Neuropsychiatric Disease and Treatment Dove

REVIEW

Acute Ischemic Stroke in the Context of SARS-CoV-2
Vaccination: A Systematic Review

Jan Rahmig(®), Eyad Altarsha, Timo Siepmann(®, Kristian Barlinn

Department of Neurology, University Hospital Carl Gustav Carus, Technische Universitit Dresden, Dresden, Germany

Correspondence: Jan Rahmig, Department of Neurology, University Hospital Carl Gustav Carus, Technische Universitit Dresden, Fetscherstrasse 74,
Dresden, 01307, Germany, Tel +49-351-458-3565, Email jan.rahmig@ukdd.de

Background: There have been reports suggesting an increased incidence of acute ischemic stroke among anti-SARS-CoV-2
vaccinees. We aimed to systematically review the literature to summarize the available evidence on the association between SARS-
CoV-2 vaccination and acute ischemic stroke.

Methods: A systematic literature search on MEDLINE, LitCovid and LIVIVO databases was performed for eligible randomized
controlled trials, observational studies, registries and case reports that reported on imaging-confirmed acute ischemic stroke in the
context of any SARS-CoV-2 vaccination with BNT162b2, mRNA-1273, Ad26.COV2.S, ChAdOx1 or Gam-COVID-Vac. Literature
search was limited to English and German languages and publication date before October 19, 2021.

Results: We identified a total of 395,105,670 individuals who underwent vaccination. We found 21 sources, including 2 cohort
studies, 4 registry studies, 3 randomized clinical trials, and 12 case reports. Individuals included in these studies were at least 16 years
old. Cari et al observed a higher likelihood of acute ischemic stroke in vaccinees aged 18-64 years, compared to Whiteley et al
observing vaccinees older than 70 years when vaccinated. In addition, differences in the likelihood of acute ischemic stroke were
found among the vaccines studied, although no overall increased stroke incidence was demonstrated with vaccination.

Conclusion: In this systematic review of the available literature, we found that the risk of acute ischemic stroke does not appear to be
increased in vaccinated individuals who have received any of the currently licensed SARS-CoV-2 vaccines compared with the baseline
incidence of stroke.
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Introduction

For more than two years, the world has been facing a pandemic of coronavirus disease 2019 (COVID-19) elicited by the
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)."? First vaccines against SARS-CoV-2 became available in
western countries in December 2020 In January 2021, the messenger RNA (mRNA) vaccine Comirnaty by BioNTech
and Pfizer was approved for emergency use by both the European Medicines Agency (EMA) and the Food and Drug
Administration (FDA). Further vaccines including ChAdOx1, mRNA-1273, BNT162b2, Ad26.COV2.S were consecu-
tively approved in the following months.

The currently most frequently used vaccines are mRNA (messenger RNA) and vector-based vaccines.*> Messenger RNA
vaccines are using non-virulent coding SARS-CoV-2 mRNA, coated with lipid particles.®” This vaccination induces the
synthesis of SARS-CoV-2 proteins through translation of mRNA in the cytoplasm. Detection of those foreign particles leads
to an immune reaction with CD8+ and Thl-type CD4+ T-cell responses.” Vector-based vaccines stimulate a humoral and
cellular immune reaction by genetically processed adenoviruses containing SARS-CoV-2-gene sequences.®’

In general, vaccine-induced immune response commonly triggers harmless side effects including mild fever, fatigue or
local dermal reaction in approximately 1% of vaccinees. Serious side effects from vaccines, however, are less commonly seen
and correspond to potentially severe health damage that goes beyond the usual extent of a vaccination reaction or vaccination
disease.'® In SARS-CoV-2 vaccinees, new-onset autoimmune diseases like Guillain—Barré Syndrome, immune-mediated
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neuropathy, aseptic meningoencephalitis and myelitis as well as cerebrovascular events like ischemic stroke and cerebral
venous thrombosis (CVT) have been increasingly reported.'''* For instance, the European Medicines Agency (EMA) stated
that ChAdOx1 may have caused CVT through the mechanism termed of vaccine-induced thrombotic thrombocytopenia
(VITT) in about 25 of 20 million ChAdOx1 recipients.”k18 Vaccine-induced thrombotic thrombocytopenia (VITT) was
described in an otherwise healthy young man not been exposed to heparin before.'*° This prothrombotic condition, which is
likely caused by platelet-activating antibodies, can also be triggered by multimolecular complexes between cationic anti-
platelet factor 4 (PF-4) and anionic heparin. In recent years, it has been recognized that other triggers may also cause
a prothrombotic state that is similar to heparin-induced thrombocytopenia (HIT), eg polyanionic drugs like pentosan
polysulfate, the antiangiogenic agent PI-88 and hypersulfated chondroitin sulfate.”'**'>* Even more, this prothrombotic
state has also been described in the context of viral and bacterial infections.'*> Furthermore, it is known that vector-based
vaccines may be involved in this pathway, as adenoviruses have a strong affinity for PF-4 and could lead to platelet
activation.”> Vaccine-induced thrombotic thrombocytopenia may not only be associated with an increased risk of venous
thromboembolic events but also with arterial ischemic complications in the cerebral vasculature as reported.’*** To
summarize the current evidence, we systematically searched the literature for studies reporting an association between SARS-
CoV-2 vaccination and acute ischemic stroke, which is not necessarily associated with VITT as pathomechanisms other than
VITT may also trigger arterial ischemic events in this patient population.

Methods

Data Sources and Search Strategy

This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.”’ Literature search with language restriction to English and German was performed using MEDLINE (https:/
pubmed.ncbi.nlm.nih.gov/), LIVIVO (https://www.livivo.de/) and LITCOVID (including MEDLINE and BASE; https:/www.
ncbi.nlm.nih.gov/research/coronavirus/) to identify relevant studies published between December 1st, 2020, and October 12th,
2021. Used combinations of search strings were “stroke”, “Vaccination”, “Vaccine”, “ChAdOx1”, “AZD1222”, “Vaxzevria”,
“Moderna”, “mRNA-1273”, “Spikevax”, “BioNTech/Pfizer”, “BNT162b2”, “Comirnaty”, “Tozinameran”, “Janssen”, “Ad26.
COV2.5”, “Gamaleya”, “Gam- COVID-Vac”, “Sputnik V"’ with the Boolean operators “AND” and “OR.” The reference lists of
the identified articles and reviews supplemented the literature search. Titles and abstracts of the identified articles were screened

according to eligibility criteria detailed below. Complete search strategy is provided in the “Appendix: Search terms”.

Study Criteria

Implementing the PICOS question, the following eligibility criteria were applied: Population, male or female persons
who received any vaccination against SARS-CoV-2 at any age; Intervention, vaccination against SARS-CoV-2, while
vaccines were restricted to AstraZeneca: AZD1222 (ChAdOx1, Vaxzevria®), Moderna: mRNA-1273 (Spikevax™),
BioNTech/Pfizer: BNT162b2 (Comirnaty®/Tozinameran), Janssen: Ad26.COV2.S and Gamaleya Institute: Gam-
COVID-Vac (Sputnik V); Control, not applicable; Outcome, imaging-confirmed acute ischemic stroke; Study type,
randomized controlled trial (RCT), observational study, registry or case report.

Study Selection

Literature search was conducted by one reviewer (JR) and complemented by a second reviewer (KB) if search results of
the first reviewer were incongruent. Duplicate sources were deleted. Sources were searched based on the title and
abstract. In cases of uncertainty, full texts were obtained. No automation tools were used.

Data Extraction

The following data was extracted and entered into an Excel spreadsheet (Microsoft, Redmond, WA): (1) study
characteristics (type of the study, number of vaccinees, number of non-vaccinees, observation time), (2) participants’
baseline characteristics (Age, sex), (3) details of vaccination (type of vaccination, number of received dosages), (4) study
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outcome (incidence of observed acute ischemic stroke under vaccination, baseline incidence of acute ischemic stroke
without vaccination, localization of thrombosis, evidence of antibodies to (PF-4), time to event).

Methodological Quality Assessment of Risk of Bias in Included Studies

Studies found eligible were checked according to their completeness of data, inclusion/exclusion criteria, selective
reporting and other bias. The Cochrane risk of bias assessment tool was used for randomized controlled trials and the
Downs and Black checklist for nonrandomized, observational studies, as recommended by the Cochrane Handbook for
Systematic Reviews of Interventions.*

Results
Overall, literature search revealed 257 articles, of which 208 remained for in-depth review following exclusion of
duplicates (n = 46) and articles with limited access (n = 3) (Figure 1). Further 191 articles were excluded as these did not
fulfill eligibility criteria (not reported on ischemic stroke, n = 156; incomplete data, n = 33; other language than English
or German, n = 2). Additional 4 sources were included by searching the reference lists of identified articles. Twenty-one
articles fulfilling eligibility criteria were eventually identified and selected for qualitative synthesis (case reports, n = 12;
RCT, n = 3; registry, n = 4; cohort study, n = 2). The 12 case reports detailed a total of 16 patients .’ %3147
Included vaccines in these articles comprised vector-based vaccines like AZD1222 (ChAdOx1; Vaxzevria®), Ad26.
COV2.S (COVID-19 Vaccine Janssen), Gam-COVID-Vac (Sputnik V) and messenger-ribonucleotide-acid (mRNA)-
based vaccines like BNT162b2 (Tozinameran, Comirnaty™ from BioNTech/Pfizer) and mRNA-1273 (Spikevax® from
Moderna). All of the case reports and five of the included studies reported on recipients of the ChAdOx1 vaccine.
Two studies reported on BNT162b2 and ChAdOx1 vaccines, one study each reported singularly on ChAdOx1,
BNT162b2, mRNA-1273, Gam-COVID-Vac and Ad26.COV2.S vaccines, and 2 studies included both BNT162b and
mRNA-1273 and ChAdoX1 (see Table 1). ¢¢283147 A total of 395,105,670 people underwent vaccination with any of

Identification of studies via databases and registers

Identification of studies via other methods

Case reports included in review
(n=12)

Figure | PRISMA flow diagram.

Notes: Adapted from Page M), McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD et al. The PRISMA 2020 statement: an updated guideline for reporting

systematic reviews. BMJ 2021;372:n71. doi: 10.1 136/bmj.n71.52
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Table | Clinical and Laboratory Characteristics of the 9 Included Studies in the Systematic Review

Cohort 18- 28 days 281.264 Population: ChAdOx-1 27 (events) 28 (events)
65 Denmark (2016-18)
Norway (2018-19)
RCT 218 6 months 15.210 N= 15.210/Placebo mRNA-1273 2 (events) 0 (events)
RCT 216 14 weeks 18.860 N= 18.846/Placebo BNTI162b2 195 (events) 166 (events)
Cohort | 218 28 days 8.712.477 Pre-vaccination or BNTI162b2 <28 days= 670.6 (650.5-691.4) incidence rate per 272.9 (269.8-276.1) incidence rate per
unvaccinated 100,000 p.a., >28days= 977.6 (940.3-1016.4 p.a. 100,000 p.a.
218 28 days 12.481.337 ChAdOx-1 <28 days= 668.2 (648.6—688.4) incidence rate per
100,000 p.a., >28days= 851.2 (827.2-875.9) p.a.
Register | 218 None N.A. No comparison group BNTI162b2 Severe AEs/1,000,000 doses European mean=4.4 (18— | - Increase of AlIS rate in ChA vs BNT
64y), 8.8 (65+y) in 18-64 year subjects [fold risk mean (95%
Cl) p value]= 3.4 (3.1-3.7), p< 0.01
> i - =
18 N.A. No comparison group ChAdOx-1 Severe AEs/1,000,000 doses European mean= |5.1 - Increase of AlS rate in ChA vs BNT
— +
(18-64y), 28.6 (65+y) in >64 year subjects [fold risk mean (95%
Cl) p value]= 3.3 (3.1-3.6) p< 0.0001
Register | 218 94 days 361.734. 967 No comparison group BNTI162b2 561 of 1197 reported cases (46.9%) N.R.
distribution
vaccines, N.R. ChAdOx-1 219 of 630 reported cases (34.3%)
mRNA-1273 173 of 325 reported cases (53.1%)
Register | 212 6 months + 6.754.348 — 660.766 person-years of BNTI162b2 - Events in risk interval=1059 - Events/million Events in risk interval vaccinated vs
Risk interval (day follow-up (risk interval) person-years= 1611.8 unvaccinated= 1065 vs 3529 (6 months)
0-21/ 22-42 days) - 364.988 person-years
5.090.780 L mRNA-1273 Events in comparison interval= 650
(comparison interval)
- Events/million
person-years= 1780.9
RCT =18 180 days 1.6427 N= 5.435 (placebo) Gam-COVID-Vac Cerebral circulation failure, N=I (events) Cerebral circulation failure, N= 0 (absolute
values)
Register | 218 none N.R. BNTI62b ChAdOx-1 — 18-64y=8.11 £ 0.75 (7.32-8.90) N.R.
- >65y= 329 + 0.44 (2.83-3.75)
Ad26.COV2.S — 18-64y=8.99 + 0.67 (8.29-9.70)

- >65y= 6.06 + 1.92 (4.04-8.08)

Notes: | = Pottegard etal (doi.org/10.1136/bmij.n1 | 14), 2= Baden et al (DOI: 10.1056/NEJM0a2035389), 3= Polack et al (DOI: 10.1056/NEJM0a2034577), 4= Whitely et al (doi.org/10.1101/2021.08.18.21262222), 5= Cari et al (doi.org/10.1016/j.
jaut.2021.102685), 6= Smadija et al (doi.org/10.1183/13,993,003.01111-2021), 7= Klein et al (doi:10.1001/jama.2021.15072), 8= Logunov et al (doi.org/10.1016/S0140-6736(21)00234-8), 9= Cari et al (doi.org/10.1016/j.jaut.2021.102742).
Abbreviations: RCT, N.R, not reported; N.A, not applicable; N, number; AlS, acute ischemic syndrome; chA, ChAdOx-1; BNT, BionTech Pfizer; AE, adverse event; p.a, per annum; Ref, references.
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these vaccines and were followed-up between 21 days and 6 months in the selected articles. Persons included were
mostly 18 years or older, except in the articles by Polack et al (>16 years old) and Klein et al (>12 years old).®>'

A comprehensive summary of the included studies is provided in Table 1.

Randomized Controlled Trials
The safety and efficacy of the mRNA-1273 vaccine was investigated in an RCT including 30,420 participants who were
randomly assigned to receive either two doses of mRNA-1273 or placebo. During the follow-up period with a median of
2 months embolic strokes were detected in 2 of 15,815 (0.0126%) participants in the mRNA-1273 vaccine group but not
in the placebo group.>? Another RCT investigated the BNT162b2 vaccine in 43,548 participants who were randomly
assigned to two doses of the vaccine or placebo. A subanalysis comparing placebo (n = 18,846) to BNT162b (n = 18,860)
showed no difference regarding the frequency of acute ischemic stroke (195 [1%] vs 166 [0.9%]).°

Only one study was identified in the literature that reported on ischemic stroke in participants who were vaccinated
with Gam-COVID-Vac. In this RCT, 21,977 adults were randomly assigned to Gam-COVID-Vac (n = 16,501) or placebo
(n = 54,769). During the observational period of 4 months, no ischemic stroke was observed, neither in the vaccination
nor in the placebo group.*?

Observational Studies and Registries

Pottegard et al used the nationwide healthcare registries of Denmark and Norway to assess the 28-day post-vaccination
hospitalization rate for arterial thromboembolic events presumably related to vaccination with ChAdOx1. The popula-
tions of Denmark (2016-18) and Norway (2018-19) served as comparator cohorts. According to the baseline incidence,
17 strokes per 100,000 vaccinations were expected during the observation period. In comparison, 16 per 100,000 cases
who received vaccination with ChAdOx1 were reported having a stroke during the follow-up period of 28 days.** The
safety profiles concerning major cerebrovascular events of the vaccines ChAdOx1 and BNT162b2 were further explored
in a population-based cohort study including 46 million adults in England.>> Of these, 8,712,477 people underwent
vaccination with BNT162b2 and 12,481,337 with ChAdOx1. Compared with the annual incidence acute ischemic stroke
in the population of England in 2019 (272.9 per 100,000 adults), the overall-age short-term (<28 days) incidence rates of
acute ischemic stroke were higher but did not differ relevantly between both vaccines (ChAdOx1: 668.2 [648.6—688.4]
per 100,000 adults vs BNT162b2: 670.6 [650.5-691.4] per 100,000 adults.*> In long-term observation (>28 days), there
was a difference in incidence rates favoring BNT162b2 (851.2 [827.2—-875.9] per 100,000 adults vs 977.6 [940.3—-1016.4]
per 100,000 adults. In people <70 years, stroke incidence in both short- and long-term intervals (<28 days: BNT162b2,
268.2 [251.7-285.1]; ChAdOx1, 318.7 [301.9-336.4]; >28days: BNT162b, 157.9 [142.6-174.9]; ChAdOx1, 387.8
[350.6-429.0] was higher compared to the corresponding annual incidence of acute ischemic stroke in the general
population (142.4 [140-144.8]). However, contrary results were found for participants over the age of 70 years in both
short and long-term intervals for BNT162b2 and ChAdoX1 vaccines with lower stroke incidences (<28 days: BNT162b2,
1209.9 [1168.6-1252.6]; ChAdOx1, 1271.6 [1227.1-1317.7]; >28days: BNT162b, 1359.3 [1319.4-1400.4]; ChAdOxl1,
1330.4 [1275.5-1387.7] compared to those reported for the general population (1504.7 [1480—-1528]). This observation
might explain the increased overall incidence of acute ischemic stroke when compared with the general population-based
incidence in England. Nevertheless, adjusted within-group analyses did not show an increased short-term risk (<28 days)
of acute ischemic stroke for participants receiving ChAdOx1 when stratified for age (<70 years: adjusted hazard ratio,
0.9; 95% CI: 0.83-0.97; >70 years: 0.71; 95% CI: 0.68-07.5). Neither there was an increased stroke risk for the long-
term interval following vaccination (<70 years: adjusted hazard ratio, 0.94; 95% CI: 0.84-1.07; >70 years: 0.72; 95% CI:
0.67-0.78). Comparable results were seen for the BNT162b2 cohort.®>> An analysis of the EudraVigilance registry
including data from 21 European countries found an average acute ischemic stroke incidence rate of 4.4 per 1 million
administered doses of ChAdOx1 or BNT162b2 in recipients aged 18 to 64 years. Recipients over the age of 64 years
showed a nearly two-fold average incidence rate of ischemic stroke following vaccination with BNT162b2 (8.5 per
1 million administered doses) and even 7-fold for ChAdOx1 (28.6 per 1 million administered doses). However, the
authors concluded that both underreporting and over reporting of adverse events appeared to be very challenging in
analyses of such data.*® In a subsequent investigation, Cari et al compared the vaccines BNT162b2, ChAdOx1 and Ad26.
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COV2.S regarding their incidence of acute ischemic stroke using BNT162b2 as the reference vaccine. The rate of
ischemic stroke after vaccination with BNT162b2 was reported to be 12.2 per 1 million doses administered. For
ChAdOx1, the overall rate was 53.8 per 1 million doses and for Ad26.COV2.S, 65.3 per 1 million doses administered.
It should be noted that recipients aged 18—64 years had higher odds of suffering from ischemic stroke than recipients over
64 years of age (ChAdOx1: hazard ratio 8.05 + 0.76, 95% CI: [7.24-8.85] versus hazard ratio 3.26 + 0.42, 95% CI:
[2.83-3.70]; Ad26.COV2.S: hazard ratio 8.91 + 0.54, 95% CI: [8.34-9.48] versus hazard ratio 6.03 = 1.96, 95% CI:
[3.96-8.09]). Direct comparison of Ad26.COV2.S and ChAdOx1 revealed a potentially increased risk of ischemic stroke
in those vaccinated with AD26.2COV.2.”’

Furthermore, the vaccines BNT162b2 and mRNA-1273 were compared in a population-based registry investigating
comprising 3.6% of the population in the United States. In total, 6,754,348 doses of BNT162b2 and 5,090,780 doses of
mRNA-1273 were administered and recipients were followed-up for two consecutive comparative intervals (1 to 21 days
after vaccination [risk interval] and 22 to 42 days after their most recent vaccination [comparison interval]) to explore the
immediate risk of ischemic stroke following the vaccination. Both vaccines were not individually analyzed. Within the
first 21 days, acute ischemic stroke was evident in 1611.8 cases per 1,000,000 person-years and within the second 21
days period in 1780.9 per 1,000,000 person-years. Adjustments made for age, sex, race, ethnicity, health plans and
calendar day resulted in a risk ratio of 0.97 (95% CI: 0.87-1.08) of suffering an ischemic stroke during the first 21 days
compared with the second 21-days period. This result was found to be non-significant (p = 0.61). The investigators
additionally conducted an analysis considering unvaccinated participants as comparator group. Within the first 21 days,
acute ischemic stroke was observed in 1065 vaccinated participants and in 3529 unvaccinated participants resulting in an
adjusted risk ratio of 0.91 (95% CI: 0.84-0.99; p = 0.02).>'

Smadja et al conducted an analysis of the World Health Organization (WHO) Global Database for Individual Case
Safety Reports (VigiBase) to assess the thrombotic risk related to SARS-CoV-2 vaccination. In this registry, 361,734,967
participants received the vaccines BNT162b2, mRNA-1273 or ChAdOx1 between December 13th and March 16th, 2021.
Of 1197 reported thrombotic events in BNT162b2 vaccinees, 46.9% corresponded to ischemic strokes. In mRNA-1273
vaccinees, 53.1% of 325 reported thrombotic events included ischemic strokes and in ChAdOx1 vaccinees 34.3% of 639
reported thrombotic events. Most strokes in all vaccines occurred within a median of 2 days after vaccination.®

Case Reports

Literature search yielded 12 case reports including 16 patients who suffered from ischemic stroke after vaccination with
ChAdOx1.262%39%7 There was no case report describing an ischemic stroke in the context of any other SARS-CoV-2
vaccination. Of these 16 patients, 9 (56.3%) were female and the median age was 45.5 years (range 21-69). Ischemic
stroke occurred at a median of 8.5 days (range 2-21) after vaccination. All of the patients had large vessel occlusive
stroke and two required decompressive hemicraniectomy due to space-occupying brain edema.?®*® In addition to large
vessel occlusion, two patients suffered from CVT.?®** Testing for antibodies to PF-4 was positive in 12 patients. Thirteen
patients had platelet counts below 150,000GpT/l and of these 84.6% (11/13) antibodies against PF-4. Outcomes were
detailed in 7 out of 16 patients. One patient was declared braindead during hospitalization, and three patients had mild
hemiparesis at discharge.?”**2¢ One patient was described asymptomatic at discharge.*’ Included case reports are
detailed in Table 2.

Discussion

In this systematic review of the available literature, the risk of acute ischemic stroke did not appear to be increased in
vaccinees who received any of the currently approved SARS-CoV-2 vaccines compared to the stroke incidence in different
comparator populations. None of the studies identified in this qualitative synthesis of the literature, however, specifically
reported on the occurrence of ischemic stroke beyond six months after vaccination. Thus, assuming that similar pathome-
chanisms as described for heparin-induced thrombocytopenia also contribute to thromboembolic events post SARS-CoV-2
vaccination, such complications are unlikely to occur later than 6 months after index vaccination.***> For instance,
thrombotic events following ChAdOx1 vaccination were solely observed within 21 days from vaccination. Due to an
increased incidence of venous thromboembolic complications observed in ChAdOx1 vaccines, it is not surprising that the
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Table 2 Clinical and Laboratory Characteristics of the Case Reports Included in the Systematic Review

31 | 8 >50% decrease MCA left Aspirin + Phonemic paraphasia and
Danaparoid difficulties in complex
cognitive tasks (d28)
60 | 7 65.000 Right ICA Dalteparin Death dé
55 | 7 30.000 Left MCA infarction no evidence of thrombus, Heparin Left hospital at d26 after
superior ophthalmic vein admission (Outcome N.
R.)
35 | 6 64.000 MCA right Fondaparinux Death (day N.R)
37 | 12 34.000 Left and right ICA, left transverse sinus thrombosis Fondaparinux N.R.
43 N.R. 21 24.000 Left MCA Fondaparinux N.R.
26 | 3 17.000 Left MCA N.R. N.R.
43 | 3 218.000 Left MCA infarction no evidence of thrombus Antiplatelets N.R.
42 | 9 40.000 Left ICA Argatroban Discharged on d15 with
no neurological deficits
51 | 7 54.000 MCA Fondaparinux Discharge: NIHSS 4,
mRS 2
39 N.R. 10 57.000 MCA N.R. Alive (not specified)
21 N.R. 10 113.000 MCA N.R. Alive (not specified)
57 | 9 23.000 Right MCA Fondaparinux N.R.
55 | 10 59.000 Left MCA N.R. Death dlI
69 N.R. 12 106.000 Right MCA + ICA, right cerebral transverse Fondaparinux N.R.
+sigmoid sinuses, right, internal jugular-, hepatic-
and distal lower-limb vein; pulmonary veins
64 | 2 N.R. Left MCA infarction no evidence of thrombus N.R. Paresis in the right limbs

(d7 discharge)

Notes: = Walter etal (doi: 10.1212/WNL.0000000000012576), 2= Blauenfeldt et al (doi: 10.1 1 1 1/jth.15347), 3= Bayas et al (oi.org/10.1016/S0140-6736(21)00872-2), 4-6= Al-Mayhani et al (doi:10.1 | 36/jnnp-2021-326,984), 7= Constentin
et al (doi.org/10.1016/j.jstrokecerebrovasdis.2021.105942), 8= Alammar et al (doi: 10.15537/sm;j.2021.42.10.20210326), 9= Goereci et al (doi.org/10.1186/s42466-021-00151-y, 10= Kenda et al (doi.org/10.1016/j.jstrokecerebrovas-
dis.2021.106072), 11, 12= Scully et al (doi: 10.1056/NEJM0a2105385), 13, 14= Michele et al (doi.org/10.1038/s41467-021-25,010-x), 15= Bourguignon et al (doi: 10.1056/NEJM0a2107051), 16= Correa et al (doi.org/10.1016/j.

clinimag.2021.08.021).

Abbreviations: sex m, male; f, female; Dose, received doses of vaccine; PF, detected platelet factor 4 antibodies; Time, time from vaccination to onset of symptoms; PLEX, plasmapheresis; EVT, endovascular therapy; IVIG, intravenous
immunoglobulins; Steroids, cortisone or their derivate; rtPA, recombinant tissue plasminogen activator; d, days; NIHSS, National Institutes of Health and Stroke Scale; mRS, modified Rankin Scale; N.R, not reported; MCA, middle
cerebral artery; ICA, internal carotid artery; +, yes; -, no; GpT/l, giga particles per liter; Ref, references.
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identified patient cases in the literature exclusively reported on ischemic stroke after vaccination with ChAdOxI.
Interestingly, thrombocytopenia was found in thirteen of these patients and anti-PF-4 antibodies were detected in most of
them. Laboratory evidence of antibodies to PF-4 or thrombocytopenia has immediate implications for clinical practice.
A recent report showed that ChAdOx1 recipients presenting to the emergency department with severe headache were at
imminent risk for development of CVT, if laboratory testing yielded high titers of anti-PF-4 antibodies, thrombocytopenia
and high D-dimer levels.*® None of these patients had radiogenic evidence of CVT at the time of presentation. Early initiation
of treatment with intravenous immune globulin and therapeutic-dose anticoagulation might be therefore pivotal to prevent
incident or recurrent thromboembolic complications in the venous but possibly also in the arterial vasculature.**>' Although
VITT can be considered a very rare cause of stroke, its largely unknown pathomechanism requires further research to tailor
preventive measures and specific therapies for patients susceptible to this prothrombotic condition.

Our systematic review has limitations. First, the observational nature of most studies included bears a high risk of
confounding, especially introduction of reporting bias. The true results may therefore be skewed towards a lower risk of
ischemic stroke. However, when we solely considered randomized controlled trials, risk of ischemic stroke was not
accentuated compared to that reported in the included observational studies or registries. Second, most of the studies
included reported on the vaccines BNT162b2 and ChAdOx!1 leaving a gap in our understanding of the association
between ischemic stroke risk and other SARS-CoV-2 vaccines. The fact that BNT162b2 and ChAdOx1 represent two
major types of vaccination, mRNA-based and vector-based, allows the assumption that the ischemic stroke risk following
vaccination might be eventually balanced among different vaccines though. Third, observational intervals in the included
studies were largely different from each other, limiting the comparability of the outcome results. Strengths of our
systematic review include the strict adherence to PRISMA guidelines and the standardized approach to address the
research question of whether currently approved SARS-CoV-2 vaccines are associated with an increased incidence of
ischemic stroke. To our knowledge, this is also the first systematic review of case reports relevant to ChadOx1-associated
thromboembolic complications.

Conclusion

Comprehensive review of the current literature did not reveal an increased risk of ischemic stroke in recipients of currently
approved SARS-CoV-2 vaccines. Some case reports, however, point to the presence of VITT in ChadOx1-recipients with
ischemic stroke. Although very rare, clinicians should be aware of this prothrombotic condition as immediate treatment
might be decisive for prevention of thromboembolic complications and unfavorable clinical outcomes.

Abbreviations

AE, adverse events; ELISA, Enzyme-linked Immunosorbent Assay; EMA, European Medicines Agency; FDA, The
American Food and Drug Association; CI, confidence interval; CVT, cerebral venous thrombosis; CVST, cerebral venous
sinus thrombosis; HIT, heparin-induced thrombocytopenia; IVIG, intravenous immunoglobulins; NHS, National Health
System; OMD, one million doses; PCR, polymerase-chain reaction; PF-4, platelet factor 4; RR, rate ratio; SAE, severe
adverse events; SVT, splanchnic venous thrombosis; VITT, vaccine induced thrombotic thrombocytopenia; WHO, World
Health Organization.
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