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Background: Various cardiac arrhythmias have been reported after COVID-19 infection and vaccination. We
assessed the risk after primary immunisation with the ChAdOx1 adenovirus vectored vaccine, and primary and
booster immunisation with an mRNA vaccine in 40 million vaccinated adults with 121 million doses (33.9%
ChAdOx1 and 66.1% mRNA) in England.

Methods: Hospital admissions for a cardiac arrhythmia and emergency care attendance for a cardiac arrest in
individuals aged 18 years and older on the 31st March 2021 were linked to the national COVID-19 immunisation
register. The incidence of events 1-14 and 15-28 days after vaccination relative to a post-vaccination control
period was estimated using the self-controlled case series method modified for fatal events. Outcomes were
stratified by arrhythmia type, vaccine type, age group and dose number (up to five). Elevated relative incidence
(RI) estimates with p < 0.001 were considered strong evidence of an association.

Findings: There was an increased risk of admission for arrhythmia events that were largely palpitations without
myocarditis within 14 days of a second priming dose of an mRNA vaccine in 18-49 year olds with an RI of 1.66
(95 % confidence interval 1.47,1.86) for BNT162b2 and 3.75 (2.52,5.57) for mRNA-1273 (p < 0.001) and also
after a first booster dose, 1.34 (1.17,1.53) and 1.75 (1.43,2.15) respectively (p < 0.001). No other cardiac
arrhythmia, including cardiac arrest, showed an elevated incidence within 28 days of vaccination for any dose,
age group or vaccine type. In contrast the risk of a cardiac arrhythmia of all types, including a cardiac arrest, was
consistently elevated in those testing positive for SARS-CoV-2 infection.

Interpretation: Our study provides reassuring evidence of the safety of the ChAdOx1 and mRNA COVID-19 vac-
cines with respect to serious cardiac arrhythmias and of the favourable risk benefit of mRNA booster vaccination.

Background

Cardiac arrhythmias can affect any age group and ventricular ar-
rhythmias may lead to cardiac arrest and sudden death. Various types of
cardiac arrhythmia have been associated with COVID-19 illness, but
whether their aetiology is specific to the SARS-CoV-2 virus or is a more
generic manifestation of the inflammatory response associated with a
systemic viral illness is unclear [1]. There are also case reports of cardiac
arrhythmias occurring after mRNA and adenovirus vectored COVID-19
vaccines, in some cases associated with acute myocarditis, a
confirmed signal associated with mRNA vaccines [2] or a pre-existing
cardiac disorder [3-6]. Few COVID-19 vaccine safety studies have
evaluated arrhythmia as an outcome, with a recent systematic review
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finding significant heterogeneity between the limited number of studies
where this outcome was reported [7]. For example, one study in England
showed no elevated risk after primary immunisation with the mRNA
vaccine BNT162b2 in contrast to a study in Malaysia that found a
significantly elevated risk within 21 days of a priming dose [8,9]. There
is a paucity of information on the risk of a clinically significant
arrhythmia after booster doses of vaccine although elevation of the heart
rate has been shown within three days of a second booster dose of
BNT162b2 in Israeli adults monitored remotely via smartwatches [10].

While an association between cardiac arrest and SARS-CoV-2 infec-
tion has been shown [11] few studies have assessed the risk of cardiac
arrest in relation to COVID-19 vaccination. One study in Israel reported
an increase in emergency department calls for cardiac arrest that
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Fig. 1. Counts of Pillar 1 first positive tests and vaccine doses by week and year.

coincided with the roll out of primary courses of the BNT162b2 mRNA
vaccine for 16-39 year olds and did not appear to be associated with
COVID-19 infection rates [12]. Another study in Florida reported an
elevated risk of a cardiac-related death of various aetiologies in 18-39
and >60 year olds after an mRNA vaccine but not an adenovirus
vectored vaccine. [13]. In contrast a study of cardiac-related deaths in
England in 12-29 year olds found no evidence of an elevated risk after
an mRNA vaccine [14]. None of these studies investigated the risk after
booster doses.

Based on the available evidence, the causal association, if any, be-
tween COVID-19 vaccination and the development of a cardiac
arrhythmia or a cardiac-related death in adults has not been established.
We investigate the risk of hospital admission for a cardiac arrhythmia
after COVID-19 vaccination by age group, vaccine type and primary or
booster vaccination in a national study in England in those aged 18 years
and over. Since ventricular arrhythmias have a high fatality rate, we also
investigated the association with COVID-19 vaccination among cardiac
arrest patients brought to emergency care facilities in England. The risk
of a cardiac arrhythmia or a cardiac arrest after a laboratory confirmed
SARS-CoV-2 infection is also assessed.

Methods
Study population

The study population consisted of individuals resident in England
aged 18 years and older on the 31st March 2021 who had received at
least one dose of a COVID-19 vaccine.

Data sources

The Secondary Uses Service (SUS) database, which provides ICD-10
coded diagnoses for cases admitted to all National Health Service hos-
pitals in England was used for case ascertainment [15]. Finished
Consultant Admissions for a cardiac arrhythmia were categorised into
five groups based on their primary diagnosis code: 1) Atrial fibrillation
and flutter, 2) Atrioventricular block and conduction disorders, 3)

Ventricular tachycardia, 4) Ventricular fibrillation and 5) Other cardiac
arrhythmias (Supplementary Appendix Table 1). Admissions in the
period 01/12/2020 to 31/08/2022 and with no prior admission for a
cardiac arrhythmia event since 01/12/2019 were extracted from the
SUS database.

The Emergency Care Dataset (ECDS) which captures all emergency
care attendances at NHS hospitals in England was used to identify cases
of cardiac arrest using the SNOMED Code: Cardiac Arrest 410429000 in
any diagnosis field. ECDS attendances for a cardiac arrest in the study
population between 01,/12/2020 and 31/10/2022 were selected for
individuals with no prior attendance for a cardiac arrest event between
01/12/2019 and 01/12/2022.

The UK Health Security Agency’s (UKHSA) Second Generation Sur-
veillance System (SGSS) [16] which collates results of PCR and LFT tests
carried out in the community in England (termed Pillar 2), and PCR tests
conducted in hospital patients, health care staff or other special groups
(termed Pillar 1), was used to identify confirmed SARS-CoV-2 infections
in the study population. Pillar 2 testing stopped in England on 31st
March 2022. Repeat infections were defined as those in individuals with
a second or subsequent positive test >90 days after a previous positive
test.

Immunisation data were obtained from the National Immunisation
Management System (NIMS) which records all COVID-19 vaccinations
given in England. Primary vaccination was given with either the ChA-
dOx1, BNT162b2 or mRNA-1273 vaccines while only mRNA vaccines
were used for boosting.

Deaths temporally associated with an outcome event were obtained
using the death date in NIMS or the SNOMED emergency care destina-
tion code = mortuary 305398007 and emergency care status SNOMED
code = Died in emergency care facility 75004002 or dead on arrival
63238001. The attendance date was used as the death date.

Data linkage

SUS admission records, ECDS consultations and SGSS SARS-CoV-2
cases were linked to the NIMS data set using NHS number. The extrac-
ted SUS admissions with the outcomes of interest that did not link with a
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Table 1

Demographic and clinical features of the individuals with a hospital admission in
SUS for cardiac arrhythmia within 90 days of a dose of a Covid-19 vaccine or a
laboratory-confirmed SARS-CoV-2 infection between 1st December 2020 to 31st
August 2022.

Demographic and Clinical features Number %

All ages 75,772 100 %
Age Group (years) 18 to 19 325 0.43
20 to 24 1,000 1.32
25 to 29 1,165 1.54
30 to 34 1,459 1.93
35 to 39 1,654 2.18
40 to 44 1,954 2.58
45 to 49 2,342 3.09
50 to 54 3,553 4.69
55 to 59 4,654 6.14
60 to 64 5,435 7.17
65 to 69 6,359 8.39
70 to 74 8,778 11.58
75 to 79 12,198 16.10
80 years plus 24,896 32.86
All ages 75,772 100 %
Sex Male 40,199 53.1 %
Female 35,573 46.9 %
Ethnicity Asian 2,963 3.9%
Black, African, Caribbean 959 1.3%
Mixed, Multiple 524 0.7 %
NK 3,242 4.3 %
Other 713 0.9 %
White 67,371 88.9 %
Clinically Vulnerable 17,872 23.6 %
In an “at risk” group 16,447 21.7 %

Type of cardiac Atrial fibrillation and flutter: 40,206 53.06

arrhythmia Group 1 %
AV block and conduction 12,295 16.23
disorders: Group 2 %
Ventricular tachycardia: Group 1698 2.24 %
3
Ventricular fibrillation: Group4 449 0.59 %
Other cardiac arrhythmias: 21,124 27.88
Group 5 %
Dose 4 BNT162b2 19,420 25.62
%
mRNA-1273 14,398 19.00
%
Dose 5 BNT162b2 423 0.59 %
mRNA-1273 1,570 2.07 %

NIMS record were excluded from the analysis; these comprised 0.5 % of
the extracted SUS admissions.

Statistical methods

A statistical analysis plan using the self-controlled case series method
(SCCS) was drawn up in advance as part of the protocol (Supplementary
Appendix). All analyses used date of admission or date of ECDS
consultation as the index date.

Due to the high risk of event-related deaths for some of the cardiac
events which will censor future vaccine exposures, a modified SCCS
method was employed as described by Kuhnert et al. where observation
periods are defined post-exposure, as in a self-controlled risk interval
study [17]. An observation window for each vaccine exposure was
defined from vaccination up to the minimum separation between vac-
cine doses, regardless of whether the patient died. For doses 2-5 the
minimum separation was 90 days; for the very small number of in-
dividuals who did receive another dose before this time the reference
window was curtailed at the next dose. Dose 1 was not included in the
analysis as the average separation from dose 2 was less than 90 days. A
minimum separation of 90 days also applied to infections, since a new
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infection was defined as a new positive test at least 90 days since any
previous new infection. The data set for the analysis comprised in-
dividuals who had received a least one dose of COVID-19 vaccine.
Vaccinated individuals who had received a mixed primary schedule,
first and 2nd doses <19 days apart, second, third, fourth, fifth doses
<56 days apart, or a third ChAdOx1 dose, or a 3rd dose before 1st
September 2021, or a 1st dose before 8th December 2020 were excluded,
as were any recipients with missing vaccine manufacturer information
and of other COVID-19 vaccines or vaccines which may have been given
as part of a vaccine trial. Imnmunosuppressed individuals were eligible to
receive up to five doses within the study period and as dose five numbers
were very small doses four and five were combined.

The SCCS analysis assessed as the main outcome whether there was
an increased incidence of admission to hospital with a cardiac
arrhythmia in each of the five diagnostic groups 1-28 days after the
second and subsequent doses of any of the three COVID-19 vaccines used
in England relative to the incidence in post-vaccination periods outside
these risk periods (42-90 days post vaccination).The 1-28 day risk
period was based on the signal raised in the earlier study by Patone et al
[8]. The period 29-41 days was analysed separately as a washout period.
Emergency care records for cardiac arrest were analysed in the same
way. Analyses were stratified by dose, vaccine type (ChAdOx1,
BNT162b2 or mRNA-1273 vaccine) and age group categorised as 18-49,
50-74 and >75 years. These age groups were selected to broadly reflect
the sequential roll out of the vaccine and also due to have adequate
power for the conditions of interest. When considering the combinations
of doses, vaccines and conditions for the 1-28 risk period there are over
100 tests. Many of these tests will be correlated so an a priori decision
was made that only relative incidence (RI) estimates with p < 0.001
would be considered as strong statistical evidence of an association
which allows for 50 independent comparisons. In a secondary analysis
the 1-28 day period was further split into 1-14 and 15-28 day periods,
as the risk for myocarditis was found to be highest in the first two weeks
after vaccination in an earlier study in England using the same data
sources [18]. Events on Day 0, the day of vaccination, were assigned a
separate risk window. The risk of a cardiac arrhythmia after a confirmed
SARS-CoV-2 infection was assessed in the period 1-14 and 15-41 days
after infection with the day of positive test (Day 0) assessed separately.
COVID-19 infection and vaccination effects were fitted simultaneously,
as separate exposures in the same model, so that the effect of COVID-19
infection was accounted for when this overlapped with any period 0-90
days post vaccination and vice versa.

Governance

UKHSA has legal permission, provided by Regulation 3 of The Health
Service (Control of Patient Information) Regulations 2002, to process
patient confidential information for national surveillance of communi-
cable diseases and as such, individual patient consent is not required.
Data Availability.

The raw study data are protected and are not available due to data
privacy laws. This work is carried out under Regulation 3 of The Health
Service ((Control of Patient Information) (Secretary of State for Health,
2002)) [19] using patient identification information without individual
patient consent. Data cannot be made publicly available for ethical and
legal reasons, i.e. public availability would compromise patient confi-
dentiality as data tables list single counts of individuals rather than
aggregated data.

Results

The weekly number of doses delivered since the start of the booster
programme in September 2021 is shown in Fig. 1 by manufacturer,
together with the weekly number of confirmed SARS-CoV-2 infections in
the Pillar 1 surveillance system. The majority of the first booster doses
(dose three) of the BNT162b2 vaccine were given before the start of the
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SUS: Atrial fibrillation and flutter: Group 1
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SUS: AV block and conduction disorders: Group 2

SUS: Ventricular tachycardia: Group 3
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Fig. 2. Relative incidence (RI) of admission for a cardiac arrhythmia in one of the five diagnostic categories in the 1-28 day post-vaccination risk period, stratified by

age group, dose and vaccine type.

Omicron BA.1/2 wave in December 2021 with the Spring 2022 booster
campaigns for mRNA-1273 and BNT162b2 largely coinciding with the
waves associated with the emergence of the Omicron BA.4/5 sub-
lineages.

Of the 210,329 admissions with a diagnosis of cardiac arrhythmia in
COVID-19 vaccinated individuals aged 18 years and over, 75,772 (36.0
%) fell within a 90-day post-vaccination or post-infection period
(Table 1). The number of cases increased with age, consistent with the
known age-related risk of an arrhythmia in the population [20]. Over
half had a diagnosis of atrial fibrillation or flutter. The proportion with a
fatal outcome as measured by death within 7 days of an admission was
under 2 % in each group with the exception of ventricular fibrillation
(group 4) for which 16.3 % of those admitted died within 7 days (Sup-
plementary Appendix Table 2). At least two doses of a COVID-19 vaccine
had been received by 75,488 (99.6 %) of those admitted to hospital
within 90 days of vaccination with only 284 (0.4 %) receiving just one
dose.

Fig. 2 shows the relative incidence (RI) of admission for a cardiac
arrhythmia in one of the five diagnostic categories in the 1-28 day post-
vaccination risk period, stratified by age group, dose and vaccine type.
With the exception of diagnoses in group 5 in 18-49 year olds no other
diagnostic grouping showed strong statistical evidence of an association
(p < 0.001). Further breakdown of group 5 admissions into 1-14 and
15-28 day periods showed the elevated Rls in the 18-49 age group were
restricted to the 1-14 day period (Table 2). Attributable risk (with 95 %
confidence intervals) per million doses in the 18-49 year age group for
this outcome were calculated based on total second and third doses
given in the study period in England. These risks were: BNT162b2 dose

2: 14 [11,16]; dose 3: 8 [5,11]; mRNA-1273 dose2: 30 [25,34]; dose
3:14 [10,17]. In this age group, the majority of the group 5 diagnoses
(range 84 % to 96 %) in this post-vaccination interval were coded as
palpitations or a non-specific tachycardia; none of the secondary or
tertiary diagnosis codes indicated myocarditis. In 50-74 year olds and
those aged 75 years and older there was no post-vaccination outcomes
within 1-14 or 15-28 days of vaccination with p < 0.001 in any of the
other diagnostic groups (Supplementary Appendix Table 3).

To further assess the elevated risk for group 5 arrhythmias in under
50 year olds and its potential association with myocarditis an ad hoc
analysis was conducted with age stratification into 18-24 and 25 to 49
year olds This showed similar RIs between the two age groups (Sup-
plementary Appendix Table 4).

The RI for ventricular fibrillation (group 4) in >75 year olds in the
washout period 29-41 days after the first booster dose of BNT162b2
(dose 3) was 2.7 (95 % CI 1.48, 4.94, p = 0.001) based on a total of 11
cases in this time interval (Supplementary Appendix Table3). Since in-
dividuals with ventricular fibrillation may die before admission, this
finding was investigated further by analysing cardiac arrests in the ECDS
data set. For the 5344 ECDS cases with a cardiac arrest in individuals
who had received two or more doses of a COVID-19 vaccine, 3973 (74.3
%) were fatal. This ECDS analysis showed no elevated risk within 28
days of vaccination for any vaccine or dose (Table 3). The RI in the
29-41 day washout period after the third dose of BNT162b2 for those
aged 75 years and over was 1.28 (1.06, 1.54), p = 0.011.

For SARS-CoV-2 infection, RIs for those testing positive on the day of
admission (Day 0) were raised for all types of cardiac arrhythmia in all
age groups with exception of ventricular fibrillation in 18-49 year olds;
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Table 2
Relative incidence (RI) of admissions with Cardiac Arrhythmia in SUS using the SCCS analysis in risk intervals after a COVID-19 vaccine stratified by age group (* p <
0.001).

18-49 50-74 75+

SUS: Other cardiac arrhythmias: Group 5

Vaccination Interval case person RI(95% p- case person RI (95 p- case person RI (95 p-
status (days) count years I value count years % CI) value count years % CI) value
ChAdOx1 Dose 1to 14 218 296.8 1.28 0.002 384 605.4 1.06 0.291 117 225.3 0.83 0.079
2 1.1, (0.95, (0.68,
1.5) 1.19) 1.02)
15 to 28 199 296.8 1.17 (1, 0.052 434 605.4 1.2 0.001 172 225.3 1.23 0.021
1.38) (1.08, (1.03,
1.34) 1.46)
29 to 41 185 275.6 1.17 0.059 342 562.1 1.02 0.75 145 209.2 1.11 0.254
(0.99, (0.9, (0.93,
1.38) 1.15) 1.34)
BNT162b2 Dose 1to 14 398 431.4 1.66 <0.001 205 301.3 1.02 0.797 249 368.1 0.92 0.272
2 (1.47, (0.87, (0.8,
1.86) * 1.19) 1.06)
15 to 28 275 431.2 1.15(1, 0.049 213 301.2 1.06 0.446 257 368.1 0.95 0.507
1.31) (0.91, (0.83,
1.24) 1.1)
29 to 41 216 400.2 0.97 0.693 185 279.7 0.99 0.907 202 341.8 0.79 0.002
(0.84, (0.84, (0.68,
1.13) 1.16) 0.92)
mRNA-1273 Dose 1to 14 51 30.6 3.75 <0.001 1 1.8 1.11 0.927 0 0.3
2 (2.52, (0.12,
5.57)* 10.7)
15 to 28 24 30.5 1.77 0.022 1 1.8 1.14 0.911 0 0.3
(1.08, (0.12,
2.9) 10.95)
29 to 41 18 28.2 1.44 0.191 1 1.6 1.25 0.848 1 0.2 3.44 0.383
(0.83, (0.13, (0.21,
2.47) 12) 55.33)
BNT162b2 Dose 1to 14 298 392.7 1.34 <0.001 426 689.7 1.11(, 0.051 276 538.9 0.98 0.725
3 (117, 1.24) (0.85,
1.53)* 1.12)
15 to 28 251 392.2 1.13 0.094 391 689.5 1.03 0.673 316 538.9 1.12 0.077
(0.98, (0.92, (0.99,
1.3) 1.15) 1.27)
29 to 41 205 363.7 0.99 0.868 363 640.2 1.02 0.731 270 500.3 1.03 0.665
(0.85, (0.91, (0.9,
1.15) 1.15) 1.18)
mRNA-1273 Dose 1to 14 141 143.9 1.75 <0.001 90 143.4 0.99 0.944 14 23.3 1.01 0.979
3 (1.43, (0.78, (0.56,
2.15) * 1.25) 1.83)
15 to 28 84 143.4 1.05 0.71 77 143.3 0.85 0.198 10 23.3 0.72 0.349
(0.82, (0.66, (0.37,
1.34) 1.09) 1.43)
29 to 41 88 132.1 1.18 0.176 58 132.9 0.69 0.008 12 21.6 0.93 0.827
(0.93, (0.52, (0.5,
1.5) 0.91) 1.75)
BNT162b2 Dose 1to 14 2 9.3 0.45 0.286 16 40.3 0.83 0.51 96 197.9 0.89 0.298
4/5 (0.1, (0.48, (0.71,
1.96) 1.44) 1.11)
15 to 28 10 9 2.29 0.046 20 39.9 1.05 0.846 98 197.3 0.91 0.429
(1.01, (0.63, (0.73,
5.15) 1.74) 1.14)
29 to 41 5 8.2 1.26 0.659 21 36.6 1.2 0.469 98 182.4 0.99 0.917
(0.45, (0.73, (0.79,
3.5) 1.97) 1.24)
mRNA-1273 Dose 1to 14 4 9 1.4 0.594 27 46.2 1.06 0.816 138 282 0.95 0.592
4/5 (0.41, (0.67, (0.79,
4.78) 1.66) 1.15)
15 to 28 4 8.8 1.44 0.562 12 45.4 0.48 0.019 148 281.2 1.03 0.795
(0.42, (0.26, (0.85,
4.92) 0.89) 1.23)

(continued on next page)
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Table 2 (continued)
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18-49 50-74 75+
SUS: Other cardiac arrhythmias: Group 5
Vaccination Interval case person RI(95% p- case person RI (95 p- case person RI (95 p-
status (days) count years CI) value count years % CI) value  count years % CI) value
29 to 41 3 7.8 1.21 0779 17 40.6 0.76 0.308 137 259.6 1.03 0.777
(0.31, (0.44, (0.85,
4.7) 1.29) 1.24)

RIs for some conditions were also raised in later post-infection periods
(Supplementary Appendix Table 4). The risk of a cardiac arrest after a
confirmed COVID-19 infection was elevated within 42 days of a positive
test in both 50-74 and >75 year olds (Supplementary Appendix
Table 4).

Discussion

In this national study we assessed the association between COVID-19
vaccination and hospital admission for a cardiac arrhythmia in the 40.4
million individuals aged 18 years and over who received at least one
dose of one of the three vaccines used for widespread immunisation in
England. A range of cardiac arrhythmias was investigated grouped by
anatomical site and aetiology. The only evidence we found of an asso-
ciation within a month of any vaccine dose was the increased risk of
admission, largely for palpitations or tachycardia, within 14 days of a
second priming dose and first booster dose of the two mRNA vaccines in
18-49 year olds.

In the United States a data-mining exercise exploring adverse events
after primary immunisation using health maintenance organisation da-
tabases found a clustering of admissions or emergency room consulta-
tions for palpitations in the first week after receipt of an mRNA vaccine
in young adults [21]. Palpitations are common and do not necessarily
indicate underlying cardiac pathology. The short-term prognosis of pa-
tients with palpitations is good with low rates of death and stroke at a
year, though recurrence of symptoms is common [22]. As in our study,
the US analysis did not suggest an association with myocarditis.

An increased risk of myocarditis in the first week after mRNA COVID-
19 vaccines has been documented [8,18,23]. Arrhythmia can acutely
occur in patients with myocarditis [24] but in this analysis we did not
find any concomitantly coded myocarditis in the “Other cardiac
arrhythmia” group within 14 days of a second priming dose and first
booster dose of the two mRNA vaccines in 18-49 year olds where a
strong statistical evidence of an association (p < 0.001] was demon-
strated. Moreover, the elevated risk in the “other cardiac arrhythmia”
group was similar in 18-24 and 25-49 year olds, unlike the myocarditis
risk which in an earlier study in England was shown to be higher in the
younger age group [18]. These findings suggest that whatever the eti-
ology of the vaccine-associated admissions for palpitations or tachy-
cardia it does not appear to be associated with vaccine-induced
myocarditis and has a different causal mechanism. Although we did not
find any concomitantly coded myocarditis and arrhythmic admissions
we did not assess if the patient had previously been diagnosed with
myocarditis for which arrhythmia may be a long-term risk due to scar-
ring [25].

There have been a number of claims about mRNA vaccines causing
sudden death with some calling for the withdrawal of all mRNA vaccines
from the market [26]. In our analysis we assessed the risk of admission
for ventricular fibrillation which can result in sudden death but found no
evidence of an increased risk within a month of vaccination for any
vaccine or dose. There was a possible signal in those aged 75 years and
older in the period 29-41 days after a third dose of the BNT162b2
vaccine but not after the mRNA-1273 vaccine. This was not a pre-
specified risk period in the analysis but was denoted a washout period
to allow for any carryover effect to dissipate should there be an

increased risk in the first month after vaccination. We investigated this
finding further by analysing cardiac arrests recorded in ECDS which will
include cases that die before or during an emergency care consultation.
There was a marginally elevated RI in the washout period after a third
dose of BNT162b2 in those aged 75 years and over though the p-value
did not meet our criterion of evidence of an association. In contrast,
testing positive for SARS-CoV-2 infection on the day of admission or
ECDS consultation was associated with a 63-fold increased risk of ven-
tricular fibrillation and 42-fold increased risk of cardiac arrest respec-
tively. The marginally elevated risks of ventricular fibrillation or cardiac
arrest in the washout period between 4 and 6 weeks after a third dose of
the BNT162b2 mRNA vaccine has not been reported elsewhere and may
have been associated with undiagnosed SARS-CoV-2 infection since for
many recipients of this booster dose the washout period coincided with
the large wave of Omicron BA.1/2 that began in November 2021.

The risk of cardiac arrhythmias of all types was consistently elevated
in those testing positive for SARS-CoV-2 infection with the highest Rls
on Day 0. The practice of testing patients admitted to hospital for any
reason as part of infection control procedures will lead to enhanced
ascertainment of cases admitted on Day 0. While some of these admis-
sions may not be causally related to the SARS-CoV-2 infection, the very
high RIs observed would suggest that the majority are likely to be a
consequence of it. The cessation of widespread community testing for
those with symptoms of SARS-CoV-2 at the end of March 2022 will also
inflate the Day 0 incidence relative to the incidence in the later post-
vaccination risk and the baseline periods.

There is high case fatality rate associated with some cardiac ar-
rhythmias, with 16.3 % of those admitted with ventricular fibrillation
dying within a week of admission and 75.9 % of those attending
emergency care with a cardiac arrest. When analysing events after
sequential doses of vaccine this results in event-dependent attrition and
violates key assumptions of the conventional SCCS method that an event
should not alter either subsequent exposure or the observation period.
We therefore used a modification of the SCCS method that can be
applied in situations where the outcome event is associated with death
and where sequential doses of vaccine are separated by specified mini-
mum intervals [17]. For this, only the post-vaccination period after each
dose is used in the analysis with a pre-specified post-vaccination risk
interval, followed by a washout period and then a baseline period of
fixed length which in our analysis was between 42 and 90 days. Day
0 (the day of vaccination) was analysed separately and not included as a
risk period as it could include events that occurred either before or a few
hours after vaccination. Proceeding with vaccination in an individual
who presents with an acute onset cardiac arrhythmia is unlikely and in
our study few events were detected on day O for which RI estimates were
consistently below 1. With the short interval between the first and sec-
ond doses in the primary course we could only include second and
booster doses in our analysis which used a fixed post-vaccination in-
terval of 42 to 90 days as the comparator. A study of death registrations
in England in individuals aged 12-29 years suggested a possible increase
in all cause and cardiac-related deaths in females in the 12 weeks after a
first dose of the ChAdOx1 vaccine but no analysis of deaths within
sequential time periods after vaccination in young women was con-
ducted due to power limitations [14]. Most studies of vaccine safety
have focussed on risk windows of within four or six weeks of
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Table 3
Relative incidence (RI) of attendances with Cardiac Arrest in ECDS using the SCCS analysis in risk intervals after a COVID-19 vaccine.

18-49 50-74 75+

ECDS: Cardiac Arrest

Vaccination Interval n person RI(95% p- n person RI(95% p- n person RI(95% p-
status (days) cases years CI) value cases years CI) value cases years (@) value
ChAdOx1 Dose 1to 14 14 29.4 0.63 0.112 88 159.1 0.82 0.099 52 80 0.99 0.939
2 (0.36, (0.65, (0.73,
1.11) 1.04) 1.35)
15 to 28 26 29.4 1.17 0.483 120 159.1 1.12 0.27 61 80 1.17 0.287
(0.75, (0.91, (0.88,
1.83) 1.38) 1.56)
29 to 41 14 27.3 0.68 0.184 108 147.7 1.09 0.437 45 74.3 0.93 0.645
(0.38, (0.88, (0.67,
1.2) 1.35) 1.28)
BNT162b2 Dose 1to 14 15 20.7 1.15 0.631 40 65.8 1.01 0.948 70 110.8 0.87 0.282
2 (0.64, (0.71, (0.67,
2.07) 1.44) 1.13)
15 to 28 20 20.7 1.56 0.097 43 65.8 1.09 0.637 76 110.8 0.95 0.664
(0.92, 0.77, (0.73,
2.65) 1.53) 1.22)
29 to 41 19 19.3 1.6 0.084 39 61.1 1.06 0.749 59 102.8 0.78 0.082
(0.94, (0.74, (0.59,
2.74) 1.51) 1.03)
mRNA-1273 Dose 1to 14 1 1.7 0.89 0.92 1 0.2 0 0
2 (0.1, 8)
15 to 28 1 1.7 0.82 0.857 0 0.2 0 0
(0.09,
7.35)
29 to 41 1 1.6 0.87 0.905 0 0.2 0 0
(0.1,
7.86)
BNT162b2 Dose 1to 14 18 19.7 0.9 0.703 106 115.8 0.86 0.159 121 112.6 0.98 0.822
3 (0.54, (0.69, (0.8,
1.52) 1.06) 1.2)
15 to 28 17 19.7 0.91 0.725 133 115.8 1.08 0.456 109 112.6 0.88 0.249
(0.53, (0.89, (0.72,
1.55) 1.31) 1.09)
29 to 41 16 18.2 0.9 0.712 130 107.5 1.13 0.226 145 104.6 1.28 0.011
(0.52, (0.93, (1.06,
1.56) 1.37) 1.54)
mRNA-1273 Dose 1to 14 11 6.4 2.15 0.046 27 25 1.08 0.742 4 5.9 0.56 0.285
3 (1.01, 0.7, (0.19,
4.57) 1.66) 1.62)
15 to 28 7 6.4 1.29 0.574 24 25 0.95 0.818 11 5.9 1.57 0.218
(0.53, (0.6, (0.77,
3.09) 1.49) 3.19)
29 to 41 4 5.9 0.81 0.704 24 23.1 0.97 0.913 8 5.5 1.23 0.616
(0.27, (0.62, (0.55,
2.4) 1.53) 2.73)
BNT162b2 Dose 1to 14 1 0.8 0.84 0.878 10 5.7 1.22 0.592 39 20.7 0.93 0.71
4/5 (0.09, (0.59, (0.65,
7.57) 2.55) 1.33)
15 to 28 1 0.8 0.86 0.895 10 5.7 1.24 0.572 36 20.5 0.86 0.437
(0.1, (0.59, (0.6,
7.75) 2.58) 1.25)
29 to 41 2 0.7 1.86 0.474 12 5.2 1.63 0.165 34 19 0.91 0.609
(0.34, (0.82, (0.62,
10.24) 3.24) 1.32)
mRNA-1273 Dose 1to 14 0 0.5 10 5 1.2 0.646 55 26 0.9 0.482
4/5 (0.56, (0.66,
2.56) 1.21)
15 to 28 0 0.5 8 4.9 1.02 0.971 44 26 0.74 0.071
(0.45, (0.53,
2.3) 1.03)
29 to 41 0 0.4 4 4.4 0.53 0.247 58 23.9 1.07 0.654
(0.18, (0.8,
1.55) 1.44)
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vaccination, as in our study, as this is considered the most biologically
plausible interval for vaccine-attributable effects. Moreover, use of the
ChAdOx1 vaccine in young adults in settings where the risk of cardiac-
related deaths can be assessed has been limited due to the risk of
thrombosis with thrombocytopenia in this age group [27]. Corrobora-
tion of the signal of a potential increase in cardiac-related deaths in
young women within three months of a first dose of the ChAdOx1 vac-
cine is therefore lacking.

Our analysis has the strength of being a national study that captures
all vaccine doses and hospital admissions for the outcomes of interest in
the vaccine-eligible adult population in England thus providing suffi-
cient power to stratify results by dose, vaccine type, age and type
arrhythmia. With the multiplicity of outcome measures we focussed on
those with a p-value of <0.001 as providing evidence of an association
and did not formally adjust p-values for multiple comparisons. However,
there were only three elevated Rls for a hospital admission within the
1-28 day risk period with a p-value that fell between 0.01 and 0.001,
one in group 1 in those aged 75 years and over after a third dose of
BNT162b2 vaccine and two in group 5 after a second dose of ChAdOx1
vaccine with one in 18-49 and one in 50-74 year olds. This contrasts
with the consistency of the findings of elevated risks in group 5 in the
1-14 day post-vaccination period after second and third doses of each
mRNA vaccine in those aged 18-49 years when using a p < 0.001
threshold and provides some reassurance that vaccine-attributable ef-
fects have been reliably identified in our study.

Ours is an observational study so is prone to selection bias and
confounding. While time-invariant individual level confounders are
automatically adjusted for in the self-controlled case series design it is
unable to control for time varying confounders (though such effects
were considered unlikely in the short interval within 90 days of vacci-
nation) nor for selection biases such as those discussed above associated
with day O effects and changes in SARS-CoV-2 practice over time. Se-
lection bias may also arise if a clinical decision to admit a patient with a
cardiac arrhythmia is influenced by knowledge of the patient’s vacci-
nation status the effect of which may be to mask a true association or
generate a spurious one. While this cannot be ruled out for the less
serious cardiac arrhythmias such as palpitations it seems unlikely for the
more serious arrhythmias with a higher case fatality rate. Those who
have an out-of-hospital cardiac arrest for which resuscitation is not
attempted may not be transferred to hospital and will not therefore be
included in our ECDS dataset but it seems unlikely that such cases would
be biased with respect to vaccination status. In addition an ecological
study from Australia has demonstrated no correlation between out- of
hospital cardiac arrest and COVID-19 vaccine [28].

In conclusion, our study provides reassuring evidence of the safety of
the adenovirus vector ChADOx1 and the two mRNA vaccines with
respect to hitherto unidentified serious cardiac events and of the
favourable risk benefit of COVID-19 booster vaccination.
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