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Background: Myocardial injury is a complication of coronavirus disease 2019 (COVID-19). We describe a large
multi-center experience of COVID-19 patients withmyocardial injury, examining the prognostic role left ventric-
ular function plays on short-term outcomes.
Methods/materials: We included adult COVID-19 patients admitted to our health system with evidence of myo-
cardial injury and who underwent a transthoracic echocardiogram (TTE) during index admission. Patients
were dichotomized into those with reduced ejection fraction (EF; <50%) and preserved EF (≥50%).
Results: Across our 11-hospital system, 5032 adult patients were admitted with COVID-19 from March–
September 2020. Of these, 235 had evidence of myocardial injury (troponin ≥1 ng/mL). Included were 134 pa-
tients who underwent TTE, of whom 43.3% (n=58) had reduced EF and 56.7% (n=76) preserved EF. A subset
of 6 patients had newly reduced EF, with 5 demonstrating evidence of stress cardiomyopathy and subsequently
dying. Overall, mortality was high in those with reduced EF and preserved EF (in-hospital: 34.5% vs. 28.9%; p=
0.494; 6 months: 63.6% vs. 50.0%; p=0.167; Kaplan-Meier estimates: p=0.2886). Readmissionswere frequent
in both groups (30 days: 22.2% vs. 26.0%; p = 0.162; 6 months: 52.0% vs. 54.5%; p = 0.839).
Conclusions: Many COVID-19 patients admitted with evidence of myocardial injury did not undergo TTE. For
those who did, short-termmortality was high. Patients who survived hospitalization had frequent readmissions.
In patients with newly reduced EF, most had evidence of stress cardiomyopathy and expired. Larger studies are
needed to fully evaluate the prognosis of COVID-19 patients with evidence of myocardial injury and left ventric-
ular dysfunction.

© 2021 Published by Elsevier Inc.
1. Introduction

The emergence of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has devastated healthcare systems globally [1]. The cata-
strophic respiratory illness that has ensued, coronavirus disease 2019
(COVID-19), has afflicted over 100 million people worldwide, killing
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millions [2]. Regardless of preexisting cardiovascular disease, COVID-
19 has demonstrated injurious effects on the cardiovascular system,
which is associated with worse in-hospital outcomes [3–6]. The ability
to quickly identify patients at elevated risk for death from COVID-19 is
of great interest to healthcare systems as they balance patient care
and allocation of limited resources. There are limited data on the prog-
nostic value of left ventricular function in COVID-19 patients with evi-
dence of myocardial injury [7]. Furthermore, outcomes following
discharge in these patients have not been well-described. The present
study aimed to better understand the prognostic role left ventricular
function plays in patients with evidence of myocardial injury during
and after hospitalization for COVID-19.

2. Material and methods

We screened patients who presented to our healthcare system
(MedStar Health; 11 acute hospitals in Washington, DC, and Maryland)
between March 1 and September 30, 2020. We included adult COVID-
19 patients who had evidence of myocardial injury and those who had
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a transthoracic echocardiogram (TTE) performed during their admis-
sion. A diagnosis of COVID-19 required the clinical respiratory syn-
drome and/or radiological evidence of pulmonary involvement and a
positive SARS-CoV-2 polymerase chain reaction. Myocardial injury
was defined as a troponin drawn at any point during the admission
that was at least 1.0 ng/mL. International Classification of Diseases,
10th Revision (ICD-10) codes were used to help identify patients. We
excluded patients who were not admitted, were SARS-CoV-2-negative,
had a troponin <1.0 ng/mL, or did not have a TTE during their
admission.

Included patientswere then dichotomized into thosewith a reduced
ejection fraction (EF) (<50%) and those with a preserved EF (≥50%)
based on their in-hospital TTE. The rationale behind using an EF of 50%
is derived from the current heart failure guidelines [8–10]. We com-
pared baseline clinical characteristics, laboratory data, rates of acute
kidney injury (AKI), respiratory failure requiring intubation, intensive
care unit (ICU) length of stay (LOS), mortality (in-hospital, 30-day, 3-
month, and 6-month) and readmission (in-hospital, 30-day, 3-month,
and 6-month) between the 2 cohorts. Follow-up data were collected,
when available, from within our healthcare system. Readmissions
were defined as admissions to a hospitalward or ICU. Visits to the emer-
gency department or admission under observation statuswere not con-
sidered readmissions.

Data were presented asmean± standard ormedianwith interquar-
tile range for continuous variables and as number (percentage) for cat-
egorical variables. Continuous variables were compared using the
Student's t-test and categorical variables using the chi-squared test or
Fisher's exact test. A p-value <0.05 was considered statistically signifi-
cant. The Kaplan-Meier estimator was used to estimate the cumulative
mortality function, from date of admission, and log rank test was ap-
plied to test the equality of the 2 mortality functions. All analyses
were performed using SAS version 9.1 (SAS, Cary, North Carolina).
Fig. 1. Study design and mortality. *Of the 134 patients included in
3. Results

Across the MedStar Health system, a total of 5032 adult patients
were admitted and diagnosed with COVID-19 between March 1 and
September 30, 2020. Troponin was drawn in 3386, of whom 235 were
found to have a troponin of ≥1 ng/mL. Within this group, 134 patients
had a TTE performed during their admission and, thus, were included
in our study. Included patients had a mean age of 63.9 years, 60.4%
were men, and 61.9% were Black. Of those included, 43.3% (n = 58)
had a reduced EF (<50%) and 56.7% (n = 76) had a preserved EF
(≥50%) (Fig. 1). Of the 58 with a reduced EF, 52 had a chronically re-
duced EF and 6 were found to have a newly reduced EF. A total of 101
patients did not undergo TTE during their hospitalization. Baseline clin-
ical characteristics can be found in Table 1.

Maximum troponin levels during the admission were higher in pa-
tients with a reduced EF than in those with a preserved EF (median
3.5 ng/mL [interquartile range 2.1–15.6 ng/mL] vs. 2.1 ng/mL [inter-
quartile range 1.3–4.9 ng/mL]). Additional laboratory data can be
found in Table 2. In short, all patients (reduced EF, preserved EF, and
those with unknown EF) had elevated inflammatory markers during
their admission, consistent with COVID-19. Patients with reduced and
preserved EF had similar rates of AKI, requiring intubation and ICU
LOS. Patients with a reduced EF had more ICU stays on average (1.7 vs.
1.3; p=0.011). Overall, mortality was high in both those with reduced
EF and preserved EF (in-hospital: 34.5% vs. 28.9%; p = 0.494) (Fig. 1,
Table 3).

Follow-up data after discharge were available in 100% of patients at
30 days and 98.5% of patients at 3 months. Of the 134 patients included
in our analysis, 30 patients had not yet reached 6-month follow-up. Fol-
lowing discharge, mortality was high in those with reduced EF and pre-
served EF (30 days: 39.7% vs. 32.4%; p = 0.1057; 6 months: 63.6% vs.
50.0%; p = 0.167; Kaplan-Meier estimates: p = 0.2886) (Figs. 1 and 2,
our analysis, 104 patients had their admission >6 months ago.

Image of Fig. 1


Table 1
Baseline demographics and medical history.

Reduced EF
(<50%)

Preserved EF
(≥50%)

Unknown EF

(n = 58) (n = 76) (n = 101)

Age, years 62.7 ± 15.0 64.7 ± 11.6 73.6 ± 14.9
Black (%) 38/58 (65.5%) 45/76 (59.2%) 71/99 (71.7%)
White (%) 12/58 (20.7%) 19/76 (25.0%) 18/99 (18.2%)
Hypertension (%) 22/58 (37.9%) 42/76 (55.3%) 49/101 (48.5%)
Hyperlipidemia (%) 35/58 (60.3%) 40/76 (52.6%) 59/101 (58.4%)
Diabetes mellitus (%) 36/58 (62.1%) 38/76 (50.0%) 58/101 (57.4%)
Cerebrovascular accident (%) 9/58 (15.5%) 20/76 (26.3%) 16/101 (15.8%)
Coronary artery disease (%) 36/58 (%) 27/76 (35.5%) 32/101 (31.7%)
Left ventricular EF, % 32.6 ± 10.5 60.3 ± 5.4 –
Atrial fibrillation (%) 9/58 (15.5%) 14/76 (18.4%) 19/101 (18.8%)
Asthma (%) 4/58 (6.9%) 4/76 (5.3%) 5/101 (5.0%)
Chronic obstructive pulmonary
disease (%)

10/58 (17.2%) 10/76 (13.2%) 10/101 (9.9%)

Chronic kidney disease (%) 26/58 (44.8%) 29/76 (38.2%) 48/101 (47.5%)
End stage kidney disease (%) 17/58 (29.3%) 16/76 (21.1%) 17/101 (16.8%)

Values are mean ± SD or n/N (%).
EF = ejection fraction.

Table 3
In-hospital outcomes of patients included in our study.

Reduced EF
(<50%)
(n = 58)

Preserved EF
(≥50%)
(n = 76)

P-value

Acute kidney injury (%) 19/41 (46.3) 34/64 (53.1) 0.498
Intubated (%) 36/58 (62.1) 42/76 (55.3) 0.429
Intensive care unit stays 1.7 ± 0.5 1.3 ± 0.5 0.011
Intensive unit length of stay,
days

12.9 ± 14.2 14.9 ± 20.9 0.577

Death (%) 20/58 (34.5) 22/76 (28.9) 0.494

Values are mean ± SD or n/N (%).
EF = ejection fraction.
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Tables 3 and 4). Readmissions were frequent in those with reduced EF
and preserved EF (30 days: 22.2% vs. 26.0%; p = 0.162; 6 months:
52.0% vs. 54.5%; p = 0.839) (Table 4).

Of the 58 COVID-19 patients with evidence of myocardial injury and
a reduced EF, 52 had a prior history of heart failurewith reduced EF. The
remaining 6 had a newly reduced EF. All of them presented with, and
were confirmed to have, COVID-19 pneumonia and subsequently re-
quired intubation and vasopressors. Their mean age was 66.2 years
(ranging from 45 to 85 years), and 4 were men. Wall-motion analysis
on TTE was consistent with stress cardiomyopathy in 5 of the patients,
withmost receiving a combination of hydroxychloroquine, dexametha-
sone, convalescent plasma, tocilizumab, or remdesivir. None of them
were taken for cardiac catheterization, and all of them died during the
admission. These 5 had a maximum troponin range between 1.03 and
11.5 ng/mL. The final patient with a newly reduced EF was a 75-year-
old male with a history of coronary artery disease (CAD) whose admis-
sion was complicated by a plaque-rupture non-ST-segment elevation
myocardial infarction (NSTEMI) and cardiogenic shock requiring intra-
aortic balloon pump. His troponin peaked at 81 ng/mL, prompting car-
diac catheterization, which demonstrated an ulcerated 99% proximal
Table 2
Laboratory findings.

Reduced EF (<50%)

(n = 58)

Maximum troponin, ng/mL 3.5 (IQ, 2.1–15.6)
First creatinine, mg/dL 1.6 (IQ, 1.1–3.5)
Maximum creatinine, mg/dL 2.3 (IQ, 1.5–6.5)
First ALT, IU/L 74 (IQ, 31–146)
Maximum ALT, IU/L 133 (IQ, 68–447)
First AST, IU/L 42 (IQ, 18–66)
Maximum AST, IU/L 74 (IQ, 39–303)
First lactate, mmol/L 1.9 (IQ, 1.3–3.1)
Maximum lactate, mmol/L 4.4 (IQ, 2.6–6.6)
First white blood cells, cells/mm3 10.2 (IQ, 6.7–14.3)
Maximum white blood cells, cells/mm3 17.3 (IQ, 12.4–25.3)
First procalcitonin, ng/mL 0.7 (IQ, 0.1–8.1)
Maximum procalcitonin, ng/mL 6.3 (IQ, 0.4–16.1)
First D-dimer, μg/mL 2.3 (IQ, 1.4–9.1)
Maximum D-dimer, μg/mL 3.5 (IQ, 1.6–17.3)
Erythrocyte sedimentation rate, mm/h 113 (IQ, 51-a)
Ferritin, ng/mL 1519 (IQ, 766–4458)
Lactate dehydrogenase, U/L 594 (IQ, 419–993)

Values are medians with interquartile ranges.
EF = ejection fraction, IQ = interquartile range, ALT = alanine aminotransferase, AST = aspa

a Certain tests could not report values above or below a certain limit.
left anterior descending artery lesion, resulting in percutaneous coro-
nary intervention (PCI), and he was discharged several days later.

Cardiac magnetic resonance (CMR) imaging was performed in 2 pa-
tients following discharge. The first was a 55-year-old male with prior
CAD who had initially presented in July 2020 with dyspnea and chest
pain. Hewas found to be COVID-19-positive with an NSTEMI and a pre-
served EF. His troponin peaked at 8.85 ng/mL, but given his COVID-19
status, he was treated medically. Cardiac catheterization was electively
performed several weeks later, revealing multivessel CAD. Subsequent
CMR demonstrated an EF of 34%, diffuse pericardial gadolinium en-
hancement suggestive of pericardial inflammation, and transmural en-
hancement indicative of prior myocardial infarction. He was initially
scheduled for coronary artery bypass grafting but suffered a second
NSTEMI and underwent uncomplicated multivessel PCI. The second pa-
tient was a 41-year-old male without significant history who initially
presented with acute encephalopathy in the setting of COVID-19 com-
plicated by acute pulmonary embolism. Hewas found to havemildly re-
duced biventricular function and a secundum atrial septal defect (ASD)
on TTE during the admission. Following discharge, he remained asymp-
tomatic and underwent CMR, which demonstrated a left ventricular EF
of 53% without abnormal myocardial enhancement, a secundum ASD,
and a severely dilated right ventricle with a right ventricular EF of 48%.

4. Discussion

This study is one of only a few to examine the short-term prognostic
implications of left ventricular function and to describe the post-
discharge outcomes of COVID-19 patients with myocardial injury. The
Preserved EF (≥50%) Unknown EF

(n = 76) (n = 101)

2.1 (IQ, 1.3–4.9) 3.2 (IQ, 1.6–6.2)
1.4 (IQ, 1.0–4.0) 1.7 (IQ, 1.1–2.9)
2.8 (IQ, 1.3–6.3) 2.7 (IQ, 1.5–4.8)
56 (IQ, 30–91) 59 (IQ, 35–113.5)
121 (IQ, 53–368) 137 (IQ, 61–433)
37 (IQ, 21–58) 38 (IQ, 21–71)
71 (IQ, 40–225) 66 (IQ, 30–204)
2.0 (IQ, 1.4–2.7) 1.9 (IQ, 1.5–3.1)
3.1 (IQ, 2.0–6.2) 3.3 (IQ, 2.0–8.7)
7.6 (IQ, 5.0–11.8) 9.4 (IQ, 6.2–12.6)
16.0 (IQ, 10.8–24.2) 14.1 (IQ, 10.5–10.2)
0.9 (IQ, 0.3–6.7) 1.6 (IQ, 0.4–8.1)
2.1 (IQ, 0.6–18.2) 2.6 (IQ, 0.7–17.8)
3.9 (IQ, 1.9–7.7) 3.3 (IQ, 1.4–7.5)
6.1 (IQ, 2.6-a) 4.5 (IQ, 1.9–18.6)
104 (IQ, 56–138) 82 (IQ, 49-a)
1571 (IQ, 767–3560) 1447 (IQ, 573–6274)
565 (IQ, 386–955) 658 (IQ, 471–944)

rtate transaminase.



Fig. 2. Mortality curve and the Kaplan-Meier estimates for COVID-19 patients with a positive troponin who underwent echocardiography during their admission.
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principal findings of this study are summarized as follows: 1) In COVID-
19 patients with evidence of myocardial injury, nearly half did not un-
dergo TTE and mortality was extremely high, both in-hospital and out
to 6months, with a trend toward higher mortality in patients with a re-
duced EF; 2) COVID-19 patients with evidence of myocardial injury saw
exceedingly high rates of AKI (requiring intubation) and in-hospital
death; 3) For those who survived their initial COVID-19 admission,
many had subsequent admissions and died; 4) Finally, in the subset of
patients with a newly reduced EF, the majority demonstrated multi-
organ system failure with evidence of stress cardiomyopathy, dying
during the initial hospitalization.

Myocardial injury, as evidenced by a troponin elevation, in COVID-
19 patients has been well-described as a risk factor for worse outcomes
during the pandemic [3–6]. The concern initially was that the majority
of COVID-19 patients with elevated troponin were experiencing myo-
carditis, some even fulminant myocarditis, which was contributing to
poor outcomes in these patients. However, as the death toll rose, so
did postmortem investigations into this diagnosis, eventually disproving
initial concerns surrounding myocarditis-related deaths in COVID-19
[11,12]. Evidence of cardiac histopathological findings, such as macro/
microvascular thrombi, inflammation, or intraluminal megakaryocytes,
were much more common, discovered in nearly half of autopsies [11].
Table 4
Post-discharge outcomes of patients included in our study.

Reduced EF (<50%) Preserved EF (≥50%) P-value

30-day
Readmission (%) 8/36 (22.2) 13/50 (26.0) 0.1618
Death (%) 23/58 (39.7) 24/74 (32.4) 0.1057

Cumulative 3-month
Readmission (%) 13/33 (39.4) 22/46 (47.8) 0.4568
Death (%) 28/55 (50.9) 30/71 (42.3) 0.3337

Cumulative 6-montha

Readmission (%) 13/25 (52.0) 24/44 (54.5) 0.8385
Death (%) 28/44 (63.6) 30/60 (50.0) 0.1666

Values are n/N (%).
EF = ejection fraction.

a Of the 134 patients included in our analysis, 104 had their index admission>6months
ago.
Despite these post mortem findings, clinical evaluation of these patients
during admission has been extremely challenging during the pandemic.
In the pre-pandemic world of cardiovascular disease, diagnosis and
management of patients with troponin elevation was driven by cardio-
vascular imaging, with nearly every patient undergoing echocardiogra-
phy. During the pandemic, infection-control measures and reallocated
resources have greatly reduced the utilization of echocardiography,
computed tomography, magnetic resonance imaging, and angiography
in these patients [13]. Myocardial biopsy and CMR for the diagnosis of
myocarditis have become exceedingly uncommon during the pan-
demic. Thus, there are limited data on the impact of left ventricular
function on outcomes in COVID-19 patients with myocardial injury. A
small retrospective study reported that COVID-19 patients with a re-
duced EF had higher in-hospital mortality [7]. However, this study
was limited to 39 patients, examined only in-hospital outcomes, and in-
cluded patients admittedwith COVID-19 regardless of troponin [7]. Our
experience of 235 COVID-19 patients admitted across our 11-hospital
healthcare system during the pandemic was similar in that nearly half
of COVID-19 patients with myocardial injury did not undergoing TTE.
Furthermore, only 2 patients underwent CMR in the outpatient setting
following discharge, with no evidence of myocarditis. That being said,
the included cohort of COVID-19 patients with evidence of myocardial
injury suffered a high incidence of adverse outcomes, with approxi-
mately half experiencingmultiorgan involvement and only⅔ surviving
their COVID-19 admission. Arguably, the worse outcomes occurred in
those with newly reduced left ventricular function. All of these patients
required intubation and vasopressor support. Of the 6 patients with
newly reduced EF, just 1 was found to have true plaque-rupture
NSTEMI, underwent successful PCI, and then was discharged home.
The others had echocardiographic findings suggestive of stress cardio-
myopathy, with mild troponin elevation, but they were never stable
enough for cardiac catheterization, eventually succumbing to
multiorgan system failure and death.

In-hospital survival may represent the largest hurdle in these pa-
tients; however, the consequences of COVID-19 appear to extend well
past discharge. One study of 1733 COVID-19 patients demonstrated
that 76% of patients remained debilitated to some degree at 6 months
[14]. Moreover, more than half demonstrated persistent pulmonary

Image of Fig. 2
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abnormalities on imaging with disease severity during the acute phase
predicting the extent of lung diffusion impairment at follow-up [14]. Fi-
nally, in this study of consecutive COVID-19 patients admitted, 1.3% of
patients died during the follow-up period due to exacerbations of un-
derlying cardiovascular, pulmonary, and renal disease. Our highly selec-
tive study of COVID-19 patients with evidence of myocardial injury is
the first to offer insight into post-discharge outcomes in this high-risk
population, demonstrating persistent debilitation, regardless of EF. Pa-
tients who survived their admission remained at risk for readmissions
and death following discharge for their acute COVID-19 illness. Thus, ef-
forts should focus on early recognition of these patients prior to dis-
charge and close post-discharge follow-up in the months that follow.

Cytokine storm and cytokine release syndrome are life-threatening
complications that have been demonstrated in patients with COVID-
19, leading to disastrous complications [15,16]. Stress cardiomyopathy
is one such complication whose proposed mechanism of action is cate-
cholamine surge. During the pandemic, several studies have described
an increase in the occurrence of stress cardiomyopathy due to the cyto-
kine response in COVID-19 [15,16]. However, the diagnosis of stress car-
diomyopathy is one of exclusion, requiring newly reduced EF on
echocardiography and invasive coronary angiography to rule out ob-
structive CAD [17]. Unfortunately, such ordinarily routine evaluations
cannot be regularly performed during the pandemic as overwhelmed
healthcare systems struggle to safely provide care to innumerable criti-
cally ill patients. As such, data regarding outcomes in COVID-19 patients
with stress cardiomyopathy are scarce. Only a handful of case series
have been reported, demonstrating that many suffer complications,
such as cardiac tamponade, heart failure, myocarditis, hypertensive cri-
sis, and cardiogenic shock [15,16]. Our findings support these reports, as
the subset of patientswith a newly reduced EF, albeit small, represented
thehighest-risk group,with 5 of 6 demonstrating echocardiographic ev-
idence of stress cardiomyopathy. Thesemoribund patients all presented
with COVID-19 pneumonia requiring intubation, complicated by
multiorgan system failure, shock requiring vasopressor support, and ul-
timately died.

Our study has several limitations. This was a retrospective observa-
tional study that partially relied on ICD-10 codes to help identify our co-
hort of interest, which introduces selection bias. Only a fraction of
patients admitted for COVID-19 had a troponin drawn, and an even
smaller number of patients underwent TTE during their admission;
therefore, it is likely that this retrospective study did not capture the
true incidence of myocardial injury or reduced left ventricular function
in COVID-19 patients. Many patients had laboratory values that ex-
tended past the upper/lower limits of detection, rendering a statistical
comparison difficult; thus, we reported medians and interquartile
ranges instead. Additionally, our cohort was relatively small, limiting
our primary analysis of short-term outcomes in patients with a reduced
EF compared to those with a preserved EF. The size of our cohorts also
limited adequate subgroup analysis of outcomes in patients with
newly reduced EF compared to those with chronically reduced EF. The
results of this study are hypothesis-generating andwill require prospec-
tive validation in a large cohort of patients.
5. Conclusion

Many COVID-19 patients admitted with evidence of myocardial in-
jury did not undergo TTE. For those who did, short-term mortality was
extremely high. Patients who survived their hospitalization had fre-
quent readmissions. In the subset with newly reduced EF, the majority
had evidence of stress cardiomyopathy and expired. Larger studies
will be needed to fully evaluate the prognosis of COVID-19
patients with evidence of myocardial injury and left ventricular
dysfunction.
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