) compared to non-TTS–CVST cases.
Conclusions TTS–CVST following COVID-19 vaccination has distinct risk factor profile, clinical phenotype and prognosis 
compared to non-TTS–CVST. Further epidemiological data are required to evaluate the impact of different treatment strate-
gies on outcome of TTS–CVST cases following COVID-19 vaccination.

Keywords COVID-19 · Vector-based vaccine · Cerebral venous sinus thrombosis · Thrombotic-thrombocytopenia 
syndrome · Mortality

Introduction

Cerebral venous sinus thrombosis (CVST) has been reported 
as a rare, albeit very serious, adverse event associated with 
coronavirus disease-2019 (COVID-19) vaccination. Since 
the massive implementation of COVID-19 vaccination 

worldwide in late January 2021, various case reports and 
case series have been published presenting the clinical and 
laboratory characteristics and the outcomes of patients 
complicated with CVST, especially after vaccination with 
vector-based vaccines [1]. CVST has also been found to be 
four-times more common in the setting of thrombosis-throm-
bocytopenia syndrome (TTS) compared to other thrombotic 
complications [1]. Interestingly, prior to the COVID-19 pan-
demic, thrombocytopenia has been reported in only 8.4% 
of CVST patients [2]. Nevertheless, CVST cases following 
COVID-19 vaccination outside the spectrum of TTS have 
also been reported.
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The largest volume of CVST cases in the setting of 
COVID-19 vaccination is derived by pharmacovigilance 
registries, such as the EudraVigilance [3, 4] or the Vig-
iBase [5] databases. However, these data are limited due to 
the passive inclusion of suspected CVST cases by various 
sources (physicians, patients or others) without neuroimag-
ing confirmation, and with limited clinical details. Here, we 
sought to provide high-quality data by inclusion of consecu-
tive, confirmed CVST cases only, reported by physicians, to 
better characterize TTS-associated CVST, along with the 
therapeutic and prognostic implications, compared to non-
TTS–CVST cases.

Methods

A systematic literature search was conducted up to Octo-
ber 12th, 2021, to identify investigator-initiated regis-
tries including confirmed cases of CVST associated with 
COVID-19 vaccination. The complete search algorithm 
is presented in the Supplement. Case reports, case series, 
pharmacovigilance registries and studies with high risk of 
potential duplicates were excluded. Eligible studies were 
subjected to quality control and bias assessment employing 
the Newcastle–Ottawa Scale [6]. Data extraction was per-
formed in structured reports, including author names, date of 
publication, country, vaccine type, patients’ characteristics, 
management and outcomes.

An aggregate data meta-analysis was performed with 
the following outcomes of interest: (1) odds ratio (OR) of 
TTS–CVST among the total cases of CVST after vector-
based vaccines (i.e., ChAdOx1 and Ad26.COV2.S) and after 
non-vector-based vaccines (i.e., mRNA vaccines, such as 
BNT162b2 and mRNA-1273, or vaccines using inactivated 
forms of the COVID-19 virus, such as the Sinovac-Corona-
Vac vaccine), (2) in-hospital mortality ratio of TTS–CVST 
compared to non-TTS–CVST; (3) dependency or death at 
discharge [as defined by modified Rankin Scale (mRS) 
3–6] among TTS–CVST compared to non-TTS–CVST 
cases. Additional patient characteristics (age, sex, known 
risk factors for thrombosis, time interval from vaccination 
to symptom onset), complications (intracerebral hemor-
rhage, concomitant thromboses) and therapeutic manage-
ment, including the potential association of anticoagulants 
and intravenous immunoglobulin (IVIG) with in-hospital 
mortality among TTS–CVST patients, were evaluated as 
secondary outcomes.

For each dichotomous outcome of interest, we calcu-
lated the corresponding ORs and 95% confidence intervals 
(95%CI). Continuous outcomes were assessed by mean dif-
ference (MD). For single-arm analyses, we calculated the 
corresponding pooled proportion with 95%CI, after the 
implementation of the variance-stabilizing double arcsine 

transformation. The random-effects model of meta-analy-
sis (DerSimonian and Laird) [7] was used to calculate the 
pooled estimates. Heterogeneity was assessed with the  I2 and 
Cochran Q statistics and the equivalent z test for each pooled 
estimate with a two-tailed p value < 0.05 was considered 
statistically significant. All statistical analyses were con-
ducted using the Cochrane Collaboration’s Review Manager 
(RevMan 5.3) Software Package (Copenhagen: The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2014) and 
the OpenMetaAnalyst [8].

The meta-analysis is reported according to the updated 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [9] and was written accord-
ing to the Meta-analysis of Observational Studies in Epi-
demiology (MOOSE) proposal [10]. All data generated or 
analyzed during this study are included in this article and its 
supplementary information files. This study did not require 
an ethical board approval or written informed consent by the 
patients according to the study design (systematic review 
and meta-analysis).

Results

The systematic database search yielded a total of 113 and 
135 records from the MEDLINE and SCOPUS databases, 
respectively (Supplementary Figure-S1). After excluding 
duplicates and initial screening, we retrieved the full text 
of 8 records that were considered potentially eligible for 
inclusion. Six studies were further excluded [3–5, 11–13] 
(Supplementary Table-S1). Finally, we identified two eligi-
ble studies for inclusion in the meta-analysis [14, 15], com-
prising a total of 211 patients with CVST associated with 
COVID-19 vaccination (Table 1). The quality control and 
risk of bias of the included studies, as assessed by the New-
castle–Ottawa scale, is presented in Supplementary Table-
S2. The overall score was 18 of 18 (100%), indicating high 
quality and low risk of bias of the included studies.

TTS was diagnosed in included studies in accordance 
with the Brighton Collaboration criteria [16]. In particular, 
in the study of van Kammen et al., patients with CVST fol-
lowing COVID-19 vaccination were diagnosed with TTS 
if they fulfilled all of the following criteria [14]: (1) con-
firmed thrombosis, (2) new-onset thrombocytopenia, and 
(3) no known recent exposure to heparin. In the study of 
Perry et al., TTS–CVST was diagnosed in accordance with 
the previous criteria, and additionally, in patients in whom 
D-dimer was measured, the highest value recorded had to be 
greater than 2000 μg/L [15].

More than 70% of the CVST cases post COVID-19 vacci-
nation were associated with TTS (95% CI 64–76%; I2 = 4%; 
p for Cochran Q = 0.31; Supplementary Figure-S2). Fol-
lowing vector-based vaccination, a higher likelihood of 
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presenting TTS–CVST compared to non-TTS-CVST was 
noted (OR: 52.34; 95% CI 9.58–285.98; I2 = 0%; p for 
Cochran Q = 0. 0.64; Fig. 1A). On the contrary, non-vec-
tor-based vaccination was associated predominantly with 
non-TTS-CVST (OR:0.02; 95% CI0.00–0.1; I2 = 0%; p for 
Cochran Q = 0.64; Fig. 1B).

TTS–CVST was recorded with a shorter interval between 
vaccination and symptom onset (MD:-6.54 days; 95% CI 
− 12.64 to − 0.45; I2 = 0%; p for Cochran Q = 0.87; Sup-
plementary Figure-S3), affecting younger patients (MD:-
9.00 years; 95% CI − 14.02 to − 3.99; I2 = 0%; p for Cochran 
Q = 0.70; Supplementary Figure-S4), without risk factors 
for thromboses (OR: 2.34; 95% CI 1.26–4.33; I2 = 0%; p for 
Cochran Q = 0.90; Supplementary Figure-S5), and was com-
plicated more frequently with intracerebral hemorrhage (OR: 
3.60; 95% CI 1.31–9.87; I2 = 60%; p for Cochran Q = 0.11; 
Supplementary Figure-S6) and concomitant thromboses in 
other sites (OR:11.85; 95% CI 3.51–39.98; I2 = 0%; p for 
Cochran Q = 0.57; Supplementary Figure-S7) compared to 
non-TTS–CVST cases. Female proportion was compara-
ble between the two groups (OR:1.35; 95% CI 0.69–2.62; 
I2 = 0%; p for Cochran Q = 0.60; Supplementary Figure-S8).

In-hospital mortality of TTS–CVST cases was signifi-
cantly higher compared to non-TTS–CVST (OR: 13.29; 95% 
CI 3.96–44.60; I2 = 0%; p for Cochran Q = 0.70; Fig. 2A). 
Death or dependency at discharge was also found signifi-
cantly higher in patients with TTS–CVST (OR: 6.70; 95% 
CI 3.15–14.26; I2 = 0%; p for Cochran Q = 0.43; Fig. 2B).

With respect to TTS–CVST treatments, the pooled pro-
portion of patients treated with non-heparin parenteral anti-
coagulants was 57% (95% CI 27–84%; 2 studies; I2 = 93%; 
p for Cochran Q < 0.01; Supplementary Table-S3), followed 
by heparin-anticoagulants in 31% (95% CI 17–47%; 2 stud-
ies; I2 = 77%; p for Cochran Q = 0.04; Supplementary Table-
S3) and direct oral anticoagulants in 16% of cases (95% CI 
0–49%; 2 studies; I2 = 95%; p for Cochran Q < 0.01; Sup-
plementary Table-S3). Data regarding in-hospital mortality 
among patients treated with non-heparin-derived anticoagu-
lants versus those administered heparin-derived anticoagu-
lants could not be extracted in the study of van Kammen 
et al. and, thus, a comparative meta-analysis was not per-
formed. As part of the single-arm meta-analysis, the pooled 
in-hospital mortality among patients with TTS–CVST 
treated with heparin-anticoagulants was calculated at 
31% (95% CI 11–55%; 2 studies; I2 = 61%; p for Cochran 
Q = 0.11; Supplementary Figure-S9). It should be noted, 
however, that heparin-anticoagulants were mostly admin-
istered until March 2021, when TTS was first brought to 
wide attention and clinical practice guidelines were issued 
advising against heparin use in TTS.

With respect to immunomodulation, the majority of 
TTS–CVST patients received IVIG (pooled rate: 70%; 95% 
CI 51–86%; 2 studies; I2 = 83%; p for Cochran Q = 0.02; Ta
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Supplementary Table-S3), followed by corticosteroids 
(pooled rate: 53%; 95% CI 15–89%; 2 studies; I2 = 96%; 
p for Cochran Q < 0.01; Supplementary Table-S3) and 
plasmapheresis (pooled rate: 14%; 95% CI 0–32%; 2 
studies; I2 = 86%; p for Cochran Q = 0.01; Supplementary 

Table-S3). Treatment of TTS–CVST patients with IVIG 
was associated with a significant reduction of in-hospital 
mortality compared to those not receiving IVIG (OR: 
0.20; 95% CI 0.07–0.57; I2 = 43%; p for Cochran Q = 0.18; 
Fig. 3).

Fig. 1  Forest plot presenting the association of vaccine-associated TTS–CVST with vector-based vaccines (Panel A). Forest plot presenting the 
association of vaccine-associated TTS–CVST with non-vector-based vaccines (Panel B)

Fig. 2  Forest plot presenting the association of TTS–CVST with in-hospital mortality (Panel A), and death or dependency at hospital discharge 
(Panel B)
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Discussion

In the present systematic review and meta-analysis, we found 
that vector-based COVID-19 vaccination was associated 
with an approximately 50-fold increase in the odds of TTS-
related compared to non-TTS-related CVST. These findings 
add to the growing body of literature that ascertains a patho-
genetic link between vector-based COVID-19 vaccines and 
TTS. In particular, antigenic complexes of vaccine compo-
nents have been shown to bind to platelet factor 4 (PF4) on 
platelet surfaces, inducing proinflammatory reactions, anti-
PF4 antibody formation and prothrombotic cascades [17]. 
Furthermore, our results show that non-vector-based vacci-
nation was associated predominantly with non-TTS–CVST. 
These results, in conjunction with recent epidemiological 
evidence indicating that TTS- and CVST-incidence rates 
after non-vector-based COVID-19 vaccination are aligned 
to those in the general population [18, 19], refute direct 
causal associations between non-vector-based-vaccination, 
TTS and CVST.

With respect to clinical features, our findings show that 
TTS–CVST manifests earlier after vaccination, affects 
younger patients without known risk factors for thrombosis 
and manifests more frequently with intracerebral hemor-
rhage or concomitant thromboses in other sites, compared to 
non-TTS–CVST. Interestingly, no heterogeneity was uncov-
ered for all previous associations. Additionally, in accord-
ance with the findings of previous research [1], TTS–CVST 
was associated with higher likelihood of in-hospital mortal-
ity and death or dependency at discharge compared to non-
TTS–CVST, highlighting the need for accurate diagnosis 
and prompt management of this syndrome.

With respect to therapeutic implications of TTS–CVST 
diagnosis, the majority of patients received non-heparin 
parenteral anticoagulants, followed by heparin-anticoagu-
lants and direct oral anticoagulants. However, significant 
heterogeneity was uncovered concerning the choice of 
anticoagulation in the setting of TTS–CVST. These find-
ings are most likely explained by the inclusion of patients 
that were diagnosed early in the course of the vaccination 

campaign, before awareness regarding TTS was raised and 
treatment guidelines that advise against heparin use in TTS 
were circulated and implemented [20, 21]. With respect to 
immunomodulation, the majority of TTS–CVST patients 
received IVIG treatment, followed by corticosteroids and 
plasma exchange. Crucially, our results corroborate signifi-
cantly reduced in-hospital mortality in TTS–CVST patients 
that received IVIG compared to those that did not. Accord-
ing to current recommendations, treatment with IVIG and 
non-heparin-anticoagulants are recommended as first-line 
treatments in the setting of TTS–CVST, while heparin and 
platelet transfusion should be avoided. Since the estab-
lishment of awareness regarding TTS-syndrome among 
the scientific community, the proportion of patients under 
IVIG treatment increased with a simultaneous reduction in 
heparin-anticoagulation use, while in-hospital mortality of 
TTS–CVST cases decreased [4, 14].

Conclusions

The present systematic review and meta-analysis is the 
first to include confirmed CVST cases following COVID-
19 vaccination as reported by physicians in dedicated reg-
istries, excluding passively collected pharmacovigilance 
data. Additionally, comparison between TTS–CVST and 
non-TTS–CVST cases was performed, underscoring the 
differences in clinical phenotypes and outcomes between 
those separate entities. Nevertheless, there are important 
methodological shortcomings related to our meta-analysis 
including the small number of included studies, the limited 
sample size and inability to perform subgroup analyses. Fur-
ther high-quality epidemiological data are required to evalu-
ate the impact of different treatment strategies on outcome 
of TTS–CVST cases following COVID-19 vaccination in 
prospective international clinical registries.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00415- 022- 11101-2.

Fig. 3  Forest plot presenting the association of treatment with intravenous immunoglobulin (IVIG) and in-hospital mortality among TTS–CVST 
patients

https://doi.org/10.1007/s00415-022-11101-2
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