
Commentary
Persistent cardiac injury � An important component of
long COVID-19 syndrome
Vignesh Chidambaram,a Amudha Kumar,a Giuseppe Calcaterra,b and Jawahar L. Mehta a*

aDivision of Cardiovascular Medicine, University of Arkansas for Medical Sciences and the Central Arkansas Veterans Health-
care System, Little Rock, AR, USA
bFaculty of Medicine and Surgery, Postgraduate Medical School of Cardiology, University of Palermo, Sicilia, Italy
eBioMedicine 2022;77:
103892
Published online xxx
https://doi.org/10.1016/j.
ebiom.2022.103892
As the COVID-19 pandemic goes on, we continue to
identify the long-term complications or symptoms
among patients who recovered from this infection, be it
mild or severe.1 These complications are collectively rec-
ognized as “COVID-19 long-hauler syndrome”.1 It is
crucial to understand the factors leading to the develop-
ment of these long-term sequelae to identify, prevent
and manage them using appropriate interventions.

Acute cardiac injury (ACI), marked by elevation of
troponin levels in the blood over the 99th percentile, is
an important phenomenon shown to occur in nearly
30% of patients admitted to the hospital with COVID-
19 infection.2 ACI has been shown to be associated with
an elevated risk of critical illness, increased duration of
hospital stay and mortality.2,3 Multiple processes, both
ischaemic and non-ischaemic, have been shown to con-
tribute to the development of ACI in COVID-19
patients. The most important among them is the direct
myocardial injury caused by SARS-CoV-2.4 Tavazzi
et al. demonstrated direct viral infection in the intersti-
tial cells of the myocardium on endomyocardial biopsy,
accompanied by low-grade inflammation.4 But to date,
there has been no demonstration of COVID-19 genome
in the cardiac tissue in patients with clinical myocardi-
tis. Other mechanisms postulated to increase myocar-
dial injury include systemic inflammation, vascular
endothelial damage, cardiomyocyte apoptosis, abnormal
myocardial strain, microthrombi formation and supply-
demand mismatch (Figure 1).2 The precise mechanisms
of myocardial injury in patients with COVID-19 are still
unclear. It is also unknown if the myocardial injury is a
direct effect of the virus or a response to systemic
inflammation or both.

As we continue to obtain long-term data on COVID-
19 survivors, it is imperative to look at how the patients
with troponin elevation during their hospital admission
fair after discharge. We read with interest the article by
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Lu et al.5 on the importance of persistent cardiac injury
in patients with previous COVID-19 and the factors asso-
ciated with its development. Among the 673 patients
who developed ACI and had a follow-up visit, 371 patients
(55.1%) had persistent elevation in troponin levels over a
median follow-up of 2.5 months. The authors have made
a significant case that COVID-19 is associated with per-
sistent cardiac injury in some patients even after the pri-
mary infection has resolved. This highlights the long-
term cardiac involvement in patients with COVID-19 in
the convalescent period. The clinical relevance of these
persistently elevated troponin levels on left ventricular
function and other cardiovascular outcomes is still to be
determined. A retrospective study from the SWEDE-
HEART database showed that, among 48,482 COVID 19
patients with elevated cardiac troponin levels (>99 per-
centile) without a diagnosis of acute coronary syndrome,
7529 patients (15.4%) developed long-term major adverse
cardiac events, defined as the composite of all-cause mor-
tality, myocardial infarction, readmission for heart fail-
ure, or stroke, over a median follow-up of 4.9 years.6

Kotecha et al. performed cardiac magnetic resonance
(CMR) studies in 148 patients with severe COVID-19 and
persistent troponin elevation at a median of 68days post-
discharge and observed late gadolinium enhancement
and/or ischaemia in 54% of patients.7 Though multiple
studies have shown a high frequency of abnormalities on
CMR within 1-2 months following SARS-CoV-2 infec-
tion, Joy et al. demonstrated that the CMR features are
similar in patients with mild COVID-19 illness compared
with seronegative healthy individuals, 6 months after
SARS-CoV-2 infection.8 However, the long-term CMR
abnormalities and their clinical relevance remain to be
ascertained.9 Even when the COVID-19 infection has
resolved and the individual is no longer infective, he/she
might still harbor SARS-CoV-2 RNA in various tissues in
the body for up to 230 days.10 This could be one of the
mechanisms leading to persistent cardiac injury.10 There
are yet major gaps in our understanding of the mecha-
nisms by which SARS-CoV-2 affects the blood vessels
and the myocardium, and in turn affects the develop-
ment of important clinical syndromes like atherosclerosis
and heart failure.

Although most of current treatment measures have
concentrated on the management of acute illness,
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Figure 1. Cardiovascular implications of long COVID-19 syndrome. ACE2 � Angiotensin converting enzyme 2. BNP � Brain natri-
uretic peptide. RAAS � Renin- angiotensin aldosterone system.
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multiple trials on the use of various medications and
their effects on outcomes in patients with COVID-19
are ongoing.9 Prospective studies are essential to better
appreciate the lasting cardiovascular consequences of
the long COVID-19 syndrome. It is important to formu-
late the surveillance guidelines among select groups of
patients to identify electrophysiologic, morphologic and
functional abnormalities. Consideration should be
given for advanced imaging such as CMR, particularly
in high-risk patients during follow-up. In that context,
whether persistent elevation of troponin points towards
a high risk of development of long-term cardiac compli-
cations and whether elevated troponin levels is a useful
and cost-effective method of screening is to be tested.
Optimal screening guidelines for patients after recovery
from COVID-19 should be determined to prevent car-
diovascular complications in a vast majority of the popu-
lation.
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