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Background: Cardiac involvement in coronavirus disease 2019 (COVID-19) is known, manifested by troponin el-
evation. Studies in the initial phase of the pandemic demonstrated that these patients tended to have a worse
prognosis than patients without myocardial injury. We sought to evaluate the clinical impact of significant tro-
ponin elevation in COVID-19-positive patients, alongwith predictors of poor outcomes, over the span of the pan-
demic to date.
Methods:We analyzed COVID-19-positive patients who presented to theMedStar Health system (11 hospitals in
Washington,DC, andMaryland) during thepandemic (March 1–June 30, 2020).We compared clinical course and
outcomes based on the presence of troponin elevation and identified predictors of mortality.
Results: The cohort included 2716 COVID-19-positive admitted patients for whom troponin was drawn. Of these
patients, 250 had troponin elevation (≥1.0 ng/mL). In the troponin-elevation arm, the minimum troponin level
was 1.9 ± 8.82 ng/mL; maximum elevation was 10.23 ± 31.07 ng/mL. The cohort's mean age was 68.0 ± 15.0
years; 52.8% were men. Most (68.5%) COVID-19-positive patients with troponin elevation were African
American. Patients with troponin elevation tended to be older, withmore co-morbidities, andmost requiredme-
chanical ventilation. In-hospital mortality was significantly higher (48.4%) in COVID-19-positive patients with
concomitant troponin elevation than without troponin elevation (12.2%; p < 0.001).
Conclusion: COVID-19 patients with troponin elevation are at higher risk for mechanical ventilation and mortal-
ity. Efforts should focus on early recognition, evaluation, and intensifying care of these patients.

© 2021 Published by Elsevier Inc.
1. Introduction

The coronavirus disease 2019 (COVID-19) is caused by the novel se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and was
first identified inWuhan, China [1]. Patients infected with the virus de-
velop cardiac damage due to multiple different mechanisms. The virus
can directly injure myocardial cells, induce a cytokine surge, or result
in myocardial oxygen supply/demandmismatch as part of the systemic
inflammatory response to the virus [2]. Furthermore, this systemic in-
flammatory response can result in increased plaque vulnerability and
precipitate plaque rupture, resulting in acute coronary syndrome [3].

The COVID-19 pandemic has significantly impacted healthcare sys-
tems throughout the world. In the United States, the Centers for Disease
ital Center, 110 Irving St., NW,
ica.
an).
Control and Prevention recommends deferral of elective procedures,
including coronary angiography and percutaneous coronary interven-
tion (PCI) for stable coronary disease [4], to maximize hospital capacity
for COVID-19 patients. Despite these recommendations, the American
guidelines reinforce primary PCI as the standard of care for ST-
elevation myocardial infarction (STEMI) patients during the pandemic
at PCI-capable centers [5,6]. Furthermore, the guidelines recommend
treatment of non-ST-elevation myocardial infarction (NSTEMI) in pa-
tients with high-risk features and a low probability (or negative test)
for COVID-19. Cardiac involvement in COVID-19 patients is common,
as evidenced by troponin and natriuretic peptide elevation. Studies dur-
ing the initial part of the pandemic indicate that about 30% of patients
hospitalized with COVID-19 have an elevated troponin, and these pa-
tients have a worse prognosis than patients without myocardial injury
[7–9].

We sought to describe our healthcare system's experience of
COVID-19 during the pandemic and the clinical impact of troponin

http://crossmark.crossref.org/dialog/?doi=10.1016/j.carrev.2021.03.002&domain=pdf
https://doi.org/10.1016/j.carrev.2021.03.002
mailto:ron.waksman@medstar.net
Journal logo
https://doi.org/10.1016/j.carrev.2021.03.002
Unlabelled image
http://www.sciencedirect.com/science/journal/15538389


Table 1
Baseline characteristics.
Baseline characteristics of all COVID-19-positive patients during the pandemic era overall
and based on troponin elevation.

Overall
n =
2716

Troponin
elevation %
n = 250

No troponin
elevation %
n = 2646

p-Value

Demographics
Age (years) ± SD 62.0 ±

16.4
68.0 ± 15.0 61.4 ± 16.4 <0.001

Male 51.5% 52.8% 51.3% 0.660

Ethnicity
Caucasian 14.8% 18.5% 14.4% 0.078
African American 61.8% 68.5% 61.1% 0.021
Asian 1.1% 0.4% 1.1% 0.291
Native American 0.2% 0.4% 0.2% 0.537
Other 22.1% 12.2% 23.2% <0.001

Co-morbidities
Hypertension 49.5% 48.8% 49.6% 0.820
Hyperlipidemia 38.8% 52.4% 37.4% <0.001
Diabetes 43.1% 54.0% 42.0% <0.001
Chronic kidney disease 24.6% 43.6% 22.7% <0.001
Hemodialysis 8.1% 18.0% 7.1% <0.001
Chronic obstructive
pulmonary disease

9.4% 10.8% 9.2% 0.409

Asthma 9.3% 4.0% 9.8% 0.003
Coronary artery disease 13.0% 26.4% 11.7% <0.001
Stroke 9.3% 18.4% 8.4% <0.001
Congestive heart failure 15.7% 33.2% 13.9% <0.001
Atrial fibrillation 9.5% 17.6% 8.7% <0.001
Prior pulmonary embolism 0.1% 0.0% 0.1% 0.652

42 B.C. Case, C. Yerasi, B.J. Forrestal et al. / Cardiovascular Revascularization Medicine 33 (2021) 41–44
elevation. We wanted to determine whether the overall peak tropo-
nin results in a worst prognosis for these patients. We also sought to
identify predictors of mortality.

2. Methods

We analyzed COVID-19-positive patients who presented to the
MedStar Health system (11 hospitals in Washington, DC, and Mary-
land) during the pandemic era. The “pandemic era” (our study time
period) was identified as March 1, 2020, through June 30, 2020, as
this was the period when US social life and medical procedures
within our region were most significantly affected by COVID-19.
The positive test for the infection was based on polymerase chain re-
action testing.

The troponin-I value recorded is the peak value during the hospital-
ization. Investigators defined significant presence of troponin as an ele-
vation over 1 ng/mL. Baseline characteristics (age, sex, gender, race) and
co-morbidities (hypertension, hyperlipidemia, diabetes, chronic kidney
disease, hemodialysis, chronic obstructive pulmonary disease, asthma,
coronary artery disease, cerebrovascular disease, congestive heart fail-
ure, atrial fibrillation, and history of pulmonary embolism) were col-
lected. The primary endpoint was in-hospital mortality. The secondary
endpoints include intensive care unit (ICU) admission, ICU length of
stay, and use of ventilation. The study was conducted in accordance
with the Declaration of Helsinki and was approved by our institutional
review board.

2.1. Statistical methods

Categorical variables were presented in terms of sample frequencies
andproportions and continuous variables in terms of samplemeans and
standard deviations. To compare the baseline characteristics and end-
points between the troponin-elevation and non-troponin-elevation
groups, Student's t-test was used for continuous variables and χ2 test
or Fisher exact test for categorical variables. A p-value <0.05 was con-
sidered statistically significant.

Half of the cohort was randomly selected for model selection. Step-
wise selectionwas applied to choose among a pool of covariates includ-
ing troponin elevation as a binary variable, age, African American
ethnicity, admission to ICU, need for mechanical ventilation, NSTEMI,
hyperlipidemia, diabetes, chronic kidney disease (CKD), coronary artery
disease, cerebrovascular accident, chronic heart failure, and atrial fibril-
lation, to enter or drop in themodel with the significance level for entry
being 0.1 and the significance level to stay being 0.05. The selected
model was chosen to yield the minimum AIC statistic. All analysis was
conducted using SAS 9.4 (SAS Institute, Cary, North Carolina). The data
underlying this articlewill be shared on reasonable request to the corre-
sponding author.

3. Results

In our medical system, 2716 COVID-19-positive admitted patients
from March 1, 2020, through June 30, 2020, had troponin drawn. Of
these patients, 250 had troponin elevation (9.2%). Baseline characteris-
tics can be found in Table 1. Themajority of patients were men (51.5%),
with a mean age of 62.0 ± 16.4 years. Patients with troponin elevation
tended to be older than those without. There was evidence of racial
disparity in our analysis. The majority of COVID-19-positive patients
with troponin elevation were African American (61.8%). Co-
morbidities, including hyperlipidemia, diabetes, chronic kidney dis-
ease, hemodialysis, asthma, coronary artery disease, stroke, conges-
tive heart failure, and atrial fibrillation, were more frequently seen
in patients with COVID-19 and concomitant troponin elevation. In
the troponin-elevation arm, the minimum troponin was 1.9 ± 8.82
ng/mL, and the maximum elevation was 10.23 ± 31.07 ng/mL
(Table 2).
With regard to our primary endpoint, in-hospital mortality was
significantly higher (48.4%) in COVID-19-positive patients with con-
comitant troponin elevation than in COVID-19-positive patients
without troponin elevation (12.2%; p < 0.001) (Fig. 1 and Table 3).
Secondary analysis of the COVID-19-positive patients with troponin
elevation demonstrated that a majority of patients were admitted to
the ICU, and over half requiredmechanical ventilation. Finally, the aver-
age length of stay in the ICU was 9.02 ± 10.03 days.

Stepwise selection yielded a logistic predictionmodel with troponin
elevation, age, admission to ICU, on ventilation, NSTEMI, and CKD as co-
variates. The odds-ratio estimates and their 95% confidence intervals are
summarized in Table 4. All variables appeared to be significant except
for NSTEMI. Among the binary predictors, admission to ICU, need for
mechanical ventilation, and troponin elevation had the most impact
on mortality.

4. Discussion

The primary findings of our analysis suggest that COVID-19-positive
patients with concomitant troponin elevation have a significantly in-
creased risk of mortality as compared to COVID-19-positive patients
without troponin elevation. There are racial and age disparities, as pa-
tients with troponin elevation tend to be African American and older,
with multiple co-morbidities. Additionally, two-thirds of COVID-19-
positive patients with troponin elevation are admitted to the ICU, and
more than half of these patients require mechanical ventilation.

Underlying co-morbidities, including hyperlipidemia, diabetes,
chronic kidney disease, hemodialysis, asthma, known coronary artery
disease, stroke, congestive heart failure, and atrial fibrillation, were
more frequently seen in COVID-19-positive patients with troponin ele-
vation. These findings reinforce previous studies that demonstrated an
increased risk of SARS-CoV-2 infection in the presence of pre-existing
co-morbidities [10,11]. Furthermore, our center demonstrated a racial
disparity.White COVID-19-positive patientswere less likely to have tro-
ponin elevation than African American COVID-19-positive patients. This
racial disparity finding is consistent with previous studies [12,13].



Table 2
Laboratory values.
Laboratory values and intensive care unit admission of COVID-19-positive patients during the pandemic era overall and based on troponin elevation.

Overall
n = 2716

Troponin elevation
n = 250

No troponin elevation
n = 2646

p-Value

Troponin max (ng/mL) 0.94 ± 9.86 10.23 ± 31.07 0 <0.001
Troponin min (ng/mL) 0.18 ± 2.73 1.9 ± 8.82 0 <0.001
Intensive care unit admission 36.2% 74.0% 32.4% <0.001
Ventilator requirement 22.9% 58.0% 19.3% <0.001
Length of stay in intensive care unit (days) 9.82 ± 10.83 9.02 ± 10.03 10.01 ± 11.00 0.267

Fig. 1. Overall in-hospital mortality in COVID-19 patients with troponin elevation in the pandemic era.
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It is known that patients infectedwith SARS-CoV-2 have elevated in-
flammatory markers (white blood cell count, ferritin, lactate dehydro-
genase, C-reactive protein, etc.) [14]. Our analysis demonstrates that
troponin should be checked along with the above laboratory data, irre-
spective of classic cardiac symptoms. If a provider is concerned about a
COVID-19-positive patient, it is imperative that inflammatory markers,
including troponin, be checked, as this can be an indication of both
infection and overall severity of the illness with an increased risk of
in-hospital mortality [15]. The increased rate of in-hospital mortality
for patients who have troponin elevation likely reflects that these
patients tend to be older, with more co-morbidities. In addition, these
patients tend to be admitted to the ICU more frequently and require
intubation.

The severe form of COVID-19 occurs in about 15% of patients requir-
inghospitalization,with 5% of patients requiring intensive care. The cur-
rent mortality rate is estimated to be between 2% and 5% of all patients
with COVID-19. The major cause of death in COVID-19 is acute respira-
tory distress [16]. However, other organ involvement is common, in-
cluding cardiac involvement [17]. Previous studies have demonstrated
that having cardiac co-morbidities places a patient at increased risk of
developing the disease and, furthermore, the severe form [14]. In
Table 3
Overall in-hospital mortality in COVID-19 patients based on the presence of troponin
elevation.

Overall Troponin
elevation %

No troponin
elevation %

p-Value

n = 2716 n = 250 n = 2646

Overall in-hospital
mortality

15.6% 48.4% 12.2% <0.001
addition, our analysis demonstrates that cardiovascular involvement
greatly increases a patient's likelihood of death. Patients who develop
acutemyocardial infarction (AMI) during COVID-19have amuchhigher
mortality risk than COVID-19 patients who do not develop AMI.
Healthcare providers need to be aware of the deadly combination of
COVID-19 and AMI.

Another interesting finding to note in our study is that approxi-
mately 90% of the patients who had troponin drawn during the study
period did not have troponin elevation. This rate differs from prior pub-
lications in the initial stages of the pandemic, in which about 70% of pa-
tients hospitalized with COVID-19 had elevated troponin. Despite
changes in the actual rate, in both our study and prior ones, COVID-19
patients with troponin elevation were found to have a worse prognosis
than patients without myocardial injury. The difference between our
findings and earlier studies in the initial phases of the pandemic is
unclear. It is possible that patients infectedwith SARS-CoV-2were iden-
tified earlier in our study, as compared to findings earlier in the pan-
demic, and are seeking treatment sooner. One could also argue that
clinical knowledge of the virus, along with treatment and management
options, has improved as compared to when earlier studies were
Table 4
Predictors of in-hospital mortality in COVID-19 patients.

Variable Odds ratio 95% confidence interval

Troponin elevation 2.88 1.73–4.82
Age 1.05 1.03–1.06
ICU admission 2.83 1.64–4.89
Mechanical ventilation 8.70 5.18–14.61
Chronic kidney disease 1.89 1.27–2.83
Non-ST-elevation myocardial infarction 0.50 0.16–1.54

Image of Fig. 1
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conducted in the initial phases of the pandemic. However, direct causal-
ity cannot be confirmed from our analysis.

Finally, inmany patients with acute coronary syndrome and COVID-
19, coronary angiography is deferred because of concerns of spreading
the infection to other patients or hospital staff. In addition, the deferral
of an invasive treatment strategy for these STEMI and NSTEMI patients
reflects a sicker cohort, withmore co-morbidities and a higher percent-
age in the ICU. Furthermore, previous studies have demonstrated that
up to 60% of STEMI patients with SARS-CoV-2 infection had true
culprit-lesion-vessel disease, while the others had STEMI as their initial
presentation but were found to have a mimicking disease, such asmyo-
carditis or stress-induced cardiomyopathy [18]. The impact of primary
PCI on time to reperfusion and outcomes during the pandemic remains
to be determined. Every effort needs to be made to make an early diag-
nosis and begin treatment to prevent potential complications in acute
coronary syndrome patients. Guidelines of primary PCI for STEMI and
NSTEMI need to be followed, even during a pandemic, to help treat
these critically ill patients.

4.1. Limitations

There are limitations to our study. First, the analysis is retrospective
and relies on International Classification of Diseases, Tenth Revision
codes to identify the patient population. Our analysis does not distin-
guish between Type I and Type II NSTEMI. In addition, we did not cap-
ture patients who underwent coronary angiography or subsequent
PCI, which would have allowed us to identify those patients who had
a true plaque rupture as the etiology of their AMI versus another etiol-
ogy, such as myocarditis or stress-induced cardiomyopathy [19]. We
also did not capture how these patients were treated (pharmacology,
mechanical support, etc.). Finally, our data captured patients in the
Mid-Atlantic region of the US, where the pandemic wasmost impactful
in March and April 2020. Our findings may not represent the broader
US.

5. Conclusions

Patients with COVID-19 and troponin elevation tended to be older,
with more co-morbidities, as compared to patients with COVID-19
without troponin elevation. This led to a substantially higher rate of
in-hospital mortality in this cohort. Efforts should be focused on early
recognition, evaluation, and treatment of patients with both COVID-19
and troponin elevation.
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