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Abstract
Objectives: To meta-analyze the clinical manifestations, diagnosis, treatment, and mortality of vaccine-induced immune thrombotic thrombocytopaenia (VITT) after adenoviral vector vaccination.
Methods: Eighteen studies of VITT after ChAdOx1 nCoV-19 or Ad26.COV2.S vaccine administration were reviewed from PubMed, Scopus, Embase, and Web of Science. The meta-analysis estimated the summary effects and between-study heterogeneity regarding the incidence, manifestations, sites of thrombosis, diagnostic findings, and clinical outcomes. 
Results: The incidence of total venous thrombosis after ChAdOx1 nCoV-19 was 28 (95% CI 12-52, I2=100%) per 100,000 doses administered. Of 664 patients in quantitative analysis (10 studies), the mean age of VITT patients was 45.6 years (95% CI 43.8-47.4, I2=57%), with a female predominance (70%). Cerebral venous thrombosis (CVT), deep vein thrombosis (DVT)/pulmonary thromboembolism (PE), and splanchnic vein thrombosis occurred in 54%, 36%, 19% of VITT patients, respectively. The pooled incidence rate of cerebral venous thrombosis after ChAdOx1 nCoV-19 (23 per 100,000 person-years) was higher than the pre-pandemic rate (0.9 per 100,000 person-years). Intracranial haemorrhage and extracranial thrombosis accompanied 47% and 33% of all CVT patients, respectively. The antiplatelet factor 4 (anti-PF4) antibody positivity rate was 91% (95% CI 88-94, I2=0%) and the overall mortality was 32% (95% CI 24-41, I2=69%), and no significant difference was observed between heparin- and non-heparin-based anticoagulation treatments (risk ratio 0.84, 95% CI 0.47-1.50, I2=0%).
Conclusions: VITT patients after SARS-CoV-2 vaccination most frequently presented with CVT following DVT/PE and splanchnic vein thrombosis, and about one-third of patients had a fatal outcome. This meta-analysis should provide a better understanding of VITT and assist clinicians in identifying VITT early to improve outcomes and optimize management. 
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Introduction
More than 233 million people have been infected with SARS-CoV-2, and 4.7 million people have died from the disease worldwide (as of 1 October 2021). Several vaccines have been developed concerning this public health problem, and 6.2 billion doses have already been administered (COVID-19 Map - Johns Hopkins Coronavirus Resource Center, October 1, 2021). A phase-III clinical trial of ChAdOx1 nCoV-19 (Oxford-AstraZeneca) included 12,021 participants from the UK, Brazil, and South Africa, and there was no adverse event related to unusual thrombotic events (Voysey et al., 2021). However, as the ChAdOx1 nCoV-19 vaccination programs expanded, a rare event of extraordinary thrombosis emerged from March 2021 (Greinacher et al., 2021a; Schultz et al., 2021; Scully et al., 2021). Due to safety concerns related to thrombosis, several European counties re-evaluated the eligibility criteria, and many of them did not recommend ChAdOx1nCoV-19 to people under age 50. After receiving more reports from various countries, clinicians named this rare adverse event vaccine-induced immune thrombotic thrombocytopaenia (VITT), which described its similar pathophysiology to heparin-induced thrombocytopaenia (HIT). A similar adverse events was observed in another adenovirus vector vaccine (Ad26.COV2.S; Johnson & Johnson) (See et al., 2021).
   Subsequently, the first case series of VITT was published in April 2021 (Greinacher et al., 2021), and it suggested the benefit of the antiplatelet factor 4 (anti-PF4) antibody test for diagnosing VITT. Later, Hwang et al. summarised case reports related to VITT and introduced several prognostic factors related to mortality (Hwang et al., 2021). However, because of the different clinical environments among studies, it has been challenging to comprehensively describe VITT.
   Thus, we conducted a systematic review and meta-analysis to appraise patients' demographics, clinical manifestations, laboratory findings, a pattern of treatments, and mortality for VITT after ChAdOx1 nCoV-19 or Ad26.COV2.S vaccination. We expect our meta-analysis to provide clinicians with a thorough understanding of this rare adverse event.


Methods
We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist for this systematic review (Supplementary Table S1), and this study was not registered with PROSPERO due to concerns for idea exposure related to timely important study theme. 

Literature Search Strategy and Study Selection
  Two investigators (A.Y.K. and W.W.) searched PubMed, Scopus, Embase, and Web of Science databases up to 4 October 2021 to identify studies that reported VITT after ChAdOx1 nCoV-19 or Ad26.COV2.S vaccination. Our initial search yielded 725 articles. After a review of individual abstracts and full texts, we identified 18 studies (Abbattista et al., 2021; Gras-Champel et al., 2021; Greinacher et al., 2021b; Hippisley-Cox et al., 2021; Huh et al., 2021; Krzywicka et al., 2021; Pavord et al., 2021; Perry et al., 2021; Pottegård et al., 2021; Rosenblum et al., 2021; Sánchez van Kammen et al., 2021a; Schultz et al., 2021; Schulz et al., 2021; Scully et al., 2021; See et al., 2021; de Simone et al., 2021; Simpson et al., 2021; Tiede et al., 2021) (4 case series, 7 cohort studies, 1 monthly report, 1 brief communication, 2 narrative reviews, 1 observational study, and 2 self-controlled case series) that met our inclusion criteria. The search terms used are described in Supplementary Table S2. Discrepancies regarding the inclusion/exclusion of studies were discussed and resolved by consensus among three investigators (J.I.S., A.Y.K, and W.W.). The full literature search strategy is presented in Supplementary Figure S1. The eligibility criteria for inclusion were as follows: studies in which (1) venous thrombosis, thrombotic thrombocytopenia, or VITT was an adverse event following ChAdOx1 nCoV-19 or Ad26.COV2.S vaccine; (2) cerebral venous thrombosis (CVT) developed after ChAdOx1 nCoV-19 or Ad26.COV2.S vaccine; and (3) an editorial, short survey, or monthly report to identify the most recent comprehensive analysis of incidence was manually added. We excluded (1) studies in which VITT was reported before the COVID-19 pandemic and (2) case series with less than 5 cases, we also excluded (3) review articles, letters to the editors, abstracts, articles that did not contain sufficient information on the patients, and (4) studies with insufficient patients' data. We finally included 18 studies that met the inclusion criteria. Among them, 10 studies with clinical data were subsequently used to analyze clinical manifestations and outcomes. The remaining 8 used to analyze the incidence of VITT. The summary of the findings in included studies are shown in Supplementary Table S3. 
Definition of VITT
   The inclusion criteria for VITT in each study are described in Supplement Table S4. All studies suggested several standards such as recent vaccination history, presence of thrombosis, thrombocytopenia, D-dimer level, a result of anti-PF4 antibody test, and additional experts' opinion.
Data Extraction
   For each eligible clinical trial (or study), we recorded the first author, publication year, journal name, country, a total number of patients, incidence proportion or incidence rate of patients who developed any type of thrombosis, patients' demographics, location of thrombosis, laboratory results, treatment modalities, clinical course, and survival of patients.
Analyses of Clinical Studies and Statistical Analysis
   The data for each study that was included in the clinical analysis are presented in Table 1 (Greinacher et al., 2021b; Krzywicka et al., 2021; Pavord et al., 2021; Perry et al., 2021; Sánchez van Kammen et al., 2021a; Schultz et al., 2021; Schulz et al., 2021; Scully et al., 2021; See et al., 2021; Tiede et al., 2021). To estimate the proportion of VITT patients for each variable, we performed a meta-analysis to estimate the summary effects with a proportion of each variable and 95% confidence interval (CI) using random-effect models (DerSimonian and Laird, 2015; Lau et al., 1997). The random-effects model provides the weighted average of the effect sizes of a group of studies with the assumption that each study supplies information about a different effect size (Ioannidis et al., 2011). We evaluated the between-study heterogeneity using the I2 metric of inconsistency and P-value of the Cochran Q test. I2 is the ratio of the between-study variance over the sum of the within-study and between-study variances, and it ranges from 0–100%. I2 values over 50% usually represent significant heterogeneity (Higgins et al., 2003). 
   Publication bias was not assessed because studies included in the proportion meta-analyses were non-comparable except for the mortality comparison between two types of anticoagulation. All analyses were conducted using R version 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria).


Results
   The pooled incidence of VITT (total venous or cerebral venous thrombosis) after SARS-CoV-2 vaccinations (ChAdOx1 nCoV-19, Ad26.COV2.S) was shown in Figure 1 (Supplementary Figure S2[a-d]). The incidence of venous thrombosis after the 1st dose of ChAdOx1 nCoV-19 was 28(95% CI 12-52) per 100,000 doses administered. The incidence of cerebral venous thrombosis after ChAdOx1 nCoV-19 and Ad26.COV2.S were 0.3 (95% CI 0.1-1.4) and 1.14(95% CI 0.96-1.36) per 100,000 administered doses, respectively. Moreover, the CVT incidence rate after ChAdOx1 nCoV-19 seemed to be higher than the general population, based on the pre-pandemic period's data. 
   Ten studies investigated the clinical manifestation and treatment outcomes of VITT after ChAdOx1 nCoV-19 or Ad26.COV2.S vaccination (Table 1 and 2). Among them, five studies investigated the overall thrombosis in different sites. Since most VITT cases were identified through its unique infiltration of the cerebral venous system, five studies particularly appraised CVT and its clinical outcome.
   The result of the meta-analyses of clinical variables is outlined in Table 3. Regarding demographic variables, the mean age of all VITT patients was 45.6 years (95% CI 43.8–47.4, k=8, n=599, I2=57%, p=0.02), and the percentage of females was 65% by overall estimation and 70% (95% CI 57–80, I2=82%) by meta-analysis. Venous thrombosis risk factors, such as cancer, use of oral contraceptives, infection, recent surgery, or thrombophilia, were present in 20% of patients by overall estimation and 27% by meta-analysis, and headaches were noted in 90% of patients by overall estimation and in 89% by meta-analysis (Supplementary Figure S3 [a-h]).
   Among all VITT patients, CVT occurred in 52% by overall estimation and 54% (95% CI 43–65, I2=42%) by meta-analysis (Figure 2), and intracranial haemorrhage (ICH) occurred in 20% both by overall estimation and meta-analysis (Supplementary Figure S4[c]). The pooled rate of patients with deep vein thrombosis or pulmonary thromboembolism, splanchnic vein thrombosis, and aorto-limb arterial thrombosis was 36%, 19%, and 11%, respectively (Supplementary Figure S4[d,e]) 
   Regarding all CVT patients, the rate of accompanying ICH was 48% by overall estimation and 47% by meta-analysis. The rate of extracranial thrombosis was 25% by overall estimation and 33% by meta-analysis, and the pooled proportions of pulmonary thromboembolism, splanchnic vein thrombosis, and aorto-limb arterial thrombosis in CVT patients were 16%, 13%, and 6%, respectively (Supplementary Figure S4[g-n]). 
[bookmark: _Hlk92744690]   Supplementary Table S5 describes the pooled-mean laboratory values of all VITT patients. The pooled-mean initial and nadir platelet counts were very low (50.0 ×109/L and 33.2×109/L, respectively) and the prothrombin time was prolonged (13.4 s). The nadir fibrinogen and peak D-dimer levels were 1.6 g/L and 26.3 mg/L, respectively. Of note, the anti-PF4-antibody test was conducted in 7 studies, and the positivity rate was 91% (95% CI 88–94, I2=0%) in the meta-analysis (Figure 3).  
   Non-heparin anticoagulation was administered in 64% of patients by overall estimation and in 65% (95% CI 45–73, I2=77%) by meta-analysis, whereas 35% (95% CI 23–48, I2=68%) of patients received heparin-based anticoagulation. The pooled proportions of patients treated with intravenous immunoglobulin (IVIG), corticosteroid, platelet transfusion, and intervention were 69%, 44%, 25%, and 30%, respectively (Supplementary Figure S4[o-u]). Notably, the mortality rate was 30% by overall estimation and 32% (95% CI 24–41, I2=69%) by meta-analysis (Figure 4). There was no significant difference in mortality rate between heparin- and non-heparin-based anticoagulation (risk ratio 0.84, 95% CI 0.47–1.50, I2=0%, p=0.80; Figure 5) based on the meta-analysis of three studies, which had available data (Pavord et al., 2021; Perry et al., 2021; Tiede et al., 2021). Supplementary Figure S5 demonstrated the publication bias of these three included studies. 


Discussion
   As the vaccine rollout expands worldwide, more precise information about vaccine safety has become essential. Owing to the lack of a comprehensive understanding of VITT after ChAdOx1-nCoV or Ad26.COV2.S vaccination, we conducted a systematic analysis of published retrospective cohort studies and case series to investigate the clinical features and outcomes of VITT. To our knowledge, this study was the first attempt to meta-analyze recently reported studies from clinical manifestations to treatment outcomes. Therefore, this meta-analysis will provide a more systematic understanding of the current patterns of diagnosis, treatment, and prognosis of adenoviral vector vaccine related thrombosis.
   Although most studies used similar criteria to diagnose VITT, there was also significant variability among them. Recently published studies (Pavord et al., 2021; Perry et al., 2021) used objective measures excluding specialists' opinion in diagnosis. However, whether all five criteria (recent vaccination, thrombosis, thrombocytopenia, elevated D-dimer, and anti-PF4 antibody positivity) should be met to be categorized into VITT still needs to be addressed. Adopting a strict cut-off for thrombocytopaenia (150 × 10⁹/L), for instance, could exclude patients with sufficient evidence of VITT in manifestations and other criteria (Perry et al., 2021). Studies published between April and July used clinical intuitions from specialists in neurology or haematology as one of the inclusion criteria (Greinacher et al., 2021b; Krzywicka et al., 2021; Sánchez van Kammen et al., 2021a; Schultz et al., 2021; Schulz et al., 2021; Scully et al., 2021; See et al., 2021; Tiede et al., 2021). Subsequently, this could introduce biases with regard to the local level of SARS-CoV-2 infection, clinical environments, or available tests among those specialists. A more precise and uniformly constructed consensus on VITT diagnosis must be addressed via a higher-level collaboration of experts. 
[bookmark: _Hlk92744782][bookmark: _Hlk92744184]   As noted in this study, VITT occurred more commonly in females, and more than half of patients were under age 50. After it was found that young female individuals were vulnerable to VITT from early reports, many countries have modified the eligibility criteria for the adenoviral vector vaccine. However, as recent studies described (Pavord et al., 2021; Perry et al., 2021), male and older people are not spared from VITT. Although some patients had risk factors related to venous thrombosis, VITT occurred even in people without these predispositions, as it was previously reported (Idiculla et al., 2020; Marjot et al., 2011). Therefore, regardless of patients' pre-existing risk factors for thrombosis, clinicians should consider the possibility of VITT diagnosing patients with suspected thrombosis after SARS-CoV-2 vaccinations.
[bookmark: _Hlk92745154][bookmark: _Hlk92744299][bookmark: _Hlk92746208]When CVT was first reported after vaccination, it was uncertain whether this rare disease was indeed an adverse event of the vaccine or coincidental cases of CVT, and all different types of thrombosis after vaccination were also reviewed by experts. In the attempts to understand this disease, the connection between VITT and anti-PF4 positivity was used to differentiate this rare phenomenon (Greinacher et al., 2021). Later, it was suggested that inter-reactivity between the adenoviral vaccine and platelets or PF4 could be related to the pathogenesis of VITT. The free nucleic acid in the vaccines could adhere to PF4 and trigger the formation of PF4-reactive autoantibodies resulting in VITT (Greinacher et al., 2021b; Jaax et al., 2013). Although many experts suggest that there would be a similar process between VITT and HIT (Cines and Bussel, 2021; Vayne et al., 2021), VITT appears to cause more frequent thrombotic events in the cerebral venous system than HIT. Though VITT and HIT are anti-PF4 disorders, they represented different binding amino acids in PF4 according to alanine-scanning mutagenesis, and VITT anti-PF4 antibodies had a more robust binding response to PF4 and PF4-heparin complexes than HIT anti-PF4 antibodies (Huynh et al., 2021). The high frequency of CVT in VITT was comparable to the clinical phenomenon in medical spontaneous HIT syndrome, which occurs in post-infection scenarios or where no proximate illness or surgery is identified (Warkentin et al., 2021). Thus, the connection between VITT and CVT might be related to the difference in binding site on PF4 compared to HIT. Moreover, the molecular mimicry between the vaccine-induced proteins of SARS-CoV-2 and human components might increase the risk of adverse effects by leading to the production of pathological autoantibodies, resulting in vaccine-induced autoimmunity (Dotan and Shoenfeld, 2021; Segal and Shoenfeld, 2018). Furthermore, the reason why these thrombotic events occur frequently as CVT or splanchnic vein thrombosis remains uncertain, and further studies are warranted. However, as these were unusual locations for thrombosis, clinicians speculated VITT when patients with recent SARS-CoV-2 vaccination history presented with these thrombotic patterns (CVT or splanchnic vein thrombosis). (Ciccone, 2021).
[bookmark: _Hlk92744953][bookmark: _Hlk92745210]   The introduction of an anti-PF4 antibody test to diagnose this rare disease was first described in Germany (Greinacher et al., 2021). Although patients were not previously exposed to heparin, they exhibited a pattern of clinical manifestations similar to that of HIT. Later, the anti-PF4 antibody test was frequently used in other studies (Pavord et al., 2021; Perry et al., 2021; Sánchez van Kammen et al., 2021a; Scully et al., 2021; See et al., 2021; Schultz et al., 2021), and our meta-analysis revealed a high positivity rate (91%). In the CVT patients prior to the COVID-19 pandemic, the anti-PF4 positivity rate was extremely low compared to VITT-related CVT patients (Sánchez van Kammen et al., 2021). The cut-off value of optical density in the test, which was measured to display the positivity, has not been determined, but it seems to have a higher value in VITT than in the normal population (Hursting et al., 2010; Schultz et al., 2021). This pooled effect could be less informative due to a high proportion of a single study (Pavord et al., 2021); further analysis on this value would be warranted.
[bookmark: _Hlk92746473][bookmark: _Hlk92745341][bookmark: _Hlk92746480][bookmark: _Hlk92745369]   The consensus of treating VITT has been evolved throughout the pandemic compared to the early period when different modalities were introduced to manage this rare adverse event. In our meta-analysis, there was no significant difference in mortality between heparin-based and non-heparin-based anticoagulation strategies. However, only 3 studies were included in the meta-analysis because of data availability issues; thus, the result should be interpreted with caution, and there was a trend of lower mortality in the non-heparin group. As more VITT cases are reported, this trend will be clearer and further analyses would be needed to confirm the benefit of non-heparin-based anticoagulants. Immunoglobulins were also widely used (73%) to manage VITT, although there were no available data comparing the use and non-use of IVIG. As the current consensus from experts recommends the administration of IVIG and non-heparin anticoagulation for the initial management(Cines and Bussel, 2021; Makris et al., 2021; Perry et al., 2021), clinicians should be cautious in interpreting this result considering the shift in clinical practices during the pandemic.
   The overall mortality from all VITTs was 29% in the meta-analysis, suggesting a high fatality. Since most VITT cases were identified due to their involvement in the cerebral venous system, which frequently led to a fatal outcome, this rate could be overestimated regarding all sites of thrombosis, including extracranial involvement. A sub-analysis of extracranial involvement according to the pattern of each thrombosis seems necessary. 
[bookmark: _Hlk92744814][bookmark: _Hlk92744831]   The incidence of CVT appeared to be higher for ChAdOx1 nCoV-19 recipients than for the public in the pre-pandemic era. This result follows previous reports of high thromboembolism and CVT after ChAdOx1 nCoV-19 vaccine administration in several European countries (Hippisley-Cox et al., 2021; Simpson et al., 2021). However, the incidence in South Korea (Huh et al., 2021) seems to be lower than that in other reports from European countries. This could be related to the protective genetic traits against venous thromboembolism in Asians (Klatsky et al., 2000). However, due to insufficient data from other Asian countries, it is premature to describe this tendency. As the vaccine rollout expands in Asia and Africa, further analysis of incidence by geographical and demographical difference would be necessary. Furthermore, even though adenoviral vector-based vaccines pose a risk of having VITT, clinicians and the public should acknowledge of much greater thromboembolism risk after contracting the SARS-CoV-2 (Terpos et al., 2020). 
[bookmark: _Hlk92746702][bookmark: _Hlk92744482]There are several limitations to this study. First, the included studies had some degree of discrepancy in defining VITT though thrombosis and thrombocytopenia were commonly mentioned. As this was a rare adverse event after vaccinations, early case series had heterogenic characteristics of included patients. Additionally, two studies from database analysis did not have enough clinical information in terms of patients' severity. These issues could overestimate the mortality rate and might pose a risk of bias in generalizing the results to the public.Therefore, additional clinical trials or multicentre studies based on the current definition of VITT should be performed to address clinical outcomes in VITT. Second, despite our comprehensive approach, there is limited evidence for generalization since the included studies were retrospectively designed. Though mortality rate and laboratory variables were presented after incorporation, this should be cautiously interpreted as study diversity was not sufficiently assessed in this process. Because of variabilities in the inclusion criteria, under or over-reporting of cases could also have biased our results. Third, the heterogeneity among outcomes was substantial, and cautious interpretation is necessary according to different clinical settings. This heterogeneity may be due to differences between studies in design, disease severity, age distribution, local policy of vaccinations, or other unidentified variables. Additionally, there is a possibility of double-counted cases among included studies. We could not match everyone's data due to the lack of medical records for all patients, so it could overestimate the real-world clinical data. 

Conclusion
[bookmark: _Hlk92746508]   This is the first systematic review to analyze VITT incidence after adenovirus-based vaccinations and evaluate the manifestations, treatments, and outcomes of this rare adverse event. This unusual thrombosis infiltrated in various sites; CVT (54%), deep vein thrombosis (DVT) or pulmonary thromboembolism (PE) (36%), and splanchnic thrombosis (19%), and the anti-PF4 test was positive in 91%. Considering the relatively high mortality of VITT, early recognition based on current clinical evidence is essential to improve its clinical outcomes. 
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Table 1. Characteristics and laboratory findings of vaccine-induced immune thrombotic and thrombocytopenia (VITT) patients after ChAdOx1 nCov-19 or Ad26.COV2.S vaccination
	Author, year
	Country
	N participants
	Age, Median (IQR or range)
	Female (%)
	Location of thrombosis
	
	Laboratory findings

	
	
	
	
	
	CVT
	CVT with PE
	ICH
	SVT
	PE
	
	Platelet⁂
cells×109/L
	PT⁂ (sec) or INR⁂
	aPTT⁂,
sec
	Fibrinogen⁂g/L
	D-dimer⁂
	Positive Anti-PF4 Ab (%)

	Perry, 2021 (Perry et al., 2021)
	UK
	70
	47 
(32-55)
	31/70 (44.3)
	70/70
(100.0)
	14/70
(20.0)
	-
	-
	-
	
	
	13.0
(11.9-14.8)
	28.8 
(25.1-34.8)
	2.0 
(1.3-2.8)
	-
	56/58
(96.6)

	Tiede, 2021
(Tiede et al., 2021)
	Germany
	5
	61 
(61-63)
	5/5 (100.0)
	1/5
(20.0)
	
	1/5
(20.0)
	1/5
(20.0)
	-
	
	40 (27-62)
	-
	-
	-
	5/5 (100) over 22.4mg/L
	-

	Krzywicka, 2021
(Krzywicka et al., 2021)
	Eudravigillance
	187
	46 
(32-56)
	138/184 (75.0)
	187/187
(100.0)
	9/187
(4.8)
	-
	-
	-
	
	31¶ 
(17-64)
	-
	-
	-
	-
	15‡

	Schulz, 2021
(Schulz et al., 2021)
	Germany
	53
	-
	-
	37/53
(69.8)
	-
	-
	-
	-
	
	-
	-
	-
	-
	-
	-

	See, 2021
(See et al., 2021)
	USA
	12
	18-60*
	12/12 (100.0)
	12/12
(100.0)
	3/12
(25.0)
	7/12⸹
(58.3)
	-
	-
	
	19¶
(12.8-74.3)
	INR 1.2
(1.1-1.25)
	28 
(25.3- 31)
	1.45¶
(0.90-2.14)
	8.15mg/L¶ (6.8-34.7)
	11/11
(100.0)

	Scully, 2021
(Scully et al., 2021)
	UK
	23
	46 
(21-77)*
	14/23 (60.9)
	13/23
(56.5)
	2/23
(8.7)
	4/23
(17.4)
	4/23
(17.4)
	6/23
(26.1)
	
	32.5
(17.5-64.8)
	13.2
(13.1-14.1)
	29.8 
(24.4-34.4)
	1.3 
(1.1-2.55)
	21/21 (100.0%) over 550 FEU
	22/23
(95.7)

	Greinacher, 2021
(Greinacher et al., 2021)
	Germany and Austria
	11
	36 
(22-49)*
	9/11 (81.8)
	9/11
(81.8)
	2/11
(18.2)
	1/11
(9.1)
	3/11
(27.3)
	3/11
(27.3)
	
	19.5¶
(13.0-52.3)
	INR 1.34¶ 
(1.19-1.53)
	45¶
(35.3-46.4)
	1.3¶
(0.79-2.0)
	13mg/L¶
(2.6-21)
	9/9
(100.0)

	Schultz, 2021
(Schultz et al., 2021)
	Norway
	5
	39 
(36-42)
	4/5 (80.0)
	4/5
(80.0)
	-
	4/5
(80.0)
	1/5
(20.0)
	-
	
	19¶ 
(14-22)
	INR 1.1¶
(1.1-1.2)
	25¶ 
(25-29)
	1.2¶
(1.2-2.1)
	4/5 (80.0) over 35mg/L
	5/5
(100.0)

	Pavord, 2021
(Pavord et al., 2021)
	UK
	220
	48 
(38–56)
	119/217 (54.8)
	110/220
(50.0)
	-
	42/220
(19.1)
	41/220
(18.6)
	63/220
(28.6)
	
	47 
(28-76)
	13
(10-14)
	29
(22–30)
	2.2
(1.2-3.1)
	24000 FEU (8000–37000)
	198/220
(90.0)

	Sánchez van Kammen, 2021
(Sánchez van Kammen et al.,2021)
	International registry
	78
	45±14Δ
	63/78
(80.8)
	78/78
(100.0)
	16/70
(22.9)
	
	
	
	
	45
(25-71)
	
	
	
	
	63/69
(91.3)


CVT, cerebral venous thrombosis; PE, pulmonary thromboembolism; ICH, intracranial hemorrhage; SVT, splanchnic venous thrombosis; VITT, vaccine-induced immune thrombotic thrombocytopenia
⁂The normal range for selective variables are as follows : Plt 150-400cells×109/L, PT 10.0-12.0 sec, aPTT 25.0-37.0 sec, Fibrinogen 1.5-4.0g/L, D-dimer 0-550 FEU or <0.5mg/L
* Range not interquartile range
Δ Mean ± standard deviation 
† Interval between vaccination and admission or the onset of symptoms
⸹ Proportion of ICH among CVT patients
‡ Total cases with anti-PF4 antibody positive, no information on the number of patients tested for these antibodies
¶ The highest (D-dimer, aPTT, PT or INR) or lowest (Fibrinogen, platelet) value

Table 2. Treatment modalities and outcomes of vaccine-induced immune thrombotic and thrombocytopenia (VITT) patients after ChAdOx1 nCov-19 or Ad26.COV2.S vaccination
	Author
	Month of report
	Treatment modalities
	
	Outcome

	
	
	IVIG
	Steroid
	Heparin AC
	Non-heparin AC
	Platelet transfusion
	Plasma exchange
	Intervention
	
	Overall mortality
	Mortality among non-heparin AC
	Mortality among heparin AC

	Perry
(Perry et al., 2021)
	August 2021
	55/70
(78.6)
	51/70
(72.9)
	16/70
(22.9)
	Parenteral
 : 50/70 (71.4)
DOAC
 : 22/70 (31.4)
	25/70
(35.7)
	16/70
(22.9)
	Endovascular 
: 9/70 (12.9) 

Surgery
: 13/70(18.6)

	
	20/70 (28.6)
	9/50 (18.0)
	3/16 (18.8)

	Tiede
(Tiede et al., 2021)
	July 2021
	3/5
(60.0)
	-
	1/5
(20.0)
	Argatroban
 : 4/5 (80.0)
	-
	-
	-
	
	0/3 (0.0)
	0/2 (0.0)
	0/1 (0.0)

	Krzywicka
(Krzywicka et al., 2021)
	July 2021
	-
	-
	-
	-
	-
	-
	-
	
	44/117 (37.6)
	-
	-

	Schulz
(Schulz et al., 2021)
	July 2021
	-
	-
	-
	-
	-
	-
	-
	
	9/53 (17.0)
	-
	-

	See
(See et al., 2021)
	April 2021
	7/12
(58.3)
	3/12
(25.0)
	6/12
(50.0)
	All types
 : 4/12 (33.3)⸹ 
Argatroban 
 : 2/12 (16.7)
	4/12
(33.3)
	-
	-
	
	3/12 (25.0)
	-
	-

	Scully
(Scully et al., 2021)
	June 2021
	-
	-
	-
	-
	--
	-
	-
	
	7/23 (30.4)
	-
	-

	Greinacher
(Greinacher et al., 2021)
	June 2021
	-
	-
	5/9
(55.6)
	-
	-
	-
	-
	
	6/11(54.5)
	-
	2/5 (40.0)

	Schultz
(Schultz et al., 2021)
	April 2021
	4/5
(80.0)
	4/5
(80.0)
	5/5
(100.0)
	-
	-
	-
	-
	
	3/5 (60.0)
	-
	-

	Pavord
(Pavord et al., 2021)
	August 2021
	158/220
(71.8)
	58/220
(26.4)
	50/220
(22.7)
	150/220 
(68.2)
	30/220 (13.6)
	17/220 (7.7)
	32/220 (14.5)⁂ 
	
	49/220 (22.3)
	24/149 (16.1)
	10/50 (20.0)

	Sánchez van Kammen, 2021
(Sánchez van Kammen et al.,2021)
	September 2021
	47/78
(60.3)
	25/78
(32.1)
	30/78
(38.5)
	37/78
(47.4)
	20/78
(25.6)
	6/78
(7.7)
	Endovascular
: 16/77 (20.8)
Surgery
: 23/77(29.9)
	
	36/76 (47.4)
	
	12/29 (41.4)


AC, anti-coagulation; IVIG, intravenous immunoglobulin; DOAC, direct oral anticoagulant; VITT, vaccine-induced immune thrombotic thrombocytopenia
Data are n(%) or n/N (%).
⸹ During whole period of hospitalization, 6 additional patients shifted to non-heparin anti-coagulation, 10/12 (83.3%)
⁂ Including patients received decompressive craniectomy or endovascular treatments


Table 3. Meta-analyses on the clinical characteristics and outcomes of vaccine-induced immune thrombotic thrombocytopenia
	Variables
	Number of studies
	Total number of patients
	Number of events
	Proportion (overall)
	Proportion by Meta-Analysis (95% CI)
	Heterogeneity I2 (p-value)
	τ2

	
	
	
	
	
	Random effect
	Fixed effect
	
	

	Demographic
	
	
	
	
	
	
	
	

	  Female
	9
	605
	395
	65%
	70% (57-80)
	64% (59-67)
	82% (p <0.01)
	0.436

	  Age under 50
	7
	346
	209
	60%
	60% (53-67)
	59% (53-64)
	52% (p=0.05)
	0.024

	  Medial history
	6
	285
	134
	47%
	37% (22-56)
	49% (43-55)
	80% (p<0.01)
	0.698

	  Venous risk factor*
	4
	347
	70
	20%
	27% (13-49)
	22% (18-27)
	89% (p<0.01)
	0.812

	  Hormone therapy
	6
	347
	33
	10%
	10% (5-21)
	12% (8-16)
	71% (p<0.01)
	0.673

	  Symptom - headache
	5
	170
	153
	90%
	89% (78-95)
	88% (82-92)
	33% (p=0.20)
	0.316

	VITT
	
	
	
	
	
	
	
	

	 CVT
	5
	264
	137
	52%
	54% (43-65)
	52% (45-58)
	42% (p=0.14)
	0.067

	 DVT or PE
	3
	254
	92
	36%
	36% (31-42)
	36% (31-42)
	0% (p=0.67)
	0.00

	 ICH
	5
	264
	52
	20%
	20% (15-25)
	20% (15-25)
	44% (p=0.13)
	<0.0001

	 SVT
	5
	264
	50
	19%
	19% (15-24)
	19% (15-24)
	0% (p=0.97)
	0.00

	 PVT
	3
	248
	34
	14%
	14% (10-19)
	14% (10-19)
	0% (p=0.92)
	0.00

	 CVA
	3
	248
	21
	8%
	12% (4-29)
	9% (6-13)
	58% (p=0.09)
	0.570

	 ALT
	2
	243
	27
	11%
	11% (7-18)
	11% (8-16)
	7% (p=0.30)
	0.040

	CVT
	
	
	
	
	
	
	
	

	 ICH with CVT
	4
	213
	103
	48%
	47% (28-68)
	48% (41-55)
	86% (p<0.01)
	0.554

	 CVA with CVT
	2
	83
	2
	2.4%
	3% (1-10)
	3% (1-10)
	0% (p=0.89)
	0.00

	 All Extracranial thrombosis
	6
	361
	92
	25%
	33% (18-52)
	29% (24-34)
	88% (p<0.01)
	0.784

	 DVT in CVT
	5
	352
	19
	5%
	7% (3-17)
	7% (5-11)
	66% (p=0.02)
	0.699

	 PE in CVT
	6
	361
	46
	13%
	16% (9-27)
	16% (12-20)
	74% (p<0.01)
	0.450

	 SVT in CVT
	5
	291
	28
	10%
	13% (7-24)
	11% (8-15)
	60% (p=0.04)
	0.365

	 PVT in CVT
	3
	95
	16
	17%
	17% (11-26)
	17% (11-26)
	0% (p=0.65)
	0.00

	 ALT in CVT
	3
	92
	5
	5%
	6% (3-13)
	6% (3-13)
	0% (p=0.76)
	0.00

	Laboratory findings*
	
	
	
	
	
	
	
	

	 Anti-PF4 Ab (+)
	7
	395
	364
	92%
	91% (88-94)
	91% (88-94)
	0% (p=0.77)
	0.00

	Treatment
	
	
	
	
	
	
	
	

	 Heparin
	7
	399
	113
	28%
	35% (23-48)
	28% (24-33)
	68% (p<0.01)
	0.283

	 Non-heparin
	5
	245
	385
	64%
	60% (45-73)
	63% (58-68)
	77% (p<0.01)
	0.303

	 IVIG
	6
	390
	274
	70%
	69% (61-77)
	70% (65-74)
	33% (p=0.19)
	0.081

	 PEx
	3
	368
	39
	11%
	11% (5-23)
	12% (9-16)
	84% (p<0.01)
	0.456

	 Corticosteroid
	5
	385
	141
	37%
	44% (23-67)
	36% (31-41)
	91% (p<0.01)
	0.951

	 Plt transfusion
	4
	380
	79
	21%
	25% (15-38)
	22% (18-27)
	83% (p<0.01)
	0.295

	 Intervention
	3
	367
	93
	25%
	30% (13-54)
	28% (23-33)
	95% (p<0.01)
	0.774

	Outcome
	
	
	
	
	
	
	
	

	 Overall mortality
	10
	590
	177
	30%
	32% (24-41)
	31% (27-35)
	69% (p<0.01)
	0.206

	 Heparin
	5
	101
	27
	27%
	28% (17-42)
	28% (20-38)
	21% (p=0.28)
	0.170

	 Non-heparin
	3
	201
	33
	16%
	17% (12-22)
	17% (12-22)
	0% (p=0.95)
	0.00


VITT, vaccine-induced immune thrombotic thrombocytopenia; CVT, cerebral venous thrombosis; DVT, deep vein thrombosis; PE, pulmonary thromboembolism; ICH, intracranial hemorrhage ; MI, myocardial infarction; SVT, splanchnic vein thrombosis; PVT, portal vein thrombosis; CVA, cerebrovascular attack; ALT, aorto-limb arterial thrombosis; HIT, heparin-induced thrombocytopenia; IVIG, intravenous immunoglobulin; PEx, plasma exchange; Plt, platelet
Data are n (%) or n/N (%)
* Additional laboratory findings with continuous variables were delineated in Table 4
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Supplementary Table S2. Detailed search strategy according to database

#1. Search Strategy (21 September 2021)
	PubMed Search Strategy (576 hits)
Years/Issue Searched: 2020 to 2021
Search date: 21 September 2021
(“2019-ncov vaccine” OR “sars-cov-2 vaccine” OR “covid 19 vaccine” OR “covid-19 vaccine” OR “covid19 vaccine” OR “human coronavirus 2019 vaccine” OR “sars coronavirus 2 vaccine” OR “wuhan coronavirus vaccine” OR “ChAdOx1 nCoV-19” OR “AZD1222” OR “Oxford–AstraZeneca” OR “AstraZeneca” OR “Ad26.COV2.S” OR “vaccine-induced” OR “vaccine induced” OR “vaccine immune” OR “vaccine-induced immune”) AND (“thrombosis” OR “rethrombosis” OR “sclerothrombosis” OR “thrombo-obliterative disease” OR “thrombo occlusive” OR “thrombo obliterative” OR “thrombotic” OR “thrombocytopenia” OR “immune thrombosis” OR “induced thrombosis” OR “thrombotic thrombocytopenia” OR “thrombotic thrombocytopenia syndrome”) Filters: English, from 2020 – 2021

	Embase Search Strategy (597 hits)
#1. ‘sars-cov-2 vaccine’/exp OR ‘2019-ncov vaccine’ OR ‘covid 19 vaccine’ OR ‘covid-19 vaccine’ OR ‘covid19 vaccine’
#2. ‘human coronavirus 2019 vaccine’ OR ‘sars coronavirus 2 vaccine’ OR ‘wuhan coronavirus vaccine’
#3. ‘ChAdOx1 nCoV-19’ OR ‘AZD1222’ OR ‘Oxford–AstraZeneca’ OR ‘AstraZeneca’ OR ‘Ad26.COV2.S’
#4. ‘vaccine-induce’ OR ‘vaccine induced’ OR ‘vaccine immune’ OR ‘vaccine-induced immune’
#5. ‘thrombosis’/exp OR ‘acute thrombosis’ OR ‘thrombosis’ OR ‘thrombotic disease’ OR ‘thrombotic disorder’ OR ‘rethrombosis’ OR ‘sclerothrombosis’ OR ‘thrombocytopenia’
#6. ‘thrombo-obliterative disease’ OR ‘thrombo occlusive’ OR ‘thrombo obliterative’
#7. ‘immune thrombosis’ OR ‘induced thrombosis’ OR ‘thrombotic thrombocytopenia’ OR ‘thrombotic thrombocytopenia syndrome’
#8. (#1 OR #2 OR #3 OR #4) AND (#5 OR #6 OR #7) AND [english]/lim AND [2020-2021]/py 

	Scopus Search Strategy (624 hits) 
Years/Issue Searched: 2020 to 2021
Search date: 27 September 2021
(“2019-ncov vaccine” OR “sars-cov-2 vaccine” OR “covid 19 vaccine” OR “covid-19 vaccine” OR “covid19 vaccine” OR “human coronavirus 2019 vaccine” OR “sars coronavirus 2 vaccine” OR “wuhan coronavirus vaccine” OR “ChAdOx1 nCoV-19” OR “AZD1222” OR “Oxford–AstraZeneca” OR “AstraZeneca” OR “Ad26.COV2.S” OR “vaccine-induced” OR “vaccine induced” OR “vaccine immune” OR “vaccine-induced immune”) AND (“thrombosis” OR “rethrombosis” OR “sclerothrombosis” OR “thrombo-obliterative disease” OR “thrombo occlusive” OR “thrombo obliterative” OR “thrombotic” OR “thrombocytopenia” OR “immune thrombosis” OR “induced thrombosis” OR “thrombotic thrombocytopenia” OR “thrombotic thrombocytopenia syndrome”) AND (LIMT-TO (PUBYEAR,2021) OR LIMT-TO (PUBYEAR,2020)) AND (LIMIT-TO (LANGUAGE, “English”)) 

	Web of science Search Strategy (59 hits)
#1. TS=("sars-cov-2 vaccine" OR "2019-ncov vaccine" OR "covid 19 vaccine" OR "covid-19 vaccine" OR "covid19 vaccine")”
#2. TS=("human coronavirus 2019 vaccine" OR "sars coronavirus 2 vaccine" OR "wuhan coronavirus vaccine")
#3. TS=("ChAdOx1 nCoV-19" OR "AZD1222" OR "Oxford–AstraZeneca" OR "AstraZeneca" OR "Ad26.COV2.S")
#4. TS=("vaccine-induce" OR "vaccine induced" OR "vaccine immune" OR "vaccine-induced immune") 
#5. TS=("thrombosis" OR "acute thrombosis" OR "thrombosis" OR "thrombotic disease" OR "thrombotic disorder" OR "rethrombosis" OR "sclerothrombosis" OR "thrombocytopenia")
#6. TS=("thrombo-obliterative disease" OR "thrombo occlusive" OR "thrombo obliterative")
#7. TS=("immune thrombosis" OR "induced thrombosis" OR "thrombotic thrombocytopenia" OR "thrombotic thrombocytopenia syndrome")
#8.  (#1 OR #2 OR #3 OR #4) AND (#5 OR #6 OR #7)






53

Supplementary Table S3. Main characteristics and findings of the included studies
	Author
	Country
	N participants
	Study type
	Vaccine type
	Date of report
	Findings

	Perry
(Perry et al., 2021)
	UK
	70
	Retrospective cohort
	ChAdOx1 nCoV-19
	08/06/21
	Multicenter retrospective cohort study in UK analyzing 95 CVT cases, in which 70cases of them related to vaccine administration. Non-heparin anticoagulants and immunoglobulin treatment might improve outcomes of VITT-associated cerebral venous thrombosis

	Tiede
(Tiede et al., 2021)
	Germany
	5
	Case series
	ChAdOx1 nCoV-19
	07/29/21
	5 cases of prothrombotic immune thrombocytopenia after exposure to the ChAdOx1 vaccine. Autoantibodies against platelet factor 4 (PF4) were detected in all patients

	Krzywicka
(Krzywicka et al., 2021)
	Europe*
	187
	Retrospective cohort
	ChAdOx1 nCoV-19
	07/15/21
	213 post-vaccination CVT cases notified to the European Medicines Agency are reported (187 after ChAdOx1 nCov-19, 26 after mRNA vaccination). Mortality amongst patients with thrombocytopenia in the ChAdOx1 nCov-19 group was 49% (95% CI 39%–60%)

	Schulz
(Schulz et al., 2021)
	Germany
	53
	Retrospective cohort 
	ChAdOx1 nCoV-19
	07/17/21
	62 cerebrovascular events after vaccination including 45 CVT cases reported via web-based questionnaire among hospitals in Germany (53 after ChAdOx1 nCoV-19, 9 after BNT162b2)

	See
(See et al., 2021)
	USA
	12
	Case series
	Ad26.COV2.S
	04/01/21
	Case series of 12 US patients with CVT and thrombocytopenia following use of Ad26.COV2.S vaccine through Vaccine Adverse Event Reporting System (VAERS). Outcomes were death (n = 3), continued ICU care (n = 3), continued non-ICU hospitalization (n = 2), and discharged home (n = 4).

	Scully
(Scully et al., 2021)
	UK
	23
	Retrospective cohort
	ChAdOx1 nCoV-19
	06/10/21
	23 patients who presented with thrombosis and thrombocytopenia after receiving the first dose of the ChAdOx1 nCoV-19 vaccine. Testing for antibodies to platelet factor 4 (PF4) was positive in 22 patients. The administration of a non-heparin anticoagulant agent and intravenous immune globulin be considered for the treatments

	Greinacher
(Greinacher et al., 2021)
	Germany, Austria
	11
	Case series
	ChAdOx1 nCoV-19
	06/01/21
	
11 patients in Germany and Austria in whom thrombosis or thrombocytopenia had developed after vaccination with ChAdOx1 nCov-19. 9 had cerebral venous thrombosis, 3 had splanchnic-vein thrombosis, 3 had pulmonary embolism, and 4 had other thromboses; of these patients, 6 died

	Schultz
(Schultz et al., 2021)
	Norway
	5
	Case series
	ChAdOx1 nCoV-19
	04/01/21
	First report of five patients who presented with venous thrombosis and
thrombocytopenia 7 to 10 days after receiving the first dose of the ChAdOx1 nCoV-19. All the patients had high levels of antibodies to platelet factor 4–polyanion complexes; however, they had had no previous exposure to heparin

	Pavord
(Pavord et al., 2021)
	UK
	220
	Prospective cohort
	ChAdOx1 nCoV-19
	08/01/21
	The largest prospective cohort study of 220 patients who had definite or probable VITT. The high mortality associated with VITT was highest among patients with a low platelet count and intracranial hemorrhage.

	Sánchez van Kammen
(Sánchez van Kammen et al.,2021)
	International registry
	78
	Retrospective cohort
	ChAdOx1 nCoV-19 (n=76) / Ad26.COV2.S (n=1)/ BNT162b2 (n=1) / 
	09/28/21
	International cohort analysis of 78 patients who had thrombosis with thrombocytopenia(TTS) after SARS-CoV-2 vaccination. A distinct clinical
profile and high mortality rate was observed in patients meeting criteria for TTS after SARS-CoV-2 vaccination

	Rosenblum
(Rosenblum et al., 2021)
	USA
	Database (VAERS)†
	Monthly report
	Ad26.COV2.S
	08/13/2021
	The overall thrombosis with thrombocytopenia syndrome(TTS) reporting rate after Ad26.COV2.S vaccination was 3.0 cases per million doses administered as of July 8, 2021

	Huh
(Huh et al., 2021)
	South Korea
	Database¶
(NHIS)
	Brief communication
	ChAdOx1 nCoV-19
	07/12/2021
	
 Of 8,548,231 patients vaccinated with ChAdOx1 nCoV-19 in Korea, two had confirmed thrombosis with thrombocytopenia syndrome within 2 weeks. The observed incidence of intracranial venous thrombosis after vaccination was 0.23/1,000,000.

	de Simone
(de Simone et al., 2021)
	UK, Australia, Netherland
	Review
	Narrative review
	ChAdOx1 nCoV-19
	04/30/2021
	The incidence rate of cerebral venous thrombosis is 2.5 cases per million people in the 4months of administration, which seems to be within the expected incidence rates ranging between 1.3 and 5.2 cases per million in 4months.

	Abbattista
(Abbattista et al., 2021)
	Europe*
	Database*
	Observational study
	ChAdOx1 nCoV-19 / Ad26.COV2.S / BNT162b2 / 
mRNA-1273
	08/01/2021
	The reporting rate of CVT per 1 million person vaccinated-days was 1.92 
for BNT162b2, 5.63 for mRNA-1273, 21.60 for ChAdOx1 nCoV-19, and 11.48 for Ad26.COV2.S.

	Hippisley-Cox
(Hippisley-Cox et al., 2021)
	UK
	England, UK health service
	Self-controlled case series
	ChAdOx1 nCoV-19 / BNT162b2
	08/02/2021
	Increased risks of hematological and vascular events that led to hospital admission or death were observed for short time intervals after first doses of the ChAdOx1 nCoV-19(the incidence rate ratio of thrombocytopenia 1.33, cerebral venous sinus thrombosis 4.01) and BNT162b2 mRNA(the incidence rate ratio of arterial thromboembolism 3.58, ischemic stroke 1.12)

	Simpson
(Simpson et al., 2021)
	Scotland
	National cohort⸙
	Self-controlled case series
	ChAdOx1 nCoV-19 / BNT162b2
	06/09/2021
	A first dose of ChAdOx1 was found to be associated with small increased risks of idiopathic thrombocytopenic purpura (adjusted rate ratio : 5.77, estimated incidence of 1.13 cases per 100,000 doses), with suggestive evidence of an increased risk of arterial thromboembolic and hemorrhagic events

	Gras-Champel
(Gras-Champel et al., 2021)
	France
	Database⸹
	Letter/Review
	ChAdOx1 nCoV-19
	05/19/2021
	27 cases fulfilled the criteria of the atypical thrombosis, i.e. a notification rate [95% confidence interval] of 0.8 [0.54—1.20] per 100,000 doses.

	Pottegård
(Pottegård et al., 2021)
	Denmark, Norway
	National health registries
	Population based cohort
	ChAdOx1 nCoV-19
	05/05/2021
	A higher than expected rate of cerebral venous thrombosis was observed: standardised morbidity ratio 20.25 (8.14 to 41.73); an excess of 2.5 (0.9 to 5.2) events per 100 000 vaccinations. The standardised morbidity ratio for any thrombocytopenia/coagulation disorders was 1.52 (0.97 to 2.25) and for any bleeding was 1.23 (0.97 to 1.55).


* Eudravigilance database of Europe
† Vaccine Adverse Events Reporting System
¶ National Health Insurance Service medical claims database, which provides comprehensive information on healthcare use in Korea
⸙ National prospective COVID-19 surveillance cohort
⸹ Pharmacovigilance Centres in France


Supplementary Table S4. Inclusion criteria for vaccine-induced immune thrombotic thrombocytopenia(VITT)

	Author
	Date of report
	Study type
	Factors considered for diagnosis criteria of VITT

	
	
	
	Recent vaccination
	Presence of thrombosis or cerebral venous thrombosis
	Thrombocytopenia
	D-dimer
	Anti-PF4 antibody
	Additional judgement by specialists

	See(See et al., 2021)
	2021-04-01
	Case series
	Yes
	Yes¶
	Yes¶
	Equivocal¶
	Equivocal¶
	Yes

	Schultz(Schultz et al., 2021)
	2021-04-01
	Case series
	Yes
within 10 days
	Yes
	Yes
	No
	No
	Yes

	Greinacher(Greinacher et al., 2021)
	2021-06-01
	Case series
	Yes
	Yes
	Yes
	No
	No
	Yes

	Scully(Scully et al., 2021)
	2021-06-10
	Retrospective Cohort
	Yes
	Yes
	Yes
	Yes
	No
	Yes

	Krzywicka(Krzywicka et al., 2021)
	2021-07-15
	Database⸹
	Yes
	Yes‡
	Yes‡
	Yes‡
	Yes‡
	Yes

	Schulz(Schulz et al., 2021)
	2021-07-17
	Database⸹
	Yes
within 16 days
	Yes⁂
	Yes⁂
	No
	Yes⁂
	Yes

	Tiede(Tiede et al., 2021)
	2021-07-29
	Case series
	Yes
within 2 weeks
	Yes
	Yes
	No
	No
	Yes

	Pavord(Pavord et al., 2021)
	2021-08-01
	Retrospective Cohort
	Yes
	Yes
	Yes
	Yes
	Yes
	No

	Perry(Perry et al., 2021)
	2021-08-06
	Retrospective Cohort
	Yes
within 4 weeks
	Yes
	Yes
	Yes
	Yes
	No

	Sánchez van Kammen
(Sánchez van Kammen et al.,2021)
	2021-09-28
	Retrospective Cohort
	Yes
	Yes
	Yes
	No
	No
	Yes


⸹ Re-assessment of patients from database report (EudraVigilance, VAERS)
¶ Additional investigation by clinicians after searching database
‡ Specific terms related to the factor were used in the search strategy
⁂ Questionnaire report from clinicians was collected, then detailed information about patients was assessed

Supplementary Table S5. Meta-analyses of laboratory findings in patients with vaccine-induced immune thrombotic thrombocytopenia
	Variables
	Number of studies
	Mean by Meta-analysis (95% CI)
	Heterogeneity I2
(p-value)
	τ2

	
	
	Random effect
	Fixed effect
	
	

	Platelet, cells×109/L⁂
	4
	50.0 (43.9-56.1)
	50.2 (45.1-55.2)
	0% (p=0.43)
	8.13

	Platelet Nadir, cells×109/L⁂
	4
	33.2 (27.0-39.3)
	33.2 (27.0-39.3)
	0% (p=0.69)
	0.00

	PT, sec⁂
	3
	13.4 (13.1-13.7)
	13.4 (13.1-13.7)
	0% (p=0.83)
	0.00

	INR Peak⁂
	2
	1.24 (1.03-1.46)
	1.21 (1.12-1.29)
	83% (p=0.01)
	0.020

	aPTT, sec⁂
	4
	28.3 (26.8-29.7)
	27.6 (26.9-28.2)
	72% (p=0.01)
	1.46

	aPTT Peak, sec⁂
	2
	34.2 (19.2-49.1)
	28.35 (26.0-30.7)
	92% (p<0.01)
	107.9

	Fibrinogen, g/L⁂
	3
	2.11 (1.96-2.26)
	2.11 (1.96-2.26)
	0% (p=0.60)
	0.00

	Fibrinogen Nadir, g/L⁂
	3
	1.59 (1.25-1.94)
	1.59 (1.25-1.94)
	0% (p=0.83)
	0.00

	D-dimer Peak, mg/L⁂
	2
	26.3 (8.1-44.5)
	26.3 (8.1-44.5)
	0% (p=0.70)
	0.00


⁂The normal range for variables are as follows: Plt 150-400cells×109/L, PT 10.0-12.0 sec, aPTT 25.0-37.0 sec, Fibrinogen 1.5-4.0g/L, D-dimer <0.5mg/L



Supplementary Figure S1. PRISMA flow chart showing the selection process of studies.

Please see the attached separated file




Supplementary Figure S2[a]. Forest plot of Meta-analysis to estimate the incidence of total venous thrombosis after ChAdOx1 nCoV-19 vaccination[image: 어두운, 밤하늘이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S2[b]. Forest plot of Meta-analysis to estimate the incidence of cerebral venous thrombosis after ChAdOx1 nCoV-19 vaccination
[image: 어두운, 이미지, 밤하늘이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S2[c]. Forest plot of meta-analysis to estimate the incidence rate of cerebral venous thrombosis in general population 
[image: Graphical user interface, application, Teams

Description automatically generated]


Supplementary Figure S2[d]. Forest plot of meta-analysis to estimate the incidence rate of cerebral venous thrombosis after ChAdOx1 nCoV-19 vaccination
[image: 밤하늘이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S3[a]. Forest plot of meta-analysis to estimate the proportion of female patients
[image: Chart

Description automatically generated]


Supplementary Figure S3[b]. Forest plot of meta-analysis to estimate the mean age of patients
[image: 텍스트, 영수증, 스크린샷이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S3[c]. Forest plot of meta-analysis to estimate the proportion of patients who were age under 50
[image: 밤하늘이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S3[d]. Forest plot of meta-analysis to estimate the proportion of patients who were age under 60
[image: Graphical user interface, application

Description automatically generated]



Supplementary Figure S3[e]. Forest plot of meta-analysis to estimate the proportion of patients who had medical history
[image: 밤하늘이(가) 표시된 사진

자동 생성된 설명]





Supplementary Figure S3[f]. Forest plot of meta-analysis to estimate the proportion of patients who had venous thrombosis risk factors
[image: Diagram

Description automatically generated]



Supplementary Figure S3[g]. Forest plot of meta-analysis to estimate the proportion of patients who had estrogen hormone therapy
[image: 텍스트, 영수증이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S3[h]. Forest plot of meta-analysis to estimate the proportion of patients that presented the hospital with headache
[image: 텍스트, 영수증, 스크린샷이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S3[i]. Forest plot of meta-analysis to estimate the mean initial platelet counts
[image: A picture containing diagram

Description automatically generated]


Supplementary Figure S3[j]. Forest plot of meta-analysis to estimate the mean nadir platelet counts
[image: Box and whisker chart

Description automatically generated]


Supplementary Figure S3[k]. Forest plot of meta-analysis to estimate the mean prothrombin time
[image: Graphical user interface, application

Description automatically generated]


Supplementary Figure S3[l]. Forest plot of meta-analysis to estimate the mean initial aPTT
[image: Graphical user interface, application, Teams

Description automatically generated]


Supplementary Figure S3[m]. Forest plot of meta-analysis to estimate the mean initial fibrinogen level
[image: Graphical user interface, application, Teams

Description automatically generated]


Supplementary Figure S3[n]. Forest plot of meta-analysis to estimate the mean nadir fibrinogen level
[image: A picture containing application

Description automatically generated]


Supplementary Figure S4[a]. Forest plot of meta-analysis to estimate the proportion of CVT among all VITT patients with a platelet count under 30k
[image: 밤하늘이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S4[b]. Forest plot of meta-analysis to estimate the proportion of CVT among all VITT patients with a platelet count over 30k
[image: 실루엣, 밤하늘이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S4[c]. Forest plot of meta-analysis to estimate the proportion of ICH among all VITT patients
[image: Graphical user interface, application, Teams

Description automatically generated]


Supplementary Figure S4[d]. Forest plot of meta-analysis to estimate the proportion of DVT or PTE among all VITT patients
[image: Application

Description automatically generated]


Supplementary Figure S4[e]. Forest plot of meta-analysis to estimate the proportion of splanchnic thrombosis among all VITT patients
[image: 텍스트, 실루엣이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S4[f]. Forest plot of meta-analysis to estimate the proportion of ischemic stroke among all VITT patients
[image: 밤하늘이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S4[g]. Forest plot of meta-analysis to estimate the proportion of ICH among all CVT patients
[image: Diagram, schematic

Description automatically generated]


Supplementary Figure S4[h]. Forest plot of meta-analysis to estimate the proportion of extracranial thrombosis among all CVT patients
[image: Chart

Description automatically generated with medium confidence]


Supplementary Figure S4[i]. Forest plot of meta-analysis to estimate the proportion of DVT among all CVT patients
[image: Diagram, schematic

Description automatically generated]


Supplementary Figure S4[j]. Forest plot of meta-analysis to estimate the proportion of PTE among all CVT patients
[image: Diagram

Description automatically generated with medium confidence]


Supplementary Figure S4[k]. Forest plot of meta-analysis to estimate the proportion of splanchnic thrombosis among all CVT patients
[image: 텍스트, 영수증, 스크린샷이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S4[l]. Forest plot of meta-analysis to estimate the proportion of portal vein thrombosis among all CVT patients
[image: Graphical user interface, application

Description automatically generated]


Supplementary Figure S4[m]. Forest plot of meta-analysis to estimate the proportion of vena caval thrombosis among all CVT patients
[image: Graphical user interface

Description automatically generated with medium confidence]


Supplementary Figure S4[n]. Forest plot of meta-analysis to estimate the proportion of aorto-limb arterial thrombosis among all CVT patients
[image: Graphical user interface, application

Description automatically generated]


Supplementary Figure S4[o]. Forest plot of meta-analysis to estimate the proportion of patients who received heparin anticoagulation
[image: 텍스트, 영수증, 스크린샷이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S4[p]. Forest plot of meta-analysis to estimate the proportion of patients who received non-heparin anticoagulation
[image: Diagram, schematic

Description automatically generated]


Supplementary Figure S4[q]. Forest plot of meta-analysis to estimate the proportion of patients who received corticosteroid
[image: Diagram, schematic

Description automatically generated]


Supplementary Figure S4[r]. Forest plot of meta-analysis to estimate the proportion of patients who received intravenous immunoglobulin
[image: 텍스트, 영수증이(가) 표시된 사진

자동 생성된 설명]


Supplementary Figure S4[s]. Forest plot of meta-analysis to estimate the proportion of patients who received plasma exchange
[image: Diagram, schematic

Description automatically generated]


Supplementary Figure S4[t]. Forest plot of meta-analysis to estimate the proportion of patients who received platelet transfusion
[image: Diagram, schematic

Description automatically generated]


Supplementary Figure S4[u]. Forest plot of meta-analysis to estimate the proportion of patients who received surgical or endovascular intervention
[image: Diagram, schematic

Description automatically generated]


Supplementary Figure S5. Funnel plot fot comparing the morality rate between heparin and non-heparin based anticoagulation (p for Egger’s test =0.7992)
[image: A picture containing graphical user interface

Description automatically generated]

image1.png
Weight Weight

Vaccines i ;
Study Events administered forimate Per  95%-Cl  (fixed)  (random)
(x1,000 doses) ’
Julia Hippisley, 2021 3077 19600 ! 16 [15; 16] 84.6% 33.6%
Simpson, 2021 893 1707 | — 52 [50; 55] 13.9% 33.5%
Pottegard, 2021 59 281 __.— 21 [16; 26] 1.5% 32.8%
Fixed effect model 21588 é 19 [19; 20] 100.0% .
Random effects model 28 [12; 52] . 100.0%

2 2

=100% > =08820 p <001 | | ‘ |
20 30 40 50

Number of venous thrombosis events
per 100,000 ChAdOx1 doses

Heterogeneity: |




image2.png
Study Events ad\rlr?i(r:ﬁls?::fed 1I(E)(S)t,lor(r)lgtdeopsirs 95%-Cl
(x10,000 doses)
Abattista, 2021 835 3866 B 22 [2.0;2.3]
Julia Hippisley, 2021 23 1960 + | 0.1 [0.1: 0.2]
Huh, 2021 0.23 100 —— 002  [0.00;0.04]
De Simone, 2021 62 2500 - ; 0.2 [0.2; 0.3]
Fixed effect model 8426 < 1.7 [1.6; 1.8]
Random effects model —E—— 0.3 [0.1; 1.4]
Heterogeneity:  1299% 12 =2.5815 p <0.01 | | | | |
0 0.5 1.0 1.5 2.0

Number of cerebral venous thrombosis
events per 100,000 ChAdOx1 doses

Weight
(fixed)

88.7%
3.1%
0.1%
8.2%

100.0%

Weight
(random)

28.2%
27.8%
15.9%
28.1%

100.0%




image3.png
£ ¢ Incid . Weight Weight

vents per ncidence rate per o/ _ :

Author, year 100,000 person-years 100,000 person-years 95%-Cl (fixed) (random)
Coutino, 2012 1.32 B 1.3 [1.1;1.5]  18.2% 14.5%
Stam J, 2005 0.39 - : E 04 [0.3; 0.5] 5.9% 13.9%
Devasagayam, 2016 1.57 , —Em 1.6 [1.3;1.8] 21.0% 14.5%
Huh, 2021 0.51 B ! 0.5 [0.4; 0.7] 7.7% 14.1%
Sculz, 2021 0.50 . 0.5 [0.4; 0.7] 7.5% 14.1%
Pottegard, 2021 1.00 e 1.0 [0.8;1.2] 14.3% 14.4%
Pottegard, 2021 200 P S — 2.0 [1.8;2.3] 25.4% 14.5%

Fixed effect model PSS 1.2 [1.1;1.3] 100.0% -

Random effects model _ 0.9 [0.6; 1.4] . 100.0%

Heterogeneity: /2 = 97%, 2= 0.4872 p <0.01 I I I |
0.5 1.0 1.5 2.0
Incidence rate of cerebral venous thrombosis

in pre-pandemic period or general population
(per 100,000 person-years)




image4.png
Study Events
Abattista, 2021 835
Sculz, 2021 324

Fixed effect model

Random effects model

Person-Years Incidence rate per  g5%.-C|
(x1,000) 100,000 person-years
2964 A . 28 [27:30]
1776 —H%—— E 18 [16;20]
4740 < 25  [24;26]
’ 23 [1534]

Heterogeneity: /2 =98% Tz =0.1563 p <0.01 | | | | | |

)

18 20 22 24 26 28

Incidence rate of cerebral venous thrombosis
after ChAdOx1 administration
(per 100,000 person-years)

Weight
(fixed)

69.4%
30.6%

100.0%

Weight

(random)

50.3%
49.7%

100.0%




image5.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 31 70 —=—— 0.44 [0.32;0.57] 13.7% 16.5%
Tiede, 2021 5 5 — 1.00 [0.48;1.00] 0.4% 3.1%
Krzywicka, 2021 138 184 . S—— 0.75 [0.68; 0.81] 27.3% 17.6%
See, 2021 12 12 Vi 1.00 [0.74;1.00] 0.4% 3.2%
Scully, 2021 14 23 —0-3—— 0.61 [0.39;0.80] 4.3% 13.2%
Greinacher, 2021 9 N — 0.82 [0.48;0.98] 1.3% 7.8%
Schultz, 2021 4 5 7 0.80 [0.28;0.99] 0.6% 4.8%
Pavord, 2021 119 217 —~—| : 0.55 [0.48;0.62] 42.5% 18.0%
Sanchez van Kammen, 2021 63 78 i —~— 0.81 [0.70; 0.89] 9.6% 15.7%
Fixed effect model 605 <> 0.64 [0.59; 0.67] 100.0% -
Random effects model —_— 0.70 [0.57; 0.80] --  100.0%

Heterogeneity: /2= 82%, 2= 04355, p<0.01 T T T T T "T"1
0.3 04 05 06 07 0.8 0.9 1




image6.tif
Study

Perry RJ, 2021

Tiede A, 2021

Krzywicka K, 2021

Scully, 2021

Greinacher, 2021

Schultz, 2021

Pavord, 2021

Sanchez van Kammen, 2021

Fixed effect model
Random effects model

Heterogeneity: /2 = 57%, 1> = 1.9662, pl= 0.02
-60 -40 -20

Yoot jh ,

| |
20 40 60

T

MRAW

44.53
58.60
44.60
44.22
35.63
40.60
47.30
45.00

45.96
45.59

Weight

Weight

95%-Cl (fixed) (random)

[40.45; 48.61] 8.7%
[49.71,67.49] 1.8%
[42.03; 47.17] 21.9%
[37.61,50.83] 3.3%
[22.10;49.17] 0.8%
[33.28,47.92] 2.7%
[45.52; 49.07] 45.9%
[41.89; 48.11] 15.0%

[44.75; 47.16] 100.0%
[43.81; 47.37] -

13.1%
3.7%
22.3%
6.2%
1.7%
5.2%
29.5%
18.4%

100.0%




image7.png
Study

Perry, 2021
Tiede, 2021

See, 2021
Scully, 2021
Greinacher, 2021
Schultz, 2021
Pavord, 2021

Fixed effect model
Random effects model

Heterogeneity: /> = 52% 1% =0.0240 p = 0.05

42
1
11
16
11
4
124

Events Total

70
5
12
23
11
5
220

346

[
S

I
0.2

I
0.4

-
<
=

I

0.6

0.8

Proportion

0.60
0.20
0.92
0.70
1.00
0.80
0.56

0.59
0.60

Weight

Weight

95%-Cl (fixed) (random)

[0.48; 0.72] 21.3%
[0.01;0.72] 1.0%
[0.62; 1.00] 1.2%
[0.47;0.87] 6.2%
[0.72;1.00] 0.6%
[0.28;0.99]  1.0%
[0.50; 0.63] 68.7%

[0.53; 0.64] 100.0%
[0.53; 0.67]

28.0%
1.8%
2.1%

10.2%
1.1%
1.8%

55.0%

100.0%




image8.png
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 66 70 - 0.94 [0.86;0.98] 74% 21.0%
Tiede, 2021 1 5 ; E 0.20 [0.01;0.72] 1.6% 11.3%
Krzywicka, 2021 103 124 e 0.83 [0.75;0.89] 34.2% 25.5%
See, 2021 12 12 — 1.00 [0.74;1.00] 0.9% 8.2%
Schultz, 2021 5 5 : 1.00 [0.48;1.00] 0.9% 7.9%
Pavord, 2021 187 220 - 0.85 [0.80; 0.89] 55.0% 26.1%
Fixed effect model 436 S 0.85 [0.81; 0.88] 100.0% -
Random effects model —_ 0.85 [0.68; 0.94] .. 100.0%

Heterogeneity: /> = 64% 1*=0.8975 p =0.02 | ! ! ! !
02 04 06 0.8 1




image9.png
Study Events Total

Perry, 2021 24 70 S

See, 2021 7 12 L,

Scully, 2021 2 23—

Greinacher, 2021 2 10 ; ﬁ '

Schultz, 2021 2 5 —

Pavord, 2021 97 165 o

Fixed effect model 285 L <

Random effects model _

Heterogeneity: /2 = 80% 12 = 0.6983 p < 0.01 I I I |
’ ’ 02 04 06 08

Weight

0.34 [0.23;0.47] 24.9%
0.58 [0.28;0.85] 4.6%
0.09 [0.01;0.28] 2.9%
0.20 [0.03;0.56] 2.5%
0.40 [0.05;0.85] 1.9%
0.59 [0.51;0.66] 63.2%

0.49 [0.43; 0.55] 100.0%
0.37 [0.20; 0.56]

Weight

Proportion 95%-Cl (fixed) (random)

22.4%
16.4%
13.7%
12.9%
11.1%
23.6%

100.0%




image10.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 24 70 '—~— 0.34 [0.23;0.47] 31.0% 26.6%
Krzywicka, 2021 20 187 —+— . 0.11 [0.07,0.16] 35.1% 26.8%
See, 2021 7 12 P 0.58 [0.28;,0.85] 5.7% 20.2%
Sanchez van Kammen, 2021 19 78 —-— 0.24 [0.15; 0.35] 28.2% 26.4%
Fixed effect model 347 <> 0.22 [0.18; 0.27] 100.0% -
Random effects model — 0.27 [0.13; 0.49] --  100.0%

Heterogeneity: /2 = 89%, 2 = 0.8118, p < 0.01 I T T |
02 04 06 08




image11.tif
Study Events Total

Krzywicka, 2021 16 79 —_
See, 2021 1 12 _.*;—
Scully, 2021 1 23 =——
Schultz, 2021 2 5 .

Pavord, 2021 11 165 ==

Sanchez van Kammen, 2021 2 63 -0—:

Fixed effect model M7 S
Random effects model <=

Heterogeneity: /2 = 71%, 2 = 0.6729, p < 0.01 I T T
02 04 06

|
0.8

Weight Weight

Proportion 95%-Cl (fixed) (random)
0.20 [0.12;0.31] 455% 25.2%

0.08 [0.00;0.38] 3.3% 10.7%

0.04 [0.00;0.22] 3.4% 11.0%

0.40 [0.05;0.85] 4.3% 12.6%

0.07 [0.03;0.12] 36.6% 24.6%

0.03 [0.00;0.11] 6.9% 15.9%

0.12 [0.08; 0.16] 100.0% -

0.10 [0.05; 0.21] --  100.0%




image12.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 59 70 —~—'r— 0.84 [0.74,0.92] 63.2% 40.3%
Tiede, 2021 4 5 -z 0.80 [0.28;0.99] 55% 10.9%
See, 2021 11 12 —|—~— 0.92 [0.62;1.00] 6.2% 12.1%
Schultz, 2021 4 5 - 0.80 [0.28;0.99] 55% 10.9%
Sanchez van Kammen, 2021 75 78 :—0— 0.96 [0.89;0.99] 19.7% 25.8%
Fixed effect model 170 <> 0.88 [0.82; 0.92] 100.0% -
Random effects model —_— 0.89 [0.78; 0.95] --  100.0%

Heterogeneity: /2=33%, 2= 03164, p=020 I T T T T T
0.3 04 05 06 0.7 0.8 0.9




image13.tif
Weight Weight

Study Mean MRAW 95%-Cl (fixed) (random)
Tiede, 2021 —i— 49.20 [17.48;80.92] 2.6% 3.5%
Scully, 2021 — 45.23 [31.93;58.53] 14.6% 17.7%

55.38 [47.30; 63.45] 39.5% 38.2%
4712 [39.40; 54.83] 43.3% 40.6%

Pavord, 2021
Sanchez van Kammen, 2021

50.16 [45.08; 55.24] 100.0% -
50.01 [43.94; 56.08] == 100.0%

Fixed effect model
Random effects model
Heterogeneity: /2 = 0%, < = 8.1250, p £0.43

-50 0 50

JOA.O--A- }. I




image14.tif
Weight Weight

Study Mean MRAW 95%-Cl (fixed) (random)
See, 2021 —‘—o— 4575 [21.74,69.76] 6.6% 6.6%
Greinacher, 2021 —r~— 35.30 [15.28;55.32] 9.5% 9.5%
Schultz, 2021 —— 27.00 [555;4845] 82% 8.2%
Sanchez van Kammen, 2021 —~I— 32.47 [25.40; 39.55] 75.7% 75.7%
Fixed effect model <> 33.16 [27.00; 39.32] 100.0% -
Random effects model < 33.16 [27.00; 39.32] -=-  100.0%

Heterogeneity: 1?=0%, =0, P =bp9! I I I !
-60-40-20 0 20 40 60




image15.png
Study

Perry, 2021
Scully, 2021
Pavord, 2021

Fixed effect model
Random effects model

Mean

Heterogeneity: /2 = 0%, 2= 0 p'=0.83
-10 -5

< O — -

Weight Weight
MRAW 95%-Cl (fixed) (random)
13.25 [12.73; 13.76] 30.2% 30.2%
13.41 [12.93; 13.89] 34.9% 34.9%
13.46 [12.98; 13.94] 34.9% 34.9%
13.38 [13.10; 13.66] 100.0% _
13.38 [13.10; 13.66] 100.0%




image16.png
Weight Weight

Study Mean MRAW 95%-Cl  (fixed) (random)
Perry, 2021 = 29.61 [27.89;31.33] 14.7% 25.8%
See, 2021 —~+  27.62 [24.94;3030] 61% = 17.3%
Scully, 2021 H_ 29.35 [27.17;31.53] 9.2% 21.3%
Pavord, 2021 26.89 [26.11;27.68] 70.0% 35.5%

Fixed effect model ¢  27.56 [26.90;28.22] 100.0% N
Random effects model o 28.25 [26.76;29.73] _100.0%
Heterogeneity: 1 =72% +* =1.4617 p'=0.0

' -30 20 -10 O 10 20 30

=




image17.png
Study

Perry, 2021
Scully, 2021
Pavord, 2021

Fixed effect model
Random effects model

Mean

Heterogeneity: /2 = 0%, 2= O,|p =0.60
-2 -1

SR Y

Weight

Weight

MRAW 95%-Cl (fixed) (random)

2.04 [1.74;2.33] 26.5%
1.95 [1.47;2.43] 9.6%
2.16 [1.98;2.35] 63.9%

2.11 [1.96; 2.26] 100.0%
2.11 [1.96; 2.26]

26.5%
9.6%
63.9%

100.0%




image18.png
Study

See, 2021
Greinacher, 2021
Schultz, 2021

Fixed effect model
Random effects model

Heterogeneity: 2 = 0% 12 = 0 p=0.83

Weight

1.59 [1.13;2.06] 54.7%
1.92 [0.76; 3.07] 8.8%
1.52 [0.95; 2.09] 36.5%

1.59 [1.25; 1.94] 100.0%
1.59 [1.25; 1.94]

Weight
MRAW 95%-Cl (fixed) (random)

54.7%
8.8%
36.5%

100.0%




image19.png
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Tiede, 2021 1 5 ' 0.20 [0.01;0.72] 2.1% 11.8%
Scully, 2021 6 23 ! 0.26 [0.10; 0.48] 11.8% 23.7%
Greinacher, 2021 7 1 0.64 [0.31;0.89] 6.7%  20.4%
Schultz, 2021 3 5 : 0.60 [0.15;0.95] 3.2% 14.9%
Pavord, 2021 34 220 —|—i' 0.15 [0.11;0.21] 76.2% 29.2%
Fixed effect model 264 < 0.20 [0.15; 0.25] 100.0% -
Random effects model _ 0.32 [0.15; 0.56] .. 100.0%
| |

I I
02 04 06 0.8

Heterogeneity: /2 = 76% 7%= 0.7944 p <0.01




image20.png
Study Events Total
Scully, 2021 7 23
Greinacher, 2021 2 11
Schultz, 2021 1 5
Pavord, 2021 76 220
Fixed effect model 259

Random effects model
Heterogeneity: /2=0% =0 p =0.64

.
=
=

I I I I I I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Weight Weight

Proportion 95%-Cl (fixed) (random)
0.30 [0.13;0.53] 8.5% 8.5%

0.18 [0.02;0.52] 2.9% 2.9%

0.20 [0.01;0.72] 1.4% 1.4%

0.35 [0.28;0.41] 87.2% 87.2%

0.33 [0.28; 0.39] 100.0% _

0.33 [0.28; 0.39] 100.0%




image21.png
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Tiede, 2021 1 5 ; 0.20 [0.01;0.72] 2.0% 2.0%
Scully, 2021 4 23 —— 0.17 [0.05;0.39] 8.3% 8.3%
Greinacher, 2021 1 11— 0.09 [0.00;0.41] 2.3% 2.3%
Schultz, 2021 4 5 i 0.80 [0.28;0.99] 2.0% 2.0%
Pavord, 2021 42 220 - 0.19 [0.14;0.25] 85.4%  85.4%
Fixed effect model 264 < 0.20 [0.15; 0.25] 100.0% -
Random effects model < 0.20 [0.15; 0.25] .. 100.0%
I

Heterogeneity: /* = 44% % <0.0001 p =0.13
02 04 06 0.8




image22.png
Study Events Total
Scully, 2021 7 23
Greinacher, 2021 3 11
Pavord, 2021 82 220
Fixed effect model 254

Random effects model
Heterogeneity: /2=0% =0 p =0.67

I
0.1

I I I I
02 03 04 0.5

0.6

Weight Weight

Proportion 95%-Cl (fixed) (random)
0.30 [0.13;0.53] 8.3% 8.3%

0.27 [0.06;0.61] 3.7% 3.7%

0.37 [0.31;0.44] 87.9%  87.9%

0.36 [0.31; 0.42] 100.0% N

0.36 [0.31; 0.42] 100.0%




image23.png
Study Events Total
Tiede, 2021 1 5
Scully, 2021 4 23
Greinacher, 2021 3 11
Schultz, 2021 1 5
Pavord, 2021 41 220
Fixed effect model 264

Random effects model
Heterogeneity: /2=0% =0 p =0.97

I I I I I I I
0.1 0.2 0.3 0.4 0.5 0.6 0.7

Weight

Weight

Proportion 95%-Cl (fixed) (random)

0.20 [0.01;0.72] 2.0%
0.17 [0.05;0.39] 8.2%
0.27 [0.06;0.61] 5.4%
0.20 [0.01;0.72] 2.0%
0.19 [0.14;0.24] 82.5%

0.19 [0.15; 0.24] 100.0%
0.19 [0.15; 0.24]

2.0%
8.2%
5.4%
2.0%
82.5%

100.0%




image24.png
Study Events Total

Tiede, 2021 2 5 —
Scully, 2021 2 23 _.__
Pavord, 2021 17 220 _,_

Fixed effect model 248 <>
Random effects model e

Heterogeneity: /> = 58% 1% =0.5695 p = 0.09

I
0.2

I
0.4

I
0.6

I
0.8

Weight

0.40 [0.05;0.85] 6.4%
0.09 [0.01;0.28] 9.8%
0.08 [0.05;0.12] 83.8%

0.09 [0.06; 0.13] 100.0%
0.12 [0.04; 0.29]

Weight
Proportion 95%-Cl (fixed) (random)

22.4%
28.1%
49.5%

100.0%




image25.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
See, 2021 7 12 0.58 [0.28,0.85] 6.1% 20.5%
Scully, 2021 3 13 —o—n— 0.23 [0.05;0.54] 4.8% 18.6%
Pavord, 2021 40 110 —_— 0.36 [0.27;0.46] 53.4% 31.0%
Sanchez van Kammen, 2021 53 78 : —_— 0.68 [0.56; 0.78] 35.6% 30.0%
Fixed effect model 213 <> 0.48 [0.41; 0.55] 100.0% -
Random effects model —— 0.47 [0.28; 0.68] --  100.0%

Heterogeneity: /2 = 86%, t2 = 0.5543, p < 0.01 I T T |




image26.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 31 70 P 0.44 [0.32;0.57] 291% 19.9%
Krzywicka, 2021 22 187 —+ ' 0.12 [0.08;0.17] 32.7% 20.1%
See, 2021 8 12 N — 0.67 [0.35;0.90] 45% 14.5%
Scully, 2021 2 13 —~—|— 0.15 [0.02;0.45] 2.9% 12.2%
Greinacher, 2021 4 9 — 0.44 [0.14,0.79] 3.7% 13.6%
Sanchez van Kammen, 2021 25 70 - 0.36 [0.25;0.48] 27.1% 19.8%
Fixed effect model 361 <> 0.29 [0.24; 0.34] 100.0% -
Random effects model —_— 0.33 [0.18; 0.52] --  100.0%

Heterogeneity: /2 = 88%, t2 = 0.7840, p < 0.01 I T T 1
02 04 06 08




image27.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 6 70 —~— 0.09 [0.03;0.18] 31.1% 24.9%
Krzywicka, 2021 4 187 = 0.02 [0.01;0.05] 22.2% 23.0%
See, 2021 3 12 . 0.25 [0.05;0.57] 12.8% 19.2%
Scully, 2021 0 13— 0.00 [0.00;0.25] 2.7% 7.9%
Sanchez van Kammen, 2021 6 70 —‘0— 0.09 [0.03;0.18] 31.1% 24.9%
Fixed effect model 352 <> 0.07 [0.05; 0.11] 100.0% -
Random effects model < 0.07 [0.03; 0.17] --  100.0%

Heterogeneity: /2 = 66%, 12 = 0.6985, p = 0.02 | T T T T |
0 01 02 03 04 05




image28.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 14 70 —— 0.20 [0.11;0.31] 29.8% 21.8%
Krzywicka, 2021 9 187 —+— ' 0.05 [0.02; 0.09] 22.8% 20.8%
See, 2021 3 12 0.25 [0.05;0.57] 6.0% 13.2%
Scully, 2021 2 13 0.15 [0.02;0.45] 4.5% 11.3%
Greinacher, 2021 2 9 : 0.22 [0.03;0.60] 4.1% 10.8%
Sanchez van Kammen, 2021 16 70 —&—~— 0.23 [0.14;0.34] 32.8% 22.2%
Fixed effect model 361 <> 0.16 [0.12; 0.20] 100.0% -
—~

Random effects model
Heterogeneity: /2 = 74%, t2 = 0.4496, p < 0.01 I T T T T |
01 02 03 04 05 06

0.16 [0.09; 0.27] == 100.0%





image29.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Krzywicka, 2021 11 187 —~—' 0.06 [0.03;0.10] 42.6% 29.0%
See, 2021 2 12 = 0.17 [0.02;0.48] 6.9% 13.9%
Scully, 2021 2 13 . - 0.15 [0.02;0.45] 7.0% 14.0%
Greinacher, 2021 3 9 - 0.33 [0.07,0.70] 8.2% 15.5%
Sanchez van Kammen, 2021 10 70 —m—— 0.14 [0.07; 0.25] 35.3% 27 .8%
Fixed effect model 291 <> 0.11 [0.08; 0.15] 100.0% -
Random effects model - 0.13 [0.07; 0.24] --  100.0%

Heterogeneity: /2 = 60%, t2 = 0.3650, p = 0.04 FrTr T T 11
0.1 02 03 0.4 05 06 0.7




image30.png
Study Events Total
Perry, 2021 13 70
See, 2021 2 12
Scully, 2021 1 13
Fixed effect model 95

Random effects model
Heterogeneity: /2=0% =0 p =0.65

0.1

0.2

0.3

0.4

Weight

Weight

Proportion 95%-Cl (fixed) (random)

0.19 [0.10;0.30] 80.3%
0.17 [0.02;0.48] 12.6%
0.08 [0.00;0.36] 7.0%

0.17 [0.11; 0.26] 100.0%
0.17 [0.11; 0.26]

80.3%
12.6%
7.0%

100.0%




image31.png
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Krzywicka, 2021 1 187+ 0.01 [0.00; 0.03] 42.0%  37.4%
Scully, 2021 0 13 0.00 [0.00;0.25] 20.4%  26.8%
Greinacher, 2021 1 9 — 0.11 [0.00; 0.48] 37.6% 35.8%
Fixed effect model 209 <— 0.03 [0.01; 0.09] 100.0% .
Random effects model < 0.03 [0.00; 0.17] .. 100.0%

Heterogeneity: /* = 58% 1°=1.7203 p =009 | ! ! !
0O 01 02 03 04




image32.png
Study Events Total
Perry, 2021 4 70
Scully, 2021 0 13 s
Greinacher, 2021 1 9
Fixed effect model 92

Random effects model
Heterogeneity: /2=0% =0 p =0.76

I
0

I
0.1

I
0.2

I
0.3

I
0.4

Weight

Weight

Proportion 95%-Cl (fixed) (random)

0.06 [0.02;0.14] 73.3%
0.00 [0.00;0.25] 9.4%
0.11 [0.00;0.48] 17.3%

0.06 [0.03; 0.13] 100.0%
0.06 [0.03; 0.13]

73.3%
9.4%
17.3%

100.0%




image33.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 16 70 —0—;— 0.23 [0.14,0.34] 16.3% 21.1%
Tiede, 2021 1 5 T 0.20 [0.01;0.72] 1.1% 5.0%
See, 2021 6 12 —i——o— 0.50 [0.21;0.79] 4.0% 12.5%
Greinacher, 2021 5 9 — 0.56 [0.21,0.86] 2.9% 10.5%
Schultz, 2021 5 5 iy 1.00 [0.48;1.00] 0.6% 3.1%
Pavord, 2021 50 220 —~—; 0.23 [0.17,0.29] 50.9% 24.9%
Sanchez van Kammen, 2021 30 78 ‘:——o— 0.38 [0.28; 0.50] 24.3% 22.8%
Fixed effect model 399 <> 0.28 [0.24; 0.33] 100.0% -
Random effects model <|> 0.35 [0.23; 0.48] --  100.0%

Heterogeneity: /2 = 68%, t2 = 0.2834, p < 0.01 I




image34.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 50 70 ‘-3—~— 0.71 [0.59;0.82] 16.8% 25.0%
Tiede, 2021 4 5 = 0.80 [0.28;0.99] 0.9% 6.0%
See, 2021 4 12 —~—r 0.33 [0.10;0.65] 3.1% 13.8%
Pavord, 2021 150 220 f—— 0.68 [0.62;0.74] 56.2% 28.8%
Sanchez van Kammen, 2021 37 78 —~— . 0.47 [0.36; 0.59] 22.9% 26.4%
Fixed effect model 385 <> 0.63 [0.58; 0.68] 100.0% -
Random effects model — 0.60 [0.45; 0.73] --  100.0%

Heterogeneity: /2 = 77%, 2 = 0.3028, p < 0.01 I T T |




image35.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 51 70 ' — 0.73 [0.61,0.83] 18.1% 23.5%
See, 2021 3 12— 0.25 [0.05;0.57] 2.9% 17.2%
Schultz, 2021 4 5 . - 0.80 [0.28;0.99] 1.0% 10.9%
Pavord, 2021 58 220 = 0.26 [0.21,0.33] 55.8% 24.6%
Sanchez van Kammen, 2021 25 78 —0-2— 0.32 [0.22;0.44] 22.2% 23.8%
Fixed effect model 385 <> 0.36 [0.31; 0.41] 100.0% -
Random effects model — 0.44 [0.23; 0.67] --  100.0%

Heterogeneity: /2 = 91%, 2 = 0.9508, p < 0.01 I T T 1




image36.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 55 70 S 0.79 [0.67,0.87] 14.7% 22.1%
Tiede, 2021 3 5 ' 0.60 [0.15;0.95] 1.5% 4.0%
See, 2021 7 12 0.58 [0.28,0.85] 3.6% 8.6%
Schultz, 2021 4 5 T 0.80 [0.28;0.99] 1.0% 2.8%
Pavord, 2021 158 220 - 0.72 [0.65;0.78] 55.7% 35.3%
Sanchez van Kammen, 2021 47 78 —~—£- 0.60 [0.49;0.71] 23.4% 27 2%
Fixed effect model 390 <> 0.70 [0.65; 0.74] 100.0% -
Random effects model - 0.69 [0.61; 0.77] --  100.0%

Heterogeneity: /2 = 33%, 1= 0.0813, p=0.19 | T T |
02 04 06 08




image37.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 16 70 . 0.23 [0.14, 0.34] 36.8% 34.8%
Pavord, 2021 17 220 ——— 0.08 [0.05;0.12] 46.7% 35.9%
Sanchez van Kammen, 2021 6 78 —~—!— 0.08 [0.03;0.16] 16.5% 29.3%
Fixed effect model 368 <> 0.12 [0.09; 0.16] 100.0% -
Random effects model — 0.11 [0.05; 0.23] --  100.0%

Heterogeneity: /2= 84%, 2= 04560, p<001 T T T T
0.05 0.1 0.15 0.2 0.25 0.3




image38.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 25 70 —o— 0.36 [0.25;0.48] 27.0% 27.9%
See, 2021 4 12 0.33 [0.10,0.65] 4.5% 14.9%

Pavord, 2021 30 220 —— 0.14 [0.09; 0.19] 43.5% 29.8%
Sanchez van Kammen, 2021 20 78 —_—— 0.26 [0.16; 0.37] 25.0% 27 5%
Fixed effect model 380 <> 0.22 [0.18; 0.27] 100.0% -
Random effects model — 0.25 [0.15; 0.38] --  100.0%

Heterogeneity: /2 = 83%, 12 = 0.2954, p <0.01 ! T T T T |
01 02 03 04 05 06




image39.tif
Weight Weight

Study Events Total Proportion 95%-Cl (fixed) (random)
Perry, 2021 22 70 —|—~— 0.31 [0.21;0.44] 245% 32.7%
Pavord, 2021 32 220 —+— i 0.15 [0.10; 0.20] 44.3% 33.9%
Sanchez van Kammen, 2021 39 77 . —_— 0.51 [0.39;0.62] 31.2% 33.3%
Fixed effect model 367 O 0.28 [0.23; 0.33] 100.0% -
Random effects model 0.30 [0.13; 0.54] --  100.0%

Heterogeneity: /2 = 95%, 2 = 0.7738, p < 0.01 I T T T |
02 03 04 05 06




image40.png
Standard Error

1.335 0.89 0.445 0

1.78

I
0.12

I
0.25

I I I
0.5 1 2

Risk Ratio (log scale)




