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Abstract

BACKGROUND

There are indications that viral myocarditis, demand ischemia, and renin-angio-
tensin-aldosterone system pathway activation play essential roles in troponin
elevation in coronavirus disease 2019 (COVID-19) patients. Antiviral medications
and steroids are used to treat viral myocarditis, but their effect in patients with
elevated troponin, possibly from myocarditis, has not been studied.

AIM

To evaluate the effect of dexamethasone, remdesivir, and angiotensin-converting
enzyme (ACE) inhibitors (ACEI) on mortality in COVID-19 patients with elevated
troponin.

METHODS

Our retrospective observational study involved 1788 COVID-19 patients at seven
hospitals in Southern California, United States. We did a backward selection Cox
multivariate regression analysis to determine predictors of mortality in our study
population. Additionally, we did a Kaplan Meier survival analysis in the subset of
patients with elevated troponin, comparing survival in patients that received
dexamethasone, remdesivir, and ACEI with those that did not.

RESULTS

The mean age was 66 years (range 20-110), troponin elevation was noted in 11.5%
of the patients, and 29.9% expired. The patients' age [hazard ratio (HR) = 1.02, P <
0.001], intensive care unit admission (HR = 5.07, P < 0.001), and ventilator use (HR
= 0.68, P = 0.02) were significantly associated with mortality. In the subset of
patients with elevated troponin, there was no statistically significant difference in
survival in those that received remdesivir (0.07), dexamethasone (P = 0.63), or
ACEI (P = 0.8) and those that did not.
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CONCLUSION

Although elevated troponin in COVID-19 patients has been associated with viral myocarditis and ACE II receptors,
conventional viral myocarditis treatment, including antiviral and steroids, and ACEI did not show any effect on
mortality in these patients.

Key Words: Coronavirus disease 2019; Troponin elevation; Remdesevir; Ace inhibitor; Steroids

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Myocarditis from direct viral injury or related to angiotensin-converting enzyme (ACE) II downregulation with
subsequent hyperactivity of the renin-angiotensin-aldosterone system plays an essential role in troponin elevation in
coronavirus disease 2019 (COVID-19) patients. However, the effect of antiviral medications and steroids used to treat viral
myocarditis has not been well-studied in patients with elevated troponins, which this study sought to address. We found no
significant difference in survival rates in COVID-19 patients with elevated troponin that received remdesivir,
dexamethasone, or ACE inhibitors vs those that did not. The implication for practice is that treatment with various
medications that could be beneficial in viral myocarditis did not show any mortality benefit in our study for COVID-19
patients with troponin elevation.

Citation: Umeh CA, Maoz H, Obi J, Dakoria R, Patel S, Maity G, Barve P. Remdesivir, dexamethasone and angiotensin-converting
enzyme inhibitors use and mortality outcomes in COVID-19 patients with concomitant troponin elevation. World J Cardiol 2023;
15(9): 427-438

URL: https://www.wjgnet.com/1949-8462/full/v15/i19/427.htm

DOI: https://dx.doi.org/10.4330/wjc.v15.19.427

INTRODUCTION

The coronavirus disease 2019 (COVID-19) pandemic caused by the severe acute respiratory syndrome coronavirus
(SARS-CoV)-2 infection continues to have a devastating global impact, with over 640 million confirmed infections,
including 6.6 million deaths worldwide as of December 3, 2022[1]. The virus's predilection for the pulmonary system is a
well-studied effect of its pathogenicity, evidenced in the 2003 outbreak in Southern China. Cardiac involvement has also
been a widely observed sequela of the COVID-19 infection, conferring a worse prognosis on those with underlying
cardiovascular disease[2,3]. Several studies have discussed the usefulness of measuring cardiac troponins (cTn) as a
measure of myocardial injury and also as a method to stratify at-risk individuals. Myocardial injury is defined as an
elevation in ¢Tn above the 99% of the upper reference limit (URL). It is considered acute if there is a subsequent rise and/
or fall of ¢Tn values[2,4].

Recent literature has revealed the cytopathic, inflammatory, and thrombotic effects of COVID-19 suggesting the
important role of inflammatory markers in disease progression and severity[5,6] Particularly important is the correlation
of the severity of the hyper-inflammatory response with a higher level of cTn, increasing the risk of mortality and
complications in patients[2,7-9]. In addition, elevated C-reactive protein (CRP), procalcitonin, ferritin, D-dimer,
interleukin (IL)-2, IL-7, granulocyte-colony stimulating factor, immunoglobulin G-induced protein 10, chemokine ligand 3
and tumor necrosis factor in COVID-19 patients, have been associated with cardiac injury and increased mortality[2,7-10].

Several mechanisms of myocardial injury leading to troponin elevation have been postulated. One such mechanism is
direct virus-induced myocardial injury leading to myocarditis. In the initial phase, the virus facilitates its damage to the
myocardium by direct lysis of cardiac myocytes[11]. This is typically followed by an intensified T-cell response, leading to
further immune mediated myocyte injury and ventricular dysfunction[11]. Since 2005, it has been known that the SARS-
CoV virus infects cells through the angiotensin-converting enzyme (ACE) II receptor. ACE II receptors are highly
expressed in vascular endothelium, cardiac pericytes, and alveolar cells, which has lent support to this proposed
mechanism of myocardial damage[11,12]. This observation has now sparked interest in evaluating whether medications
such as ACE inhibitors (ACEI) and angiotensin receptor blockers (ARBs) would benefit or harm those infected with
SARS-CoV-2. In addition, SAR-CoV-2's indirect effects on the cardiovascular system have been studied extensively
concerning ACE II downregulation leading to activation of the renin-angiotensin-aldosterone system (RAAS)[11].
Furthermore, ACE II catalyzes the conversion of angiotensin II to angiotensin I, a process that directly opposes the innate
immune system's subsequent release of proinflammatory cytokines, vasoconstriction, pro-oxidants, pro-proliferative and
profibrotic actions[11]. As such, there is interest in examining if inhibition of the ACE II enzyme with widely used
antihypertensives, including ACEI and ARBs, would benefit COVID-19 patients as it stimulates the innate immune
system, thus facilitating a more robust response to combat the underlying infection.

In summary, there are indications that viral myocarditis, demand ischemia, and RAAS pathway activation play
essential roles in troponin elevation in COVID-19 patients. Antiviral medications and steroids are used to treat viral
myocarditis, but their effect in patients with elevated troponin, possibly from myocarditis, has not been studied.
Additionally, there is a lack of studies on the impact of ACEI use in patients with elevated troponin. Therefore, this
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multicenter retrospective study aims to evaluate the effect of dexamethasone, remdesivir, and ACEI on mortality in
COVID-19 patients with elevated troponin.

MATERIALS AND METHODS

We conducted a multicenter retrospective observational study at seven hospitals in Southern California, United States.
The study enrolled 1788 consecutive COVID-19 patients admitted to the seven hospitals between March 2020 and August
2021 who had a troponin test on admission. All patients were confirmed to have COVID-19 infection through a positive
polymerase chain reaction nasopharyngeal swab. We extracted relevant deidentified patient data using a SQL program
from the electronic medical record, which included: Age, race, gender, comorbidities, date of hospital admission, date of
discharge, laboratory results on admission, medications they received while on admission, heart rate, and disposition at
discharge. Our primary outcomes were the predictors of troponin elevation in COVID-19 patients and the effect of dexa-
methasone, remdesivir, and ACEI on mortality in COVID-19 patients with elevated troponin. Elevated cTn diagnostic of
myocardial infarction is when the levels exceed the 99th percentile of a normal, healthy reference population (URL). This
value is determined for each specific troponin assay with appropriate quality control in each laboratory[13]. Based on our
laboratory assay, a troponin I (cTnl) level above 0.4 ng/mL was considered elevated for our study.

We performed a univariate analysis of the independent variables, including patients' age, gender, race, length of
hospital stay, comorbidities, the medication patients received while in the hospital, and laboratory results using means
and percentages. Furthermore, we performed a bivariate analysis of the relationship between troponin elevation and
different study variables using chi-square and t-test, with a P value of 0.05 considered significant. We then did a
backward selection logistic regression to determine the factors associated with troponin elevation. Additionally, we did a
backward selection Cox multivariate regression analysis using mortality as a dependent variable. For the logistic and Cox
regression analysis, we initially included statistically significant or biologically plausible variables from the bivariate
analysis, such as patients' age, sex, body mass index, comorbidities, intensive care unit (ICU) admission, and mechanical
ventilation, as independent variables in the multivariate model. The effect was expressed in odds and hazard ratios (HRs)
for the logistic and Cox regression, respectively. Hypothesis testing was done using a two-sided test, and an alpha value
of 0.05 indicated statistical significance.

In the second phase of our analysis, we did the Kaplan Meier survival analysis in the subset of patients with elevated
troponin comparing survival in patients that received dexamethasone, remdesivir, and ACEI with those that did not.
Statistical analysis was done using IBM SPSS version 27. The WIRB-Copernicus Group institutional review board
approved the study.

RESULTS

Descriptive statistics

Tables 1 and 2 show the descriptive statistics of continuous and categorical variables of the study population, including
length of stay, age, body mass index (BMI), and gender. The mean age was 66 years and ranged from 20-110 years, and
58% were males. Patients' race was categorized into white, Asian, black, and others, with 64.4%, 6.1%, 4.5%, and 24.9%,
respectively. The patients had underlying comorbidities, including hypertension (42.3%), diabetes (19.2%), chronic kidney
disease (CKD) (24%), and congestive heart failure (CHF) (18.8%). The patients received different medications while on
admission, including dexamethasone (68.2%), remdesivir (50.9%), and ACEI (19.4%). Troponin was elevated in 11.5% of
the study subjects and 29.9% of the total study population expired.

Bivariate analysis

In the bivariate analysis of continuous variables, length of hospital stay (P = 0.007), CRP (P < 0.001), lactate dehydro-
genase (LDH) (P < 0.001), ferritin (P = 0.03), creatine phosphokinase (CPK) (P = 0.01), platelet count (P = 0.02), white
blood cell count (P < 0.001), potassium (P < 0.001) and total bilirubin were significantly associated with troponin
elevation. Patients with elevated troponin were more likely to have increased inflammatory markers, including CRP,
LDH, ferritin, and CPK. The length of stay was also higher in patients with elevated troponin. There was no difference in
age, BMI, and oxygen saturation in patients with or without elevated troponin (Table 3).

In the bivariate analysis of categorical variables, mortality (P < 0.001), ventilator use (P < 0.001), ICU admission (P <
0.001), CKD (P < 0.001), and CHF (P < 0.001) were significantly associated with elevated troponin. Patients with elevated
troponin were more likely to die, be admitted to ICU, or be placed on a ventilator. Additionally, those with CHF or CKD
were more likely to have elevated troponin (Table 4).

Multivariate analysis

In the multivariate logistic regression analysis, elevated levels of LDH [odd ratio (OR) =1, P = 0.004], underlying CHF
(OR =27, P <0.001), and ICU admission (OR = 3.6, P < 0.001) were independently associated with elevated troponin.
Additionally, in the Cox regression multivariate analysis, age (HR = 1.02, P < 0.001), ICU admission (HR = 5.07, P <
0.001), and ventilator use (HR = 0.68, P = 0.02) were significantly associated with mortality. However, Troponin elevation
(HR =1.25, P = 0.1) was not independently associated with mortality after adjusting for age, comorbidities like CHF, ICU
admission, and inflammatory markers (Tables 5 and 6).
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Table 1 Descriptive statistics of continuous variables

n Minimum Maximum Mean SD
Length of stay 1788 1 117 11.77 11.73
Age 1788 20 110 66.36 16.36
Body mass index 1741 14.14 83.12 30.07 8.69
C-reactive protein 1575 0.05 54.38 14.60 9.57
Lactate dehydrogenase 1384 55 8180 487.45 525.15
Ferritin 1240 5.1 47560.8 1038.56 2187.49
Troponin 1788 0.01 32.78 0.49 241
Creatine phosphokinase 979 10 88961 755.30 4495.43
Platelet 1786 37 1176 328.47 138.68
White blood cell count 1787 24 80.7 16.12 9.05
Potassium 1513 2.70 8.50 4.82 0.84
Total bilirubin 1780 0.2 27.8 1.01 1.16

Subgroup analysis

In the Kaplan-Meier survival analysis of the subset of 205 patients with elevated troponin, the median survival in patients
that received remdesivir (18 d) was higher than those that did not (14 d). However, this was not statistically significant (P
= 0.07) (Figure 1A). Similarly, the median survival in patients receiving dexamethasone (16 d) was higher than in those
not (14 d), but this was not statistically significant (P = 0.63) (Figure 1B). Finally, the median survival in patients on ACEI
(16 d) was the same as those without (P = 0.8) (Figure 1C).

Furthermore, we did a Kaplan Meier analysis in the subset of patients with elevated concomitant troponin, CPK, and
LDH, which would be expected in patients with significant myocarditis. However, similar to our analysis in those with
elevated troponin, we found no difference in mortality between those that received dexamethasone (P = 0.88), ACEI (P =
0.83), or remdesivir (P = 0.93) and those that did not in this sub-group of patients.

DISCUSSION

COVID-19 has been reported to cause direct myocardial injury and myocarditis in some patients[14,15]. COVID-19
patients with myocarditis have increased troponin and non-specific ST-segment and T-wave changes. Echocardiogram
typically shows global hypokinesis and pericardial effusion[14]. Thus, myocarditis mimics acute coronary syndrome, but
the coronary arteries are usually normal on coronary angiogram. The gold standard for diagnosing myocarditis is
histopathology of endomyocardial biopsy, an invasive procedure not often performed in clinical practice. Cardiac
magnetic resonance imaging (MRI) is often used to diagnose myocarditis[14,16]. Antiviral medications, intravenous
immunoglobulins, and immunosuppressants such as steroids and azathioprine have been used in treating viral
myocarditis with limited evidence of benefit[16]. In our study, we did not do cardiac MRI to determine the proportion of
patients with elevated troponin that have myocarditis. However, our Kaplan Meier analysis did not show any statistically
significant difference in mortality in patients with elevated troponin who received steroids and those that did not. The
role of steroids in myocarditis caused by COVID-19 is unclear, and the lack of steroid efficacy on mortality in patients
with elevated troponin in our study could suggest that steroids may not play any significant role in COVID-19 induced
myocarditis. However, we do not know the proportion of patients in our study with myocarditis, and the role of steroids
in COVID-19 myocarditis needs to be further investigated.

Furthermore, studies have suggested a possible relationship between increased viral load and myocardial injury in
COVID-19 patients. For example, in a study of hospitalized COVID-19 patients, those with detectable viremia were
significantly more likely to have elevated troponin and myocardial injury than those without viremia[17]. Although
another study did not find any relationship between the initial viral load and the incidence of myocardial injury in hospit-
alized COVID-19 patients, high viral load and myocardial injury were independent predictors of in-hospital mortality
[18]. Remdesivir, a viral RNA polymerase inhibitor, significantly reduced the median recovery time of COVID-19 patients
compared to placebo in the adaptive, randomized controlled Adaptive COVID-19 Treatment Trial-1 study[19]. However,
there is limited data on how Remdesivir impacts cardiac injury. In the Kaplan-Meier survival analysis of the subset of
patients with elevated troponin in our study, the median survival in patients that received remdesivir (18 d) was higher
than those that did not (14 d). However, this was not statistically significant (P = 0.07). The lack of statistical significance
could be due to our sub-group analysis being underpowered to detect a difference.

SARS-CoV-2 binds to the ACE II receptor (ACE II), which is highly expressed in the lungs and myocardium, and this
has been postulated as a mechanism through which the virus causes direct damage to cardiac cells[20]. ACEI have been
shown to upregulate the expression of ACE II in lung cells in animal studies. The mechanism is unclear but is possibly
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Table 2 Descriptive analysis of categorical variable

Frequency Percent

Gender

Female 749 41.9%

Male 1039 58.1%
Race

Asian 109 6.1%

Black 81 4.5%

White 1152 64.4%

Others 446 24.9%
Expired

No 1254 70.1%

Yes 534 29.9%
Ventilator use

No 1352 75.6%

Yes 436 24.4%
Intensive care unit

No 1328 74.3%

Yes 460 25.7%
Remdesivir

No 853 49.1%

Yes 883 50.9%
Dexamethasone

No 568 31.8%

Yes 1220 68.2%
Angiotensin converting enzyme inhibitor

No 1441 80.6%

Yes 347 19.4%
Diabetes mellitus

No 1444 80.8%

Yes 344 19.2%
Hypertension

No 1032 57.7%

Yes 756 42.3%
Chronic kidney disease

No 1355 76.0%

Yes 427 24.0%
Acute kidney injury

No 1588 88.8%

Yes 200 11.2%
Congestive heart failure

No 1451 81.2%

Yes 337 18.8%
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Chronic obstructive pulmonary disease

No 1678 93.8%

Yes 110 6.2%
Bradycardia

No 823 46.0%

Yes 965 54.0%

Troponin elevation
No 1583 88.5%

Yes 205 11.5%

Table 3 Bivariate analysis of the relationship between continuous variables and troponin elevation

Troponin elevation n Mean SD P value
Length of stay 0 1583 11.46 11.44 0.007
1 205 14.16 13.52
Age 0 1583 66.14 16.49 0.08
1 205 68.13 15.29
Body mass index 0 1540 30.11 8.62 0.64
1 201 29.80 9.20
Oxygen on admission 0 1415 94.47 6.27 0.27
1 187 94.20 6.69
C-reactive protein 0 1393 14.23 9.50 <0.001
1 182 17.47 9.70
Lactate dehydrogenase 0 1236 447.71 363.69 <0.001
1 148 819.34 1165.85
Ferritin 0 1099 956.44 1859.08 0.03
1 141 1678.58 3844.02
Creatine phosphokinase 0 863 586.10 424513 0.01
1 116 2014.03 5913.58
Platelet 0 1582 331.24 138.55 0.02
1 204 307.00 138.15
WBC 0 1583 15.66 8.97 <0.001
1 204 19.76 8.88
Potassium 0 1341 4.78 0.83 <0.001
1 172 5.07 0.92
Total bilirubin 0 1577 0.95 0.83 0.004
1 203 1.46 248

WBC: White blood cell.

through decreasing angiotensin II, leading to indirect upregulation of ACE II[21,22]. Thus, there have been concerns that
the use of ACEI in patients with COVID-19 will increase the risk of lung and myocardial injury. However, some human
studies did not support the hypothesis that ACEI use increases ACE II expression and the risk of lung and myocardial
injuries in COVID-19 patients[23]. Furthermore, the Kaplan-Meier analysis in our study showed no difference in survival
in patients with elevated troponin who received ACEI and those who did not, suggesting that the use of ACEI should not
be withheld even in patients with elevated troponin.
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Table 4 Bivariate analysis of the relationship between categorical variables and troponin elevation

Troponin elevation

Variable P value
No Yes

Gender
Male 918 (88.4%) 121 (11.6%) 0.78
Female 665 (88.8%) 84 (11.2%)

Race
Asia 96 (88.1%) 13 (11.9%) 038
Black 72 (88.9%) 9 (11.1%)
White 1030 (89.4%) 122 (10.6%)
Others 385 (86.3%) 61 (13.7%)

Expired
Yes 415 (77.7%) 119 (22.3%) <0.001
No 1168 (93.1%) 86 (6.9%)

Ventilator
Yes 334 (76.6%) 102 (23.4%) <0.001
No 1249 (92.4%) 103 (7.5%)

Intensive care unit
Yes 354 (77.0%) 106 (23.0%) <0.001
No 1229 (92.5%) 99 (7.5%)

Diabetes mellitus
Yes 314 (91.3%) 30 (8.7%) 0.08
No 1269 (87.9%) 175 (12.1%)

Hypertension
Yes 677 (89.6%) 79 (10.4%) 0.25
No 906 (87.8%) 126 (12.2%)

Chronic kidney disease
Yes 354 (82.9%) 73 (17.1%) <0.001
No 1223 (90.3%) 132 (9.7%)

Congestive heart failure
Yes 279 (82.8%) 58 (17.2%) <0.001
No 1304 (89.9%) 147 (10.1%)

Chronic obstructive pulmonary disease
Yes 96 (87.3%) 14 (12.7%) 0.67
No 1487 (88.6%) 191 (11.4%)

Bradycardia
Yes 853 (88.4%) 112 (11.6%) 0.84
No 730 (88.7%) 93 (11.3%)

Use of Remdesivir
Yes 789 (89.4%) 94 (10.6%) 0.28
No 748 (87.7%) 94 (12.3%)

Use of dexamethasone
Yes 1069 (87.6%) 151 (12.4%) 0.08
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No 514 (90.5%) 54 (9.5%)

Table 5 Logistic regression on predictors of increased troponin elevation

95%Cl for EXP (B)

B SE Wald df  Sig Exp (B)
Lower Upper
Lactate dehydrogenase 0.000 0.000 8.091 1 0.004 1.000 1.000 1.001
Congestive heart failure 0.991 0.239 17.170 1 0.000 2.694 1.686 4.305
Intensive care unit 1.278 0.232 30.359 1 0.000 3.591 2.279 5.659
Constant -3.154 0.194 264.436 1 0.000 0.043

95%ClI: 95% confidence interval; df: Degree of freedom; SE: Standard error; Sig: Significance.

Table 6 Cox regression analysis showing predictors of mortality in coronavirus disease 2019 patients

95%Cl for Exp (B)

B SE Wald df  Sig Exp (B)

Lower Upper
Age 0.022 0.004 26.460 1 0.000 1.022 1.014 1.031
Ventilator use -0.378 0.157 5.830 1 0.016 0.685 0.504 0.931
Intensive care unit admission 1.624 0.164 97.657 1 0.000 5.074 3.677 7.003
Troponin 0.219 0.133 2.705 1 0.100 1.245 0.959 1.616

95%CI: 95% confidence interval; df: Degree of freedom; SE: Standard error; Sig: Significance.

In our study, elevated levels of LDH (OR =1, P = 0.004), underlying CHF (OR = 2.7, P < 0.001), and ICU admission (OR
= 3.6, P < 0.001) were independently associated with elevated troponin. This finding is similar to former studies that
showed that elevated troponin, increased age, and co-morbidities are predictors of ICU admission[24]. This was further
collaborated by a meta-analysis of 23 studies that showed that patients with elevated troponin had a significantly
increased risk of severe disease and ICU admission [risk ratio (RR) = 5.57, 95%confidence interval (95%CI): 3.04 to 10.22, P
< 0.001; RR = 6.20, 95%CI: 2.52 to 15.29, P < 0.001][25]. Furthermore, our study showed that elevated troponin was
associated with CHF, similar to previous studies that showed that patients with troponin elevation were older, with more
co-morbidities[26].

In our study, there was increased mortality in patients with troponin elevation (HR = 1.25, P = 0.1), although this was
not statistically significant at a P value of 0.05. The lack of statistical significance could be related to the fact that our study
was underpowered to detect a difference. It could also be that patients in our study differ from those in previous studies.
For example, while the proportion of patients in our study with elevated troponin was 11%, a meta-analysis of prior
studies has shown an average of 31% (range 23%-38%)[27], 22.9%[28], and 27% (range 9%-51%)[29]. Studies have found
that elevation of high-sensitivity troponin and traditional troponin assays are associated with increased mortality in
COVID-19 patients[27-31]. Patients with elevated troponin had significantly increased odds of death than those with
normal troponin independent of elevation in inflammatory markers and cardiovascular co-morbidities[27-31].

Our study has several limitations. Firstly, in the subgroup analysis, we dealt with a small sample size which may limit
the overall power of the study. Secondly, troponin was assessed on admission and was not monitored for the duration of
the patient’s hospital stay, which may impact the lack of association observed between troponin elevation and mortality.
Thirdly, in the analysis between ACEI use and troponin elevation, our data only reflects patients placed on an ACEI
during their hospital stay. We did not stratify patients on whether they were on the medication previously, and it is
possible some patients on ACEI at home might not have been started on it in the hospital. This might have resulted in a
misclassification bias and affected the study outcome. Finally, this research is an observational study, and there might
have been unmeasurable variables that might have confounded the study outcome. Also we did not conduct cardiac MRI
to confirm out findings of myocarditis but based that on inferential analysis.

CONCLUSION

Although elevated troponin in COVID-19 patients has been associated with viral myocarditis, conventional viral
myocarditis treatment, including steroids and antiviral, did not affect mortality in these patients. In addition, previous
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Figure 1 Kaplan Meier. A: Remdesivir use and mortality in patients with troponin elevation; B: Dexamethasone use and mortality in patients with troponin
elevation; C: Angiotensin-converting enzyme inhibitors use and mortality in patients with troponin elevation. ACEI: Angiotensin-converting enzyme inhibitors.

studies have suggested a possible association between COVID-19 viral load and myocardial injury; however, we found
no statistically significant difference in survival in patients with elevated troponin treated with remdesivir and those that
were not. Furthermore, our study suggested that ACEI should not be withheld even in patients with elevated troponin
because it did not negatively or positively affect survival.

ARTICLE HIGHLIGHTS

Research background

Several studies have proposed that troponin elevation seen in coronavirus disease 2019 (COVID-19) patients is due to an
interplay between viral myocarditis, demand ischemia and renin-angiotensin-aldosterone system pathway activation.
This creates the hypothesis that the use of steroids, antivirals and angiotensin-converting enzyme inhibitors (ACEI) in
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patients with COVID-19 infection and troponin elevation would impact mortality outcomes.

Research motivation

The COVID-19 pandemic has had a monumental global impact and resulted in several deaths worldwide. The motivation
of this study was to analyze if the use of the steroids, antivirals and ACEI would improve survival in patient with
COVID-19 infection and troponin elevation.

Research objectives
Our main objective was to analyze any differences in mortality in our subjects, in the hopes of adding to existing
knowledge and creating a standardized treatment protocol in patients with COVID-19 and troponin elevation.

Research methods

Our study design was a retrospective observational study consisting of 1788 COVID-19 patients at seven hospitals across
Southern California. To determine the predictors of mortality in our subjects, we did a backward selection cox
multivariate regression analysis. Furthermore, to analyze survival in the subset of patients with troponin elevation we did
a Kaplan Meier analysis comparing those that received treatment with steroids, remdesivir and ACEI and those that did
not.

Research results

Though the beneficial role of steroids in the treatment of COVID-19 has been established, our study did not show any
statistically significant difference in mortality in patients with elevated troponin who received steroids and those that did
not. Therefore, the role of steroids in myocarditis caused by COVID-19 is still unclear and needs further investigation. On
the other hand, our study showed improved survival in COVID-19 patients with elevated troponin that received
remdesivir, although this was not statistically significant.

Research conclusions

Although the mechanism of troponin elevation in COVID-19 patient has been linked to viral myocarditis and renin-
angiotensin-aldosterone system activation, the novel treatments of these subsequent pathologies including steroids,
remdesivir and ACEI showed no significant survival benefit in our study. This creates the theory that there are other
mechanisms at play guiding this complex interaction.

Research perspectives

Although our study did not show a statistically significant mortality benefit with the use of steroids and remdesivir, our
sub-group analysis was limited by a small sample size, so further studies on the effect of remdesivir in the sub-set of
COVID-19 patients with elevated troponin using a larger population will be beneficial.
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