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ABSTRACT Background: COVID-19 is caused by virus named Severe acute respiratory syndrome (SARS-nCoV)

which can be transmitted between humans via respiratory droplets,initially recognised as respiratory
disease with predominate respiratory symptoms, it has been found that it had interaction with and affects the cardiovascular
system as it leads acute myocardial infarction (MI), myocarditis simulating a ST elevation MI (STEMI) presentation, non-
ischemic cardiomyopathy, coronary spasm, arrhythmias and cardiogenic shock.

KEYWORDS : Acute ST elevation myocardial infarction, SARS COVID-19

INTRODUCTION:

Novel Coronavirus disease (nCOVID-19), declared as
pandemic and announced as a Public Health Emergency of
International Concern (PHEIC) due to its exponential rise with
incessantly rising the casualties worldwide."” It was
manifested as asymptomatic/mild symptoms to severe illness
and death, a serious concern in the medical community.*

Initially ascertained as a respiratory condition with a
preponderance of respiratory symptoms , it has now
unearthed with the signs of cardiovascular disease .*° The
prevalence of CAD ranged from 5% to 16 percentage.””*
Although a recent study from China, reported that 12% of
patients had COVID-19- associated acute cardiac injury,
manifesting as an ejection fraction (EF) decline and troponin-I
elevation, and the American College of Cardiology (ACC)
clinical bulletin has highlighted the cardiac implications of
COVID-19 with the association between COVID-19
—associated cardiac injury and its mortality.”"” Manifestations
include acute myocardial infarction (MI), myocarditis
simulating a ST elevation MI (STEMI) presentation, non-
ischemic cardiomyopathy, coronary spasm, arrhythmias and
cardiogenic shock.**"" Also numerous pathophysiologic
mechanisms were the systemic viral infection may lead to a
higher risk of plaque destabilization and acute coronary
syndrome (ACS), yet the precise mechanisms are not clearly
understood.™

The clinical spectrum of COVID-19 CAD manifestations was
particularly wide as it ranges from asymptomatic to life-
threatening or terminal forms with multi-organ involvement
and systemic inflammatory response syndrome (SIRS)."” The
ambiguities about the symptoms and the management of
these cardiologic emergencies masked by the respiratory
symptoms should be understood as the initial symptoms
mimics similar to other viral respiratory syndromes.'

Thus, a great effort to be impanelled by the healthcare
providers to expert the near future short- and long-term
complications of COVID-19 with ACS symptoms. Added to
that, optimizing the diagnostic and therapeutic resources,
and ensuring the maximum protection to these patients by
early identification and diagnosis were crucial. Hitherto, the
challenge in differentiating the diagnosis between non-
COVID ACS and COVID ACS due to restricted availability of
diagnostic tools, lack of standardized protocols to balance
between the timely management of ACS and COVID-19 with
redistribution of healthcare resources and hospital
environment might trigger the delay in the treatment of high-
risk ACS, with increased long-term complication."**** Also,
patients with COVID-19 symptoms without any CAD might
mimic the MI, to be identified earlier. Thus, in the present study

we assess the clinical features, electrocardiogram (ECG),
echocardiogram (ECHO), cardiac enzymes, in-hospital
outcome, morbidity, and mortality of ACS who were presented
with COVID and with NON-COVID to make a comparison.

OBJECTIVES

1. To assess and compare the clinical features of acute
coronary syndrome in COVID-19 and non-COVID-19
patients.

2. To assess and compare electrocardiography (ECG)
changes, cardiac enzymes, echocardiogram (ECHO),
morbidity and mortality in Covid-19 and Noncovid-19
patients.

METHODOLOGY

Study Design And Setting:

The present hospital-based prospective comparative study
was conducted in the Department of General Medicine in a
tertiary care teaching hospital in rural Puducherry, India for
the period of 18 months.

Study Population:

Patients presenting with clinical features suggestive of ACS,
confirmed by ECG, Cardiac enzymes, and ECHO, and
admitted under General medicine were enrolled with the
inclusion criteria of age > 18 years, both sex, patients with new
ECG changes (STEMI/NSTEMI/Unstable angina), elevated
cardiac enzymes, and ECHO findings of regional wall motion
abnormalities. Patients were categorized into two groups: RT-
PCR positive for SARS-COVID19 as group I and RT-PCR was
negative as group II. Patients who are, known case of cardiac
abnormalities, patients who underwent Coronary artery
bypass grafting surgery (CABG), PCI, and other cardiac
surgeries, patients on anticoagulants, pregnant females, and
participants were excluded from the study.

Sample Size:

Sample size was determined using the sample size calculator
android app developed by Mr. Thai Thanh Truc® (version_1.0,
Sydney, Australia) and calculated to be 200. Considering the
proportion in group as 74% and in group to as 5%, in the ratio
of 1:4 with 95% as type I error and the power of 80%, the
sample size calculated was 200. (Group 1 - 40; Group IT- 160).

The formula used to calculate was p = % where
12, o+ PP} 21T P 2P T
>

T(p2-p1)?*
Sampling Procedure:
Patients with eligibility criteria were selected using systematic

random sampling methods into two groups as patients with
COVID-19 (GroupI) and non-COVID-19 condition (Group II).

Statistical Analysis:
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The data was entered in MS EXCEL (Ver_2007) software.
Statistical analysis was carried out using Statistical Package
for the Social Sciences (SPSS) (Version 24.0, developed by
IBM Corp, Armonk, New York) software. Descriptive statistics
were calculated for all categorical variables and measured in
terms of frequencies and percentages. Continuous variables
which followed normal distribution were calculated and
presented as mean and standard deviation (SD) or median
with interquartile range (IQR). Data were analyzed based on
the type of variables and the normal distribution between two
groups. Categorical variables which follow nonparametric
distribution were analyzed using Pearson's Chi-square test or
two-tailed Fisher's exact test. Independent t-test was used for
continuous variables and those followed normal distribution.
Ordinal variables were calculated using the Mann-Whitney U
test. Statistical significance was considered as a p value of
<0.05 forthe data analyzed.

Survival analysis with Kaplan-Meier was conducted to
compare their median survival time across the arrhythmia
status with the assumptions that amount, and pattern of
censorship should be same in all group was tested by using
scatter plot and chi-square test. Pairwise comparison using
Log-rank, Breslow, and Tarone-ware tests, was done to assess
the statistical significance. Cox-regression method was used
to evaluate the risk factors for the primary outcome effect of
COVID on the ACS patients and the secondary outcome with
mortality. Statistical significance was considered as a p value
of <0.05 for the primary end point.

EthicalIssues:

The study was approved by the Institutional Human Ethics
Committee (MGMCRI/Res/01/2020/96/IHEC/358) and
followed the principles laid down in the declaration of
Helsinki.

RESULT:

The mean age of the study participants with COVID was
64.00=13.58 years, and with non-COVID was 55.64+10.50
years were statistically significant (p <0.001; 95% CI
(Confidence Interval): 4.466 — 12.259). The male and female in
group I was 31/9 and in group II was 110/50 and not
significant. The clinical features and co-morbidity of the
patients in both groups were projected in figure 1. Laboratory
assessments were givenin table 1.

The outcome of the ACS patients based on the COVID status
given in table 2. The median length of the hospital stays
among ACS patients with both COVID and non-COVID
patients were five days (interquartile range (IQR): 5 - 7 days)
and found to be non-significant statistically (p 0.189).

Kaplan-Meier survival analysis was conducted to compare
their median survival time across the arrhythmia status.
Scatter plot showed that the pattern of censored data is
similar in groups, but the chi-square results (p 0.002) shows
that there is significant difference in the amount of censoring
between the two groups (58.8% censored in ACS patients with
arrhythmias and 94.5% censoring with no-arrhythmia). (Table
3, figure 2) Pairwise comparison using Log-rank, Breslow, and
Tarone-ware tests, showed that the median survival time of the
ACS patients was found to be statistically significant
difference between the patients with arrhythmia and no-
arrhythmia. The graph shows that there is difference between
the survival rates across the ACS patients with arrhythmia and
no arrhythmia which is statistically significant (Log-rank p
0.002)

For the assumption of Cox-proportional hazards regression
following steps were done. Log minus log curves were done for
COVID status, 2D ECHO result, and arrhythmia status showed
that the curves are parallel to each other without overlapping.
Thus, the proportional hazard assumption met. The standard

error value of all the variables like between 0.001 to 5.0, hence
no multicollinearity between the variables were found. There
is significant reduction in the -2-log likelihood value (126.567)
from Block 0 to Block 1, hence the modelis fit. (Table 4, figure 3)

A Cox proportional Hazard regression analysis was done to
find out the effect of age, gender, COVID status, arrhythmia
status, laboratory markers (troponin I, CPK NAC, CPK MB),
ECG and 2D ECHO findings in the occurrence of death in ACS
patients. After adjusting the other variables hazard ratio was
assessed for COVID status, arrhythmia and 2D ECHO. When
compared with females, the hazard of occurrence of death is
1.01 times higher in males and it is statistically non-
significant. The hazard ratio for COVID-19 positive people for
experiencing death is 2.51 times higher when compared to
patients with no COVID, yet statistically non-significant. The
hazard ratio for occurrence of death in patients with
arrhythmia is 4.29 times higher when compared to patients
without arrhythmia and it is statistically significant (p value
0.006; 95% CI: 1.507 — 12.215). Thus, for each day increase in
arrhythmia, the hazard of experiencing death increases by
4.29 times. (Table 4) The adjusted survival curve and hazard
function for patients with ACS after adjusting for age, gender,
ECG, and laboratory parameters. The survival rate is higher
in patients who did not have arrhythmia when compared to
patients who had arrhythmia after adjusting for the effects of
other variables. The median survival time is around 7 days for
in patients with arrhythmia and around 18 days in patients
without arrhythmia. Hazard function shows that patient with
arrhythmia had more risk (Blue line) of death when compared
tothe patients without arrhythmia.

DISCUSSION:

In the present analytical comparative study done in a tertiary
care teaching hospital in rural Puducherry, represents the
data to describe the impact of COVID-19 infection on the
patients presenting with ACS. In our study, the participants
were followed up for the duration of their hospital stay, to
assess the outcome, all-cause mortality.

Among the various clinical symptoms of ACS, chest pain was
the most presenting clinical features among the patients with
and without COVID. In our study, chest pain was the most
common symptoms presented by the study participants
followed by chest pain with breathlessness as a combined
symptoms and found to be statistically significance (p
<0.001). This was in concordance with the study done by
Pandit BN et al, in New Delhi, where most of the study
participants presented with chest pain rather than other
symptoms." Also, other studies implied that dyspnoea, cough,
fever were the clinically presenting symptoms in patients with
COVID positive also suggestive of patients with ACS."'
Moreover, many patients were presented with atypical
symptoms of ACS in the presence of COVID-19."" Thus, it is
essential that COVID patients presented with typical and
atypical symptoms needs to be assessed for cardiovascular
findings.

Underlying co-morbidity found among the patients were
diabetes (42%), systemic hypertension (15%), chronic kidney
disease (0.5%) and diabetes with hypertension (35%) (p 0.01)
in our study and found to be statistically significant among the
ACS patients with and without COVID. The result was in-line
with the study done by Pandit BN et al, " where 34.8% of COVID
positive patients with CVS manifestation were presented with
co-morbidities. Other studies which also implied that
presence of co-morbidities might leads to the CVS
complications.”" The findings from our study and the existing
literatures reinforce that in the presence of the pre-existing co-
morbidities, the severity of the SARS-COV-2 risk also
increased.**” Moreover, the prevalence of hypertension and
diabetes were found to be higher among these patients.””
The mechanism underlying were unknown, yet postulated
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theory include role in renin-angiotensin-aldosterone system in
the hypertension dysregulate the system and also due to
robust impaired immune system with inflammatory states.
This further results in progression of COVID severity and
mortality.*"** Henceforth, necessary assessment is required
in patients COVID positive with multiple co-morbidities to
reduce the severity of the disease.

Cardiovascular markers were widely used to assess the
pathological and physiological conditions including ACS or
MI among the patients and aid in the treatment plan. The pre-
requisite markers held responsible in clinical utility for the
cardiac injury were troponin I, CPK NAC and MB. It has been
found that increased troponin I and CPK MB and reduced CPK
NAC among the ACS patients with COVID-19 when compared
to the patients with no COVID in our study. Yet, CPK MB only
significant statistically (p <0.001) in our study. A study done by
Case BC et al showed that there was an increased level of
troponin I of =1.0 ng/ml and Chen Q et al showed that 42.6%
elevation of Troponin I among the patients with COVID when
compared to non-COVID in ML "** A pooled study conducted
showed that troponin were significantly higher that other
markers like D-miner, CK, BNP in COVID patients who died or
critically ill.*” There were other studies were inflammatory
markers also increased during the COVID among the patients
with cardiac manifestations.”*** * These markers indicate the
inflammation or infection and add prognostic value for the
determination and triaging of the COVID-19 severity and it
can predict the mortality among the patients with COVID.

Arrhythmias is an irregular heart rhythm or beat, where the
electrical signals that plays with heart's beat does not work in
concurrent. In our study among 17 (8.5%) patients out of 200
(91.5%) presented with arrhythmia. It has been observed that
cardiac arrhythmia was common among patients with severe
COVID patients. It has been considered as one of the
complications of the COVID."*** The pathophysiology lies
behind this might be due to change in ion channels which
affected by COVID-19, lead to cardiac repolarization or
conduction properties and calcium handling process.” Added
to that, any type of arrhythmia can result in 30-day mortality
among these patients with or without COVID. At time, this
arrhythmias are likely the consequence of the systemic illness
and not solely the direct effects of COVID-19 infection, which
was understood by the multiorgan impact of COVID."®
Consequently, patients with cardiac manifestation, it is
essential to assess the risk factors, especially pertaining to the
cause of arrhythmia to prevent the overall mortality and also
early intervention like CABG, PCI, might help these patients to
overcome the complications.

The overall mortality of the study participants was assessed
due to cardiac manifestation were 8.5% (17 patients died),
among them eight patients where the COVID positive and nine
patients were COVID negative. There was a statistical
significance found between these two groups (p 0.008). These
findings were similar to the study done by Pandit et al, where
the all-cause mortality was 3.9% among the COVID patients. "
Study done by Case BC et al, showed that the in-hospital
mortality was increased to 48.4% in patients with ACS and
COVID." There are other literature which implies about 2.5 to
40% cardiac manifestation with COVID had all-cause
mortality within maximum of 30 days."*"***® Milovancev et al”
did a survival study on the patients with coronary risk group
and COVID to understand the mortality, where the survival
rate of these patients were reduced due to the presence of
COVID which acts as a concomitant factor and aid in poor
prognosis. It was similar to our study findings, where the
survival analysis showed arrhythmia in the presence of
COVID reduce the survival rate of the patients. Addition to
that, the likelihood of the death was due to multiorgan failure
with the presence of the other risk factors. Early diagnosis and
management of the patients in ICU needs to do to prevent the
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mortality and the healthcare providers need to be aware that
ACS with COVID were fatal combination, ends up with poor
prognosis.

Though there many strengths in our study, there were few
limitations. Since, this study is a single-centred study, might
not represent the impact of the COVID-19 in other settings
especially primary care settings. The patients were followed
up for the period of hospital stay only which might compromise
the result. Added to that, patients who underwent CABG, or
PCI and other interventions and the vessel responsible for the
MI were not captured to understand the underlying aetiology.
Since, the sample size is small, it warrants the study with
larger sample size to generalize the results. However, being a
cross-sectional comparative study, temporality of association
could not be assessed.

CONCLUSION:

ACS patients in COVID-19 infection presented with high
burden of cardiovascular complication with higher mortality,
especially in patients with the presence of arrhythmia. Thus, it
implies that COVID-19 in ACS patients can substantially led to
higher in-hospital mortality. Henceforth it is recommended
that efforts should be focused, by recognising the
cardiovascular complication at the earliest among the
patients presenting with COVID-19 irrespective of the severity
and to treat appropriately reduce the mortality.
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Figure 1: Clinical features and co-morbidity of the ACS study
participants with and without COVID (N = 200)

Table 1: Laboratory values of acute coronary syndrome in
patients overall and based on COVID-19 status (N = 200)

Variables  |Total ACS with ACS without |p-
(N = 200) |COVID COVID (n = |value*
Mean = |(n = 40) 160)
SD Mean = SD |Mean = SD
Troponinl [4665.75 + [6139.93 = 4297.21 + 0.356
(ng/L) 11268.17 |11682.20 11169.434
CPKNAC |298.4 =+ 195.70 = 324.08 = 0.216
(mcg/L) 585.831  |408.65 620.69
CPK-MB |119.64 + |306.45 + 72.94 + <0.001
(IU/L) 212.578 |400.16 79.414

‘Independent t-test: continuous and parametric; p value <0.05
is statistically significant indicated by boldface.

Table 2: Outcome of the acute coronary syndrome in
patients overall and based on COVID-19 status (N = 200)

Variables |ACS with ACS without Test; p-value*
COVID (n = COVID (n = (95% CI)
40) n (%) / 160) n (%) /
mean = SD mean *+ SD
Arrhythmia
Present 4(23.5) 13 (76.5) 0.145%; 0.704
Absent 36 (19.7) 147 (80.3) (0.387 — 4.082)
Ejection 46.60 = 13.24 |50.75 = 11.76 |-1.945#; 0.053
fraction (%) (-8.359 - 0.059)
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