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BACKGROUND: Limited data exist on high-sensitivity
cardiac troponin (hs-cTn) for risk-stratification in
COVID-19.

METHODS: We conducted a multicenter, retrospective,
observational, US-based study of COVID-19 patients
undergoing hs-cTnT. Outcomes included short-term mor-
tality (in-hospital and 30-days post-discharge) and a com-
posite of major adverse events, including respiratory failure
requiring mechanical ventilation, cardiac arrest, and shock
within the index presentation and/or mortality during the
index hospitalization or within 30-days post-discharge.

RESULTS: Among 367 COVID-19 patients undergoing
hs-cTnT, myocardial injury was identified in 46%.
They had a higher risk for mortality (20% vs 12%,
P< 0.0001; unadjusted HR 4.44, 95% CI 2.13–9.25,
P< 0.001) and major adverse events (35% vs. 11%,
P< 0.0001; unadjusted OR 4.29, 95% CI 2.50–7.40,
P< 0.0001). Myocardial injury was associated with ma-
jor adverse events (adjusted OR 3.84, 95% CI 2.00–
7.36, P< 0.0001) but not mortality. Baseline (adjusted
OR 1.003, 95% CI 1.00–1.007, P¼ 0.047) and maxi-
mum (adjusted OR 1.005, 95% CI 1.001–1.009,
P¼ 0.0012) hs-cTnT were independent predictors of
major adverse events. Most (95%) increases were due to
myocardial injury, with 5% (n¼ 8) classified as type 1
or 2 myocardial infarction. A single hs-cTnT <6 ng/L
identified 26% of patients without mortality, with a
94.9% (95% CI 87.5–98.6) negative predictive value
and 93.1% sensitivity (95% CI 83.3–98.1) for major
adverse events in those presenting to the ED.

CONCLUSIONS: Myocardial injury is frequent and prog-
nostic in COVID-19. While most hs-cTnT increases
are modest and due to myocardial injury, they have
important prognostic implications. A single hs-cTnT
<6 ng/L at presentation may facilitate the identification
of patients with a favorable prognosis.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic
caused by severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has affected millions of people world-
wide (1). It is associated with substantial morbidity and
mortality (2, 3). While pulmonary complications are
frequent (3), studies suggest that myocardial injury is
common, in particular among those with chronic
cardiovascular conditions and more severe COVID-19
presentations, and that its presence and magnitude is as-
sociated with worse outcomes (4–9).

Cardiac troponin (cTn) is the preferred biomarker
for the detection of myocardial injury, which is defined
when there is at least one cTn concentration above the
99th percentile upper-reference limit (URL) of a healthy
reference cohort (10). Most studies addressing myocar-
dial injury in COVID-19 have been performed outside
the US (5–7), used nonguideline definitions of myocar-
dial injury (2, 11, 12), used contemporary cTn assays
with thresholds other than the 99th percentile URL for
its detection (13), and failed to report the nature of cTn
increases, including the incidence of type 1 and 2 myo-
cardial infarction (MI) (9). Further, despite cTn being
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recognized as a potent risk-stratification tool (14, 15),
limited assay-specific actionable data exist on how to use
high-sensitivity (hs) cTn assays for risk-stratification in
COVID-19.

The goals of our study are 3-fold: first, to deter-
mine the incidence of myocardial injury and acute MI,
including the frequency of type 1 and 2 MIs, following
the recommendations from the Task Force for the
Fourth Universal Definition of MI (UDMI) (10) using
a hs-cTnT assay with sex-specific 99th percentile URLs
in a multicenter COVID-19 US cohort; second, to eval-
uate the clinical features and outcomes of COVID-19
patients with and without myocardial injury; last, to
evaluate the prognostic role of hs-cTnT and its potential
use as a risk-stratification tool.

Methods

STUDY DESIGN

Following Mayo Clinic COVID-19 Research Task
Force and Institutional Review Board approval, we ret-
rospectively evaluated consecutive, adult patients with
confirmed COVID-19 diagnosis based on detection of
SARS-CoV-2 on real-time reverse transcriptase polymer-
ase chain reaction (PCR) swabs that underwent at least
one 5th Gen cTnT measurement on clinical indication.
The present is a multicenter, observational cohort study
involving patients that presented to the emergency
department (ED) and/or were admitted to the hospital
across 1 of 20 Mayo Clinic sites (Rochester, Florida,
and Arizona campuses and 17 Mayo Clinic Health
System hospitals across Minnesota and Wisconsin) up
to July 13, 2020. Patients without a Minnesota
Research Authorization form or permission to use
records, <18 years old, with indeterminate PCR results,
and those without at least one hs-cTnT during the index
hospitalization were excluded. For patients with more
than one presentation, we included the first. For
patients re-hospitalized within 24 h after index encoun-
ter, data were merged and analyzed as single encounter.
Data was manually reviewed and extracted by trained
physicians using Research Electronic Data Capture
(REDCap) (16). The National Early Warning Score
(NEWS) was calculated based on vital signs at presenta-
tion (17).

OUTCOMES

The primary outcomes evaluated were 1) short-term
mortality, which was defined as either index hospitaliza-
tion or postdischarge mortality within 30-days, and 2) a
composite outcome of major adverse events that in-
cluded the occurrence of respiratory failure requiring
mechanical ventilation, cardiac arrest, circulatory shock
requiring pharmacologic and/or mechanical support

within the index presentation, and/or mortality during
the index hospitalization or within 30-days postdi-
scharge. Other index hospitalization outcomes included:
intensive care unit (ICU) admission, acute respiratory
distress syndrome (ARDS), pulmonary embolism,
super-infection, coagulopathy such as disseminated in-
travascular coagulation, or severe thrombocytopenia
(platelets < 50.000 x 109/L), and clinical heart failure.
Outcomes were determined based on clinical notes and
discharge summaries. Postdischarge 30-day follow-up
was obtained when available and included COVID19-
related hospitalizations, acute MI, and death.

CARDIAC TROPONIN ASSAY

hs-cTnT was measured with the Elecsys Troponin T
Gen 5 STAT (Roche Diagnostics) (18) .The lowest
reportable clinical value is the <6 ng/L limit of quantifi-
cation (LoQ). Sex-specific 99th percentiles URLs of
10 ng/L for women and 15 ng/L for men were used
(18). Myocardial injury was defined as any hs-cTnT
concentration increase above the sex-specific 99th
percentile thresholds (10). The Mayo Clinic hs-cTnT
protocol for ruling in and out acute myocardial injury
and acute MI has been described (18, 19). In brief,
patients with suspected MI are evaluated using a 0/2 h
hs-cTnT protocol that uses sex-specific 99th percentile
URLs to rule-in and rule-out myocardial injury and an
absolute delta (serial change) of �10 ng/L to identify
patients with acute injury. MI is diagnosed when there
is objective evidence of myocardial ischemia.

MYOCARDIAL INJURY AND INFARCTION EVENT

ADJUDICATION

All cases with at least one hs-cTnT above the sex-specific
99th percentile URL underwent clinical adjudication based
on all available data following the Fourth UDMI (10).
Cases were classified as having either myocardial injury or
acute MI based on the presence or absence of clinical fea-
tures of acute myocardial ischemia (10). Those with clini-
cal evidence of acute myocardial ischemia were classified as
having acute MI and further subclassified into one of the 5
MI subtypes, with type 1 MI representative of athero-
thrombotic MI and type 2 MI due to non-atherothrom-
botic supply-demand myocardial ischemia (10, 20). For
cases adjudicated as either myocardial injury or type 2 MI,
etiologies were tabulated. Cases in which event adjudica-
tion was considered challenging were further reviewed by
the principal investigator (YS), and if needed also reviewed
by one of the members from the Task Force for the
Fourth UDMI (ASJ).

STATISTICAL ANALYSIS

Categorical variables are presented as number (percent-
age) and compared using chi-square tests. Continuous
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variables are presented as median (interquartile range,
IQR) and compared using Kruskal-Wallis tests. The risk
for short-term mortality was estimated using the
Kaplan-Meier method. Hazard ratios (HR) and 95%
confidence intervals (CI) for mortality were calculated
using Cox proportional hazards models. Outcomes are
presented as percentages, and models for these end-
points were estimated using logistic regression models.
Adjusted models were performed for mortality adjusting
for age, sex, and coronary artery disease (CAD), and for
major adverse events adjusting for age, sex, hyperten-
sion, CAD, heart failure, chronic kidney disease, and di-
abetes mellitus, with factors entered per model based on
at least 10 events per variable to avoid overfitting.
Sensitivity, specificity, negative (NPV) and positive pre-
dictive (PPV) values were calculated with corresponding
95% CI. A P value <0.05 was considered statistically
significant. Analyses were performed using SAS version
9.4 (SAS Institute) as well as R version 4.0.2.

Results

CLINICAL CHARACTERISTICS

Following exclusions (Supplemental Fig. 1), the final
study cohort included 367 COVID-19 patients in
whom at least one hs-cTnT was obtained, amongst
which 46% were identified to have myocardial injury
based on hs-cTnT concentrations above the sex-specific
99th percentiles. Baseline characteristics are shown in
Table 1 and Supplemental Tables 1 and 2. The mean
(SD) age of the cohort was 61 (17) years and most
patients presented through the ED (83%). As compared
to patients without myocardial injury, those with myo-
cardial injury were more likely to be older and have
comorbidities. There were no differences across NEWS
score categories between patients with and without
myocardial injury, with 38% of the cohort quantified to
have medium-to-high illness severity at presentation.

Patients with myocardial injury had significantly
higher creatinine concentrations and lower estimated
glomerular filtration rate, as well as lower hemoglobin
and platelet counts. Among those undergoing adjunc-
tive laboratory testing, patients with myocardial injury
had significantly higher D-dimer, lactate, procalcitonin,
interleukin- 6, and NT-proBNP, and lower lymphocyte
counts (Supplemental Table 3). The majority of patients
(n¼ 350) underwent chest x-ray imaging at presenta-
tion and most (73%) were identified to have infiltrates
or findings indicative of pneumonia, with no difference
observed between patients with and without myocardial
injury. However, among those undergoing chest com-
puted tomography (CT) (n¼ 166), patients with myo-
cardial injury were more likely to demonstrate bilateral
ground-glass opacities (95% vs 87%, P¼ 0.05) and
parenchymal consolidation (54% vs 38%, P¼ 0.04).

Cardiac testing including 12-lead electrocardiogram
(ECG) and echocardiographic findings are shown in
Supplemental Table 4. Patients with myocardial injury
were less likely to have normal ECGs (43% vs 60%,
P¼ 0.005). Among the 36% of patients undergoing
echocardiography, those with myocardial injury
were more often detected to have left ventricular dys-
function (left ventricular ejection fraction <50%)
(24% vs 7%, P¼ 0.02), diastolic dysfunction (37% vs
14%, P¼ 0.009), moderate-to-severe right ventricular
dysfunction (13% vs 0%, P¼ 0.02), and valvular heart
disease (14% vs 0%, P¼ 0.01). Only 2 patients under-
went coronary CT angiography; none had obstructive
CAD. One had invasive angiography that demonstrated
severe CAD requiring percutaneous revascularization.

HIGH-SENSITIVITY CARDIAC TROPONIN T CONCENTRATIONS

AND MYOCARDIAL INJURY ETIOLOGIES

The distribution for baseline and maximum hs-cTnT
concentrations is shown in Fig. 1. Median baseline hs-
cTnT concentrations were 11 (IQR 5, 29) ng/L, with
men having significantly higher baseline concentrations
than women (14 vs 7.5 ng/L, P< 0.0001). Baseline hs-
cTnT measurements were available in 98% of patients
within 24-h of presentation. At baseline, hs-cTnT was
below the LoQ in 26% of patients (men 15% vs women
42%, P< 0.0001), quantifiable (LoQ to 99th percen-
tile) in 31% (men 39% vs women 19%, P< 0.0001),
and increased above sex-specific 99th percentiles in
43% of patients (men 46% vs women 40%, P¼ 0.3)
(Supplemental Fig. 2).

Most patients (n¼ 234, 64%) underwent serial hs-
cTnT testing (2 or more measurements). Among the
subset (n¼ 129) of patients undergoing 0/2 h hs-cTnT
measurements within 24 h of presentation, only 5.4%
of patients had serial changes (delta) �10 ng/L. Overall
median maximum concentrations for the entire cohort
across all hs-cTnT measurements were 12 (IQR 6, 32)
ng/L, with men also having significantly higher maxi-
mum concentrations than women (15 vs. 9 ng/L,
P< 0.0001). The distribution of all hs-cTnT concentra-
tions over time for men and women in relationship to
sex-specific 99th percentiles is shown in Supplemental
Fig. 3. Multivariate analyses identified age (odds ratio,
OR, 1.06, 95% CI 1.04–1.08, P< 0.0001), chronic
kidney disease (OR 7.61, 95% CI 3.44–16.8,
p< 0.0001), and diabetes mellitus (OR 2.17, 95% CI
1.21–3.90, P¼ 0.009) as independent predictors of hs-
cTnT increases.

Event adjudication showed that 95% (n¼ 161) of
elevations were adjudicated as isolated hs-cTnT
increases without myocardial ischemia consistent with
myocardial injury. The most common adjudicated etiol-
ogy was chronic myocardial injury (e.g., due to chronic
heart failure, cardiomyopathy, or chronic kidney

1082 Clinical Chemistry 67:8 (2021)

https://academic.oup.com/clinchem/article-lookup/doi/10.1093/clinchem/hvab062#supplementary-data
https://academic.oup.com/clinchem/article-lookup/doi/10.1093/clinchem/hvab062#supplementary-data
https://academic.oup.com/clinchem/article-lookup/doi/10.1093/clinchem/hvab062#supplementary-data
https://academic.oup.com/clinchem/article-lookup/doi/10.1093/clinchem/hvab062#supplementary-data
https://academic.oup.com/clinchem/article-lookup/doi/10.1093/clinchem/hvab062#supplementary-data
https://academic.oup.com/clinchem/article-lookup/doi/10.1093/clinchem/hvab062#supplementary-data
https://academic.oup.com/clinchem/article-lookup/doi/10.1093/clinchem/hvab062#supplementary-data


disease) (n¼ 88) followed by acute etiologies such as
critical illness (n¼ 65) and sepsis (n¼ 72). Myocarditis
was rare, with clinical suspicion in only 3 patients in
whom there was no definite confirmatory testing with
cardiac magnetic resonance imaging or biopsy. The
remaining 5% (n¼ 8) were adjudicated as acute MI,
with 3 classified as type 1 MI and 5 as type 2 MI.
Among the latter, cases were classified as being triggered
by hypoxia, hypotension, and/or tachyarrhythmias.

CLINICAL OUTCOMES AND RISK-STRATIFICATION

In-hospital and postdischarge outcomes are presented in
Table 2. Short-term mortality occurred in 12% of the
cohort. A total of 8.7% patients died during the index

hospitalization. At postdischarge follow-up (available in
93% of those who survived the index hospitalization;
median 49 days), 3.5% of patients died. The major ad-
verse event composite outcome occurred in 22%
(n¼ 81) of patients, which in addition to short-term
mortality, included 59 patients requiring mechanical
ventilation, 12 suffering cardiac arrest (2 due to ventric-
ular tachycardia/fibrillation, and 10 due to pulseless
electrical activity/asystole), and 46 shock requiring phar-
macologic and/or mechanical support.

Besides a higher incidence of in-hospital (15% vs
3.5%, P< 0.0001) and 30-days postdischarge death
(6.6% vs 1.1%, P¼ 0.01), patients with myocardial in-
jury had more prolonged lengths of stay (LOS) and

Table 1. Baseline characteristics and main comorbidities in the overall cohort and by presence or absence of myocardial
injury.

Overall
N 5 367

Without myocardial
injury

n 5 198

Myocardial
injury

n 5 169 P value

Demographics

Age—mean (SD) 61 (17) 54 (15) 69 (15) <0.0001

Women—n (%) 147 (40) 84 (42) 63 (37) 0.32

White—n (%) 239 (66) 115 (59) 124 (74) 0.003

Presented to Mayo Clinic Emergency Department—n (%) 303 (83) 165 (83) 138 (82) 0.67

Transferred from outside non-Mayo facility—n (%) 65 (18) 32 (16) 33 (20) 0.40

Inter-Mayo transfer—n (%) 13 (3.5) 6 (3.0) 7 (4.1) 0.57

Repeat Mayo Clinic encounter within 24-hours—n (%) 9 (2.5) 5 (2.5) 4 (2.4) 0.92

Medical history

Hypertension—n (%) 214 (58) 83 (42) 131 (78) <0.0001

Obesity—n (%) 150 (41) 90 (46) 60 (36) 0.05

Current or prior tobacco use or vaping—n (%) 131 (36) 60 (30) 71 (42) 0.02

Coronary artery diseasea—n (%) 49 (13) 10 (5.1) 39 (23) <0.0001

Cerebrovascular disease—n (%) 35 (9.5) 7 (3.5) 28 (17) <0.0001

Atrial dysrhythmias—n (%) 40 (11) 12 (6.1) 28 (17) 0.001

Heart failure—n (%) 32 (8.7) 4 (2.0) 28 (17) <0.0001

Dyslipidemia—n (%) 170 (46) 64 (32) 106 (63) <0.0001

Diabetes mellitus—n (%) 117 (32) 42 (21) 75 (44) <0.0001

Chronic kidney disease—n (%) 78 (21) 10 (5.1) 68 (40) <0.0001

Obstructive sleep apnea—n (%) 60 (16) 27 (14) 33 (20) 0.13

COPD/asthma—n (%) 58 (16) 32 (16) 26 (15) 0.84

History of solid organ transplant—n (%) 33 (9.0) 6 (3.0) 27 (16) <0.0001

HIV—n (%) 2 (0.5) 0 (0.0) 2 (1.2) 0.13

Prior ACEI/ARB/ARNI use—n (%) 105 (29) 41 (21) 64 (38) 0.0003

a: coronary artery disease was defined as reported history of coronary artery disease, prior myocardial infarction, or prior revascularization including coronary artery bypass
graft surgery or percutaneous coronary intervention.
Abbreviations: SD, standard deviation; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin inhibitor.
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Fig. 1. Histogram for the distribution of baseline (panel A) and maximum (panel B) hs-cTnT concentrations.

Table 2. Outcomes and short-term follow-up for the overall cohort and by myocardial injury.

Overall
(n¼367)

Without myocardial
injury

(n¼198)
Myocardial

injury(n¼169) P value

In-hospital outcomes

Length of stay (days) – median (IQR) 7 5 9 <0.0001

ARDS—n (%) 66 (18) 22 (11) 44 (26) 0.0002

Cardiac arrest—n (%) 12 (3.3) 5 (2.5) 7 (4.1) 0.39

Coagulopathy—n (%) 8 (2.2) 3 (1.5) 5 (3) 0.35

Shock—n (%) 46 (13) 10 (5.1) 36 (21) <0.0001

Respiratory failure requiring mechanical ventilation—n (%) 59 (16) 17 (8.6) 42 (25) <0.0001

Pulmonary embolism—n (%) 14 (3.8) 4 (2) 10 (5.9) 0.0521

ICU admission—n (%) 102 (28) 36 (18) 66 (39) <0.0001

Clinical heart failure—n(%) 24 (6.5) 3 (1.5) 21 (12) <0.0001

Co-infection—n (%) 79 (22) 27 (14) 52 (31) <0.0001

In-hospital death—n (%) 32 (8.7) 7 (3.5) 25 (15) <0.0001

Postdischarge short-term outcomes among survivals

COVID-19 related hospitalization—n (%) 30(9.6) 14 (8) 16(12) 0.28

Acute MI—n (%) 0 (0) 0 (0) 0 (0) NA

Death within 30-days postdischarge—n (%) 11(3.5) 2 (1.1) 9(6.6) 0.01

ARDS, acute respiratory distress symptoms. ICU: intensive care unit. COVID-19: coronavirus disease 2019. MI: myocardial infarction.
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were more likely to have ARDS, shock, respiratory
failure requiring mechanical ventilation, clinical heart
failure, and co-infection than those without myocardial
injury.

Patients with myocardial injury had a higher risk
for short-term mortality (Fig. 2) (20% vs 12%,
P< 0.0001; unadjusted HR 4.44, 95% CI 2.13–9.25,
P< 0.001) and major adverse events (35% vs 11%,
P< 0.0001; unadjusted OR 4.29, 95% 2.50–7.40,
P< 0.0001). Following multivariate modeling adjust-
ment, myocardial injury was associated with major ad-
verse events (adjusted OR 3.84, 95% CI 2.00–7.36,
P< 0.0001) but not short-term mortality (adjusted HR
1.56, 95% CI 0.68–3.57, P¼ 0.3) (Table 3).

Both baseline and maximum hs-cTnT concentra-
tions were associated with a higher risk for short-term
mortality and major adverse events (Table 3). Following
adjustment, maximum hs-cTnT was identified to be an
independent predictor of both short-term mortality and

major adverse events, whereas baseline hs-cTnT was an
independent predictor of major adverse events but not
short-term mortality. While both the NEWS score and
baseline hs-cTnT were predictors of short-term mortal-
ity, their evaluation in a joint model demonstrated that
baseline hs-cTnT provided additional independent
prognostic information beyond the NEWS score.

Outcomes stratified according to analytical hs-
cTnT concentration thresholds are shown in
Supplemental Table 5 and Fig. 3. As compared to
patients with both quantifiable (above the LoQ) and in-
creased concentrations above sex-specific 99th percen-
tiles, those with unquantifiable baseline hs-cTnT
(<LoQ) (26%) had shorter LOS and were less likely to
have adverse events. As compared to the significantly
higher incidence of in-hospital and postdischarge mor-
tality observed in those with quantifiable (7.1% and
2.1%) and increased (15% and 6.9%) baseline hs-cTnT
concentrations, there were zero in-hospital and postdi-
scharge (median follow up 46 days) deaths in patients
with unquantifiable baseline hs-cTnT. Among those
presenting to the ED (n¼ 303), a baseline hs-cTnT
<6 ng/L had a negative predictive value 94.9%
(95% CI 87.5–98.6) and sensitivity of 93.1% (95% CI
83.3–98.1) for major adverse events (Supplemental
Table 6). While lower baseline hs-cTnT concentrations
were associated with higher NPVs and sensitivities,
higher concentrations were not associated with higher
PPVs due to small number of patients (i.e., only 12
patients presenting to the ED had baseline concentra-
tions >100 ng/L).

Discussion

The present US-based multicenter cohort study of
COVID-19 patients presenting to the ED and/or admit-
ted to the hospital undergoing hs-cTnT measurements
across 20 centers offers several important findings. First,

Fig. 2. Survival among COVID-19 patients with and with-
out myocardial injury.

Table 3. Hazard ratio (HR) for short-term mortality and odds ratio (OR) for major adverse events for myocardial injury and
for hs-cTnT as a continuous variable (both at baseline and maximum value).

Short-term mortality (index and 30-days
postdischarge) Major adverse events

Unadjusted
HR (95% CI) P value

Adjusted
HR (95% CI) P value

Unadjusted
OR (95% CI) P value

Adjusted
OR (95% CI) P value

Myocardial
injury

4.44
(2.13–9.25)

<0.0001 1.56
(0.68–3.57)

0.3 4.29
(2.50–7.40)

<0.0001 3.84
(2.00–7.36)

<0.0001

Baseline
s-cTnT

1.001
(1.00–1.002)

0.005 1.001
(1.00–1.002

0.1 1.004
(1.001–1.008)

0.022 1.003
(1.000–1.007)

0.047

Maximum
hs-cTnT

1.001
(1.000–1.001)

0.002 1.001
(1.00–1.002)

0.002 1.006
(1.002–1.01)

0.002 1.005
(1.001–1.009)

0.012
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using a uniform hs-cTnT assay with sex-specific 99th
percentile URLs, we determined that myocardial injury is
common in COVID-19 patients undergoing hs-cTnT,
particularly in older patients with comorbidities, with
46% identified to have myocardial injury based on all
available hs-cTnT measurements obtained during the
index hospitalization. Second, we demonstrate that
myocardial injury has important prognostic implications
with 20% of COVID-19 patients with myocardial injury
having short-term-mortality and 35% major adverse
events, and an independent association observed between
myocardial injury and the occurrence of major adverse
events. Third, our study is among the first to provide
systematic adjudication of all cases with at least one
hs-cTnT increase above the sex-specific 99th percentile
following the Fourth UDMI (10) and demonstrates that
most (95%) events are due to isolated myocardial injury
(i.e., hs-cTnT increases without clinical evidence of myo-
cardial ischemia). Fourth, while hs-cTnT increases were
modest, maximum hs-cTnT concentrations were found
to be an independent predictor of both mortality and ma-
jor adverse events, with baseline hs-cTnT also associated
with major adverse events. Last, our study is the first, to
the best of our knowledge, to demonstrate that a single
hs-cTnT measurement <6 ng/L at presentation can

facilitate the identification of 26% of COVID-19
patients with a more favorable prognosis and potentially
help with patient triage.

Our study has several important and unique
strengths. First, it evaluates myocardial injury in
COVID-19 in a large US healthcare system. Second, it
evaluates a uniform hs-cTn assay with sex-specific 99th
percentile thresholds across 20 sites. Third, it involved
systematic adjudication of all hs-cTnT increases follow-
ing the Fourth UDMI. Last, the use of a uniform assay
facilitated the identification of a risk-stratification
threshold that may help triage COVID-19 patients.

While several previous studies have suggested that
myocardial injury is frequent and associated with ad-
verse outcomes, prior investigations have often used
nonguideline definitions that allowed for ECG or imag-
ing abnormalities (9) to determine the diagnosis, as well
as used thresholds other than the 99th percentile URL
for its definition (21). Further, several studies have used
‘contemporary’ (not high-sensitivity) assays, and despite
recognition that assays vary widely in analytical and
diagnostic performance, some have merged various
assays in their analyses (7, 21, 22). Studies specifically
evaluating hs-cTnT have either not clearly reported
the incidence (23, 24) or reported the proportion of

Fig. 3. Survival among COVID-19 patients according to baseline (A) and maximum (B) hs-cTnT concentrations based on analytical
ranges: below the LoQ, LoQ to 99th percentile, and above sex-specific 99th percentiles.
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increases only using baseline measurements (25). In a
smaller study of 101 COVID-19 patients undergoing
baseline hs-cTnT, myocardial injury occurred in 15.8%,
with patients studied being much younger and less co-
morbid than those in the present analysis (25). Similar
to our findings, a New York study demonstrated that
baseline hs-cTnT was �20 ng/L (not the 99th percen-
tile) in 43% (361/830) of COVID-19 patients (24).

Complementing previous studies showing that
COVID-19 patients with myocardial injury are at
higher risk for morbidity and mortality (4–8), we dem-
onstrate that myocardial injury defined using hs-cTnT
with sex-specific thresholds has important prognostic
implications. While adjusted analyses showed that myo-
cardial injury was not independently associated with
short-term mortality, they did demonstrate a significant
association between myocardial injury and the risk for
major adverse events. These patients had more pro-
longed hospitalizations and were more likely to require
ICU admission, as well as had higher incidence of
ARDS, clinical heart failure, and co-infection.

Our study is among the first to provide a systematic
adjudication following the Fourth UDMI (10). We
demonstrate that most (95%) events are due to isolated
myocardial injury. Most increases are due to either
chronic illness such as heart failure or renal disease, fol-
lowed by acute etiologies such as critical illness or sepsis.
Myocarditis was rare; it was suspected as a potential
cause of myocardial injury in only 3 patients and the di-
agnosis was not proven with cardiac magnetic resonance
or biopsy. While acute infection from COVID-19 has
been plausibly associated with a potential higher risk
for type 1 MI due to the increased inflammatory,
prothrombotic, and procoagulant conditions (9), as well
as a potential higher risk for type 2 MI due to the many
possible alterations in supply-demand mismatch (20),
our study demonstrates that acute MI is infrequent (5%
of all hs-cTnT increases) among COVID-19 patients
with hs-cTnT increases.

Recognizing the established role of hs-cTn assays as
a continuous marker of risk with the potential to
facilitate triage and risk-stratification (9, 14, 15), we
evaluated the prognostic implications of hs-cTnT in
COVID-19. Critically, despite almost 40% of the co-
hort quantified to have medium-to-high illness severity
at presentation, maximum hs-cTnT concentrations
were modest. While modest, maximum hs-cTnT con-
centrations were found to be an independent predictor
of both mortality and major adverse events, underscor-
ing the value of serial measurements. Baseline hs-cTnT
concentrations were also associated with the major
adverse event composite endpoint. Further, we demon-
strate that the higher the hs-cTnT concentration (either
baseline or maximum), including concentrations within
the reference range, the higher the risk for mortality.

These findings complement previous studies using con-
temporary assays (4, 5, 22).

While several COVID-19 studies have often em-
phasized the association between increased cTn concen-
trations and adverse events (4–8), our study
demonstrates that similar to its application in patients
with suspected MI (14), a single hs-cTnT measurement
at presentation can facilitate the identification of lower
risk COVID-19 patients and potentially help with
triage, with our study demonstrating that a baseline hs-
cTnT <6 ng/L identifies 26% of COVID-19 patients
in whom short-term mortality did not occur and the
risk for major adverse events was significantly lower.
While it identifies low-risk patients in whom morbid
outcomes are less likely, it should be noted that it does
not imply a completely benign COVID-19 course for
all patients, with several patients with unquantifiable
hs-cTnT concentrations developing ARDS (9.6%),
requiring ICU admission (11%), or mechanical ventila-
tion (5.3%). Given that most hs-cTnT increases are
modest and marked increases infrequent, higher baseline
concentrations were not associated with higher PPVs.

Limitations exist. First, the present is an observa-
tional study with a retrospective design. Second, poten-
tial for selection bias exists, as not all COVID-19
patients undergo systematic hs-cTnT measurements.
Electronic-health record data suggests that approxi-
mately 67% of COVID-19 patients admitted to the
hospital undergo at least one hs-cTnT measurement.
Despite the latter, our findings are unique in that they
suggest that even in those selected to undergo hs-cTnT
testing, maximum hs-cTnT concentrations are modest
and conditions such as acute MI or myocarditis are in-
frequent. Third, not all patients had serial measure-
ments available for analyses. Prospective studies with
systematic cTn measurements across all COVID-19
patients are needed; the latter could provide insights
about the timing of increases and its relationship with
outcomes. Fourth, our findings are specific to the hs-
cTnT assay evaluated and studies are needed using other
assays. Fifth, potential for misclassification between
myocardial injury and infarction exists when adjudicat-
ing following the UDMI; our results, however, are
unlikely to be impacted given that most increases are
due to myocardial injury. Sixth, while postdischarge
follow-up was available in most patients (93%), there is
a small subset of patients for whom follow-up was not
available. Last, given study/event size, multivariate
modeling and diagnostic performance analyses are lim-
ited, with larger studies needed to validate our findings.

Conclusions

Myocardial injury is frequent in COVID-19 patients
undergoing hs-cTnT measurement and associated with
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adverse outcomes. While most hs-cTnT increases are
modest and due to isolated myocardial injury, they have
significant prognostic implications, with both baseline
and maximum hs-cTnT concentrations associated with
outcomes. To facilitate triage of COVID-19 patients, a
single hs-cTnT <6 ng/L at presentation may help iden-
tify patients with a favorable prognosis.
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