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Abstract: Myocardial injury (MI) is frequent in critically ill patients with COVID-19, but its pathogen-
esis remains unclear. We hypothesized that MI is not solely due to viral infection by SARS-CoV-2
but rather due to the common pathophysiological mechanisms associated with severe pulmonary
infections and respiratory failure. This contemporary cohort study was designed to compare the
incidence of MI in patients with acute respiratory failure caused by COVID-19 to patients with other
pulmonary infections. In addition, we aimed to investigate whether MI was a distinct risk factor for
in-hospital mortality in patients with COVID-19 compared to those with non-COVID-19 infections.
This study included 1444 patients with COVID-19 (55.5% men; age 58 (46;68) years) and 182 patients
with other pulmonary infections (46.9% men; age 62 (44;73) years). The incidence of MI at ICU
admission was lower in COVID-19 patients (36.4%) compared to non-COVID-19 patients (56%), and
this difference persisted after adjusting for age, sex, coronary artery disease, heart failure, SOFA score,
lactate, and C-reactive protein (RR 0.84 (95% CI, 0.71–0.99)). MI at ICU admission was associated with
a 59% increase in mortality (RR 1.59 (1.36–1.86); p < 0.001), and there was no significant difference in
the mortality between patients with COVID-19 and those with other pulmonary infections (p = 0.271).
We concluded that MI is less frequent in patients with critical COVID-19 pneumonia and respiratory
failure compared to those with other types of pneumonia. The occurrence of MI is a significant risk
factor for in-hospital mortality, regardless of the etiology of the pulmonary infection.

Keywords: COVID-19; myocardial injury; SARS-CoV-2; myocarditis

1. Introduction

The coronavirus disease 2019 (COVID-19) pandemic has resulted in over 500 million
SARS-CoV-2 infections globally and more than 6 million deaths reported. Myocardial
injury, defined as an elevated serum troponin level higher than the 99th percentile of a
reference population, is a common finding in hospitalized COVID-19 patients [1]. Previous
studies have reported the frequency of myocardial injury in COVID-19 patients ranges from
9.2 to 63.5% [2–6], with a well-established association with worse outcomes and increased
mortality [2–4].

J. Clin. Med. 2023, 12, 6403. https://doi.org/10.3390/jcm12196403 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm12196403
https://doi.org/10.3390/jcm12196403
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-0261-9993
https://orcid.org/0000-0003-2366-1656
https://orcid.org/0000-0001-6351-9588
https://orcid.org/0000-0002-1191-0523
https://doi.org/10.3390/jcm12196403
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm12196403?type=check_update&version=1


J. Clin. Med. 2023, 12, 6403 2 of 11

Despite multiple proposed mechanisms, including hypoxemia, myocarditis, cytokine
storm, systemic inflammation, microvascular dysfunction, vasculitis, and coronary heart dis-
ease, the pathogenesis of myocardial injury in COVID-19 patients remains unclear [7]. While
some case reports have suggested an association between SARS-CoV-2 infection and my-
ocarditis [8–13], few studies have provided histological confirmation of myocarditis [14–16].
In one study with two reported cases, histological examination confirmed myocarditis
with the identification of viral genome in myocardial cells [14]. The histopathologic heart
findings observed during autopsies of COVID-19 non-survivors do not meet the criteria for
myocarditis [17].

It is important to note that myocardial injury is not specific to COVID-19 and is fre-
quently observed in critically ill patients due to other causes as well. A systematic review
of 20 studies involving 3278 patients reported incidences of myocardial injury ranging from
12% to 85%, with a median of 43% (IQ 21–59%) among intensive care patients [18]. Further-
more, the review demonstrated that elevated troponin was independently associated with
an increased risk of death in this population (OR 2.5; 95% confidence interval 1.9 to 3.4;
p < 0.001) [18]. Thus, we postulated that myocardial injury observed in COVID-19 patients
was not solely due to viral infection by SARS-CoV-2 but rather due to the common patho-
physiological mechanisms associated with severe pulmonary infections and respiratory
failure.

There is currently no comparative study examining the frequency of myocardial injury
in contemporary cohorts of critically ill patients with respiratory failure caused by COVID-
19 and those with respiratory failure caused by non-COVID-19 etiologies. Therefore, the
primary objective of this study is to compare the incidence of myocardial injury in patients
with acute respiratory failure due to COVID-19 with patients with respiratory failure caused
by other pulmonary infections. It is also unclear if the occurrence of myocardial injury has
a distinct influence on the prognosis of patients with pulmonary COVID-19 compared to
those with non-COVID-19 infections. Thus, we have addressed this issue as a secondary
objective of our study.

2. Materials and Methods

We conducted a retrospective contemporary cohort study that included all patients
admitted to the intensive care units of Hospital de Clínicas de Porto Alegre (HCPA), a
tertiary care university-affiliated hospital, from March 2020 to June 2021, with respiratory
failure attributed to pulmonary infection. The HCPA Research Ethics Committee approved
this study (number 48398721700005327; approval on 10 June 2021), and the patient’s
informed consent was waived due to the retrospective nature of data collection.

The electronic medical records of all adult patients admitted to the intensive care
units of HCPA with respiratory failure attributed to pulmonary infection were reviewed.
Acute respiratory failure was defined by the presence of one of the following criteria:
PaO2 < 60 mm/Hg or SpO2 ≤ 90% with 0.21 FiO2. COVID-19 diagnosis was established
based on positive results of nasopharyngeal swabs tested by RT-PCR or antigen testing.
All patients included in the study had either RT-PCR or antigen testing for SARS-CoV-2
performed. Patients were either discharged or had died at the time of data collection and
analysis.

We collected and recorded clinical data, demographic characteristics, medical history,
laboratory tests, and outcomes during hospitalization. Data related to laboratory results
and clinical data at ICU admission were considered only if the interval between admission
and processing of laboratory data was less than 48 h. We used a chemiluminescence
microparticle immunoassay (Alinity i STAT High Sensitive Troponin-I Reagent Kit, Abbott
Laboratories, Lake Forest, IL, USA) for the quantitative determination of cardiac troponin I.
For patients who had more than one troponin measurement within 48 h of admission, we
used the highest value recorded.
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The primary objective was to determine the proportion of patients with myocardial
injury upon ICU admission, as indicated by a high-sensitivity cardiac troponin I value
greater than the 99th percentile of a healthy reference population (34.2 pg/mL for men;
15.6 pg/mL for women). The extent of myocardial injury was also evaluated based on
the degree of troponin elevation, which was categorized as less than the upper limit of
normal (ULN), between 1 and 5 times ULN, between 5 and 10 times ULN, and greater than
10 times ULN, and also assessed as a continuous variable. Patients who had type 1 or type 2
myocardial infarction or did not undergo troponin testing were excluded from the analysis.
We compared the association between myocardial injury and in-hospital mortality as well
as a composite outcome (in-hospital death, pulmonary embolism, or renal replacement
therapy) among patients with respiratory failure due to COVID-19 pneumonia and those
with pneumonia caused by non-COVID-19 etiologies, both overall and within each group.

Statistical Analysis

The Statistical Package for the Social Sciences, version 20.0® (Cary, NC, USA), was
used to perform statistical analyses. Patients were classified into subgroups based on their
COVID-19 diagnosis or other pulmonary infections. The normal distribution of continuous
variables was assessed using a histogram and the Shapiro–Wilk test. Descriptive statistics
were presented as frequencies (%) for categorical data, means and standard deviations (SD)
for continuous data with normal distribution, and median and interquartile range (IQR)
for continuous data without normal distribution. Student’s t-test or the Mann–Whitney
test were used for continuous variables, and the chi-square test or Fisher’s exact test were
used for categorical variables to compare between groups when appropriate.

A Poisson regression model with robust variance was used to analyze factors associ-
ated with myocardial injury, while a gamma regression model was employed to examine
factors associated with troponin as a continuous variable. The linearity of continuous
variables was assessed, and the linearity assumption criteria were met. To evaluate the as-
sociation of myocardial injury with mortality and the composite outcome, Cox proportional
hazard models were used, and the proportional hazard assumption was assessed, with the
assumption of proportionality criteria being met. Additionally, a Cox proportional hazard
model was utilized to evaluate the interaction between COVID-19 and myocardial injury
with in-hospital mortality. Confounding variables were selected based on their association
with the dependent variable in the univariate analysis (p < 0.1) and their presumed causal
association with the outcome. Receiver operating characteristic curves were created to
assess the ability of high-sensitivity cardiac troponin I to predict in-hospital mortality in
patients with COVID-19 or other pulmonary infections. The area under the ROC curves
for each group was compared to test for significant differences. Statistical significance was
accepted at p < 0.05.

3. Results

Out of the 1615 COVID-19 patients admitted to the ICU during the study period,
troponin was assessed within 48 h of admission for 1444 patients (89.4%) who were included
in the study. Similarly, troponin was assessed for 182 (90.1%) of the 202 patients admitted to
the ICU with other pulmonary infections within 48 h of admission and included in the study
(Figure 1). No significant differences were observed in demographics, comorbidities, or
outcomes between patients who had troponin checked and those who did not, as indicated
in Supplementary Tables S1 and S2. Furthermore, in the sensitivity analysis, including or
excluding patients without troponin checked did not alter the comparison of demographics,
comorbidities, laboratory and clinical findings at ICU admission, or outcomes between
COVID-19 and non-COVID-19 patients (Supplementary Table S3).
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Figure 1. Flowchart of the study. Abbreviations: ICU = intensive care unit, MI = myocardial infarction,
COVID-19 = coronavirus disease 19.

The median age of COVID-19 patients included in the study was 58 years (interquartile
range (IQR): 46–68), and 802 patients (55.5%) were male. Among non-COVID-19 patients,
the median age was 62 years (IQR: 44–73), and 85 patients (46.7%) were male. Patients
admitted due to non-COVID-19 pulmonary infections had a lower body mass index (30.4
(IQR: 26.5–35.7) vs. 26.5 (IQR: 22.3–31.3); p < 0.001) and a higher prevalence of comorbidities
such as cerebrovascular disease, heart failure, coronary artery disease, chronic lung disease,
and chronic HIV infection, as shown in Table 1. Non-COVID-19 patients had higher
Sequential Organ Failure Assessment (SOFA) scores, a greater need for invasive mechanical
ventilation, and a higher need for vasopressors at ICU admission, as demonstrated in
Table 1. Conversely, non-COVID-19 patients had higher PaO2/FiO2 ratios, indicating better
gas exchange compared to COVID-19 patients (Table 1).

Table 1. Characteristics of patients admitted to the ICU with respiratory failure attributed to COVID-
19 or other pulmonary infections.

Features COVID-19
n = 1444

Other Pulmonary
Infections

n = 182
p-Value

Demographics

Age (years) 58 (46; 68) 62 (44; 73) 0.103
Gender 0.027

Male 802 (55.5) 85 (46.7)
Female 642 (44.5) 97 (53.3)

Body mass index (kg/m2) 30.4 (26.5; 35.7) 26.5 (22.3; 31.3) <0.001

Comorbidities

Hypertension 821 (56.9) 98 (53.8) 0.475
Diabetes mellitus 494 (34.2) 59 (32.4) 0.678
Renal replacement therapy 32 (2.2) 6 (3.3) 0.429
Cerebrovascular disease 78 (5.4) 25 (13.7) <0.001
Heart disease 193 (13.4) 49 (26.9) <0.001

Coronary artery disease 126 (8.7) 29 (15.9) 0.003
Heart failure 147 (10.2) 37 (20.3) <0.001
Valvulopathy 80 (5.5) 33 (18.1) <0.001

COPD 75 (5.2) 49 (26.9) <0.001
Smoking (present or past) 314 (21.7) 83 (45.6) <0.001
Malignancy 87 (6) 21 (11.5) 0.010
HIV 30 (2.1) 15 (8.2) <0.001
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Table 1. Cont.

Features COVID-19
n = 1444

Other Pulmonary
Infections

n = 182
p-Value

Laboratory findings at ICU admission

D-dimer (µg/mL) 1.5 (0.8; 4.5) 2.3 (1.1; 4.7) 0.009
White blood cell count (103/µL) 9.9 (7.3; 13.7) 12 (8.9; 15.7) <0.001
Lactate (mmol/L) 1.5 (1.2; 2.1) 1.8 (1.2; 3.2) <0.001
Prothrombin time (seconds) 13.8 (13.1; 14.8) 14.8 (13.9; 16.4) <0.001
Creatinine (mg/dL) 0.9 (0.8; 1.6) 1.2 (0.8; 2) 0.015
Fibrinogen (mg/L) 652 (549; 751) 538 (374; 658) <0.001
CRP (mg/L) 162 (100; 241) 109 (35; 213) <0.001

Clinical data at ICU admission

SOFA score 4 (3; 6) 5 (3; 8) 0.035
Ventilatory support <0.001

Non-invasive or HFNC 352 (24.4) 18 (9.9)
Invasive mechanical ventilation 503 (34.8) 75 (41.2)

Vasopressor 334 (23.1) 67 (36.8) <0.001
PaO2/FiO2 ratio 122 (86; 194) 203 (131; 292) 0.000

Data expressed as median (p25;p75) or n (%). HFNC = high-flow nasal cannula, ICU = intensive care unit,
COPD = chronic obstructive pulmonary disease, HFNC = high-flow nasal catheter.

The proportion of patients with myocardial injury at ICU admission was lower among
COVID-19 patients (36.4%) compared to non-COVID-19 patients (56%) (Figure 2; relative
risk (RR) 0.64; 95% confidence interval (CI) 0.56–0.75)). Although this association weakened
with covariate adjustment, it remained statistically significant after controlling for age, sex,
coronary artery disease, heart failure, Sequential Organ Failure Assessment (SOFA) score
(creatinine, total bilirubin, PaO2/FiO2 ratio, mean arterial pressure/vasopressor, Glasgow
Coma Scale, platelets), lactate, and C-reactive protein (RR 0.84 (95% CI, 0.71–0.99)). When
troponin levels were assessed as a continuous variable, they were also lower in COVID-19
patients compared to non-COVID-19 patients (Table 2; median (interquartile range) 11.6
(9.9–53.7) vs. 35.5 (9.9–218), p < 0.001), and this difference remained statistically significant
after adjusting in a gamma regression model for age, sex, coronary artery disease, heart failure,
SOFA score (creatinine, total bilirubin, PaO2/FiO2 ratio, mean arterial pressure/vasopressor,
Glasgow Coma Scale, platelets), lactate, and C-reactive protein (p = 0.042).
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Figure 2. Myocardial injury relative risk (CI 95%) for COVID-19 vs. non-COVID-19 patients. Adjusted
by robust Poisson regression model for age, sex, coronary artery disease, heart failure, SOFA score
(creatinine, total bilirubin, PaO2/FiO2 ratio, mean arterial pressure/vasopressor, Glasgow Coma
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Table 2. Myocardial injury among patients admitted to the ICU with respiratory failure attributed to
COVID-19 or other pulmonary infections.

All Patients COVID-19
n = 1444

Other Pulmonary Infections
n = 182 p-Value

Troponin 13.2 (9.9; 62.8) 11.6 (9.9; 53.7) 35.5 (9.9; 218) <0.001

Myocardial injury 627 (38.5) 525 (36.4) 102 (56) <0.001
Troponin positive <5× ULN 314 (50) 272 (51.8) 42 (41.2)
Troponin positive ≥5× ULN 106 (16.9) 86 (16.4) 20 (19.6)

Troponin positive ≥10× ULN 207 (33.1) 167 (31.8) 40 (39.2)

Data expressed as median (p25;p75) or n (%). ULN = upper limit of normal, COVID-19 = coronavirus disease 19.

COVID-19 patients had higher rates of in-hospital death, composite outcome (in-
hospital death, pulmonary embolism, or renal replacement therapy), longer hospital stays,
longer ICU stays, and longer mechanical ventilation duration compared to non-COVID-19
patients (Table 3; p < 0.001). Although pulmonary embolism was more frequently diagnosed
among COVID-19 patients (20.6% vs. 5.5%), it is worth noting that 822/1615 (50.9%) of these
patients underwent a computed tomography pulmonary angiogram (CTPA), while only
47/202 (23.3%) of non-COVID-19 patients underwent a CTPA. The in-hospital mortality
rate was 41% among COVID-19 patients and 26.4% among patients with other pulmonary
infections.

Table 3. Outcomes in patients admitted to the ICU with respiratory failure attributed to COVID-19 or
other pulmonary infections.

COVID-19
n = 1444

Other Pulmonary
Infections

n = 182
p-Value

Outcomes

Renal replacement therapy (new) 339 (23.5) 21 (11.5) <0.001
Pulmonary embolism 298 (20.6) 10 (5.5) <0.001

Non-survivor 592 (41) 48 (26.4) <0.001
Composite 838 (58) 66 (36.3) <0.001

Length of hospital stay 19 (11; 32) 14 (10; 22) <0.001
Length of ICU stay 10 (6; 21) 4 (1; 12) <0.001

Length of mechanical ventilation 13 (7; 24) 6 (4; 11) <0.001
Data expressed as median (p25;p75) or n (%). Composite outcome = in-hospital death, pulmonary embolism,
renal replacement therapy (new), ICU = intensive care unit.

The mortality rate was significantly higher in COVID-19 patients with troponin lev-
els >5× ULN (49.8%) compared to those with troponin levels under the ULN (26.4%;
p < 0.001; Figure 3). Similarly, non-COVID-19 patients with higher troponin levels had
a higher mortality rate (31.7%) compared to those with troponin levels under the ULN
(16.3%; p = 0.032; Figure 3).

The presence of myocardial injury at ICU admission was associated with a 59%
increase in mortality (RR 1.59 (95% CI, 1.36–1.86), p < 0.001). This association attenuated
but remained statistically significant after adjusting for age, sex, and SOFA score (RR 1.21
(95% CI, 1.01–1.44), p = 0.034). The association between myocardial injury and mortality
was also present when troponin was evaluated as a continuous variable (p = 0.026). There
was no significant interaction effect between COVID-19 and non-COVID-19 infections
regarding the association of myocardial injury with in-hospital death (p = 0.271). The
AUC for high-sensitivity cardiac troponin I to predict in-hospital mortality was 0.66 (95%
CI, 0.63–0.69) for COVID-19 patients and 0.63 (95% CI, 0.53–0.72) for other pulmonary
infections (Figure 4). There was no statistically significant difference in the C-statistic for
the AUC calculated for high-sensitivity cardiac troponin I to predict in-hospital mortality
in COVID-19 patients compared to other pulmonary infections (p = 0.572).
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infections (p = 0.572).

4. Discussion

In this retrospective contemporary cohort study of critically ill patients with respiratory
failure, the incidence of myocardial injury was less common in patients with COVID-19
pneumonia than in patients with other pulmonary infections. The occurrence of myocardial
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injury was a risk factor for in-hospital mortality, regardless of whether the infection was
caused by COVID-19 or other agents. These findings highlight the additional risk posed by
myocardial injury in patients with severe pneumonia and respiratory failure and suggest
that it is not directly caused by the infectious agent but rather is more likely due to the
multisystem organ dysfunction secondary to severe acute respiratory syndrome.

During the early stages of the pandemic, an alarming incidence of myocardial injury
was detected among critically ill COVID-19 patients [2–6], leading to the elaboration of
hypotheses to explain this incidence. Among them, it was proposed that pulmonary and car-
diovascular damage could be mediated by a functional cell entry receptor of SARS-CoV-2, a
type 2 Angiotensin Converting Enzyme receptor (ACE2), which is abundantly expressed on
the surface of cells in the lungs and cardiovascular system [19]. This hypothesis was based
on an apparent higher risk of complications by COVID-19 infection identified in patients
taking Angiotensin Receptor Blockers (ARBs) [19,20]. The demonstration that a higher risk
for severe COVID-19 infection was not influenced by the use of ARBs, suggesting that first
observations were confounded by hypertension, turned this hypothesis unlikely [21,22].
The hypothesis that myocardial injury could be caused by myocarditis by COVID-19 was
also unlikely. The genome of the virus has been identified in the myocardium in a few
studies [13], and the histopathologic findings observed described in autopsies of COVID-19
non-survivors are not suggestive of myocarditis [7]. Myocardial injury seen in patients with
severe COVID-19 infection, particularly with severe pneumonia and respiratory failure,
could be secondary to unspecific supply–demand mismatch, cytokine storm, systemic
inflammation, microvascular dysfunction, vasculitis, and coronary thrombosis, described
in patients with acute respiratory distress syndrome [23]. Our findings are in accordance
with this hypothesis.

To date, only two studies have compared the incidence of myocardial injury in cohorts
of patients with respiratory failure caused by SARS-CoV-2 and other agents [5,6]. However,
these studies had limitations, including smaller sample sizes of patients with COVID-19
and the use of historical controls. In a study conducted at the hospitals of the Johns Hopkins
Healthcare System, the incidence of myocardial injury was found to be similar (around
50%) in patients with COVID-19 and non-COVID-19 pneumonia [5]. The two-fold increase
in hazard for mortality was no longer statistically significant after adjusting for covariates.
A study conducted in Austria and Germany found higher incidences of myocardial injury
and a higher incidence in patients with other types of pneumonia (96.4%) compared to
those with COVID-19 (78.1%) [6] but did not report the association of myocardial injury
with the risk of mortality.

Non-comparative studies that included only patients with respiratory failure due to
SARS-CoV-2 found an incidence of myocardial injury that was similar to that observed
in our study [2–4]. Similarly, cohorts of patients with respiratory failure caused by other
infectious agents, as well as those with critical illness from other causes, have shown an
incidence of myocardial injury that is approximately similar to our findings [18,24,25].

Due to the retrospective nature of our study, it was not possible to obtain and analyze
data on ventricular function. However, in the literature, there are published studies by
other authors who investigated this topic that found a considerably high incidence of right
ventricular dysfunction. A small single-center study conducted on patients with COVID-19
admitted to the ICU found that almost half of the patients had left ventricular diastolic
dysfunction (46%), which was associated with a trend toward higher mortality, even though
the study was underpowered [26]. In accordance, a post hoc analysis of a cohort of ICU
patients who underwent at least two echocardiography examinations found that 67% of
the patients had at least one type of right ventricle involvement (acute or pulmonale, right
ventricle failure or right ventricle dysfunction) [27].

Our study has limitations, which are mainly related to retrospective data collection.
Nonetheless, the criteria for the selection of participants with and without COVID-19
respiratory failure were similar, and the cohorts were contemporary and managed in an
ICU with equal resources and medical expertise. Although not all patients had myocardial
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injury assessed in the first 48 h from ICU admission (10% were missing troponin I US at
ICU admission), the baseline characteristics and outcomes of the patients who did and
did not have troponin checked were comparable. Additionally, myocardial injury was
diagnosed solely by cardiac markers, without including further cardiac evaluation tests
like echocardiography, magnetic resonance imaging, or biopsy. Nevertheless, it is unlikely
that the groups differed regarding the findings of these examinations. The strengths of
our study include the comparison of contemporary cohorts, the thorough control for a
comprehensive set of potential confounders, and the relatively large sample size.

5. Conclusions

In conclusion, our study provides evidence that myocardial injury is less common in
patients with COVID-19 pneumonia and respiratory failure compared to those with other
severe pulmonary infections. This finding supports the hypothesis that the occurrence
of myocardial injury is secondary to pathophysiological mechanisms associated with
serious pulmonary infection and respiratory failure. Additionally, our study found that the
presence of myocardial injury is a risk factor for in-hospital mortality, irrespective of the
etiology of the pulmonary infection.

The practical implication of these findings is that the key to reducing the risk of
myocardial injury and its consequences may be to institute adequate intensive care and
support to optimize organ dysfunction. Further prospective studies are needed to confirm
these findings.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm12196403/s1, Table S1: Comparison of non-COVID-19 patients
with versus without troponin checked; Table S2: Comparison of COVID-19 patients with versus
without troponin checked; Table S3: Characteristics of patients admitted to the ICU with respiratory
failure attributed to COVID-19 or other pulmonary infections (sensitivity analysis including patients
without troponin checked).
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