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COVID-19 is an independent risk factor for cardiovascular disease. COVID-19 vaccination 
may prevent this, but in some cases, COVID-19 vaccination may cause myocarditis  or 
pericarditis. Patients with COVID-19 may present with non-specific symptoms that have 
a cardiac origin. This review examines the cardiovascular complications of COVID-19 in-
fection and the impact of COVID-19 vaccination. COVID-19 cardiovascular complications 
include myocardial injury, pericarditis, coagulopathy, myocardial infarction, heart fail-
ure, arrhythmias, and persistent post-acute risk of adverse cardiovascular outcomes. 
Diagnostic and referral pathways for non-specific symptoms, such as dyspnoea and fa-
tigue, remain unclear. COVID-19 vaccination is cardioprotective overall but is associated 
with myopericarditis in young males, though at a lower rate than following SARS-CoV-2 
infection. Increased awareness among primary care physicians of potential cardiovascu-
lar causes of non-specific post-COVID-19 symptoms, including in younger adults, such as 
fatigue, dyspnoea, and chest pain, is essential. We recommend full vaccination with 
scheduled booster doses, optimal management of cardiovascular risk factors, rapid treat-
ment of COVID-19, and clear diagnostic, referral, and management pathways for patients 
presenting with non-specific symptoms to rule out cardiac complications.
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Introduction

COVID-19 is an independent risk factor for cardiovascular 
disease (CVDs)1 and it may cause significant vascular path-
ology, cardiac injury, and acute and chronic cardiovascu-
lar complications.2 The pathophysiology of SARS-CoV-2 
infection involves the binding of viral particles to the 
angiotensin-converting enzyme-2 (ACE2) receptor, which 

is expressed in endothelial cells, migratory angiogenic 
cells, vascular smooth muscle cells, cardiofibroblasts, 
cardiomyocytes, pericytes, and epicardial adipose cells, 
resulting in the tropism of SARS-CoV-2 to the heart and 
vasculature.3 There is emerging evidence that COVID-19 
infections can result in both acute and long-term CVD. 
The risk is highest in patients treated in intensive care, 
but may also occur in non-hospitalized patients.4 Thus, 
the role of COVID-19 vaccines in preventing cardiovascular 
complications, including the potential long-term burden of 
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COVID-19-related chronic CVD, is of clinical and public 
health importance.

There are many observational studies reporting that in-
dividuals with SARS-CoV-2 infection suffer from impair-
ment of myocardial and cardiac function5,6 and 
cardiovascular complications,1,7,8 including myocarditis, 
pericarditis, arrhythmias, acute myocardial infarction, 
stroke, thromboembolism, and sudden cardiac death.9–11

The vascular pathology of SARS-CoV-2 appears to be multi- 
factorial and includes direct effects of the virus as well as 
indirect effects of cytokine release and other immune re-
sponses. The virus may induce an acute prothrombotic 
state including excessive coagulation, impaired fibrinolyt-
ic ability, and/or an endotheliopathy that can lead to an 
acute and sometimes chronic coagulopathic state.12,13

More recently, emerging reports have highlighted poten-
tial long-term cardiovascular sequelae of COVID-19, which 
can persist at least 12 months after the acute infec-
tion.11,14,15 However, many of these long-term reports 
have been based on hospitalized patients with a duration 
of follow-up of <12 months.16–20 Autopsy studies have 
shed some light on the cardiac pathology due to 
SARS-CoV-2, revealing a range of abnormalities, including 
the presence of SARS-CoV-2 virus in the heart, not only 
within cardiomyocytes but also in interstitial cells, peri-
cytes, and macrophages.21

COVID-19 vaccines became available from late 2020 in 
some countries.22 In addition to preventing severe 
SARS-CoV-2 infection, COVID-19 vaccination is associated 
with reduced risks of cardiovascular outcomes due to a 
COVID-19 infection.23,24 However, COVID-19 vaccines them-
selves, especially messenger ribonucleic acid (mRNA) 
COVID-19 vaccines, have been associated with cardiac com-
plications, such as myocarditis and pericarditis,25–27 al-
though at a much lower rate than after COVID-19 
infection.23 However, vaccine-induced immunity wanes rap-
idly, even after boosters.28,29 Furthermore, the emergence 
of new SARS-CoV-2 variants of concern, which are antigeni-
cally distant from the strain used in the vaccines, has re-
sulted in vaccine escape and immune imprinting, reducing 
the protective effects of COVID-19 vaccines.30–32 The risk 
of reinfection has also increased with the Omicron variant 
of concern.33 The impact of these factors on the incidence 
of cardiovascular complications is unclear.11,34

This review aims to examine the potential cardiovascu-
lar complications of COVID-19 infection and the impact of 
COVID-19 immunization, particularly in the context of re-
current infections with the continued emergence of new 
SARS-CoV-2 variants of concern.

Methods

An initial search of PubMed was undertaken, followed by analyzing 
text words contained in the titles and abstracts and index terms 
used to describe identified articles. We used the following search 
terms and phrases: ‘SARS-CoV-2’, ‘COVID-19’, ‘cardiovascular’, 
‘myocarditis’, ‘pericarditis’, ‘MI*’, ‘myocardial infarct*’, ‘cardiac 
injur*’, ‘Acute coronary syndrome’, ‘immunization’ ‘vaccination’, 
‘mechanism’. The key search terms were used individually and in 
combination. A comprehensive search strategy, using all identified 
keywords and index terms, was undertaken and searched for the 
period between 17 August 2022, and 6 September 2022. A study 
flow diagram is shown in the Appendix, Figure A1. Our review 
was restricted to original studies with published results, recent 

systematic reviews, and those published in English. Additional pa-
pers not captured in the search were identified from the reference 
list of included papers. Any studies not focused predominantly on 
CVDs were excluded. Three independent reviewers (A.M., M.T., 
and Z.A.) screened all articles with a title search, from which rela-
vant papers had an abstract review , and those selected as relevant 
had full text review (Figire A1).  Data were extracted from selected 
papers and reviewed by all co-authors, including two senior cardi-
ologists (O.F. and T.C.T.) and a senior infectious disease expert 
(C.R.M.). 

Results

A total of 237 articles were initially identified, from which 
49 studies were considered for this review. The pathology 
of COVID-19 identified in the review includes acute and 
chronic complications, summarized in Table 1. The me-
chanisms include acute myocardial infarction, triggered 
by acute thrombus formation, hypoperfusion, hypoxia, 
and other mechanisms; left ventricular dysfunction due 
to direct myocardial injury or myocardial infarction; right 
ventricular dysfunction due to acute respiratory distress 
syndrome or pulmonary embolism; diffuse endovascular 
disease and thromboembolism; arrhythmias; myocarditis, 
and pericarditis (Figure 1).

Myocardial injuries due to COVID-19
Myocardial injury is common in people with severe 
COVID-19. It occurs in up to 38% of hospitalized pa-
tients6,35,36 and is significantly more prevalent in those 
with pre-existing CVD.6 Cardiac injury is attributed to 
the direct invasion of cardiomyocytes35 as a result of vir-
aemia.37 In addition, inflammatory cells have been found 
in cardiac tissue post-mortem, supporting an immune- 
mediated mechanism for cardiac injury.38,39 Elevated 
troponin is a marker of cardiac injury, and some studies 
showed elevated troponin levels as a predictor of mortal-
ity.40 Elevation in troponin predicts a nearly four-fold 

Table 1 Acute and chronic cardiovascular complications of 
COVID-19

Cardiovascular complications of COVID-19

Acute Chronic

Myocardial injury Left heart failure
Myocarditis/ 

pericarditis
Recurrent myocarditis/pericarditis

Acute coronary 
syndrome

Acute coronary syndrome (post- 
infection)

Left heart failure Congestive cardac failure
Right heart failure Right heart failure
Pulmonary 

hypertension
Hypertension

Venous 
thromboembolism

Thromboembolism eg. pulmonary 
or deep venous thrombosis

Cerebrovascular 
disorder, stroke

Cerebrovascular disorder, 
stroke (post-infection)

Takotsubo syndrome Cardiomyopathy
Cardiac arrhythmia Postural orthostatic tachycardia 

syndrome, arrythmias
Sudden cardiac arrest Sudden cardiac arrest
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increased risk of in-hospital mortality compared with 
those without myocardial injury. In a US-based observa-
tional study among 11 159 hospitalized patients with 
COVID-19, individuals with mildly elevated troponins had 
greater odds of mortality [adjusted odds ratio, 2.06; con-
fidence interval (CI): 1.68–2.53; P < 0.001] compared with 
those with normal values.41 A sustained increase in the risk 
of heart failure has been documented at least 12 months 
after COVID-19.11 One study of persistent symptoms (in-
cluding exertional dyspnoea) following recovery from 
mild COVID-19 infection showed that despite the absence 
of elevated troponin, diffuse myocardial oedema was seen 
on cardiac magnetic resonance (CMR) imaging.42

Myocarditis and pericarditis
Myocarditis, defined as inflammation of the myocardium,43

may be caused by the direct invasion of cardiomyocytes by 
SARS-CoV-235 and an inflammatory response, confirmed by 
the presence of inflammatory cells in cardiac tissue found 
in postmortem autopsies.38,39 The fact that myocarditis oc-
curs after vaccination, in the absence of live viruses, also 
points to an immune-mediated phenomenon and molecular 
mimicry between the spike protein (present in infection and 
after vaccination) and auto-antigens in genetically predis-
posed persons, confirmed by the discovery of autoanti-
bodies in some patients.44 Autopsy-based studies have 
shown that pericarditis is more common than myocarditis,45

with pericardial effusion and cardiac tamponade being po-
tential additional complications.46 The incidence of myo-
carditis and pericarditis appears to be highest in teenagers 
and young adult males, with a higher risk documented fol-
lowing COVID-19 infection (50–180 per 100 000) when com-
pared with COVID-19 vaccination (2–8 per 100 000).23 The 
male predominance is unexplained but may relate to testos-
terone.44 Autopsy studies of patients who died of COVID-19 
confirm that fulminant myocarditis as a complication of 
COVID-19 has a reported incidence of 1.4%.47

COVID-19-associated coagulopathy
COVID-induced coagulopathy and endothelial dysfunction 
are thought to play a greater role than direct viral 

myocarditis in causing myocardial injury. In addition to 
thrombosis in larger vessels such as the coronary arteries, 
microthrombi play an important role in cardiovascular path-
ology. Post-mortem studies show that fibrin microthrombi 
are more common than acute ischaemic injury or myocardi-
tis, suggesting that micro-thrombosis has a role in the car-
diovascular pathology of COVID-19.21 Cytokine release, 
especially interleukins: IL-1, IL-16, IL-17, and IL-22, 
interferon-γ, and tumour necrosis factor-α, may also have 
a role in endothelial disruption, platelet activation, and coa-
gulopathy.21 The mechanism behind COVID-19-associated 
coagulopathy is not well understood, but it is hypothesized 
to be caused by dysregulation of several pathways, including 
hyperactive coagulation pathways and inflammatory path-
ways, leading to widespread endothelial damage and poten-
tially multi-organ failure.48,49 The pathogenesis of COVID-19 
vasculopathy has been hypothesized to be mediated by 
SARS-CoV-2-induced dysfunction of the vascular endothe-
lium.50–52 This mechanism is accompanied by hyperinflam-
mation due to viral infection resulting in a 
hypercoagulable state.48 Multiple studies have documented 
that elevated procoagulant activity and suppressed fibrino-
lytic activity in patients are the driving factors for 
COVID-19-associated coagulopathy.53–55

Myocardial infarction
COVID-19 is an independent risk factor for ischaemic 
stroke and acute myocardial infarction, both during and 
after acute infection.1 A matched cohort study showed a 
three- to eight-fold increase in the risk of acute myocar-
dial infarction and three- to seven-fold increased risk of is-
chaemic stroke following COVID-19 among hospitalized 
adult patients.1 The cardiovascular mortality associated 
with COVID-19 ranged from 6.756 to 73%57 among hospita-
lized patients with CVD admitted with COVID-19 infection. 
One study showed that recent SARS-CoV-2 infection might 
trigger ST-elevation myocardial infarction (STEMI) in pa-
tients with fewer traditional cardiovascular risk factors 
than uninfected patients with STEMI.58 The mechanism is 
likely similar to that seen in influenza and multi- 
factorial,59 involving hypoxia, tachycardia, pre-existing 

Figure 1 Overview of mechanisms by which SARS-CoV-2 can affect the heart.
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coronary artery disease, and prothrombotic cytokine re-
lease. One key difference between COVID-19 and influ-
enza is that COVID-19 is associated with more prolonged 
endothelial dysfunction and coagulopathy,48 which may 
account for an elevated risk of ischaemic vascular events 
up to 12 months after the acute infection.11 SARS-CoV-2 
is also more directly damaging to the heart than influenza 
(which acts largely through cytokine effects) and, there-
fore, may result in greater direct cardiac effects. A large 
registry-based study of patients with ST-elevation myocar-
dial infarcts (STEMI) found that male patients with 
COVID-19 had impaired reperfusion and a higher risk of in- 
hospital mortality than patients without COVID-19.60 Case 
studies also describe young adults in their 20s with myo-
cardial infarction associated with mild COVID-19.61

Spontaneous coronary artery dissection after COVID-19 
has also been described,62 as has myocardial infarction 
as a complication of the multi-system inflammatory syn-
drome in children.63

Long-term cardiovascular effects of COVID-19
SARS-CoV-2 infection may cause persistent cardiovascular 
symptoms following recovery. A German prospective, 
single-centre cohort study of 346 individuals with prior 
COVID-19 infection reported that 53% had persistent car-
diac symptoms after a mean follow-up period of 329 days 
post-COVID-19 infection, with 5% reporting new symp-
toms.42 This study also found diffuse myocardial oedema 
on CMR imaging, in the absence of elevated troponin, in a 
cohort with mild COVID-19 infections but persistent symp-
toms including exertional dyspnoea following recovery 
from the acute infection.64 A US study involving 153 760 pa-
tients found an increased risk of any cardiovascular out-
come [hazard ratio (HR) = 1.63, CI: 1.59–1.68] and an 
incidence rate of 45.29 (CI: 42.22, 48.45) per 1000 persons 
12 months after the initial infection.11 Furthermore, after 
12 months, there remained an increased risk (HR = 1.55, 
CI: 1.50–1.60), with 23.48 (CI: 21.54, 25.48) per 1000 per-
sons experiencing a major adverse cardiovascular event.65

Another study from the UK found an increase in cardiovas-
cular diagnoses, including a six-fold increase in atrial ar-
rhythmias and a five-fold increase in venous thromboses, 
after COVID-19.14 However, in that study, cardiovascular 
risk returned to baseline levels within 1 year after the infec-
tion.14 The persistent risk of cardiovascular events has been 
postulated to be due to several factors, including persistent 
virus in the body,64 myocardial injury, or on-going immuno-
logical and inflammatory effects that continue to affect the 
vasculature.

Cardiovascular effects of COVID-19 
vaccination
Myocarditis and pericarditis are known complications of 
mRNA vaccines, especially in young adult and teen males 
aged 12–17 years,23 with the highest observed incidence 
within 2–7 days after the second dose at a rate of 3.5–140 
per million doses.27,65 New evidence suggests a role of 
endogenous autoantibodies against interleukin-1 receptor 
antagonist, IL-1RA and hyperphosphorylated IL-1RA in trig-
gering myocarditis in young male adults.66 The incidence 
of myocarditis is rare, and the rate of myocarditis is 
much higher following COVID-19 infection than following 
vaccination.23 Even in the group at highest risk, males 

aged 12–17 years, the risk of myocarditis was 1.8–5.6 times 
as high after SARS-CoV-2 infection than after vaccination.23

In a small study of 63 patients (92% male) with myocarditis 
following mRNA-based COVID-19 vaccines, 4 developed sig-
nificant dysrhythmia; 14% had mild left ventricular dysfunc-
tion which resolved at discharge; 88% met the diagnostic 
criteria for myocarditis, and 86% had resolution of symp-
toms, arryhthmias, and cardiac dysfunction by 35 days post- 
vaccination.67 Another study of 139 adolescents with sus-
pected myocarditis in the US showed a similar pattern of 
complications, with a resolution of symptoms and imaging 
abnormalities during follow-up.68 Cardiac magnetic reson-
ance imaging showed overall mild myocarditis among 15 par-
ticipants between 3 and 130 days of COVID-19 vaccination.69

In patients who develop pericarditis, pericardial effusion 
and cardiac tamponade may be further complications.70 A 
population-based study analyzing electronic health record 
data from 40 US health care systems for 1 year between 
2021 and 2022 found that the risk of cardiac complications 
was significantly higher after SARS-CoV-2 infection (among 
patients not vaccinated in the 30 days prior to infection) 
after mRNA COVID-19 vaccination for both males and fe-
males of all age groups. In those aged 12–17, the incidence 
of myocarditis or pericarditis after SARS-CoV-2 infection 
(among those not vaccinated in the ≤30 days before a posi-
tive SARS-CoV-2 test result) was 1.8–5.6 times higher than 
post-vaccination.23 Myocarditis was estimated at 1–10 per 
million persons in the month following vaccination, which 
was substantially lower than observed post-SARS-CoV-2 in-
fection.10 Cardiovascular events following vaccination are 
rare and should be considered alongside the overall benefits 
of COVID-19 vaccination.23,71

Cardioprotective effects of COVID-19 
vaccines
Large-scale studies have evaluated the overall cardiovascu-
lar risk-benefit ratio between SARS-CoV-2 infection and 
COVID-19 vaccination. A medical record review of safety 
surveillance data from the US, including 10 162 227 
vaccine-eligible individuals, showed a lower risk of cardiac 
outcomes after mRNA COVID-19 vaccines than following 
SARS-CoV-2 infection. The incidence of myocarditis or peri-
carditis per 1 000 000 person-years was 132 or. 83, with an 
adjusted rate ratio of 1.39 (95% CI: 1.05–1.82) among un-
vaccinated compared with the vaccinated cohorts for all 
ages across similar individuals.72 A similarly elevated risk 
of post-infection myocarditis was found in a population- 
based study in Israel, with a post-infection risk ratio of 
18.28 (95% CI: 3.95–25.12) among unvaccinated persons; 
compared with a significantly lower risk ratio of 3.24 (95% 
CI: 1.55–12.44) for vaccine-induced myocarditis.25

In the UK, a whole-population cohort study analyzed 
electronic health records from December 2020 to March 
2021 and found a lower risk of myocardial infarction >28 
days post-vaccination with BNT162b2 (Pfizer BioNTech) 
among persons below 70 years of age [adjusted HR (aHR) 
0.88; 95% CI: 0.80–0.97] and above 70 years of age (aHR 
0.75; 95% CI: 0.70–0.80) compared with unvaccinated indi-
viduals.73 A lower risk of myocardial infarction was also 
found following ChAdOx1-S (Aztrazeneca) vaccination 
among persons below 70 years of age (aHR 0.83; 95% CI: 
0.73–0.93) and above 70 years of age (aHR 0.74; 95% CI: 
0.68–0.81) compared with unvaccinated individuals.73
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Another population-based study from the Korean nation-
wide COVID-19 registry on infection and vaccination and 
the Korean National Health Insurance Service database 
showed that complete vaccination (two doses, 28 days 
apart) against COVID-19 was associated with a 52% re-
duced risk of myocardial infarction (aHR 0.48; 95% CI: 
0.25–0.94) and ischaemic stroke (aHR 0.40; 95% CI: 0.26– 
0.63) after COVID-19.24

Discussion

SARS-CoV-2 can result in several cardiovascular events, 
both during acute infection and as a late complication. 
Excess cardiovascular deaths during the pandemic are al-
ready being seen in many countries.74 In 2020, this obser-
vation was thought to be due to decreased access to care 
for patients with CVD,75 but it is now apparent that deaths 
attributed to cardiovascular causes during the pandemic 
likely have COVID-19 as a contributing factor. The cumula-
tive evidence identified in this review suggests that the 
COVID-19 pandemic has resulted in a substantial excess 
acute burden of CVD. There may also be an excess chronic 
burden of disease that impacts populations and health sys-
tems, even if long-term cardiovascular effects only occur 
in a small proportion of patients. With more than 610 million 
people affected globally76 and no end in sight to the pan-
demic, this burden of CVD will likely be felt in every nation’s 
health system and economy for many years.

There are diagnostic and treatment implications for car-
diovascular complications during and following COVID-19. 
Many patients suffering non-specific, on-going symptoms 
during or after COVID-19, such as fatigue or exertional dys-
pnoea, are left in diagnostic limbo, as primary care doc-
tors are not provided with clear triage or management 
pathways. The evidence suggests that non-specific 

symptoms such as fatigue, dyspnoea, or palpitations 
should be investigated.

‘Long COVID’ was a name given to persisting symptoms 
early in the pandemic, but these symptoms may reflect het-
erogeneous pathology, ranging from pulmonary, cardiac, and 
neurocognitive to immunological effects. Better diagnostic 
decision support is required for doctors dealing with ‘Long 
COVID’ to know which tests are appropriate for which symp-
toms, which would then guide referral pathways. Routine 
tests, such as chest X-rays, may not be helpful; lung and car-
diac function tests, as well as CMR imaging, may be required 
to detect more subtle abnormalities. We recommend the de-
velopment of clinical and diagnostic decision support path-
ways for patients suffering post-acute symptoms, so that 
appropriate tests and referrals can be done.

An electrocardiogram and cardiac biomarkers may be 
appropriate initial tests, and depending on symptoms 
and other findings, clinicians can consider an echocardio-
gram or CMR imaging. If these are normal, it may indicate 
respiratory or other causes of persistent symptoms, which 
should be appropriately investigated.

For adult patients with COVID-19, especially adults with 
known cardiac risk factors, guideline-directed optimal med-
ical management of primary and secondary prevention of 
coronary artery disease or cardiovascular risk factors are 
key to management. Regarding COVID-19-related cardiac 
injury, there are no novel treatments as yet. New research 
has shown a marked reduction of antithrombin protein 
(ADAMTS13) may have a role in myocardial injury during 
COVID-19 infections77 and replenishing this protein may be 
a future innovative therapeutic approach.

Influenza is also associated with adverse cardiovascular 
outcomes, which can be prevented by vaccination.78

Co-infection with influenza is documented,79–82 and there 
is evidence that co-infection with influenza A results in 
greater COVID-19 disease severity83 Influenza should be 

Prevent COVID-19

Rapid treatment of COVID-19

Rapid diagnosis and treatment of cardiac
complica ons

COVID-19 Vaccine- PLUS masks, 

safe indoor air

Manage cardiac risk factors

Other vaccina ons (influenza, 
pneumococcal)

An virals, monoclonal an bodies, other
therapies

Raise awareness of cardiac complica ons
in primary care

Decision support tools for diagnos cs

Referral pathways

Figure 2 Approaches to the prevention and management of cardiovascular disease complications.
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prevented by ensuring patients who meet age- or risk-based 
indications are vaccinated annually against influenza. There 
is also evidence that pneumococcal infection and herpes 
zoster can also trigger cardiovascular events,84,85 so vaccin-
ation against these infections is also indicated.

With new variants of concern, such as Omicron B.A5 and 
XBB, reinfection is more common.33 Studies suggest that 
reinfection may result in worse outcomes, including car-
diovascular outcomes.86 Preventing COVID-19 is, there-
fore, an important strategy for patients with 
cardiovascular risk factors. Primary COVID-19 prevention 
requires vaccination, including periodic boosters but this 
alone may not be enough given the waning29 and substan-
tial vaccine escape of new variants.31,32 A ‘vaccine-plus 
strategy’87 of vaccines and layered mitigating measures, 
such as masks, safe indoor air, and tailoring COVID-19 con-
trol measures based on the level of community transmis-
sion, will provide better prevention. Rapid treatment 
with COVID-19 antivirals or other therapies may also result 
in faster viral clearance88 and a lower risk of cardiovascu-
lar events, but studies are needed to confirm this. In add-
ition, clear diagnostic and management pathways for 
cardiac complications are warranted to guide primary 
care physicians. We recommend a hierarchy of controls 
to reduce the impact of COVID-19-related cardiac path-
ology in people with cardiac risk factors (Figure 2). This in-
cludes prevention of COVID-19 and other preventable 
infections, management of cardiac risk factors, rapid 
diagnosis and treatment of infection, raising awareness 
of common cardiac complications, and clear decision sup-
port tools, diagnostic, and referral pathways for patients 
who present with potential cardiac complications.
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Journal Supplements online.
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