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ABSTRACT

Severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) is the cause of the deadly dis-
ease known as coronavirus disease 2019
(COVID-19) that has reached pandemic pro-
portions. Currently, there is no definitive
treatment for COVID-19, although many vac-
cines have been developed. The World Health
Organization has approved the safety and effi-
cacy of the AstraZeneca/Oxford, Johnson and

Johnson/Janssen (JnJ), Moderna, Pfizer/BioN-
Tech, Sinopharm, and Sinovac vaccines so far.
The approved formulations of AstraZeneca, JnJ,
and Gam-COVID-vac (Sputnik V) contain DNA
delivered within non-replicating recombinant
adenovirus vector-based systems, while the Pfi-
zer and Moderna vaccines utilize mRNA tech-
nology and lipid nanoparticle delivery systems.
All of these vaccines encode production of the
SARS-CoV-2 spike (S) protein, ultimately trig-
gering immunity in the human body. COVID-
19 causes several cardiovascular complications,
such as arrhythmias, myocarditis, pericarditis,
and venous thromboembolism. SARS-CoV-2
vaccines have been associated with rare, but
sometimes fatal, cardiovascular side effects,
which are the topics of this review. SARS-CoV-2
vaccines in general may cause thromboembolic
events, such as cerebral vein thrombosis, and
mRNA-based vaccines in particular may cause
myocarditis/pericarditis, with the latter more
likely to occur in younger adults after the sec-
ond vaccination dose. Nevertheless, the advan-
tages of these vaccines for ending the pandemic
and/or decreasing the mortality rate outweigh
any risk for the rare cardiovascular
complications.
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Key Summary Points

COVID-19, which is caused by a new type
of coronavirus named SARS-CoV-2 and
become a worldwide pandemic, may cause
cardiovascular complications.

Most of the SARS-CoV-2 vaccines
developed so far work by encoding
production of the SARS-CoV-2 spike
protein.

SARS-CoV-2 vaccines in general may cause
cardiovascular problems, although very
infrequently.

Rare, but sometimes fatal, cardiovascular
events side effects may be associated with
all types of SARS-CoV-2 vaccines.

The advantages of the vaccines in terms of
ending the pandemic and decreasing
COVID-19 mortality outweigh the
complications.

INTRODUCTION

Coronavirus disease-2019 (COVID-19) is an
infectious disease caused by a newly discovered
coronavirus, the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). Most of the
individuals infected with COVID-19 will suffer
from mild to moderate respiratory disease and
recover without any additional therapy [1].
However, a number of risk factors increase the
odds of developing severe illness, including old
age and underlying medical problems, such as
cardiovascular disease, diabetes mellitus, being
overweight and obesity, chronic respiratory
disease, and cancer [2, 3]. Although research
projects have already being launched to find a
definitive treatment for COVID-19, there is
currently no confirmed curative treatment for
the disease; accordingly, prevention is the fun-
damental principle for managing the COVID-19
pandemic. Effective vaccines are critical to
ending the COVID-19 pandemic and lowering

the mortality rate in infected individuals. The
first mass vaccination program started in early
December 2020, and as of 14 October 2021,
6,495,672,032 doses of vaccine have been
administered globally [3]. By 3 June 2021, the
World Health Organization (WHO) announced
that the AstraZeneca/Oxford, Johnson and
Johnson/Janssen (JnJ), Moderna, Pfizer/BioN-
Tech, Sinopharm, and Sinovac vaccines are safe
and effective [4]

Several types of vaccines for COVID-19 have
been developed, some of which are approved
and others are awaiting approval, or are under
development, including: (1) RNA and DNA
vaccines, a cutting-edge approach that uses
genetically engineered RNA or DNA to generate
a protein that safely prompts an immune
response; (2) viral vector vaccines, which use a
safe virus that cannot cause disease but serves as
a platform to produce coronavirus proteins to
generate an immune response; (3) inactivated
or weakened virus vaccines, which use a form of
the virus that has been inactivated or weakened
in order not to cause disease but still generates
an immune response; (4) protein-based vaccines
that use harmless fragments of proteins or pro-
tein shells that mimic the COVID-19 virus to
generate an immune response safely [4]. DNA
delivered within a non-replicating recombinant
adenovirus vector system is the platform used
by the AstraZeneca, JnJ, and Sputnik V vaccines,
while vaccines developed by Pfizer/BioNTech
and Moderna use mRNA technology and lipid
nanoparticle delivery systems [5–8]. Both the
mRNA and adenovirus vector-based vaccines
encode SARS-CoV-2 spike (S) protein produc-
tion, the main target for neutralizing antibodies
generated from natural infection and thera-
peutic monoclonal antibodies [9].

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

COVID-19 AND CARDIOVASCULAR
COMPLICATIONS

COVID-19 may be associated with multiple
serious cardiovascular complications, such as
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arrhythmias, myocarditis, and thromboem-
bolism, either directly or indirectly [10]. SARS-
CoV-2 causes disturbance to the renin–an-
giotensin system, increased angiotensin-II
levels, and upregulation of pro-inflammatory
cytokines that have destructive effects on the
vascular endothelium and lead to a systemic
inflammatory response syndrome that may
provide a possible mechanism for multi-organ
failure, usually involving the heart [11]. In
addition, COVID-19 infection carries with it a
substantial risk of developing blood clots [12].
In one study, the overall prevalence of pul-
monary embolism in COVID-19 patients was
7.8%, deep vein thrombosis 11.2%, and stroke
around 1.6% [12]. A summary of vaccine effi-
cacy against the delta variant is given in Table 1.

CARDIOVASCULAR
COMPLICATIONS OF SARS-COV-2
VACCINES

Severe side effects of vaccines may appear in
some individuals vaccinated in mass vaccina-
tion programs. Also, given the short develop-
ment time and the novelty of the technologies
adopted, these vaccines may have serious side
effects that will only be revealed after some time
[13]. One potential mechanism is the free-
floating spike proteins, synthesized by cells
targeted by the vaccines, that circulate in the
blood systematically interacting with angio-
tensin converting enzyme 2 (ACE2) receptors.
These reactions may ultimately lead to platelet
aggregation, thrombosis, and inflammation

[14]. In this review, the potential cardiovascular
complications of SARS-CoV-2 vaccines will be
discussed.

Thrombembolic Events

Studies have suggested that SARS-CoV-2 vacci-
nes that use an adenoviral vector platform may
be related to the occurrence of thrombotic
thrombocytopenia [15–17]. During early to
mid-March 2021, several European countries
stopped using the AstraZeneca vaccine because
of spontaneous reports of thromboembolic
events among vaccinated people [18, 19]. A
study on recipients of the ChAdOx1 nCov-19
vaccine (AstraZeneca) reported that the stan-
dardized morbidity ratio for thromboembolic
events was 1.97-fold higher among this study
population than for the general population
[20]. Some studies have reported that vaccina-
tion with the AstraZeneca vaccine can lead to
immune thrombotic thrombocytopenia medi-
ated by platelet-activating antibodies against
PF4, a condition which clinically resembles
severe heparin-induced thrombocytopenia
[21, 22]. For example, in a study on ten patients
who presented with one or more thrombotic
events, including cerebral venous thrombosis,
splanchnic-vein thrombosis, and pulmonary
embolism, after AstraZeneca vaccination, the
authors was concluded that vaccine-induced
immune thrombotic thrombocytopenia occur-
red through the postvaccination formation of
platelet-activating antibodies against PF4 [23].
In another study on 22 patients who received
the AstraZeneca vaccine and subsequently

Table 1 Available data on the efficacy of current vaccines against the delta variant

Vaccine Platform Efficacy (symptomatic infection) (%)

AstraZeneca [54] Vector 63.1–67

Moderna [54] mRNA 84.8–88.3

Pfizer [54] mRNA 40.5–88

Sinopharm & Sinovac [55, 56] Inactivated 59–69.5

Sputnik V [57] Vector 81a

aEfficacy against hospital referral
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presented with acute thrombocytopenia and
thrombosis, including cerebral venous throm-
bosis, in the absence of previous prothrombotic
medical conditions, the authors stated
that pathogenic PF4-dependent syndrome
could occur after the administration of the
AstraZeneca vaccine [24]. Thereafter, similar
thromboembolic events were reported in a
study of patients who had received the JnJ
vaccine (Ad26.COV2.S), a recombinant aden-
ovirus serotype 26 vector encoding the SARS-
CoV-2 spike glycoprotein. As of 14 April 2021,
six cases of cerebral venous sinus thrombosis
with thrombocytopenia, occurring 7–14 days
after vaccination, were reported among more
than 7.2 million people who had been vacci-
nated with JnJ globally [25]. Also, one patient
developed deep vein thrombosis during a phase
3 trial on patients who received the Sputnik V
vaccine [6]. There have also been cases of
thrombosis reported in patients who had
received the mRNA vaccines, with possible cases
of central nervous system thrombosis among
recipients of the Pfizer/BioNTech mRNA vaccine
and Moderna mRNA vaccine [26].

Myocarditis and Pericarditis

Following COVID-19 vaccination (6 h to 4 days
postvaccination), there have been case reports
of myocarditis and pericarditis [27–30]. Two
large retrospective studies were performed in
Israel on the occurrence of myocarditis in per-
sons who had received the Pfizer COVID-19
vaccine. Mevorach et al. [31] investigated over
5.1 million vaccine recipients 21 days after the
first dose and 30 days after the second dose.
They found 136 cases of what was most likely
myocarditis, of which 95% were mild in symp-
toms and only one case was fatal. Also, the risk
difference for developing myocarditis between
the first and the second doses of the vaccine was
1.76 per 100,000 persons overall and 13.73 for
male recipients aged 16- to 19-years. In the
other Israel-based study, Witberg et al. [32]
searched the records of over 2.5 million recipi-
ents of the Pfizer vaccine and found that the
incident rate of the myocarditis was 2.3 per
100,000 persons, increasing to over ten cases

per 100,000 persons among recipients aged 16-
to 29 years. In addition, a search by Mont-
gomery et al. [33] of US military personnel
vaccinated with mRNA vaccines identified 23
cases of myocarditis within 4 days postvaccina-
tion. Another study reported that the risk of
developing myocarditis is 18.28-fold higher in
those who had been infected with SARS-CoV-2
than in those who are not infected, which is
considerably high compared to the increased
risk in vaccinated people (3.24-fold higher than
in those who have not been vaccinated) [34].
Given that the symptoms appeared close to the
vaccination time and ruling out other possible
diagnoses, the authors of a number of studies
have postulated that these complications were
secondary to vaccination; however, the patho-
physiology remains unknown [28–30]. Mecha-
nisms of an unspecific inflammatory response
secondary to vaccination and cross-reactivity of
antibodies due to the molecular mimicry have
been hypothesized. Nearly all reported cases of
myocarditis occurred following vaccination
with mRNA-based vaccines (Pfizer and Mod-
erna). Watad et al. reported two cases of peri-
carditis after vaccination with mRNA-based
vaccines [30], with the patients responding to
anti-inflammatory and corticosteroid drugs.
Diaz et al. [35] investigated more than 2 million
vaccinated individuals and found 37 cases of
pericarditis, with the median onset of 20 days
for symptoms after vaccination; there was no
mortality. The mean monthly number of
patients with pericarditis in the pre-vaccination
period (January 2019–2021) was significantly
lower than that in the vaccination period
between February and May 2021 (49.1 vs. 78.8).
The risk ratio of developing pericarditis after
vaccination with the Pfizer vaccine was reported
to be 1.27 by Barda et al. [34], in comparison to
5.39 for those who were infected with SARS-
CoV-2, as compared to healthy individuals. Up
to 13 October 2021, the U.S. Center for Disease
Control (CDC) [36] announced that myocardi-
tis/pericarditis was a rare side effect that was
more likely to happen in male adolescents and
younger adults after the second dose of vacci-
nation rather than the first dose and within
several days after vaccination with mRNA-based
vaccines. Furthermore, younger vaccine
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recipients must be more closely evaluated if
they present with acute chest pain, palpitations,
and shortness of breath for myocarditis/peri-
carditis following vaccination; it should be
remembered that the acute coronary syndrome
is less likely in this population [36]. Of note,
other possible diagnoses based on the patient’s
history should be considered [36, 37].

Arrhythmia

A case of paroxysmal ventricular arrhythmia
was reported in the Pfizer vaccine (BNT162b2)
clinical trial, but no causal relationship was
found [8]. Of note, the occurrence of ventricular
arrhythmias has been associated with cardiac
inflammation [38]. Garcı́a et al. reported three
cases of tachycardia following Pfizer vaccina-
tion; all three patients had a previous history of
infection with SARS-CoV-2 [39]. Moreover,
postural orthostatic tachycardia was observed in
a healthy patient 6 days postvaccination with
the first dose of the Pfizer vaccine [40]; this type
of arrhythmia had been previously observed in
recipients of the Gardasil vaccine for human
papillomavirus [41]. One possible explanation is
that the autoimmune reaction against adrener-
gic receptors in the cardiovascular system leads
to the impairment of vasoconstriction, subse-
quently causing postural tachycardia [40, 42].
Mustafa et al. suggested that the reduction of
vasopressor response to plasma angiotensin-II
and baroreflex compromise led to impaired
vasoconstrictive response and subsequent
orthostatic tachycardia in the upright position
[43]. It should be noted that COVID-19 infec-
tion increases the possibility of developing
arrhythmia by 3.83-fold [34] and that the
reports of arrhythmia are at the level of case
reports and have not been proven;. therefore, it
would appear that taking vaccines is justifiable.

Myocardial Infarction

There have been reports of myocardial infarc-
tion in persons postvaccination with the Pfizer,
AstraZeneca, and Sinovac vaccines, with the gap
between vaccination and the occurrence of
myocardial infarction varying from 15 min to 2

days [44–47]. There are several possible mecha-
nisms to explain why this could happen: (1)
immune thrombotic thrombocytopenia [23];
(2) a series of allergic reactions which lead to
occlusion of coronary arteries and, conse-
quently, myocardial infarction (i.e. Kounis
syndrome) [48]; and (3) high demand and low
supply due to vaccination stress in weaker
patients [45]. In a multi-national cohort study
conducted by Li et al. on the incidence of vac-
cine-induced adverse effects, the risk of
myocardial infarction after vaccination
increased with age [49]. However, all studies
were inconclusive in determining a relationship
between vaccination and myocardial infarction;
Barda et al. reported the risk ratio for developing
myocardial infarction as being 1.07 for recipi-
ents of the Pfizer vaccine compared to 4.47 for
people who were infected by SARS-CoV-2 [34].
Further longitudinal investigations are required
to establish causation [49].

Hypertension

Some investigations have shown that COVID-
19 vaccines may be associated with high blood
pressure. In a case series of nine patients with
stage III hypertension, eight were symptomatic
(malaise, headache, tingling in the mouth and
diaphoresis) and had increased blood pressure.
All eight patients had received the Pfizer/BioN-
Tech vaccine and the ninth had received the
Moderna vaccine [50]. In another study, six
participants, among 113 patients, showed an
average rise in systolic or diastolic BP at home
by C 10 mmHg during the first 5 days after
receiving the first dose of Pfizer/BioNTech vac-
cine, compared with the 5-day period immedi-
ately preceding vaccination [51].

Takotsubo Cardiomyopathy

There are two published reports of Takotsubo
cardiomyopathy following vaccination with the
Moderna [52] and AstraZeneca [53] vaccines. In
both cases, other possible diagnoses were ruled
out by further workups, such as angiography. Of
note, no precipitating infectious, inflammatory,
emotional, or physical factors were mentioned
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in these cases and both patients recovered after
receiving treatment.

CONCLUSION

As described in this article, cardiovascular
complications (i.e., thromboembolic events,
myocarditis/pericarditis, Takotsubo cardiomy-
opathy, arrhythmias, and myocardial infarc-
tion) in individuals following COVID-19
vaccination have been reported recently; how-
ever, for most of the complications reports, the
association between vaccination and the com-
plications has not been proved. These events are
infrequent and do not affect the global risk/
benefit assessment of COVID-19 vaccines. It
should be noted that a report of a cardiovascular
event in an individual after receiving a vaccine
does not imply causality. Further longitudinal
studies with control groups are needed to por-
tray a more obvious picture of the topic.
Physicians must be alert and be familiar with
typical and atypical clinical manifestations of
these cardiovascular events in order to diagnose
and manage possible cases as soon as possible
and mitigate adverse events.
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Rufino Delgado MT. Tachycardia as an undescribed
adverse effect to the Comirnaty� vaccine
(BNT162b2 Pfizer-BioNTech Covid-19 vaccine):
Description of 3 cases with a history of SARS-CoV-2
disease. Enferm Infecc Microbiol Clin (Engl Ed).
2021 Mar 18:S0213-005X(21)00074-4. English,
Spanish. https://doi.org/10.1016/j.eimc.2021.03.
008. Epub ahead of print. PMID: 33858709;
PMCID: PMC7969861.

40. Reddy S, Reddy S, Arora M. A case of postural
orthostatic tachycardia syndrome secondary to the
messenger RNA COVID-19 vaccine. Cureus.
2021;13:e14837.

41. Arana J, Mba-Jonas A, Jankosky C, et al. Reports of
postural orthostatic tachycardia syndrome after
human papillomavirus vaccination in the vaccine
adverse event reporting system. J Adolesc Heal.
2017;61:577–82.

42. Li H, Yu X, Liles C, et al. Autoimmune basis for
postural tachycardia syndrome. J Am Heart Assoc.
2014;3:e000755.

43. Mustafa HI, Raj SR, Diedrich A, et al. Altered sys-
temic hemodynamic and baroreflex response to
angiotensin II in postural tachycardia syndrome.
Circ Arrhythmia Electrophysiol. 2012;5:173–80.

44. Chatterjee S, Ojha UK, Vardhan B, Tiwari A.
Myocardial infarction after COVID-19 vaccination-
casual or causal? Diabetes Metab Syndr. 2021;15(3):
1055–1056. https://doi.org/10.1016/j.dsx.2021.04.
006.

20 Cardiol Ther (2022) 11:13–21

https://doi.org/10.1056/NEJMe2106315
https://doi.org/10.1056/NEJMe2106315
https://doi.org/10.1016/j.radcr.2021.05.033
https://doi.org/10.1016/j.radcr.2021.05.033
https://doi.org/10.1016/j.rec.2021.04.005
https://doi.org/10.1016/j.rec.2021.04.005
https://doi.org/10.1056/NEJMoa2109730
https://doi.org/10.1056/NEJMoa2109730
https://doi.org/10.1056/NEJMoa2110737
https://doi.org/10.1056/NEJMoa2110737
https://doi.org/10.1001/jamacardio.2021.2833
https://doi.org/10.1001/jamacardio.2021.2833
https://doi.org/10.1056/NEJMoa2110475
https://doi.org/10.1001/jama.2021.13443
https://doi.org/10.1001/jama.2021.13443
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/myocarditis.html
https://www.cdc.gov/vaccines/covid-19/clinical-considerations/myocarditis.html
https://newsroom.heart.org/news/covid-19-vaccine-benefits-still-outweigh-risks-despite-possible-rare-heart-complications
https://newsroom.heart.org/news/covid-19-vaccine-benefits-still-outweigh-risks-despite-possible-rare-heart-complications
https://newsroom.heart.org/news/covid-19-vaccine-benefits-still-outweigh-risks-despite-possible-rare-heart-complications
https://doi.org/10.1016/j.eimc.2021.03.008
https://doi.org/10.1016/j.eimc.2021.03.008
https://doi.org/10.1016/j.dsx.2021.04.006
https://doi.org/10.1016/j.dsx.2021.04.006


45. Boivin Z, Martin J. Untimely myocardial infarction
or COVID-19 vaccine side effect. Cureus. 2021;13:
e13651.

46. Tajstra M, Jaroszewicz J, Gąsior M. Acute coronary
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