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COVID-19 is a systemic disease induced by the SARS-
CoV-2 virus affecting the endothelium of different 

vascular beds throughout the entire human body (1,2). 
The magnitude of pulmonary parenchymal and vascular 
involvement in large part defines overall prognosis and 
the probability of severe outcomes in COVID-19, includ-
ing death (3). By extension, it also determines the need 
for hospitalization in the majority of patients admitted for 
standard and critical care. Yet, the extent of involvement 
of other organ systems in patients without potentially sig-
nificant pulmonary disease remains largely unknown. Prior 
studies suggest that myocardial involvement is associated 
with unfavorable prognosis in patients with COVID-19 
(4,5), but clinically significant myocardial injury is cur-
rently believed to occur in a subgroup of patients with 
symptoms requiring hospitalization (6). However, recent 
MRI studies suggest the presence of cardiac sequelae not 
only in hospitalized patients with COVID-19 but also in 
outpatients (7), including elite athletes (8). Thus, the clini-
cal significance of myocardial alterations identified in con-
valescing patients with COVID-19 remains incompletely 
understood (9).

In the May 2021 issue of Radiology, Li et al (10) dem-
onstrated myocardial extracellular volume expansion and 

reduced myocardial strain in a group of convalescing pa-
tients with COVID-19 hospitalized with severe or moderate 
pulmonary disease, compared with age- and sex-matched 
healthy control participants. In this prospective observa-
tional cohort study, the median extracellular volume was 
31.4%, 29.7%, and 25.0% (P , .001) for comparisons of 
both patients with severe and moderate COVID-19 ver-
sus control participants. The corresponding mean global 
longitudinal strain values were less negative (representing 
reduced cardiac function) in both participants with severe 
and moderate COVID-19 compared with control partici-
pants (severe and moderate COVID-19 [both −12.5%] vs 
healthy control participants [−15.4%]; [P = .002 and P = 
.001, respectively]).

Other cardiac MRI parameters showed little difference 
between groups. The authors did not find evidence of a 
difference in native T1 values among the three groups, and 
only one participant with COVID-19 showed replace-
ment fibrosis demonstrated by late gadolinium enhance-
ment. Moreover, despite the myocardial strain alterations, 
the authors did not find evidence of differences in MRI-
derived global indexes of left ventricular (LV) and right 
ventricular performance among the three groups, such as 
ejection fraction, end-diastolic and end-systolic volumes, 
stroke volume, and output. Finally, LV remodeling param-
eters such as LV mass and calculated LV cell volume were 
also similar among the three groups. Remarkably, despite 
severe COVID-19 disease requiring hospitalization for 
4–6 months (in the Chinese health system), none of the 
reported patients had any elevation of cardiac-specific en-
zymes or clinical evidence of cardiac compromise while in 
the hospital.

While a dose-response trend was observed for extracel-
lular volume and calculated extracellular matrix volume 
among the three groups (participants with severe and mod-
erate COVID-19 vs control participants), several compari-
sons of functional and remodeling indexes suggest greater 
differences (of borderline statistical significance) between 
the groups with moderate pulmonary involvement ver-
sus control participants than between those in the severe 
pneumonia group versus control participants. Such in-
consistencies likely reflect small sample sizes and the case-
control design, which tends to magnify differences and 
inconsistencies by comparing patients with overt disease 
against matched control participants without clinically 
detectable abnormalities. However, they may also reflect 
heterogeneity of cardiac versus pulmonary involvement in 
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COVID-19 groups conventionally stratified by pulmonary in-
volvement. Heterogeneity in different organ system involvement 
among individuals with COVID-19 who require hospitalization 
and those not requiring hospitalization may also account for 
perceived inconsistencies in the literature (7–9). Cardiac MRI is 
undoubtedly the most robust phenotyping tool for the purposes 
of this study. The authors used state-of-the-art methodology, but 
they did not use techniques that probe the presence of active 
inflammation such as T2 mapping, which the authors mention 
as a study limitation. The authors assert that inflammation was 
unlikely at the time of the MRI examinations, which were per-
formed at least 90 days from hospital discharge.

Clinically manifested acute myocarditis is characterized 
by myocardial inflammation that can be mapped with topo-
graphic T1 mapping and with contrast-enhanced MRI using 
late gadolinium enhancement. The LV ejection fraction can be 
severely compromised in patients admitted with acute myocar-
ditis but can also be entirely preserved. Therefore, the absence 
of clinically detected dysfunction in the acute phase of infec-
tion by SARS-CoV-2 does not imply the absence of clinically 
significant myocardial involvement. Among infected individu-
als who do not seek medical attention or who are not hospital-
ized, the incidence of acute myocarditis due to SARS-CoV-2 
remains entirely unknown. Chronic myocardial functional 
deterioration and increased susceptibility are well-established 
potential sequelae from acute viral myocarditis in general. But 
chronic dilated cardiomyopathy and clinically significant LV 
dysfunction have not been reported as specific COVID-19 se-
quelae, as originally speculated.

Myocardial fibrosis, characterized by extracellular space ex-
pansion and excessive collagen accumulation in the extracellular 
matrix, is commonly a response to repeated or unresolved injury 
and stress. The extracellular matrix has a crucial role in cardiac 
physiology as the structural frame supporting all other cell types 
required for normal cardiac function. However, excessive fibrosis 
affects not only structural myocardial integrity and chamber me-
chanical performance but also myocardial electrical properties, 
potentially leading to heart failure, decreased cardiac output, and 
arrhythmias. Focal areas of replacement fibrosis, often referred 
to as myocardial scars, generally occur as a result of myocyte loss 
caused by acute myocardial infarction, infection, inflammation, 
genetic disease, or myocardial overload. However, in chronic 
ischemic and nonischemic conditions, inflammation secondary 
to recurring injury leads to tissue damage and repair through 
activation of innate immunity responses with consequent dif-
fuse interstitial fibrosis. The inflammatory process underlying 
interstitial fibrosis is often associated with cellular apoptosis, 
perpetuating a cycle of progressive collagen accumulation and 
extracellular volume enlargement leading to pathologic myo-
cardial remodeling. As a main component of pathologic cardiac 
remodeling, interstitial fibrosis is commonly caused by inflam-
mation secondary to ischemia, smoking, diabetes, or prolonged 
myocardial overload. However, innate immune responses are of-
ten activated by viral infections that may be latent but also lead  
to or accelerate fibrogenesis and structural remodeling. Chronic 
HIV infection, for example, has been associated with myocardial 
fibrosis and cardiac hypertrophy assessed with cardiac MRI with 

T1 mapping. Other viral diseases and chronic parasitic infec-
tions are also well known for causing progressive replacement 
and interstitial myocardial fibrosis. 

COVID-19–associated interstitial myocardial fibrosis, as 
documented by Li and colleagues (10), will hopefully represent 
the resolved consequence of acute SARS-CoV-2, with minimal 
alterations of myocardial compliance that will remain subclinical 
and unimportant to life expectancy and quality of life for those 
exposed to the acute infectious process. Conversely, it could con-
tribute to cardiac remodeling associated with exposure to hy-
pertension and other cardiovascular risk factors promoting un-
favorable clinical outcomes, particularly if developed early in the 
human life span. COVID-19–induced myocardial fibrosis may 
involve not only the LV but also the right ventricle, and may be 
aggravated by pulmonary hypertension secondary to concomi-
tant COVID-19–related pulmonary fibrosis.

In summary, the COVID-19 pandemic is already cata-
strophic and unprecedented. The pathophysiology of acute 
SARS-CoV-2 disease has rapidly unfolded but remains incom-
pletely understood. Midterm chronic sequelae have been well 
documented and, in many instances, clinically debilitating. The 
medical toll of COVID-19 to humans in the 21st century may 
be compounded by chronic cardiac sequelae, particularly if en-
hanced myocardial interstitial fibrosis induced by SARS-CoV-2 
proves to be an important pathogenetic mechanism of adverse 
cardiac remodeling leading to heart failure with preserved ejec-
tion fraction, atrial fibrillation, and other cardiovascular diseases.
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