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Abstract

Purpose of Review There is emerging evidence that the post-acute and chronic phases of COVID-19 infection are associated
with various significant cardiovascular sequelae.

Recent Findings Long COVID has been shown to be associated with multiple cardiovascular sequelae including direct myo-
cardial injury, arrhythmias, and cardiomyopathies. Hypotheses on the mechanism of myocardial injury include direct viral
infiltration and autoimmune dysregulation. Long COVID is associated with persistent cardiac ischemia in patients with no
previous history of coronary disease, atrial and ventricular arrhythmias, and the development of new-onset heart failure in
previously healthy patients. Onset of long COVID may be related to severity of the initial SARS-CoV2 infection. Cardiac
MRI is a valuable tool in assessing myocarditis and the development of cardiomyopathies in the setting of long COVID.
Summary Both patients with and without pre-existing cardiovascular disease are at risk of developing myocardial injury
in the setting of long COVID. Future studies will elucidate both cardiovascular mortality and cardiac rehabilitation in the
post-acute and chronic phases of COVID-19.
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Introduction

SARS-CoV2, the virus responsible for the Coronavirus-2019
(COVID-19) pandemic, is most notably known for activat-
ing both the innate and adaptive immune responses in the
host causing uncontrolled inflammation which may lead to
local and systemic tissue damage in the acute setting [1].
However, as we continue to learn from the effects of the
COVID-19 pandemic, an increasing number of reports have
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been published regarding post-acute illness following initial
infection with SARS-CoV?2 [2, 3].

Persistent illness or symptoms following initial SARS-
CoV2 infection have been termed “Post-Acute COVID
Syndrome” or “Long COVID.” The National Institute for
Health and Care Excellence in the UK has attempted to
further differentiate these illnesses by assigning the name
long COVID to persistent symptoms present 4 weeks after
initial SARS-CoV2 infection and post-COVID-19 syndrome
(PCS) to persistent symptoms present 12 weeks after initial
SARS-CoV2 infection [4]. Nonetheless, for practical pur-
poses, these terms have remained interchangeable in discus-
sions regarding symptoms following COVID-19 infection
that cannot be explained by an alternative diagnosis. Car-
diovascular sequelae of long COVID have been of particular
interest because of its associated morbidity and mortality. A
prospective cohort study of over 150,000 individuals who
had survived 30 days following their index SARS-CoV2
infection were found to be at increased risk of developing
cardiovascular complications including ischemic heart dis-
ease, dysrhythmias, myocarditis, pericarditis, heart failure,
and thromboembolic disease compared to matched, histori-
cal controls [See].

Given the sizeable public health impact caused by cardiac
complications of long COVID-19 infection, we performed a
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narrative literature review to examine the currently available
information. We searched the PubMed, Embase, Cochrane
Central Register of Controlled Trials (CENTRAL), and
Cumulative Index to Nursing and Allied Health Literature
(CINAHL) databases through July 30, 2022, with no restric-
tions on language. Key words of SARS-CoV2, COVID-19,
Long COVID, post COVID syndrome myocardial injury, and
cardiac injury were used in these searches. Case series, large
prospective studies, meta-analyses, and systematic reviews
were included, although notably, there are virtually no rand-
omized clinical trials on the subject. Relevant references in
the articles that were identified were then manually searched.
Given the nature of this review and no direct patient contact,
Institutional Review Board approval was not necessary.

Incidence and Risk Factors of “Long COVID”

The reported incidence of long COVID has been variable,
ranging from 21 to 62% of patients following initial SARS-
CoV?2 infection, with as many as 87.4% of patients reporting
persistence of at least 1 symptom [6, 7]. A retrospective
cohort study of nearly 275,000 COVID-19 survivors found
that 57% suffered from long COVID with the most com-
mon symptoms being abnormal breathing, fatigue, chest
pain, headache, and anxiety and depression [8]. Another
prospective cohort study found that even after controlling
for pre-existing symptoms, approximately 1 in 8 patients will
likely be affected by post-acute sequelae following COVID-
19 infection [9].

Onset of long COVID may be related to severity of the
initial SARS-CoV2 infection. A prospective cohort study
found that long COVID is more commonly identified in
patients who required hospitalization for their index SARS-
CoV2 infection and in women [10]. However, patients with
asymptomatic and mild SARS-CoV?2 infection are also
susceptible not only to developing long COVID but also to
developing multi-organ impairment as a result [11].

Previously diagnosed cardiovascular disease (CVD) may
also be a risk factor for developing further complications
from long COVID. A retrospective cohort study found that
patients with pre-existing (CVD) or risk factors for cardio-
vascular disease (CVD) who had chronic myocardial injury
at the time of index SARS-CoV2 infection had higher mor-
tality at 6 months compared to the control group [12e].
Additionally, a prospective cohort study of patients hospi-
talized due to initial SARS-CoV?2 infection also found that
older patients were at greater risk of developing cardiovas-
cular sequelae at 12 months post-discharge [13].

SARS-CoV?2 vaccination has been shown to be associated
with a decreased risk of developing long COVID based on
a large, observational cohort study involving over 28,000
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participants in the UK [14e]. Specifically, a two-dose vac-
cination regimen has been shown to decrease symptoms
from COVID-19 infection in the acute setting and reduce
the incidence of long COVID in patients who develop break-
through infections post-vaccination by approximately 50%
[15¢]. The protection of vaccines seems to extend for long-
term for mortality, severity of disease, and development of
long COVID [16].

Pathogenesis of “Long COVID”

The current understanding of viral-mediated injury in
COVID-19 infection is that the SARS-CoV2 virus binds
to and causes downregulation of ACE2 receptors on tar-
get cells, resulting in increased transformation of the pro-
inflammatory angiotensin II (ANGII) hormone into the anti-
inflammatory ANG1-7 hormone [17-20]. The pathogenesis
of long COVID is less certain at this point. Inmunofluores-
cence and PCR analyses of intestinal biopsies from indi-
viduals who had experienced asymptomatic SARS-CoV2
infection revealed persistence of SARS-CoV2 nucleic acids
and immunoreactivity in 50% of samples 4 months after the
initial infection [21]. Additionally, post-mortem biopsy in
a patient 3 weeks after initial SARS-CoV2 infection also
detected viral RNA in cardiac tissue, suggesting that direct
viral infiltration may persist and could play a role in the
propagation of long-term cardiovascular sequelae [22].
Based on these findings, long COVID may be a result of per-
sistent viral penetration of SARS-CoV?2 that extends past the
initial acute phase and asymptomatic COVID-19 infection,
by itself, may not be a protective factor against long COVID.

COVID-19 infection has also been associated with
increased autoantibody formation against immunomodu-
latory proteins compared to uninfected individuals [23].
Previous studies have found that T cells formed during the
immune response to other human coronavirus infections
have been shown to cross-react to myelin in patients with
multiple sclerosis [24]. While it is unclear if SARS-CoV2-
specific T cells react against self-antigens as well, this
mechanism of “molecular mimicry” also seen in autoim-
mune disorders could potentially be another possible route
through which long COVID develops [25]. Other possible
hypothesis is that persistence of the spike protein itself, sep-
arate from the coronavirus, may contribute to the develop-
ment of long COVID. Studies have shown that even in isola-
tion, the SARS-CoV2 spike protein can cause inflammation
and cellular injury [26, 27]. Another possible mechanism
is uncontrolled inflammation as patients with PACS have
been found to have increased levels of cytokine biomarkers
such as tumor necrosis factor-a and interferon-y during early
recovery [28]. The exact mechanism of development of long
COVID remains an area of active investigation.
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Myocardial Injury and Ischemic Heart
Disease

Concomitant diagnosis of COVID-19 in patients presenting
with ST-elevation myocardial infarction (STEMI) is associ-
ated with increased mortality in the acute setting when com-
pared to a cohort of patients presenting with STEMI who
were negative for COVID-19 [29]. Nonetheless, whether
the worse outcomes in concomitant COVID infection and
STEMI extends long-term is less clear as patients with
COVID-19 were significantly less likely to undergo invasive
diagnosis or therapeutic coronary procedures [19], particu-
larly for in-hospital STEMI presentations. In a large pro-
spective cohort study of patients with post-acute COVID-19
syndrome (PCS), these patients had a 4.8% rate of hospital
readmission over a period of 8 months due to a major cardio-
vascular event, a composite outcome of myocardial infarc-
tion, heart failure, stroke, or arrhythmia, which was three
times higher than in the matched, control group [30]. This
pattern of increased risk for cardiovascular events and com-
plications following acute myocardial infarction (AMI) has
also been described in the setting of other viral infections as
influenza. A review of nearly 2.5 million patients with AMI
found that patients with concomitant influenza infection not
only had greater in-hospital mortality in the acute setting but
also increased complications in the post-acute setting lead-
ing to greater rate of 30-day hospital readmission [31]. Com-
parably, a single-center retrospective cohort study follow-
ing patients with concomitant diagnosis of COVID-19 with
STEMI for one year after index admission found long-term
mortality rates in these patients that survived to discharge
to be comparable to a COVID-negative STEMI cohort [32].
The discrepancy between these reports could be related to
differences in the study populations, severity of COVID-19
infection at the time of presentation, and improved treatment
modalities for COVID-19 infection.

There is further evidence to suggest persistent myocardial
injury after initial COVID-19 infection. A prospective cohort
study of 148 patients with COVID-19 infection requiring hos-
pital admission found evidence of infarction or ischemic heart
disease on cardiac magnetic resonance (CMR) imaging in 22%
of patients two months following discharge [33e]. Ischemic
injury pattern, defined as having either sub-endocardial or
transmural late gadolinium enhancement (LGE) on CMR
or inducible ischemia on adenosine stress test, was found in
66% of patients with no prior history of coronary disease.
Another study comparing patients who developed myocardial
injury, defined by high-sensitivity troponin T (hsTnT) eleva-
tion exceeding the 99th percentile, during hospitalization for
COVID-19 infection versus those without myocardial injury
found that patients with myocardial injury had higher fre-
quency of impaired diastolic function, larger left atrial size,

and higher values of pulmonary artery pressure at three-month
follow-up as compared to the group that did not develop myo-
cardial injury during hospitalization for COVID-19 infection
[34]. Another prospective cohort study evaluating 159 patients
found that at 4-9 weeks post-hospitalization for COVID-19
infection, patients recovering from COVID-19 were at greater
risk of developing myocardial scarring and persistent cardio-
renal dysfunction as compared to matched control [35].
Moreover, there is some evidence to suggest that mild
COVID-19 infection may result in persistent myocardial
injury as well. A study evaluating 137 previously health col-
legiate athletes 2 weeks after largely, mildly symptomatic
COVID-19 infection found that 2.9% of participants had car-
diac troponin I (cTnl) elevation exceeding the 99th percen-
tile despite exhibiting no specific cardiac complaints [36].

Arrhythmias

COVID-19 infection is an inflammatory state and have
been associated with development of cardiac arrhyth-
mias. In a study using the national healthcare databases of
the US Department of Veterans Affairs involving 73,435
non-hospitalized veterans, those infected with COVID-19
were eight times more likely to develop arrhythmias over
a median follow-up of four months [37e]. A retrospective
cohort study of over 250,000 individuals found that when
compared to a cumulative group of other lower respiratory
pathogens, infection with SARS-CoV2 was associated with
a higher rate of arrhythmia development at four months
regardless of pre-existing conditions and independent if the
index COVID-19 admission required hospitalization [38].
Another retrospective longitudinal observational follow-up
study in Spain found that at 6-month follow-up, 3.1% of
patients with persistent symptoms suggestive of PCS had an
identifiable arrhythmia or symptomatic palpitations [39e].
In another smaller, prospective observational study, newly
detected atrial fibrillation was reported in 1.0% of patients
following initial COVID-19 infection that required hospital
admission [40]; the lower incidence rate in this study may be
due to its study design, as the presence of arrhythmias was
screened with a single electrocardiogram 1-4 weeks after
hospital discharge.

A prospective, observational cohort study of over 4000
individuals found that of patients with PCS, 6.1% reported
symptomatic palpitations or persistent tachycardia 28 days
following acute illness [41]. A longitudinal study of clini-
cal sequelae 3 months after COVID-19 infection found that
11.1% of patients reported a resting heart rate more than
20 beats per minute higher than prior to COVID-19 infec-
tion and 4.8% of patients reported occasional palpitations
[42]. Another retrospective observational study found that
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between 3 and 6 months after COVID-19 infection, up to
11% of patients still complain of intermittent episodes of
palpitations [43].

The incidence of ventricular arrhythmia in patients with
COVID-19 infection is less well-documented. A combined
multi-center prospective cohort study and cross-sectional
case control study involving 408 patients found that at
3-month follow-up, arrhythmias were found in 27% of the
patients with the majority comprising of premature ventricu-
lar contractions and non-sustained ventricular tachycardia
(18% and 5%, respectively) [44]. In a meta-analysis involv-
ing 11,439 COVID patients, the overall incidence of arrhyth-
mias was 10.1%, with atrial arrhythmias presenting 10.4% of
patients in the reported studies, ventricular arrhythmias 2.1%
(sustained ventricular tachycardia/ventricular fibrillation in
1.1%), and atrioventricular block in 1.2% of cases [45]. It is
noteworthy that the characterization of cardiac arrhythmias
is poor is most studies, and the severity and clinical signifi-
cance are not well-documented.

Given the previously studied association between myocarditis
and the post-acute phase of COVID-19 infection, a single-center
prospective study of myocarditis patients found that polymor-
phic ventricular arrhythmias (VA) are more common during
the active inflammatory phase, whereas monomorphic VA are
associated with healed myocarditis [46].

Autonomic dysfunction has also been reported post-acute
SARS-CoV2 infection. In 6 previously healthy patients,
6 weeks following acute SARS-CoV2 infection that did
not require hospitalization found that 66% had findings
consistent with postural orthostatic tachycardia syndrome
(POTS) on evaluation, suggesting that PCS may cause some
autonomic dysfunction [47]. However, a larger prospective
observational study with 180 patients presenting between
4 weeks and 9 months of initial COVID-19 infection failed
to find a single case of POTS on similar autonomic evalu-
ation [48].

Heart Failure and Cardiomyopathies

Patients with PCS have been found to have excess disease
burden of heart failure nearly 4 times that of matched con-
trols [37¢]. While up to 55% of patients with acute SARS-
CoV2 infection have an abnormal echocardiogram, there is
evidence to suggest that some of these abnormalities per-
sist. A Spanish cross-sectional analysis found new-onset
heart failure in 2.0% of patients at one year following acute
COVID-19 infection [49, 50]. Biomarkers as brain natriu-
retic peptide levels have also been found to remain elevated
in 7.4% of patients at 6 months post-discharge following
hospital admission for COVID-19 infection [51]. A short
course of corticosteroids remains the standard treatment for
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patients hospitalized with COVID-19 who require supple-
mental oxygen, but a recent retrospective review found that
a brief course of less than 14 days was associated with an
increased development of new heart failure up to 90 days
following treatment [52]. The authors did not provide more
characterization of these incident heart failure cases.

While some acute abnormalities in ventricular size or
function among hospitalized patients with COVID-19 pneu-
monia resolve post-acute infection, a multi-center prospec-
tive, echocardiographic-based, observational cohort study
in the UK showed persistent evidence of adverse ventricu-
lar remodeling in nearly one-third (29%) of cases 3 months
post-infection [53]. The most commonly identified changes
in this study were significantly lower RV basal dimensions
and a significant increase in RV fractional area change at
3 months when compared with baseline measurements.
Echocardiographic parameters of diastolic dysfunction have
also has been found in 55-60% and 55% of patients after 2 or
3 months post COVID-19 infection [54]. At 3 months after
hospital discharge with COVID-19, right ventricular func-
tion has been found to be continued to be mildly impaired,
and diastolic dysfunction was reported twice as commonly
in these patients as compared with controls [44]. Reduced
left ventricular global longitudinal strain (LVGLS) has also
been observed in up to 70% of patients without cardiac
symptoms as far as 5 months post COVID-19 infection [55].
Subclinical right ventricular dysfunction has also been seen
to occur in patients with no previously identified risk factors
for cardiovascular disease 30 days after hospital discharge
following treatment for moderate to severe COVID-19 pneu-
monia [56]. An observational study in patients 3 months
after hospital discharge for COVID-19 pneumonia found
that depressed endocardial RV free wall longitudinal stress
to —19.3% (called hidden right ventricular (RV) systolic
dysfunction by the authors) was associated with increased
pulmonary vascular resistance > 1.5 Wood units [57].

In patients with persistent symptoms 5 months after initial
SARS-CoV2 infection, 39% had echocardiographic findings
of RV dilatation, 16% had findings of left ventricular (LV)
diastolic dysfunction, and 10% had findings of LV systolic
dysfunction [58e]. Another prospective cohort study in low-
risk patients with PCS 4 months post-infection found that 9%
of patients had some systolic dysfunction on CMR with the
incidence increasing as the severity of PCS increased [59e].
Acute infection with SARS-CoV2 has also been linked to
the development of Takotsubo cardiomyopathy [60]. This
predisposition in developing Takotsubo cardiomyopathy
could perhaps be a factor in the persistence in some of these
cardiac abnormalities as a recent case—control study showed
long-term symptomatic and functional impairment despite
normalized ejection fraction in patients found to have Takot-
subo cardiomyopathy [61].
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Myocarditis and Pericarditis

Acute SARS-CoV2 infection has been associated with both
myocardial and pericardial inflammation [62]. However,
there is also evidence to suggest that this myocardial inflam-
mation could be persistent. In a prospective, observational,
cohort study utilizing CMR (n=100), at 10 weeks following
initial SARS-CoV?2 infection cardiac involvement was see-
ing in 78 patients (78%) and ongoing myocardial inflamma-
tion in 60 patients (60%), independent of pre-existing con-
ditions, severity and overall course of the acute illness, and
time from the original diagnosis [63]. Chronic inflammation
in the setting of long COVID may also cause adverse cardiac
remodeling as well. Further utilization of CMR continued
to find not only evidence of persistent cardiac inflammation
but also cardiac fibrosis 2 months after initial infection with
SARS-CoV2 [64].

CMR may be the best available modality to assess and
quantify myocardial inflammation in the setting of long
COVID. Comprehensive evaluation using CMR approxi-
mately 2 months after initial COVID-19 infection found
that 19% of patients had non-ischemic LGE with elevated
global T2-mapping values (57 to 62 ms), fulfilling the Lake
Louise criteria for suspected myocarditis [65]. Myocarditis
in the setting of long COVID is also associated with both
RV and LV systolic dysfunction. A 3-month follow-up study
after initial infection with SARS-CoV2 found that 30% of
patients had LGE and further analysis in these patients
showed decreased LV peak global circumferential strain
(GCS), RV peak GCS, and RV peak global longitudinal
strain (GLS) as compared to non-LGE patients (p <0.05)
[66].

Myocarditis seems to develop in the post-acute setting of
SARS-CoV?2 infection regardless of patient condition and
previous CVD risk factors. A prospective cohort study in
otherwise low-risk patients in the general population with
PCS 4 months post-infection found that 19% of patients
had MRI evidence of myocarditis [59e]. Risk of develop-
ing myocarditis remained even in highly trained athletes.
A retrospective cohort study involving 26 elite athletes that
had mild or asymptomatic COVID-19 infection found that
19% had CMR abnormalities including isolated myocardial
edema and late gadolinium enhancement (LGE) suggestive
of myocardial inflammation [67]. Even when applying the
Lake Louise criteria for myocarditis, CMR evaluation in
competitive college athletes revealed that 15% had CMR
findings consistent with myocarditis over 3 weeks after
mildly symptomatic COVID-19 infection [68]. However,
a third study involving collegiate athletes found that only
2.3% of participants had either clinical or subclinical myo-
carditis by CMR assessment at an average of approximately
4 weeks after initial COVID-19 infection [69].

Evidence strictly pertaining to pericarditis in the post-
acute phase of COVID-19 infection is scarce. CMR evalua-
tion of 59 athletes 3 weeks following mild or asymptomatic
COVID-19 infection revealed pericarditis in approximately
1.7% of participants [70]. Another similar study in profes-
sional athletes found the prevalence of pericarditis to be at
0.3% 2 weeks following acute COVID-19 infection [71].
In a study of healthcare workers with previously confirmed
SARS-CoV2 infection, CMR evaluation 10 weeks after ini-
tial infection showed pericarditis in 3%, myopericarditis in
11%, and isolated myocarditis in 26% of study participants
[72].

Thromboembolic Disease

Acute infection with SARS-CoV2 has been found to be asso-
ciated with an increase in both major arterial and venous
thromboembolisms [73]. Risk for further thromboembolic
events may remain in the post-acute setting as a prospective
cohort study of 384 patients following hospital discharge for
COVID-19 pneumonia found that 30.1% of these patients
had continued elevation in p-dimer after a mean of 54 days
post-discharge [74]. In a prospective cohort study evaluating
patients with persistent symptoms following initial infec-
tion with SARS-CoV2, 1.1% had experienced a thrombo-
embolic event at 1-year follow-up [13]. Another retrospec-
tive, observational study of patients discharged following
hospitalization for COVID-19 pneumonia found that these
patients were at increased rate of readmission for thrombotic
events both within 30 days post-discharge and even after
30 days post-discharge [75]. The incidence of thromboem-
bolic events in long COVID has been found to be 2.4% for
deep vein thrombosis (DVT) and 1.7% for pulmonary emboli
(PE) in a cross-sectional analysis [50].

Current Evaluation and Management

Strategies for evaluating and managing long COVID and
its cardiovascular sequelae are evolving in real-time. The
American College of Cardiology (ACC) recently released
an expert consensus decision pathway on the topic of car-
diovascular sequelae of COVID-19 [76e¢]. Baseline recom-
mendations include a multi-disciplinary approach in initial
evaluation and early cardiologist involvement in the setting
of abnormal cardiac test results and persistent cardiopulmo-
nary symptoms.

For patients with chest pain and concern for ischemic
heart disease, an ischemic evaluation should be performed
per previously established guidelines [77e]. Low-risk
patients may be assessed with coronary artery calcium
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testing or exercise testing whereas computed tomography
(CT) angiography or stress imaging may be performed in
higher risk patients. Invasive coronary angiography should
be reserved for cases with strong suspicion for obstructive
coronary artery disease or vasospasm.

For patients with concerns for new or worsening arrhyth-
mias, ambulatory rhythm monitoring should be considered.
Similar to other settings, the duration of monitoring can
be determined based on the reported frequency of patient-
reported symptoms [76ee].

Future Studies

There are many gaps in our current knowledge of the car-
diac complications involving long COVID. Ongoing and
future studies will be key to help best guide management of
these complications. One such study in progress is COVID-
HEART. COVID-HEART is a multi-center, prospective,
observational, longitudinal cohort study of patients with
confirmed COVID-19 and elevated troponin based in the UK
whose goals include evaluating differences in myocardial
recovery at 6 months and further investigating the impact
of myocardial recovery at 6 months on patient-reported
quality of life and functional capacity [78]. The proposed
CV-COVID registry will be a multi-center, observational,
retrospective study conducted in both Spain and Italy and
will look to compare cardiovascular mortality at 1 year in
patients who were previously diagnosed with COVID-19
infection with those who did not experience COVID-19
infection [79]. The COVID-Rehab study will look to inves-
tigate the efficacy of an eight-week cardiopulmonary reha-
bilitation program on cardiorespiratory fitness (V' O2max)
in individuals experiencing long COVID-19 [80].

Conclusion

As time continues to pass from the onset of the COVID-19
pandemic, clinical and epidemiological evidence of cardiac
sequelae in the post-acute and chronic phases of SARS-
CoV?2 infection continues to emerge. Understanding the
risk factors, mechanism of onset, and further complications
of myocardial involvement in long COVID will be a piv-
otal role for the cardiologist to play in the coming years.
Increased utilization of non-invasive imaging modalities,
such as CMR, will be crucial in identifying further long-
term complications of post-acute SARS-CoV2 infection.
Further studies will provide additional insight not only into
longer term cardiac manifestations of COVID-19 infec-
tion but also on cardiovascular morbidity and mortality of
COVID-19 vaccination and current treatments.
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