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Abstract

Aims Myocardial injury (MI) in coronavirus disease-19 (COVID-19) is quite prevalent at admission and affects prognosis.
Little is known about troponin trajectories and their prognostic role. We aimed to describe the early in-hospital evolution
of MI and its prognostic impact.
Methods and results We performed an analysis from an Italian multicentre study enrolling COVID-19 patients, hospitalized
from 1 March to 9 April 2020. MI was defined as increased troponin level. The first troponin was tested within 24 h from ad-
mission, the second one between 24 and 48 h. Elevated troponin was defined as values above the 99th percentile of normal
values. Patients were divided in four groups: normal, normal then elevated, elevated then normal, and elevated. The outcome
was in-hospital death. The study population included 197 patients; 41% had normal troponin at both evaluations, 44% had
elevated troponin at both assessments, 8% had normal then elevated troponin, and 7% had elevated then normal troponin.
During hospitalization, 49 (25%) patients died. Patients with incident MI, with persistent MI, and with MI only at admission
had a higher risk of death compared with those with normal troponin at both evaluations (P < 0.001). At multivariable anal-
ysis, patients with normal troponin at admission and MI injury on Day 2 had the highest mortality risk (hazard ratio 3.78, 95%
confidence interval 1.10–13.09, P = 0.035).
Conclusions In patients admitted for COVID-19, re-test MI on Day 2 provides a prognostic value. A non-negligible proportion
of patients with incident MI on Day 2 is identified at high risk of death only by the second measurement.
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Introduction

During severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) pandemic healthcare providers are being
required to face with many unconventional features in their
professional daily life.1 Moreover, even though the epidemi-
ology curve was flattened by prevention measures,2 the
incidence of new cases is progressively increasing after the
reduction of social restrictions.3 In this epidemiological
scenario, the multidisciplinary assessment of coronavirus
disease-19 (COVID-19) patients is crucial to accomplish a
careful prognostic stratification, in order to identify those
who will require a higher intensity of care.4 The cardiac in-
volvement in COVID-19, detected by increased serum tropo-
nin at admission, has been extensively investigated, and its
prognostic impact has been found as significant in different
cohorts.5–7 However, acute respiratory distress syndrome
(ARDS), including that due to SARS-CoV-2, frequently requires
prolonged hospitalizations,8 with possible evolutions of the
clinical and laboratory status. In this perspective, the devel-
opment of myocardial injury during hospitalization might be
a relevant prognostic marker, as already demonstrated in
ARDS with other aetiologies than SARS-CoV-2.9 In a previous
report, the importance of troponin trends was explored in an
Asian population including 187 patients, finding out that a
progressive increasing in troponin serum concentration was
a strong negative prognostic marker,7 while an Italian experi-
ence on 50 patients demonstrated that patient with myocar-
dial injury in at least one assessment within 24 h from
admission had a more severe disease.10 However, systematic
and focused reports exploring the prognostic role of troponin
increase during severe COVID-19 and the exact timing for
troponin reassessment in large Caucasian population are still
lacking.

Aim of our study was to explore the prevalence and
prognostic impact of early serum troponin concentration
increase in a large Caucasian population admitted for severe
COVID-19, in order to identify patients that might require a
higher intensity of care.

Methods

Population and outcome

We performed a multicentre observational study enrolling
Caucasian patients with laboratory-confirmed SARS-CoV-2
infection (i.e. positive swab or bronchoalveolar lavage),
referred to 13 Italian Cardiology Units from 1 March to 9 April
2020.6,11 Diagnosis of COVID-19 was made by real-time
reverse transcriptase–polymerase chain reaction (RT-PCR)
assay of nasal and pharyngeal swabs.12 RT-PCR of lower

respiratory tract aspirates was also performed when
clinically indicated. For this specific analysis, we included all
consecutive patients with at least two available assessments
of circulating levels of high-sensitivity plasma troponin
(either troponin I or troponin T): the first at admission
(i.e. within 24 h from admission) and the second assessment
between 24 and 48 h from admission. In case of multiple
troponin evaluations performed within the same day, the first
one was considered. Patients with an acute cardiovascular
diagnosis (i.e. acute heart failure, acute coronary syndrome,
and new onset arrhythmias) upon admission were excluded.
The study complied with the ethics of the Declaration of
Helsinki. The outcome measure of the study was in-hospital
all cause death.

Data collection

Patients’ data including demographics, medical history
(with particular attention to cardiovascular medical history),
in-hospital clinical course, and outcomes were extracted from
the in-hospitals medical records. The in-hospital outcome
was ascertained until 23 April 2020. Renal function was
measured as estimated glomerular filtration rate and was cal-
culated by the chronic kidney disease epidemiology collabo-
ration equation13; chronic kidney disease was defined when
estimated glomerular filtration rate was <60 mL/kg/1.73m2.
Both venous and arterial blood samples for biochemistry
and gas analysis were collected at the time of hospitalization
and during the hospital stay as appropriate. Cardiac troponin
(either troponin I or troponin T) was considered elevated if
serum level was above the 99% percentile of normal values
as per manufacturer indications. Thereafter, patients were
categorized according to their troponin level on the first
and on the second assay in four groups: normal (i.e. normal
troponin level at both assessments), normal-elevated
(i.e. normal troponin level at admission and elevated
troponin between 24 and 48 h), elevated-normal
(i.e. elevated troponin at admission and normal troponin
value at Day 2), elevated (i.e. elevated troponin value at both
evaluations).

Statistical analysis

Continuous variables are shown as means and standard devi-
ations, skewed variables as medians and interquartile ranges,
dichotomous variables as counts and percentages. Compari-
sons between groups were made, respectively, using ANOVA
test for means, Kruskal–Wallis test for medians, and χ2 test
(or Fisher’s exact test whenever appropriate) for proportions.
A bar chart was drawn to show intra-hospital mortality
according to the trend of troponin level.
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Cumulative incidence function of death was computed
taking into account hospital discharge as a competing event.
Overall and pairwise comparisons of cumulative incidence
functions amongst subgroups were performed by means of
Gray test.14

Variables clinically relevant and significantly associated
with the risk of death at the univariable analysis were tested
in a multiple Cox regression model to identify independent
risk factors. Sex and age were included in the final model as
primary adjusting factors without considering their statistical
significance, and other clinical covariates were selected using
a backward procedure, using a P value <0.10 for model
retention. The hazard ratios (HRs), 95% confidence intervals
(CIs), and P values from a Wald test were reported.

To evaluate possible selection bias due to missing troponin
data during the first 2 days of hospitalization, clinical charac-
teristics between patients included in the present analysis
and those recruited in the multicentre study were compared.

A two-tailed P value <0.05 was considered statistically sig-
nificant. Statistical analyses were performed using SAS statis-
tical software version 9.4 (SAS Institute, Inc., Cary, NC, USA).

Results

Population characteristics and troponin trends

Overall, 614 patients were recruited in the multicentre study.
For the present analysis, the final study population consisted
of 197 patients. The remaining patients were excluded due to
the lack of a second troponin assay within 48 h after admis-
sion. In Table S1 a comparison between the group included
in the current analysis and the group excluded is shown. No
relevant differences emerged amongst the two groups for
most of clinical and laboratory parameters. Concerning tropo-
nin trends between 24 and 48 h after admission, 15 (8%) pa-
tients showed an increasing troponin (i.e. normal-elevated
group), 87 (44%) a constantly elevated troponin, 14 (7%) a
decreasing troponin (i.e. elevated-normal group), and 81
(41%) a normal troponin concentration at both evaluations.
Compared with other groups, patients with persistently nor-
mal troponin value were younger (63 ± 13 years) and had
the lowest comorbidity profile compared with the other
three groups. Noteworthy, patients who experienced myocar-
dial injury only on Day 2 had a cardiovascular background
similar to those with myocardial injury already present at ad-
mission: in detail, 14% had history of heart failure, 79% hy-
pertension, 21% atrial fibrillation, and 29% diabetes (Table 1).

Outcome prediction

Over a median in-hospital stay of 16 (interquartile range
9–26) days, 49 (25%) patients died. The main cause of death

was respiratory failure (37 events), a minority of patients
(five events) died for cardiovascular causes. The risk of death
was 11% in the group with constantly normal troponin, 33%
in the normal-elevated group, 43% in elevated-normal group
and 33% in the persistently elevated group (P = 0.001,
Figure 1). Moreover, 69% of non-survivors were included in
the elevated group or in the normal then elevated group,
compared with only 46% of survivors. (Table S2).

Cumulative incidence function analysis (Figure 2) showed
that patients with normal troponin concentration at both
evaluations had the lowest risk of in-hospital death (overall
P < 0.001). Compared with this group, patients with persis-
tently elevated troponin (P < 0.001) and normal-elevated
group (P = 0.015) had a higher risk of in-hospital death. This
trend was consistent throughout the hospitalization period.

Univariable analysis for outcome showed that, compared
with patients with normal troponin at admission and on
Day 2, those with persistently elevated troponin levels, or
those who developed elevated troponin levels between 24
and 48 h after admission had an increased risk of death
(HR 4.26, 95% CI 2.00–9.07; P < 0.001 and HR 3.96, 95% CI
1.32–11.92; P = 0.014, respectively, Table 2). Multivariable
Cox regression analysis, adjusted for age, sex, oxygen
saturation, C-reactive protein, and chronic kidney disease,
confirmed that persistently increased troponin concentration
(HR 2.61, 95% CI 1.11–6.16, P = 0.029) and early increase in
troponin within 48 h from admission (HR 3.78, 95% CI
1.10–13.07, P = 0.035) were both predictors of in-hospital
death. Interestingly, the latter emerged as the strongest
factor. The other independent predictors of in-hospital death
were older age, chronic kidney disease, and low arterial
oxygen saturation at admission (Table 2).

Discussion

In severe COVID-19 infection, requiring oxygen supplementa-
tion, it is mandatory to perform an adequate and prompt
prognostic stratification of patients hospitalized, in order to
identify those who may most benefit from intensive and spe-
cific care.4 The current study expanded the current knowl-
edge about the relevance of a systematic evaluation of
myocardial injury not only at admission but also within the
first 48 h of in-hospital stay in a large Caucasian population.
Indeed, elevated troponin level on the second assessment
emerged as a predictor of mortality, regardless of troponin
value at admission. These data suggest that COVID-19
patients deserve a serial and comprehensive assessment,
beyond baseline values, because it may provide an additive
prognostic role. Indeed, in our analysis, a non-negligible pro-
portion of patients (8%) with normal troponin level at admis-
sion and a pathological serum concentration on second
assessment were re-classified as high risk of in-hospital death
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patients, similarly to those with myocardial injury at admis-
sion. In this perspective, serial troponin dosage is a low-cost,
univocal, and valuable measurement that provided an incre-
mental prognostic value compared with the isolated assess-
ment of myocardial injury at admission and, therefore,

Figure 1 Intra-hospital mortality stratifying patients according to the
trend of troponin level during the first two days of hospitalization [nor-
mal troponin (N = 81) vs. normal troponin then elevated (N = 15) vs. el-
evated troponin then normal (N = 14) vs. elevated troponin (N = 87),
overall P value: 0.001].

Figure 2 Cumulative incidence function for intra-hospital mortality strat-
ifying patients according to the trend of troponin level during the first
2 days of hospitalization: normal troponin vs. normal troponin then ele-
vated vs. elevated troponin then normal vs. elevated troponin.

Table 1 Demographic and clinical characteristics of the study population at admission stratified by the trend of troponin level during the
first 2 days of hospitalization (N = 197)

Troponin trend

Normal Normal then elevated Elevated then normal Elevated

N N N N P value

Age (years) 81 63 ± 13a 15 64 ± 15 14 70 ± 12 87 70 ± 13 0.006
Sex (male) 81 58 (72) 15 10 (67) 14 10 (71) 87 57 (66) 0.850
Oxygen saturation
(ambient air, %)

79 91 (85–95) 15 96 (90–97) 14 90 (85–97) 86 92 (86–96) 0.198

White blood cell count (μL) 79 6600 (5150–8610)b,a 14 6527 (5085–7465)b 14 9860 (8575–10 538) 87 8670 (5770–11 380) 0.001
Lymphocytes (μL) 73 810 (600–1331) 14 1045 (728–1778) 13 1020 (605–1400) 78 945 (693–1288) 0.678
CRP (mg/dL) 79 44 (13–139) 14 11 (3–27) 14 33 (12–157) 85 23 (6–144) 0.083
Lactate dehydrogenase (U/L) 73 416 (273–596) 14 301 (195–418) 13 250 (180–428) 73 332 (257–498) 0.075
ABG test lactate (mmol/L) 61 1.2 (0.9–1.5) 13 1.0 (0.7–1.9) 7 1.6 (1.5–1.9) 68 1.4 (0.9–1.7) 0.152
PaO2/FiO2 (mmHg/%) 75 180 (97–290) 11 310 (243–381) 11 267 (131–302) 71 257 (126–333) 0.105
Heart failure 80 2 (3)b,a 14 2 (14) 14 4 (29) 86 22 (26) <0.001
Coronary artery disease 80 9 (11)a 14 4 (29) 14 6 (43) 86 26 (30) 0.004
Atrial fibrillation 80 5 (6)a 14 3 (21) 14 4 (29) 86 24 (28) 0.001
Chronic obstructive
pulmonary disease

80 4 (5) 14 3 (21) 14 2 (14) 86 10 (12) 0.111

Diabetes 80 16 (20) 14 4 (29) 14 3 (21) 86 26 (30) 0.498
Hypertension 80 32 (40)a 14 11 (79) 14 11 (79) 86 55 (64) 0.001
Chronic kidney disease
(eGFR < 60 mL/min/m2)

80 6 (8)a 14 1 (7) 14 5 (36) 86 23 (27) 0.001

Prior ACEi/ARB therapy 69 21 (30)c 11 9 (82) 13 9 (69) 74 33 (45) 0.002

Legend: ABG, arterial blood gas; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CRP, C-reactive pro-
tein; eGFR, estimated glomerular filtration rate; FiO2, fraction of inspired oxygen; PaO2, oxygen partial pressure at arterial gas analysis.
Data are shown as mean ± standard deviation, median (interquartile range), or count (%). Subgroup comparisons were made with the
same test used for the overall analysis, adjusting for multiple comparisons with either Bonferroni method for χ2, Fisher and ANOVA tests,
or with the Dwass, Steel, Critchlow–Flign (DSCF) method for the Kruskal–Wallis tests.
aSubgroups analyses: indicates statistically significant comparison vs. ‘elevated’.
bSubgroups analyses: indicates statistically significant comparison vs. ‘elevated then normal’.
cSubgroups analyses: indicates statistically significant comparison vs. ‘normal then elevated’.
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could be helpful in the clinical management of COVD-19
patients, in addition to inflammation and respiratory
parameters.

Myocardial injury assessment: Timing and
significance

Myocardial injury at admission is a known strong prognostic
marker in patients hospitalized for SARS-CoV-2 infection.6,7,15

Different pathophysiological mechanisms underlying this
phenomenon have been advocated, such as systemic inflam-
mation, respiratory failure, in-hospital complications, and di-
rect myocardial damage carried by the virus.5,16 All the
mechanisms that may determine the troponin release, can
be perpetuated during the hospitalization, especially within
the first days, when specific treatments are not effective
yet. In this view, analogously to the acute heart failure
setting,17 the re-evaluation of serum troponin concentration
within 48 h from admission was found to have a prognostic
role, potentially useful on top of baseline assessment of pa-
tients with severe COVID-19, in the absence of any acute car-
diovascular disease. In a Chinese report focused on
myocardial injury, the trend of troponin was described in a
small subset of patients, showing that troponin changes are
possible during the hospitalization, but strong prognostic in-
formation derived from these changings were not provided.18

On the other hand, the prognostic role of the second tropo-
nin assessment was partially explored by Guo et al. who de-
scribed that patients going through a serum troponin
increase have a higher rate of adverse events.7 However,

these and other additional data, all exclusively including
Asian patients,19,20 are limited by the fact that the timing of
the second evaluation was not defined and the increase could
be of any amount within either normal or abnormal range,
thus providing only a partial clinical support. In our study,
switching from normal to increased troponin or maintaining
an abnormal level between 24 and 48 h after admission
was independently associated to a decreased in-hospital sur-
vival rate. In this view, the repeated troponin assay allowed to
detect an additional 8% of patients at high risk of adverse
outcome despite normal troponin at admission, thus showing
that an early troponin increase is a negative prognostic index.

Clinical implications

In our opinion, our results may be helpful in the clinical man-
agement of patients hospitalized with severe COVID-19. The
prognostic role of reassessing myocardial injury within the
first phases of hospitalization, as depicted in our analysis,
might represent a new tool to improve the challenging clini-
cal management of these patients. Indeed, the baseline as-
sessment alone is not always sufficient to identify patients
who will not respond to standard care and might rapidly
evolve in a more severe disease.21,22 In this perspective, the
persistence or the development of myocardial injury at 48 h
from hospitalization may accurately identify patients at
higher risk of death, and, therefore, that would possibly most
benefit from a higher intensity of care. Considering the
similarity between the cardiovascular background of patients
with myocardial injury at admission and those who will

Table 2 Univariable and multivariable Cox regression model for intra-hospital mortality

Univariable Multivariable (N = 188)

Level/units HR (95% CI) P value HR (95% CI) P value

Troponin trend (vs. normal) Elevated 4.26 (2.00–9.07) <0.001 2.61 (1.11–6.16) 0.029
Normal then elevated 3.96 (1.32–11.92) 0.014 3.78 (1.10–13.07) 0.035
Elevated then normal 4.32 (1.53–12.19) 0.006 2.15 (0.70–6.56) 0.180

Age +5 years 1.33 (1.17–1.52) <0.001 1.25 (1.06–1.47) 0.009
Sex M vs. F 1.04 (0.55–1.97) 0.907 1.54 (0.76–3.12) 0.234
Oxygen saturation +5% 0.80 (0.69–0.93) 0.003 0.73 (0.61–0.88) <0.001
White body cell count +1000 U/μL 1.08 (1.02–1.13) 0.005
Lymphocytes count +100 U/μL 0.94 (0.89–1.00) 0.055
CRP +10 mg/L 1.04 (1.01–1.06) 0.005 1.03 (1.00–1.05) 0.075
Lactate dehydrogenase +1000 mg/dL 1.10 (0.99–1.21) 0.072
ABG test lactate +1 mmol/L 1.18 (1.07–1.30) 0.001
PaO2/FiO2 +50 mmHg/% 0.85 (0.73–0.98) 0.029
Heart failure Yes vs. no 2.74 (1.47–5.11) 0.002
Coronary artery disease Yes vs. no 1.69 (0.92–3.10) 0.093
Atrial fibrillation Yes vs. no 1.94 (1.01–3.73) 0.047
Chronic obstructive pulmonary disease Yes vs. no 1.59 (0.71–3.54) 0.259
Diabetes Yes vs. no 1.86 (1.02–3.38) 0.044
Hypertension Yes vs. no 1.86 (1.01–3.42) 0.045
Chronic kidney disease Yes vs. no 3.56 (2.00–6.34) <0.001 3.03 (1.51–6.08) 0.002
Prior ACEi/ARB therapy Yes vs. no 1.88 (1.04–3.39) 0.035

Legend: ABG, arterial blood gas; ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CI, confidence inter-
val; CRP, C-reactive protein; FiO2, fraction of inspired oxygen; HR, hazard ratio; PaO2, oxygen partial pressure at arterial gas analysis; RBC,
red blood cell.
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increase troponin level on Day 2, the presence of a heavy car-
diovascular comorbidity profile should be considered a risk
factor for myocardial injury occurrence. Nevertheless, the
main cause of death for patients with increased troponin
levels was non-cardiovascular. This indicates that troponin
release might be an index of general inflammation and respi-
ratory failure severity, leading to both myocardial injury and
in-hospital non-cardiovascular death.5,16 In this perspective,
the early increased troponin levels has proved to be a stron-
ger prognosis predictor compared with the heavy cardiovas-
cular profile. Indeed, despite history of heart failure, history
of atrial fibrillation, and hypertension were significant at
univariable analysis, they lost significance in the backward
selection procedure we used to define our model. This find-
ing supports the hypothesis that reassessing troponin on
Day 2 is a useful aid not only in patients with myocardial in-
jury at admission but also in all COVID-19 patients requiring
hospitalization. Finally, as previously claimed,16 considering
that we accurately excluded patients with an acute cardiac
disease at admission, we support the hypothesis that myocar-
dial injury assessment is a useful prognostic tool also in
COVID-19 patients without an acute cardiovascular disease.
Therefore, a precise protocol to define the timing to assess
myocardial injury and the clinical significance of elevated tro-
ponin would be helpful.

Limitations

Some limitations should be acknowledged. The main one is
that troponin levels were determined by different assays in
different hospitals. Therefore, we were not able to analyse
troponin as a continuous variable. However, this limitation
was partially overcome by the dichotomization of troponin
in normal vs. elevated according to the single assay. This is
a retrospective analysis based on a multicentre study; there-
fore, some patients were excluded due to the absence of a
second troponin assessment or because they experienced a
fatal outcome within 48 h. Despite the absence of relevant
differences in most of clinical and laboratory parameters be-
tween the study population and the excluded patients par-
tially overcame this limitation, a selection bias still exists,
represented by the choice of the clinician to perform a
second troponin assay in selected patients. Moreover, despite
recent reports that suggest a possible persistent cardiac in-
volvement after COVID-19,23,24 we could not follow the trend
of troponin during the whole hospitalization period neither
after discharge, focusing our attention just on the first 2 days.
We had not the highest serum concentration of troponin sys-
tematically available amongst the measurements performed
between 24 and 48 h, due to the retrospective nature and
the design of the study. Our study would benefit from a vali-
dation in a different population, even though, to the best of
our knowledge, our population is the best characterized

amongst those with multiple troponin samples. A limitation
of our study is that the prognostic effect of troponin changes
from the first to the second day of hospitalization was ex-
plored with a multivariable model based on 49 events, and
an independent validation of this effect in an external set of
patients would be therefore needed. Finally, an accurate
analysis to find which factors could predict the incidence of
myocardial injury within 48 h from admission was not feasi-
ble due to the limited sample size. For the same reason, we
could not investigate the significance of troponin changes in
specific subsets of patients, such as amongst different age
groups. It remains an open question, which would require
future, focused studies.

Conclusions

The assessment of early development or persistent myocar-
dial injury at precisely defined timepoints emerged as a rele-
vant prognostic tool in a large Caucasian population admitted
for severe COVID-19. Re-testing troponin on Day 2 after hos-
pital admission is an accurate and useful tool to detect a
non-negligible share of patients at high risk of in-hospital
death, regardless of the troponin value at admission.
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