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A B S T R A C T   

By January 2022 over ten billion doses of COVID-19 vaccines had been administered worldwide. Concerns about 
COVID-19 vaccine-associated thrombosis arose after the characterization of a rare prothrombotic condition 
associated with adenoviral vector-based COVID-19 vaccines known as vaccine-induced immune thrombotic 
thrombocytopenia (VITT). Although mRNA COVID-19 vaccines have not been linked to VITT, concerns about 
thrombosis after vaccination persist despite safety data from hundreds of millions of recipients of mRNA COVID- 
19 vaccines. With widespread vaccination some VTE will occur shortly after vaccination by chance alone because 
VTE is a common condition that affects 1 to 2 in 1000 persons each year. Detailed analysis is required to 
determine whether these VTE events are coincidental or associated when they occur in close proximity to mRNA 
vaccine administration. This paper will review what is currently known about rates of VTE after mRNA vacci-
nation in adults, discuss the reasons why uncertainty on this topic persists, and briefly review the implications of 
these findings for clinical practice and health policy.   

1. Introduction 

Venous thromboembolism (VTE), including deep vein thrombosis 
(DVT) and pulmonary embolism (PE), is common in the general popu-
lation with an incidence of about 1 per 1000 individuals per year. With 
the widespread administration of mRNA-based COVID-19 vaccines, 
large datasets have been analyzed to determine whether there is an as-
sociation between mRNA COVID-19 vaccination and the occurrence of 
VTE among vaccinated individuals. Large randomized controlled trials 
evaluating mRNA COVID-19 vaccines including the BNT162b2 Pfi-
zer–BioNTech [1] and mRNA-1273 Moderna [2,3] vaccines reported 
similarly low rates of VTE events in both the vaccine or placebo arms but 
these studies were designed to assess vaccine efficacy and had limited 
statistical power to detect differences between treatment arms with 
respect to rare but serious adverse events such as VTE. These vaccines 
have been instrumental in ameliorating the most profound conse-
quences of the COVID-19 pandemic wherever they have been made 
available [4–9]. Since the use of these vaccines became widespread, 
surveillance and reporting systems for adverse events related to vaccines 
have been vital in detecting extremely rare adverse events not found in 

the original trials. 
A rare but serious thrombotic disorder known as Vaccine-Induced 

Immune Thrombotic Thrombocytopenia (VITT) has been linked with 
the adenoviral vector-based COVID-19 vaccines AstraZeneca/COVISH-
IELD and Janssen/Johnson & Johnson vaccines. This clotting disorder 
was widely reported in the medical literature and the media and intro-
duced uncertainty for healthcare practitioners and the public with re-
gard to the risk of blood clots after all types of vaccination. The 
pathogenesis of VITT is linked to antibodies that bind to and activate 
platelet factor-4 and is similar to the mechanism of heparin-induced 
thrombocytopenia and thrombosis (HITT) but without heparin expo-
sure. Although adenoviral vector-based vaccine components linked to 
the development of VITT are not shared by mRNA vaccines [10–12], 
concerns about thrombosis persist with mRNA vaccines. Case reports of 
VTE after mRNA vaccination, and studies that group several types of 
vaccines together when assessing thrombotic outcomes, may implicitly 
suggest a shared causal association where none exists [13]. In addition, 
venous thrombotic events secondary to VITT were found dispropor-
tionately at uncommon sites such as cerebral venous sinus thrombosis 
(CVST) and abdominal vein thrombosis. Concerns that these events 
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could be common to all COVID-19 vaccine subtypes have led to 
increased scrutiny of all vaccine formulations and this review is partly a 
response to those concerns. Negative perceptions surrounding vaccine 
safety are a major contributor to vaccine hesitancy, and increased public 
communication about the safety of available vaccines would be expected 
to decrease vaccine hesitancy [14]. 

Answering the question of whether mRNA vaccines increase the risk 
of VTE is a complex endeavor. For many conditions, the absence of 
adverse events during a randomized controlled trial is sufficient to rule 
out a significant association. With preventative treatments including 
vaccines, expectations for safety are understandably extremely high, 
and the public demands a high degree of confidence in the security of 
these interventions. A randomized controlled trial with sufficient power 
to detect rare but serious adverse effects would be the “gold standard.” 
This approach would not be feasible because it would require a very 
large population. In theory, reported VTE event rates after vaccination 
could be compared to previously identified background rates, but this 
approach has the usual limitations of observational studies including 
confounding, imbalances in population characteristics, and the presence 
of secular trends over time. Background rates of VTE are heavily 
dependent on the characteristics of the population studied. Incidence of 
VTE rises exponentially with age and can be influenced by hereditary 
thrombophilia and acquired risk factors including a personal or family 
history of VTE, exogenous estrogen supplementation, malignancy, and 
the competing risk of VTE from COVID-19 infection [15–17]. Incidence 
rates of VTE approximate 1 per 1000 person-years across the entire 
population but can be as high as 4 per 1000 person-years in those over 
age 70, or as low as 1 in 10,000 person-years in those under 30 [18–21]. 
In addition, VTE incidence varies significantly by region [22]. There-
fore, to formally compare observed rates of VTE after mRNA vaccines to 
background incidence rates the comparative population should be 
matched as closely as possible to the vaccinated group. 

Over the last year researchers in the United States, United Kingdom, 
France, and Israel have compared VTE rates after mRNA vaccination 
with adjusted base rates of VTE occurring over a control period in 
matched individuals who did not undergo vaccination. A variety of 
study designs including randomized trials, case-control series, prospec-
tive cohort series, and analyses of active vaccine safety surveillance 
programs have not revealed an increased risk of VTE in recipients of 
BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna) vaccines. This 
paper will review the available evidence on VTE after mRNA vaccines 
and discuss the implications of these findings in the management of VTE 
that occur in close proximity to mRNA vaccine administration. 

1.1. Methods 

To identify eligible studies, a systematic literature search was per-
formed in electronic databases, including EmBASE, PubMed, Google 
Scholar, and Scopus. The search strategy was built based on the 
following keywords and MeSH terms: “BNT162b2”, “Pfizer”, “Bio-
NTech”, “mRNA-1273”, “Moderna”, “Comirnaty”, “Elasomeran”, “RNA 
vaccine”, “mRNA vaccine”, “mRNA vaccination”, and any of “venous 
thromboembolism”, “thromboembolism”, “deep vein thrombosis”, 
“pulmonary embolism”, “cerebral sinus thrombosis”, “vein thrombosis”. 
The reference lists of relevant articles were also reviewed to retrieve 
additional studies. All relevant studies up to January 14th, 2022, were 
included. Studies that did not report on venous thromboembolism were 
not considered. Any calculations and figures were constructed using 
GraphPad Prism version 9.3.1 for Windows, GraphPad Software, San 
Diego, California USA, www.graphpad.com”. 

2. Results 

We identified eight studies (two randomized controlled trials with 
extended follow-up, five large case-control series, and one large pro-
spective cohort study) that provide data on VTE incidence and the 

association between VTE and mRNA vaccines. We also discuss data from 
several small observational studies and analyses of events reported to 
pharmacovigilance databases including VAERS, FAERS, Eudravigilance, 
Vigibase. Additionally, a meta-analysis of randomized controlled trials 
for eight different COVID-19 vaccines, and a systematic review and 
meta-analysis of autopsy studies are reviewed. All available case series 
and case reports in publication or abstract were reviewed to identify 
unique characteristics or clinical events. A single report of upper ex-
tremity DVT and a single report of thrombosis with thrombocytopenia 
syndrome (TTS) and possible VITT are discussed. Due to the availability 
of higher quality data other case series and case reports detailing clas-
sical VTE presentation (leg DVT or PE) after mRNA vaccinations have 
not been included. 

2.1. Randomized controlled trials (RCTs) and extended follow-up 

The original randomized controlled trial of BNT162b2 (Pfizer-Bio-
NTech) was reported in December 2020 [1]. The trial reported the re-
sults of safety and efficacy over a median follow-up of two months. 
Participants received either two doses of BNT162b2 or a saline placebo 
21 days apart. The trial involved 45,548 participants and 37,416 doses 
of vaccine. There was no reporting of venous thromboembolic events in 
the original publication, but after the trial adverse events were moni-
tored and reported during six months of follow-up. No thrombotic 
events were detected, and no deaths were attributable to thrombosis in 
those who received BNT162b2 [23]. 

A randomized controlled trial of mRNA-1273 (Moderna) was re-
ported in January 2021. The trial reported the results of safety and ef-
ficacy mRNA-1273 over a median follow-up of two months [2,24]. 
Participants received either two doses of mRNA-1273 or a saline placebo 
21 days apart. The trial involved 30,420 participants and 28,268 doses 
of vaccine. During initial follow-up, two events of deep vein thrombosis 
were seen in the vaccination group and no DVTs were seen in the pla-
cebo arm. 

A follow-up study reported efficacy and safety at the completion of 
the blinded phase for mRNA-1273 (median 5.3 months after the second 
dose). The mean age of trial participants was 51 (18–95) years and trial 
discontinuations in the placebo group (4.5%) and the mRNA-1273 group 
(2.9%) were most commonly due to protocol deviations, withdrawal of 
consent, or loss to follow-up. At the completion of the open-label phase, 
four episodes of DVT, one axillary vein thrombosis, and one pulmonary 
embolism were seen in the mRNA-1273 arm, therefore <0.001% of 
those randomized to the treatment arm experienced a VTE event over 
the extended study period. In the placebo arm, one DVT, one superficial 
vein thrombosis, and no events of PE were reported [3]. 

2.2. Observational studies reporting on incidence of PE and leg DVT 

Multiple large case-control series observed rates of VTE after mRNA 
vaccines and used self-control methods to explore whether VTE or other 
serious outcomes occur more commonly after mRNA vaccines. Self- 
controlled case series is a study design that reduces confounding by 
using participants as their own control by measuring outcomes after 
both an exposure of interest and a matched period without that expo-
sure. The largest self-control case series was by Hippisley-Cox et al. 
through the National Immunisation Management System in England and 
the QResearch database representing approximately 20% of the national 
population [16]. The study examined the incidence rate of serious 
adverse events in the 28 days following the first dose of BNT162b2 
vaccination as compared with baseline rates of disease in the same 
population and a control period of 28 days within the interval prior to 
vaccination. The mean age was 61.5 years and 0.3% had a prior history 
of VTE. They found no association between first dose BNT162b2 and the 
incidence of VTE across any 7-day interval or the full 28-day period. 
Subgroup analyses by age and gender did not reveal an increased inci-
dence of VTE after mRNA vaccination. 
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Interim results from an active surveillance program in the United 
States provided unique insight into mRNA-1273 safety signals which are 
not otherwise well reported in the literature [25]. In this American series 
of from Klein et al. 43% of participants received mRNA-1273 and 57% 
received BNT162b2. Using a matched population of vaccinated in-
dividuals at 22 to 42 days after vaccination there was no increased risk 
of VTE with a risk ratio of 1.16 (95% CI 1.00–1.34) or Pulmonary Em-
bolism with a risk ratio of 1.01, (95% CI 0.86–1.19) within the first 21 
days after mRNA vaccine administration. In the study population with a 
mean age of 49, the absolute risk of VTE was 0.952 per 1000 person- 
years (in the risk interval) and 0.895 per 1000 person-years (in the 
control interval) which are similar to contemporary estimates of VTE 
incidence in this population [19,20,25]. Numerically more CVST events 
were seen in the vaccine group, but the results was not statistically 
significant (RR 1.55, 95% CI 0.37–8.17) [25]. 

Health data from a representative population of Israeli citizens were 
matched between those with mRNA vaccinations and those without 
(controls) over 42 days of follow-up [15]. The risk ratio for DVT after 
mRNA vaccination was 0.87 (95% CI, 0.55 to 1.40), the risk ratio for PE 
was 0.56 (95% CI, 0.21 to 1.15). Rates of VTE were 0.459 per 1000 
person-years in the vaccinated group and 0.59 per 1000 person-years in 
the control group which are similar to contemporary estimates of VTE in 
this study with a mean age of 38 in both groups [15,19,20]. In the same 
study, a comparison between confirmed cases of COVID-19 infection 
and controls demonstrated a risk ratio for PE of pulmonary embolism of 
12.14 (95% CI, 6.89 to 29.20) with a risk difference of 61.7 additional 
events per 100,000 persons (95% CI, 48.5 to 75.4). 

A self-controlled case series from France examined older individuals 
at elevated risk of arterial and venous thromboembolic events within 14 
days of the first or second dose of BNT162b2 [26]. In this population 
limited to age > 75 the relative incidence of pulmonary embolism after 
the first dose was 0.85 (95% CI 0.75–0.96) and after the second dose, 
1.10 (95% CI, 0.95–1.26) indicating the risk of VTE is not increased in 
elderly populations after BNT162b2. 

A recent abstract explored doppler ultrasound use and detection of 
VTE in the 90 days before and after vaccination [27]. Their population 
included a small number of patients who received the Janssen 
Adenoviral-vector vaccine (4.3% of those analyzed), but results were 
reported separately. The hazard ratio for VTE in the 90 days after 
vaccination was 0.68 (95% CI 0.34–1.38) for Janssen, 1.08 (95% CI 
0.86–1.35) for Moderna, and 1.20 (95% CI 0.99–1.46) for Pfizer. They 
found the overall rate of VTE was 1.86 per 1000 patients, consistent with 
expected background rates given the demographics of the patients 
studied. More patients underwent duplex ultrasound in the 90 days after 
vaccination and the rate of detection was broadly similar with 11.6% of 
pre-vaccination ultrasounds showing DVT compared to 10.8% post- 
vaccination. 

A prospective cohort study by Simpson et al. explored thromboem-
bolic events and thrombocytopenia after BNT162b2 and ChAdOx1 
nCoV-19 vaccination and compared event rates to matched patients who 
did not receive a vaccine [28]. Rates of VTE, including CVST, were 
reduced after BNT162b2 with a relative risk for VTE of 0.50 (95% CI, 
0.47–0.62) over the first 28 days after vaccination as compared to un-
vaccinated individuals. Separate analysis of BNT162b2 for DVT revealed 
an adjusted risk ratio of 0.79 (95% CI, 0.56–1.11) and for PE an adjusted 
risk ratio of 0.35 (95% CI, 0.26–0.48). 

The results of these six largest observational and prospective studies 
are represented in both Table 1 and Fig. 1, and in each case, the studies 
find incidence rate ratios for VTE after the exposure of interest (mRNA 
vaccine) clustering at or below 1.0 indicating no increased risk of VTE 
after these vaccines are given. 

A smaller prospective study of nursing home residents vaccinated 
with BNT162b2 in the United States monitored for adverse events for 15 
days after vaccination and utilized the staggered rollout of vaccines in 
similar nursing homes to generate a matched control group across 147 
linked facilities. After 16,924 doses one case of DVT and one case of PE 

were detected in the vaccinated group, compared to one PE in the un-
vaccinated group [29]. 

2.3. Systematic reviews and analyses of pharmacovigilance database data 

A systematic review and meta-analysis of thrombotic events which 
combined outcomes across different vaccine formulations did not find a 
significant association between a combination of arterial and venous 
thrombosis and vaccine use [13]. A recent meta-analysis of autopsy 
studies after COVID vaccination reviewed all published autopsies 
related to COVID vaccination. They found a total of 14 reported cases 
where an autopsy was performed after mRNA vaccine administration 
(10 with BNT162b2 and 4 with mRNA-1273) to determine whether the 
vaccine was implicated [30]. One case was classified as having a 
“possible” relationship with BNT162b2, and one death was determined 
to have a causal relationship to the COVID vaccine in association with 
myocarditis. In the case of mRNA-1273, the causality relationship was 
established in one case of mRNA-1273 vaccination out of four. In each of 
these cases the cause of death was related to non-thrombotic cardiac 
complications. Available autopsy series did not identify any cases with a 
causal relationship implicating thrombotic events after vaccination 
[30]. 

In March 2021, an analysis by Sessa et al. looked at all cases of 
thrombosis reported to the Vaccine Adverse Event Reporting System 
(VAERS) and the FDA Event Reporting System (FAERS) in women under 
age 50 [31]. Out of 13.6 million mRNA vaccinations administered at 
that time, they found 61 total reported cases of VTE, for a rate of 1 case 
of VTE per 222,951 vaccinated individuals. Four individuals with VTE in 
this group were also diagnosed with COVID-19 infection. In Europe, an 
early report explored rates of arterial thromboembolism and VTE re-
ported to Vigibase after vaccination [32]. With BNT162b2 and mRNA- 
1273 the rates of reported arterial events outnumber venous events 
approximately 3:1, crudely in keeping with what is seen in the general 
population [32–35]. Interestingly after ChAdOx1 nCoV-19 vaccination a 
greater number of venous events than arterial events were reported 

Table 1 
Summary of post-marketing studies investigating association between mRNA 
vaccines (BNT162b2 [Pfizer] and mRNA-1273 [Moderna]) and VTE.   

Total 
doses 
analyzed 

Vaccine 
studied 

Follow- 
up 
interval 

Incidence 
rate ratio for 
VTE (95% 
CI) 

Methods 
(abridged) 

Hippisley- 
Cox et al 
2021 

9,513,625 BNT162b2 28 days 0.93 
(0.84–1.02) 

Self Control 
Case Series 

Klein et al 
2021 

6,754,348 57% 
BNT162b2 
43% 
mRNA- 
1273 

21 days 1.16 
(1.00–1.34) 

Interim 
Analysis of 
Prospective 
Case- 
Control 
Surveillance 

Jabagi et 
al 2021 

3,900,000 BNT162b2 14 days 1.10 
(0.95–1.26) 

Self Control 
Case Series 
Limited to 
Age > 75 

Barda et al 
2021 

884,828 BNT162b2 42 days 0.87 
(0.55–1.40) 

Case- 
Control 
Series 

Simpson 
et al 
2021 

820,000 BNT162b2 27 days 0.50 
(0.47–0.62) 

National 
Prospective 
Cohort 

Houghton 
et al 
2021 

245,572 64.2% 
BNT162b2 
31.6% 
mRNA- 
1273 

90 days 1.20 
(0.99–1.46) 
1.08 
(0.86–1.35)* 

Self Control 
Case Series  

* 4.3% of the studied population received the Janssen vaccine, RR shown are 
for BNT162b2 alone (top) and mRNA-1273 alone (bottom). 
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indicating a change from the expected background rates of these con-
ditions [32]. 

One paper compared rates of reported adverse events after 
BNT162b2 and ChAdOx1 nCoV-19 vaccination in the EudraVigilance 
database up to June 2021. They found the frequency of thromboembolic 
events was the same, or reduced, in those with BNT162b2 vaccination as 
compared to the base frequency in the population and significantly 
reduced compared to those with ChAdOx1 nCoV-19 vaccine [36]. A self- 
reported questionnaire in Saudi Arabia revealed one case of DVT after 
2601 doses of BNT162b2 [37]. 

2.4. Studies reporting on cerebral vein thrombosis (CVT) 

Several studies have been dedicated specifically to examining 
whether vaccination is associated with cerebral venous sinus thrombosis 
(CVST). CVST is approximately two orders of magnitude less common 
than VTE with an annual incidence of approximately 1 per 100,000 
across the general population, and approximately 2 per 100,000 in 
women aged 30–50 [38–40]. Even a significant increase in the relative 
risk would be expected to generate a minor increase in absolute risk. 
While this is reassuring from a public health perspective, it does make 
the question of whether mRNA vaccines increase the risk of CVST 
particularly challenging due to the low event rate. One analysis of the 
Eudravigilance database found rates of CVST 0.96–1.92 CVST cases per 
100,000 persons after BNT162b2 vaccination in keeping with expected 
background rates [36]. In the American study more CVST events were 
seen in the vaccine group, but the result was not statistically significant 
with a incidence rate ratio of 1.55, (95% CI 0.37–8.17) after analysis of 
data from 6.7 million doses of either BNT162b2 or mRNA-1273 [25]. 

The British surveillance data assessed for CVST in the same manner 
as VTE [16]. No statistically significant association was found between 
BNT162b2 and CVST across 3 out of 4 of the pre-specified 7-day in-
tervals, and there was no association for the full period of 28 days after 
vaccination. A positive association between BNT162b2 and CVST was 
found on days 15–21 after vaccination with an incidence rate ratio (IRR) 
of 3.58 (1.39 to 9.27) based on six episodes of CVST reported in this 
interval. For comparison after a positive COVID-19 test the incidence 
rate ratios for CVST were higher at 1–7 days IRR 12.90 (1.86 to 89.64), 
at 8–14 days IRR 13.43, (1.99 to 90.59), and at 15–21 days IRR 6.33 
(0.63 to 63.67) but the absolute risk of CVST was low in this population 
as well [16]. However, the study has limitations. The statistically sig-
nificant results were fragile in view of the limited number of events and 
the possibility of type 1 error with multiple comparisons. In the study, 
seven unique thrombotic outcomes were studied across 4 predetermined 
7-day intervals to generate 28 incidence rate ratios, and one fewer CVST 
event in the 15–21 day interval would lead to a statistically null result. 
Subgroup analyses by age and gender found no association between 
BNT162b2 mRNA and CVST. 

In the same dataset ChAdOx1 nCoV-19 vaccination was statistically 
associated with CVST in those younger than 50 years old with an 

incidence rate ratio of 6.36, (95% CI 2.61 to 15.46) and an increased risk 
of arterial thrombosis and thrombocytopenia across the population 
studied [16]. The national prospective cohort from Scotland also found 
suggestive evidence for an association between ChAdOx1 nCoV-19 
vaccination and arterial thrombosis and thrombocytopenia [28]. 
These findings are in keeping with what is now understood about the 
incidence of VITT following the ChAdOx1 nCoV-19 vaccine. The ability 
of the same methodology and dataset to detect an increase in risk for 
both CVST and arterial thrombosis provides some additional reassur-
ance in interpreting a null result with regard to VTE or CVST after 
BNT162b2, but the statistical power to detect these rare events was 
greater with ChAdOx1 nCoV-19 since nearly twice as many doses were 
analyzed in the studies that found these associations. 

Ongoing monitoring will help to determine whether CVST or other 
rare sites of venous thrombosis are associated with mRNA vaccines. The 
absolute risk of developing these conditions is so low that an increased 
risk has not been definitively captured despite the analysis of millions of 
doses of mRNA vaccines. A smaller study prospectively followed 62 
patients with a history of CVST for thrombotic events after vaccination 
including 50 patients after mRNA vaccines and there were no throm-
botic events within 30 days [41]. As it pertains to patient counseling and 
individual decision-making the highest available estimate of excess 
CVST events after mRNA vaccines is 20 per 10 million doses, or 1 per 
500,000 doses [16], in contrast to other studies which show no statis-
tical increase in the risk of CVST [25,36,40] and studies showing a 
significant increase in CVST after ChAdOx1 nCoV-19 vaccination and 
COVID-19 infection [16,28,36]. Therefore, if mRNA vaccines carry any 
increased risk of CVST the absolute risk is extremely low, the risk is 
lower than after ChAdOx1 nCoV-19 vaccination, and the risk is much 
lower than after COVID-19 infection [28,42]. Further study will help to 
clarify this important issue. Health practitioners seeing patients with 
unexplained headache or neurologic symptoms after vaccination may 
consider an increased index of suspicion for CVST. 

2.5. Studies reporting on thrombosis with thrombocytopenia syndrome 
(TTS) 

While it was not the primary focus of this review an important 
related question is whether the incidence of TTS increase after mRNA 
vaccination. A single case of thrombosis with thrombocytopenia syn-
drome (TTS) and possible VITT was reported in the literature following 
vaccination with mRNA-1273 in October 2021 [43]. The accompanying 
editorial [44] calls attention to the difficulty in distinguishing VITT from 
autoimmune HIT or an early reaction to the heparin which was used to 
treat the patient prior to HIT testing being performed in that case. No 
other cases of possible VITT induced by mRNA vaccines have been re-
ported in the literature. 

The UK Yellowcard system is an active reporting system for adverse 
events after medicines or vaccinations. Prior to December 22nd, 2021, 
the UK Yellowcard system captured 29 cases of TTS after BNT162b2 and 

Fig. 1. Forest plot relative risk of VTE after mRNA vaccine administration.  
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3 after mRNA-1273. Over the same timeframe, the UK Yellowcard sys-
tem reported 433 cases of TTS following ChAdOx1 nCoV-19 vaccination. 
One analysis of the Eudravigilance reporting system examined 26 cases 
of CVST after a messenger RNA (mRNA) vaccination (25 with BNT162b2 
and one with mRNA-1273) and 187 cases of CVST following ChAdOx1 
nCov-19 vaccination. Concurrent thrombocytopenia occurred in 57% of 
the ChAdOx1 nCov-19 vaccine group and 0% of the mRNA recipients 
[45]. Like most active reporting systems, the goal is to generate hy-
potheses using active reporting of all major adverse events after vacci-
nation and reported cases do not establish causality. 

A similar case-control approach can help inform whether these 
events are coincidental, representing a background rate of TTS unrelated 
to vaccines, or whether the rate of TTS is increased after mRNA vaccines. 
The two largest case-control series we reviewed investigated the inci-
dence of TTS after BNT162b2 and found no association [16,25]. In the 
British series combinations of thrombocytopenia and venous thrombo-
embolism and thrombocytopenia with arterial thromboembolism were 
analyzed across each 7-day interval after BNT162b2 and in all cases the 
incidence rate ratio for TTS was not statistically significant [16]. The 
available evidence strongly suggests that TTS, VITT, and CVST following 
ChAdOx1 nCov-19 vaccination is due to a distinct mechanism [10–12] 
and clinical syndrome which are not shared by available mRNA 
vaccines. 

We make no attempt to minimize systemic adverse reactions, stroke, 
myocardial complications, or autoimmune complications of mRNA 
vaccination including reports of ITP and TTP, but these issues fall 
outside the scope of this review. 

3. Discussion 

3.1. Data in context – are available mRNA COVID-19 vaccinations 
associated with venous thromboembolism? 

Well conducted randomized trials provide an unbiased assessment of 
the benefits and harms of interventions but may have limited general-
izability. In the mRNA vaccine trials, rates of VTE were very low which is 
likely due, in part, to the to the relatively healthy populations studied. 
Observational studies, although inherently limited by bias and con-
founding, can be useful for measuring rare events in large populations 
over time. 

Results of large case-controlled series, analysis of post-marketing 
surveillance data, and a large prospective cohort study found similar 
point estimates of risk which cluster at, or below, an incidence rate ratio 
of 1.0 after vaccination indicating no difference. To date, no studies have 
shown a significant increase in the incidence of VTE after mRNA 
vaccination. 

These studies used designs and/or statistical methods to reduce 
confounding (e.g. self-controlled design), and subgroup analyses to 
explore variation within key subgroups (e.g. by age, race, and sex). 
However, the presence of residual confounding factors remains an 
important methodological limitation when interpreting results. Reliable 
ascertainment of vaccination status and clinical events may be a chal-
lenge for large retrospective administrative database cohorts. The con-
trol period of 22–42 days after vaccination used in the American study 
[25] may not be ideal, as thrombotic events have been reported more 
than 21 days after adenoviral vector vaccines, a limitation which is 
acknowledged in the study. Using identical methods the two large 
datasets also looked at adenoviral-vector-based ChAdOx1 nCoV-19 
vaccine and detected an increased risk of VTE, CVST, and thrombocy-
topenia [16] and an increased risk of arterial thrombosis, immune 
thrombocytopenia (ITP), and hemorrhagic events [28]. In a single study 
BNT162b2 was associated with an increased risk of arterial ischemic 
stroke [16]. The presence of positive associations using identical 
methods in these studies may suggest a lower risk that these studies were 
underpowered to detect rare but serious adverse events. 

In all studies only outcomes in which medical attention was sought 

were considered in the final analysis, which may result in an underes-
timation of event rates. However, previously reported age-specific rates 
of VTE are similar to those reported in these studies [15,20,25,27,34]. 

Individual studies should be interpreted cautiously due to the non- 
randomized nature of the analysis but taken together these consistent 
results should be interpreted as confidently refuting a significant rela-
tionship between mRNA vaccination and VTE. Vaccination with 
BNT162b2 (Pfizer-BioNTech) or mRNA-1273 (Moderna) does not 
appear to be associated with an increased incidence of VTE. 

3.2. Clinical management of VTE after mRNA vaccines 

These findings are directly relevant to clinical decision-making. 
Some episodes of VTE will be diagnosed shortly after the administra-
tion of mRNA vaccines by chance alone. When this happens clinicians 
should be skeptical of a causal relationship between these two events. 
Two specific points from this review will help avoid post hoc ergo propter 
hoc informal fallacy and attribution of these VTE events to the vaccine. 
First, the data acquired over the last confirm that an equal number of 
VTE events occur in the days leading up to vaccine administration as 
occur in the days following. The second is that 25–60% of VTE events are 
not associated with any identifiable provoking factor and the incidence 
of unprovoked VTE increases with age [46–48]. 

In clinical practice, we recommend a comprehensive history to 
identify other provoking factors for VTE. Where no other provoking 
factors are identified we recommend risk counseling and consideration 
for extended duration anticoagulation similar to patients with unpro-
voked VTE events [49–51] including risk-benefit assessment and 
consideration of patient preferences. 

For every common clinical scenario there exist rare exceptions. Our 
local institutions have seen rare cases of ipsilateral upper extremity deep 
vein thrombosis which appear to result from local venous compression 
by swollen lymph nodes after vaccination or local inflammatory factors 
in the days following vaccination. A similar case report was found in the 
literature [52]. These cases of ipsilateral upper extremity DVT must be 
exceptionally rare such that they do not lead to a statistical increase in 
the number of VTE events after mRNA vaccines. Upper extremity DVTs 
have a low rate of embolization and death [53]. Treatment with a direct 
oral anticoagulant (DOAC) [54] for a duration of three months is 
appropriate for rare upper extremity DVTs occurring ipsilateral to 
mRNA vaccination when these events are determined to be provoked by 
resulting local inflammation or compressive lymphadenopathy. 

3.3. Unintended misinformation and association fallacy 

Despite these reassuring results the misconception that vaccination 
causes blood clots has become commonplace. The clinical syndrome of 
VITT occurring after Adenoviral-vector vaccines may contribute to this 
misunderstanding through association fallacy. Additionally, media and 
medical literature reports that broadly link vaccines and VTE may cause 
readers to falsely associate blood clots as a side effect with all available 
vaccines [55]. Concerns regarding side effects and the perceived safety 
of available vaccines weigh heavily in decisions to get vaccinated 
[55,56], and studies suggest increasing the availability of information 
about vaccine safety may be among the most important factors in 
decreasing vaccine hesitancy. A poll from the United States in April 2021 
during the investigation of VITT revealed that 76% of those surveyed felt 
were “very or somewhat concerned” they “might experience serious side 
effects” and 70% felt “The COVID-19 vaccines are not as safe as they are 
said to be” [57]. 

To avoid inadvertently inferring an association between all vaccines 
and VTE we suggest increasing the specificity of scientific and media 
communication in this area. Specifically, when VITT or other vaccine 
complications are discussed, authors should specify which vaccines are 
being discussed in the title or header rather than refer to vaccines as a 
broad category. 
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3.4. Future considerations 

When a new drug or vaccine is first put into wider usage the publi-
cation of case reports detailing serious adverse events can be critical in 
identifying rare but important clinical concerns. These same reports run 
the risk of inferring causality where no such relationship exists. Evi-
dence from large datasets do not support an association between VTE 
and mRNA vaccine, suggesting that case reports detailing events 
occurring shortly after mRNA vaccines are likely to be coincidental. A 
few reports involve a concurrent diagnosis of thrombophilia, and at this 
time data are insufficient to confirm or refute an association between 
hereditary thrombophilia and risk of VTE after mRNA vaccination. 
Ongoing collection of safety data is encouraged and could provide more 
information about unexpected thrombotic conditions or individual 
characteristics that predispose to VTE. 

Most of the available evidence focuses on BNT162b2 rather than 
mRNA-1273, and confidence in these conclusions is higher for 
BNT162b2 mRNA-1273 due to the greater volume of data and analysis. 
There is no available evidence to suggest mRNA-1273 increases VTE risk 
in those studies that analyze this formulation separately [25,27]. 
Whether rates of CVST or abdominal vein thrombosis are increased after 
mRNA vaccination is also not a question that is definitively answered by 
the current data, but if such an association exists the absolute increase in 
the risk must be sufficiently small that it could not be captured across the 
analysis of over 27 million doses of mRNA vaccination. At least one of 
the studies discussed in this review is planned for further analysis in the 
future [25]. 

4. Conclusions 

Over the last year post-marketing surveillance of vaccination safety 
has been critical to ensuring public trust during the widespread use of 
vaccines against COVID-19 infection. The rapid dissemination of infor-
mation is crucial to the effective management of a viral pandemic, but 
the volume of information can also mean that important results are 
missed, and adverse events related to mRNA vaccines remain an area of 
concern for patients and practitioners. This review attempts to sum-
marize the available evidence around a key question: is there any evi-
dence to suggest an association between the most widely used COVID-19 
vaccine formulations and VTE? At least six robust studies including 
analysis of over 27 million doses of mRNA vaccines have sought to 
answer this question. The consistent result is that mRNA vaccines are not 
statistically associated with VTE. Confidence in these findings is high 
due to the consistency of the null finding across different age groups, 
geographic regions, research methodologies, and risk intervals that have 
been studied. This finding may inform policy, scientific communication, 
and clinical decision-making. 

Because both mRNA vaccine use and VTE are common in the general 
population VTE events will continue to be detected shortly after vaccine 
administration. The findings of this review should increase our collec-
tive confidence that such events are coincidental rather than causal. 
Where no other provoking factors can be identified, clinicians should 
counsel and treat these events as they would other VTE without an 
identifiable provoking factor. Further research will be useful in clari-
fying the risk of VTE in those with hereditary thrombophilia or prior 
VTE but there is no current evidence to suggest an association in these 
groups. Ongoing monitoring will help to determine whether CVST, un-
usual site thrombosis, or thrombosis with thrombocytopenia are asso-
ciated with mRNA vaccines, but the available data do not suggest an 
increase in risk. The absolute risk of developing these conditions is either 
unchanged by mRNA vaccination or minimally affected such that an 
increased risk has not been definitively captured despite the analysis of 
millions of doses of mRNA vaccine. This fact stands in contrast to the 
increased risk of thrombosis with ChAdOx1 nCoV-19 vaccination and 
COVID-19 infection. The availability of robust real-world data refuting 
an association between vaccination and VTE is a testament to the 

comprehensiveness and efficacy of vaccine post-marketing surveillance 
systems. These findings may increase public confidence in the safety of 
mRNA vaccine technology and our collective ability to identify rare but 
serious adverse events after vaccination. 

Practice points  

• Available mRNA vaccines are not associated with an increased risk of 
venous thromboembolism 

• Available mRNA vaccines are not known to be associated with vac-
cine induced thrombocytopenia with thrombosis (VITT) 

• For VTE occurring after BNT162b2 or mRNA-1273 with no addi-
tional provoking factors we recommend risk counseling and 
consideration for extended duration anticoagulation including risk- 
benefit assessment and consideration of patient preferences similar 
to patients with unprovoked VTE 

Research agenda 

• Further development and wider implementation of vaccine surveil-
lance systems to monitor for rare but serious adverse events after 
vaccination  

• Additional studies are required to clarify the risk of CVST after 
mRNA vaccines 

Author contributions 

MN conceived the review, methods, and primary literature search. 
All authors wrote sections of the manuscript and reviewed the study 
design, clinical findings, and the manuscript's clinical and health policy 
implications. 

Funding statement 

No external funding was received for this study. 

Declaration of Competing Interest 

MN, HG, and NC, have no conflicts of interest relevant to this 
manuscript. DS has received honoraria from BMS-Pfizer, Leo Pharma, 
Novartis, Portola, and Servier. 

References 

[1] Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety 
and efficacy of the BNT162b2 mRNA Covid-19 vaccine. N Engl J Med 2020;383: 
2603–15. https://doi.org/10.1056/nejmoa2034577. 

[2] Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Efficacy and 
safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021;384:403–16. 
https://doi.org/10.1056/nejmoa2035389. 

[3] El Sahly HM, Baden LR, Essink B, Doblecki-Lewis S, Martin JM, Anderson EJ, et al. 
Efficacy of the mRNA-1273 SARS-CoV-2 vaccine at completion of blinded phase. 
N Engl J Med 2021;385:1774–85. https://doi.org/10.1056/nejmoa2113017. 

[4] Arbel R, Hammerman A, Sergienko R, Friger M, Peretz A, Netzer D, et al. 
BNT162b2 vaccine booster and mortality due to Covid-19. N Engl J Med 2021: 
2413–20. https://doi.org/10.1056/nejmoa2115624. 

[5] Andrews N, Tessier E, Stowe J, Gower C, Kirsebom F, Simmons R, et al. Duration of 
protection against mild and severe disease by Covid-19 vaccines. N Engl J Med 
2022;386:340–50. https://doi.org/10.1056/nejmoa2115481. 

[6] McNamara LA, Wiegand RE, Burke RM, Sharma AJ, Sheppard M, Adjemian J, et al. 
Estimating the early impact of the US COVID-19 vaccination programme on 
COVID-19 cases, emergency department visits, hospital admissions, and deaths 
among adults aged 65 years and older: an ecological analysis of national 
surveillance data. Lancet 2021;399:152–60. https://doi.org/10.1016/s0140-6736 
(21)02226-1. 

[7] Rosenberg ES, Dorabawila V, Easton D, Bauer UE, Kumar J, Hoen R, et al. Covid-19 
vaccine effectiveness in New York state. N Engl J Med 2022;386:116–27. https:// 
doi.org/10.1056/nejmoa2116063. 

[8] Bar-On YM, Goldberg Y, Mandel M, Bodenheimer O, Freedman L, Alroy-Preis S, 
et al. Protection against Covid-19 by BNT162b2 booster across age groups. N Engl J 
Med 2021;385:2421–30. https://doi.org/10.1056/nejmoa2115926. 

M. Nicholson et al.                                                                                                                                                                                                                             

https://doi.org/10.1056/nejmoa2034577
https://doi.org/10.1056/nejmoa2035389
https://doi.org/10.1056/nejmoa2113017
https://doi.org/10.1056/nejmoa2115624
https://doi.org/10.1056/nejmoa2115481
https://doi.org/10.1016/s0140-6736(21)02226-1
https://doi.org/10.1016/s0140-6736(21)02226-1
https://doi.org/10.1056/nejmoa2116063
https://doi.org/10.1056/nejmoa2116063
https://doi.org/10.1056/nejmoa2115926


Blood Reviews 56 (2022) 100970

7

[9] Chung H, He S, Nasreen S, Sundaram ME, Buchan SA, Wilson SE, et al. 
Effectiveness of BNT162b2 and mRNA-1273 covid-19 vaccines against 
symptomatic SARS-CoV-2 infection and severe covid-19 outcomes in Ontario, 
Canada: test negative design study. BMJ 2021;374:1–12. https://doi.org/10.1136/ 
bmj.n1943. 

[10] Baker AT, Boyd RJ, Sarkar D, Teijeira-Crespo A, Chan CK, Bates E, et al. ChAdOx1 
interacts with CAR and PF4 with implications for thrombosis with 
thrombocytopenia syndrome. Sci Adv 2021;7:1–15. https://doi.org/10.1126/ 
sciadv.abl8213. 

[11] Greinacher A, Selleng K, Palankar R, Wesche J, Handtke S, Wolff M, et al. Insights 
in ChAdOx1 nCoV-19 vaccine-induced immune thrombotic thrombocytopenia. 
Blood 2021;138:2256–68. https://doi.org/10.1182/blood.2021013231. 

[12] Greinacher A, Selleng K, Mayerle J, Palankar R, Wesche J, Reiche S, et al. 
Anti–platelet factor 4 antibodies causing VITT do not cross-react with SARS-CoV-2 
spike protein. Blood 2021;138:1269–77. https://doi.org/10.1182/ 
blood.2021012938. 

[13] Uaprasert N, Panrong K, Rojnuckarin P, Chiasakul T. Thromboembolic and 
hemorrhagic risks after vaccination against SARS-CoV-2: a systematic review and 
meta-analysis of randomized controlled trials. Thromb J 2021;19:1–10. https:// 
doi.org/10.1186/s12959-021-00340-4. 

[14] Schwarzinger M, Watson V, Arwidson P, Alla F, Luchini S. COVID-19 vaccine 
hesitancy in a representative working-age population in France: a survey 
experiment based on vaccine characteristics. Lancet Public Health 2021;6: 
e210–21. https://doi.org/10.1016/S2468-2667(21)00012-8. 

[15] Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana R, et al. Safety of 
the BNT162b2 mRNA Covid-19 vaccine in a Nationwide setting. N Engl J Med 
2021;385:1078–90. https://doi.org/10.1056/nejmoa2110475. 

[16] Hippisley-Cox J, Patone M, Mei XW, Saatci D, Dixon S, Khunti K, et al. Risk of 
thrombocytopenia and thromboembolism after covid-19 vaccination and SARS- 
CoV-2 positive testing: self-controlled case series study. BMJ 2021;374. https:// 
doi.org/10.1136/bmj.n1931. 

[17] Mansory EM, Srigunapalan S, Lazo-Langner A. Venous thromboembolism in 
hospitalized critical and noncritical COVID-19 patients: a systematic review and 
Meta-analysis. TH Open 2021;05:e286–94. https://doi.org/10.1055/s-0041- 
1730967. 

[18] Spencer FA, Emery C, Lessard D, Anderson F, Emani S, Aragam J, et al. The 
Worcester venous thromboembolism study: a population-based study of the clinical 
epidemiology of venous thromboembolism. J Gen Intern Med 2006;21:722–7. 
https://doi.org/10.1111/j.1525-1497.2006.00458.x. 

[19] Næss IA, Christiansen SC, Romundstad P, Cannegieter SC, Rosendaal FR, 
Hammerstrøm J. Incidence and mortality of venous thrombosis: a population-based 
study. J Thromb Haemost 2007;5:692–9. https://doi.org/10.1111/j.1538- 
7836.2007.02450.x. 

[20] Silverstein MD, Heit JA, Mohr DN, Petterson TM, O’Fallon WM, Melton LJ. Trends 
in the incidence of deep vein thrombosis and pulmonary embolism: a 25-year 
population-based study. Arch Intern Med 1998;158:585–93. https://doi.org/ 
10.1001/archinte.158.6.585. 

[21] Nicholson M, Chan N, Bhagirath V, Ginsberg J. Prevention of venous 
thromboembolism in 2020 and beyond. J Clin Med 2020;9:1–27. https://doi.org/ 
10.3390/jcm9082467. 

[22] Siegal DM, Eikelboom JW, Lee SF, Rangarajan S, Bosch J, Zhu J, et al. Variations in 
incidence of venous thromboembolism in low-, middle-, and high-income 
countries. Cardiovasc Res 2020:1–9. https://doi.org/10.1093/cvr/cvaa044. 

[23] Thomas SJ, Moreira ED, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety 
and efficacy of the BNT162b2 mRNA Covid-19 vaccine through 6 months. N Engl J 
Med 2021;385:1761–73. https://doi.org/10.1056/nejmoa2110345. 

[24] Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Appendix 
efficacy and safety of the mRNA-1273 SARS-CoV-2 vaccine. N Engl J Med 2021; 
384:403–16. https://doi.org/10.1056/nejmoa2035389. 

[25] Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et al. Surveillance 
for adverse events after COVID-19 mRNA vaccination. JAMA J Am Med Assoc 
2021;326:1390–9. https://doi.org/10.1001/jama.2021.15072. 

[26] Jabagi MJ, Botton J, Bertrand M, Weill A, Farrington P, Zureik M, et al. Myocardial 
infarction, stroke, and pulmonary embolism after BNT162b2 mRNA COVID-19 
vaccine in people aged 75 years or older. JAMA J Am Med Assoc 2021;2021:17–9. 
https://doi.org/10.1001/jama.2021.21699. 

[27] Houghton DE, Padmanabhan A, Ashrani AA, Wysokinska E, Chaudhary R, 
Padrnos L, et al. Deep vein thrombosis after COVID-19 vaccinations. Blood 2021; 
138:291. https://doi.org/10.1182/blood-2021-151396. 

[28] Simpson CR, Shi T, Vasileiou E, Katikireddi SV, Kerr S, Moore E, et al. First-dose 
ChAdOx1 and BNT162b2 COVID-19 vaccines and thrombocytopenic, 
thromboembolic and hemorrhagic events in Scotland. Nat Med 2021;27:1290–7. 
https://doi.org/10.1038/s41591-021-01408-4. 

[29] Bardenheier BH, Gravenstein S, Blackman C, Gutman R, Sarkar IN, Feifer RA, et al. 
Adverse events following one dose of mRNA COVID-19 vaccination among US 
nursing home residents with and without a previous SARS-CoV-2 infection. J Am 
Med Dir Assoc 2021;22:2228–32. https://doi.org/10.1016/j.jamda.2021.08.024. 

[30] Sessa F, Salerno M, Esposito M, Di Nunno N, Zamboni P, Pomara C. Autopsy 
Findings and Causality Relationship between Death and COVID-19 Vaccination: A 
Systematic Review. 2021. 

[31] Sessa M, Kragholm K, Hviid A, Andersen M. Thromboembolic events in younger 
women exposed to Pfizer-BioNTech or Moderna COVID-19 vaccines. Expert Opin 
Drug Saf 2021;20:1451–3. https://doi.org/10.1080/14740338.2021.1955101. 

[32] Smadja DM, Yue QY, Chocron R, Sanchez O, Lillo-Le Louet A. Vaccination against 
COVID-19: insight from arterial and venous thrombosis occurrence using data from 
VigiBase. Eur Respir J 2021;58. https://doi.org/10.1183/13993003.00956-2021. 

[33] Wafa HA, Wolfe CDA, Emmett E, Roth GA, Johnson CO, Wang Y. Burden of stroke 
in Europe: thirty-year projections of incidence, prevalence, deaths, and disability- 
adjusted life years. Stroke 2020;51:2418–27. https://doi.org/10.1161/ 
STROKEAHA.120.029606. 

[34] Heit JA, Spencer FA, White RH. The epidemiology of venous thromboembolism. 
J Thromb Thrombolysis 2016;41:3–14. https://doi.org/10.1007/s11239-015- 
1311-6. 

[35] Wilkins E, Wilson L, Wickramasinghe K, Bhatnagar P. European cardiovascular 
disease statistics. Eur Hear Netw 2017;2017:94–100. 

[36] Cari L, Fiore P, Naghavi Alhosseini M, Sava G, Nocentini G. Blood clots and 
bleeding events following BNT162b2 and ChAdOx1 nCoV-19 vaccine: an analysis 
of European data. J Autoimmun 2021;122:102685. https://doi.org/10.1016/j. 
jaut.2021.102685. 

[37] Alghamdi AN, Alotaibi MI, Alqahtani AS, Al Aboud D, Abdel-Moneim AS. 
BNT162b2 and ChAdOx1 SARS-CoV-2 post-vaccination side-effects among Saudi 
vaccinees. Front Med 2021;8:1–10. https://doi.org/10.3389/fmed.2021.760047. 

[38] Coutinho JM, Zuurbier SM, Aramideh M, Stam J. The incidence of cerebral venous 
thrombosis: a cross-sectional study. Stroke 2012;43:3375–7. https://doi.org/ 
10.1161/STROKEAHA.112.671453. 

[39] 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;47:2180–2. https://doi.org/10.1161/ 
STROKEAHA.116.013617. 

[40] Pawlowski C, Rincón-Hekking J, Awasthi S, Pandey V, Lenehan P, 
Venkatakrishnan AJ, et al. Cerebral venous sinus thrombosis is not significantly 
linked to COVID-19 vaccines or non-COVID vaccines in a large multi-state health 
system. J Stroke Cerebrovasc Dis 2021;30:1–8. https://doi.org/10.1016/j. 
jstrokecerebrovasdis.2021.105923. 

[41] Gil-Díaz A, Gil-Hernández A, Lozano-Jiménez AI, Benítez-Peña J, Conde-Martel A. 
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