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Prognostic Value of Electrocardiographic Abnormalities and
Troponin-l Elevation in Hospitalized COVID-19 Patients

Anisul Awal!, Kazi Shamim Al Mamun2, Mohammed Rezaul Karim3, Md Saif Uddin Azad?, Farid Uddin Ahmed®

Abstract:

Background: Corona Virus Disease (COVID -19) patients
present mainly with respiratory manifestations and viral
pneumonia. The cardiovascular presentation includes
early signs of acute myocardial injury. Troponin elevation
is a frequent laboratory finding in hospitalized patients
with the disease, and may reflect direct vascular injury
or nonspecific supply-demand imbalance. In this work,
we assessed the correlation between different ranges
of Troponin elevation, Electrocardiographic (ECG)
abnormalities and mortality.

Methods and materials: It was a prospective
observational study, conducted in four tertiary care
Private Hospitals of Chattogram City of Bangladesh. The
study enrolled 181 consecutive patients admitted to
hospital from June 01, 2020 to December 31, 2020 due to
Covid-19 disease on the basis of presentation of signs
and symptoms severity. Upon admission, routine
investigations cTnl and ECG were carried out.

Results: Mean age of the patients was 54.3%7.3 years
with 63.5% male. Hypertension was the most common
comorbidity followed by diabetes and obesity. 57.1% of
the patients had abnormal ECG. Abnormal axis deviation
[26 % (left axis deviation 23.9% vs right axis deviation

2.0%)], Poor R wave progression (22.9%), T inversion
(14.5%), left ventricular hypertrophy (LVH) (11.4%)
followed by ST segment depression (8.3%) were major
findings observed in the study population. Presence
of LVH (p=0.008), ST segment elevation (p<0.001), ST
segment depression (p<0.001) and T inversion (p=0.003)
showed statistically significant association with Severe
COVID-19 disease. 48.2% had raised cTnl level. Thirteen
(7.2%) patients expired in hospital. The mortality rate
increased with incrementally higher troponin group:
12/18 than mildly elevated troponin 1/63 (p < 0.01). The
presence of an abnormal ECG finding resulted in
significant in the intermediate Troponin elevation group
(0.05-1 ng/ml) but not in the low (<0.05 ng/ml) or high (>
1 ng/ml) Troponin elevation groups. There were
statistically significant association between between
cTnl level and death; and between ECG findings and
death.

Conclusion: Study conclude that Troponin-l level and ECG
are a prognostic factor for mortality in hospitalized
COVID-19 patients.

Key words: COVID-19, Cardiac troponin I, Electrocardiography;
Mortality.

Introduction:
In December 2019, a cluster of unusual cases of
pneumonia were reported from Wuhan, China. Later on,

(Bangladesh Heart Journal 2021; 36(2): 105-112)

the causative agent was identified as severe acute
respiratory syndrome coronavirus 2 (SARS CoV2) which
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is a highly infectious single stranded RNA virus. This
novel viral infection was subsequently termed as
coronavirus disease 2019 (COVID 19)." Soon COVID19
had spread rapidly to most of the countries in the world.
Consequently, on 11th March 2020, the world health
organization (WHO) declared COVID-19 as “pandemic”,
an emergency of international concern, requiring urgent
public health interventions to control the disease.

SARS CoV2 binds to Angiotensin converting enzyme
(ACEZ2) receptors with help of its spike protein and thus
gains access into the human cell.2 ACE 2 receptors are
expressed on pneumocytes (both type-1 and type-2) and
endothelial cells. Though the virus mainly targets the
respiratory system, other organ involvement is also
common.1-3 Research demonstrates that various
tissues, including the myocardium of the heart, express
ACE?2 protein on their cellular surface.3

The clinical presentation of COVID-19 is remarkably
heterogeneous; although it was initially considered a
respiratory illness, multiple organ systems are often
affected.® The heart is one of the most critical organs
and it is particularly probable that COVID-19 also
contributes to viral myocardial damage, which could also
be considered one of the leading causes of COVID-19
patients’ death.# Myocardial injury, as heralded by
elevated troponin levels, was previously observed in
various medical conditions, including pneumonia, and
was found to be correlated with adverse outcomes such
as cardiac complications and death.5-6 To date, several
studies have described myocardial injury in patients
diagnosed with COVID-19.7-11

Electrocardiographic (ECG) and Troponin | are two highly
available commonly used parameters to detect
myocardial injury and these can be used to predict the
prognosis of COVID 19.72 This study was thus conducted
to further evaluate the incidence of myocardial injury in
COVID-19 hospitalized patients, to characterize risk
factors for myocardial injury among these patients, to
determine its prognostic significance by reviewing
admission troponin and ECG findings in a group of
patients from Bangladesh.

Methods:

Study subjects and design

It was a prospective observational study was conducted
in four tertiary care Private Hospitals of Chattogram City
of Bangladesh includes- CSCR Hospital, Delta Health
Care, Ctg. Ltd., Park View Hospital Ltd. & Ma-O- Shishu
Hospital. The study enrolled 181 consecutive patients
admitted to hospital from June 01, 2020 to December
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31, 2020 due to Covid-19 disease on the basis of
presentation of signs and symptoms severity. All patients
were diagnosed and graded as per the National
guideline.'® The diagnosis of COVID-19 was confirmed
with real-time reverse transcriptase-polymerase chain
reaction (RT-PCR). Clinical data was collected by the
attending physician during hospitalization of patients
within 48 hours. This study complies with the edicts of
the 1975 Declaration of Helsinki, and approval was taken
by the institutional ethics board of each hospitals.’3
Informed consent was taken from the attendants and
stable patients.

We considered major adverse event (MAE) the composite
of all-cause death and respiratory failure requiring oro-
tracheal intubation during the hospitalization. Written
informed consent was waived by the designated
hospital’s ethics committee for patients with emerging
infectious diseases.

The clinical data of patients were collected including
demographics, clinical symptoms, and signs, co-existing
conditions, imaging findings, laboratory results as per
case record form. To detect myocardial injury 12-lead
ECG and cardiac troponin | was done at admission.

Electrocardiogram analysis

All 12-lead electrocardiograms recorded on admission
and review it later (paper speed of 25 mm/s and 1 millivolt
equivalent to 10 mm) were analyzed off-line. According to
pre-defined criteria, two expert cardiologists blinded to
clinical information and non-invasive diagnostic results,
independently evaluated the ECG.

The considered parameters were as follows: rhythm
(sinus, supraventricular or ventricular arrhythmias); heart
rate; PR and QRS durations; QT and QTcorrected (using
Bazett or Fridericia formula when the heart rate was >90
beats per minute was used) intervals; conduction
disturbances (atrioventricular block, bundle branch block,
or fascicular block) and ST-T segment alterations. The
ST-segment deviation was measured as the height
difference (in millimeters) between the J point and the
isoelectric line (TP segment).

T wave was analyzed in all 12 leads and classified as
normal (positive in all leads apart from Ill, aVR, V1, with
voltage >0.1 mV), inverted (negative in any lead except Ill,
aVR, V1, with voltage >0.1 mV) or flat (voltage <0.1 mV).
Pathological Q waves were identified as any Q wave >40
ms wide, >2 mm deep or >25% of QRS complex depth.

According to the ESC guidelines (Ibanez et al., 2018;
Roffi et al., 2016), ST-T segment alterations were
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classified as primary if suggesting acute ischemia. Left
ventricular hypertrophy (LVH) was defined using
Sokolow-Lyon criteria (S in V1 + Rin V5 or V6 >35 mm or
Rin aVL>11 mm) with or without secondary ST-T segment
changes.

Electrocardiogram was defined as abnormal for any
patient if ischemia alterations, left ventricular hypertrophy,
tachy or bradyarrhythmias, and any new atrioventricular
(AV), bundle branch blocks, or significant morphology
alterations (e.g., new Q pathological waves) were present.
Otherwise, patients presenting sinus rhythm without
previously described alterations were reported as normal.

Troponin I:

Cardiac troponin, along with inflammatory and thrombotic
markers, may aid clinicians in determining stage
classification and stratifying risk for myocardial injury
among patients with coronavirus disease 2019 (COVID-
19), according to a review article published in the Journal
of the American College of Cardiology.

Increases in cardiac troponin that are suggestive of
myocardial injury are common in patients with COVID-
19 and are associated with arrhythmias and death. These
increases more frequently occur in patients who have
chronic cardiovascular conditions and in those who
present with severe COVID-19.

Elevated troponin levels above the 99t percentile can
be classified as chronic myocardial injury, acute
nonischemic myocardial injury, or acute myocardial
infarction. Chronic myocardial injury “is likely the etiology
for many [patients with] COVID-19 because of the high
prevalence of chronic cardiovascular conditions,” noted
the researchers. “These elevations are true positives for
myocardial injury and associated with an adverse
prognosis even without intercurrent disease.”

We collected cardiac biomarkers, troponin | (Tn 1),
creatinine kinase (CK), and pro- brain natriuretic peptide
(Pro-BNP). Troponin | levels were defined as elevated if
they were above the “high-sensitive” assay specific upper
reference limit (cut-off of 0.05 ng/ml).

Clinical data

Demographic characteristics (age and sex), clinical data
(symptoms, co-morbidities, laboratory findings &
imaging) and therapy were collected from electronic
medical records. Severe COVID-19 was defined as
meeting arterial oxygen saturation <93% at rest or PaO2/
FiO2 <300 mm Hg. We did not include respiratory rate
>30 breaths/min according to the Diagnosis and
Treatment Plan of COVID-19 suggested by National
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Health Commission of China due to the considerable
inter-observer variability (Yang et al., 2020).

Statistical analysis

Categorical variables are presented as percentages, and
continuous variables as mean and standard deviation
(SD). Categorical variables are gender, symptoms such
as chest pain, SOB, co-morbidities (Cardiovascular
disease, Chronic Lung disease, smoking, obesity,
Hypertension, diabetes) ECG pattern, during
hospitalization. The Chi-Squared exact test for categorical
variable and independent t-test for continuous variables
were used. The differences in the means for Tnl, d-dimer,
C-reactive protein CRP, creatinine phosphokinase CPK,
creatinine kinase-MB CKMB, Serum Urea, age
temperature, respiratory rate, body mass index BMI,
number of co-morbidities were analyzed using
independent t-test. Multivariate logistic regression
analysis was used to assess the association between
severity status (critical and non-critical). All statistical
analyses will be performed with SPSS, version 24.0 with
p> 0.05 as a level of significance.

Results:

The study included 181 patients with a mean age of
54.3+7.3 years. Majority of them were male (63.5%) and
belonged to the age group of 31-50years [n=73 (40.3%)].
Patients who were referred to ICU in view of severe
disease constituted about 10.4% (n=19) of the total
cases. About 38.6% (n=70) of the cases had co-
morbidities. The predominant co-morbidity among
patients who were discharged (non-severe COVID-19
disease) and those who got referred to ICU (Severe
COVID-19 disease) was hypertension (58.0% vs 89.4%),
followed by diabetes mellitus (56.1% vs 57.8%). Cough
(67.9%) was the most common symptom at presentation,
followed by fever (64.6%) and Fatigue (57.4%), among
cases which were discharged from the hospital.
However, patients with severe disease had
breathlessness (19.3%) as their principal presenting
complaint. The demographic and clinical characteristics
of the patients in the present study, by the outcome status
are depicted in Table .

Analysis of the characteristics of the patients’
Electrocardiogram, done at/near the time of admission
revealed abnormal ECG in 57.1% (n=96) of the patients
focused on table-Il.

Table 1l depicts that, significantly higher proportion of
patients with abnormal ECG at admission expired in-
hospital compared to patients having normal ECG.
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Table-l
Demographic and clinical characteristics of patients (n=181) admitted with COVID-19 by outcome.
Variables Total (%) Discharged/ Non severe ICU support/Severe P-value
N-181 (n=162) (n=19)
Frequency (%) Frequency (%)
Gender
Male 115 (63.5) 102 (62.9) 13 (68.4) 0.001
Female 66 (36.4) 60 (37.0) 06 (31.5)
Age group (in years)
18 -30 38 (20.9) 37 (22.8) 01 (5.2) 0.000**
31-50 73(40.3) 70 (43.2) 03 (15.7)
51-70 64 (35.3) 53 (32.7) 11 (567.8)
>70 6 (3.3) 2(1.2) 4 (21.0)
Age (Mean £ SD) 54.3+7.3 53.4+8.9 55.2+5.7 0.001
Co-morbidities
Hypertension 111 (61.3) 94 (58.0) 17 (89.4) 0.02
Diabetes Mellitus 102 (56.3) 91 (56.1) 11 (567.8) 0.05
Smoking 69 (38.1) 65 (40.1) 04 (21.0) 0.04
Hyperlipidaemia 78 (43.0) 73 (45.0) 05 (26.3) 0.01
Chronic Kidney Disease 13 (7.1) 09 (5.5) 04 (21.0) 0.05
Coronary Artery Disease 15 (8.2) 12 (7.4) 03 (15.7) 0.06
Symptomatology
Fever 117 (64.6) 109 (67.2) 08 (42.1) 0.793
Cough 123 (67.9) 112 (69.1) 11 (567.8) 0.534
Breathlessness 35 (19.3) 30 (18.5) 05 (26.3) 0.067
Fatigue 104 (57.4) 98 (60.4) 06 (31.5) 0.051
Chest pain 54 (29.8) 47 (29.0) 07 (36.8) 0.063
*p<0.05, **p<0.01 (statistically significant)
Table-ll
Association between ECG change and outcome
ECG change Survived (n=168) % Expire in hospital (n= 13) % P value
Normal 72 (42.8) 1(7.7) 0.003
Abnormal 96 (57.1) 12 (92.3)

Among abnormal ECG, abnormal axis deviation [26 %
(left axis deviation 23.9% vs right axis deviation 2.0%)],
Poor R wave progression (22.9%), T inversion (14.5%),
left ventricular hypertrophy (LVH) (11.4%) followed by ST
segment depression (8.3%) were major findings
observed in the study population. Presence of LVH
(p=0.008), ST segment elevation (p<0.001), ST segment
depression (p<0.001) and T inversion (p=0.003) showed
statistically significant association with Severe COVID-
19 disease (Table IIl). Sinus Tachycardia was noted
55.2% (53) in abnormal ECG cases. (Table-IIl)

Patients are categorized according to guidelines- mild,
moderate and severe cases. Maximum patients were

mild illness 60.2 % and 92.3% were death from severe
cases 10.4% which were statistically significant
(p=0.001). Table-IV

The mortality rate increased with incrementally higher
troponin group: 12 out of 18 and only 1out of 63 in mildly
elevated troponin (p < 0.01). The presence of an abnormal
ECG finding resulted in significant in the intermediate
Troponin elevation group (0.05-1 ng/ml) but not in the low
(<0.05 ng/ml) or high (> 1 ng/ml) Troponin elevation groups.

Thirteen patients who were expired or death with raised
troponin- | and this association was statistically
significant (Table V).
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Table-lll
Abnormal Electrocardiographic characteristics of patients admitted with COVID 19, overall
and by outcome status (n=181).
Variables N= 96 (%) Discharged/ ICU support/ P-value
Non severe (n=69) Severe (n=27)
Frequency (%) Frequency (%)
Atrial premature complex 03 (3.1) 02 (2.8) 01 (3.7) 0.625
Ventricular premature complex 04 (4.1) 03 (4.3) 01 (3.7) 0.342
AV block 01 (1.0) 0 01 (3.7) 0.004*
RBBB 02 (2.0) 02 (2.8) 0 0.625
LBBB /LAHB 02 (2.0) 01 (1.4) 01 (3.7) 0.068
Left ventricular hypertrophy 11 (11.4) 8 (11.5) 03 (11.1) 0.008*
ST elevation 04 (4.1) 0 04 (14.8) 0.001*
ST depression 08 (8.3) 02 (2.8) 06 (22.2) 0.001
T inversion 14 (14.5) 10 (14.4) 04 (14.8) 0.003
Poor R wave progression 22 (22.9) 20 (28.9) 02 (7.4) 0.756
Abnormal axis deviation 25 (26.0) 21 (30.4) 04 (14.8) 0.340
Left axis 23 (23.9) 19 (27.1) 04 (14.8)
Right axis 02 (2.0) 2(2.9) 0

*p<0.05, **p<0.01 (statistically significant), AV block—atrioventric
block, LAHB-left anterior hemiblock

ular block, RBBB-right bundle branch block, LBBB-left bundle branch

Table-IV
Clinical severity and outcome
Variables Total Discharged (n=168) Death (n=13) P-value
(n=181) Frequency (%) Frequency (%)

Clinical category

Mild 109 (60.2) 109 (64.8) 0 0.001

Moderate 53 (29.2) 52 (30.9%) 01 (7.6)

Severe/critical 19 (10.4) 07 (4.1) 12 (92.3)
*p<0.05, **p<0.01 (statistically significant)

Table-V
Association between Troponin I, ECG and mortality.
Variables Overall ECG changes No ECG changes P-value
(n=181) (n =96) (n = 85)

Clinical category
Initial troponin (ng/mL) 0.21+£1.73 0.8 +4.06 0.09 £ 0.37 0.17
Maximum troponin 2.16 + 16.83 3.50 + 12.63 1.87 + 17.62 0.01
Troponin group <0.01

<0.05 100 (55.2%) 22 (22.9%) 78 (91.7%)

0.05-1.00 63 (41.9%) 58 (60.4%) 05 (5.8%)

>1.00 18 (11.0%) 16 (16.6%) 02 (2.3%)
Mortality 13 (7.1%) 12 (12.5%) 01 (1.1%) 0.09

*p<0.05, **p<0.01 (statistically significant)

Discussion:

COVID-19 has been shown to cause cardiovascular
morbidity by direct myocardial injury as a result of the
inflammatory cascade or cytokine release, microvascular

damage due to disseminated intravascular coagulation
and thrombosis, direct entry of SARS-CoV-2 into
myocardial cells via binding to ACE2 receptors, and
hypoxemia combined with increased metabolic
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demands of acute illness leading to myocardial injury [®-
"1, In this prospective cohort study we further assess the
interaction of ECG abnormalities and Troponin elevation.
We demonstrate that (1) myocardial injury defined by
elevated Troponin is common among patients
hospitalized with COVID-19 but is more often mild,
associated with low-level elevation in troponin
concentration. (2) more significant myocardial injury, as
evident by increased Troponin level may be associated
with higher risk of mortality. (3) In the group of patients
with mild Troponin elevation (0.05-1 ng/ml), ECG
abnormalities are associated with significantly increased
mortality.

A variety of electrocardiographic manifestations have
been documented in COVID-19. In patients with pre-
existing heart disease, the spectrum of ECG changes,
from common atrial arrhythmias, precipitated by acute
systemic illness to conduction system abnormalities and
life-threatening arrhythmias in severe disease, besides
other manifestations such as acute coronary syndrome,
myocarditis and heart failure, are noted.2* In addition to
the disease process, biochemical abnormalities like
electrolyte imbalance, especially in critically ill patients
and potential treatment modalities employed in COVID-
19 management, such as hydroxychloroquine and other
antiviral drugs, may have varied impact on the
electrocardiographic parameters such as the QT interval.

In our study, only 8.2% of the patients had prior Coronary
artery disease, yet about 57.1% of the patients showed
abnormal ECG at admission in the hospital indicating
an acute COVID-19 disease process as the potential
cause of the electrocardiographic changes. In a case
report by Zhung et al ECG changes documented in a
COVID-19 patient with fulminant myocarditis were sinus
tachycardia and Right bundle branch block. RBBB pattern
without Significant ST-T wave abnormalities.2® Kim et al
have reported nonspecific interventricular conduction
delay (IVCD) and premature complexes in a 21-year
female with COVID-19 related myocarditis while in few
other patients, ST elevation seen were in inferior
leads.?6:27 Diffuse ST segment elevation in inferolateral
leads and ST depression with T inversion in V1 and aVR
were the ECG findings in a study done by Inciardi et al.6

Arrhythmias were reported more in the COVID-19 patients
with severe disease than those with mild disease (44.4%
vs 6.9% p<0.001).22 While atrial premature complexes
and ventricular premature complexes accounted for 3.1%
and 4.1% of abnormal ECG changes in our study,
conduction abnormalities such as Atrioventricular block
(AV block), left bundle branch block (LBBB) and Right
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bundle branch block (RBBB) constituted only about 5%.
In our study, sinus tachycardia was seen in 55.2% (n=53)
of the patients. Sinus tachycardia is noted to be the
frequent manifestation in patients with COVID-19. Wang
et al in their study comparing ECG changes in severe
and critically ill COVID-19 patient found out sinus
tachycardia to be the second most frequent ECG
characteristic, more so in critically ill patients.

The relationship between ST-T changes on ECG and
myocardial damage with poor prognosis has been
demonstrated.* Abnormal ST segment deviation
(elevation/depression) and T inversion together, were
the most common (26.9%) abnormal ECG manifestation
in our study. Also, these changes had statistically
significant difference among severe and non-severe
groups (p=0.001). Patients with ST segment depression
on admission ECG were more likely to progress to
severe disease needing referral to State COVID ICU.
Similar results were found out by Wang et al in their
study of severe and critically severe patient groups of
COVID-19, in which ST-T abnormal changes were the
most common ECG manifestation. They also noticed
that such changes were more pronounced in critically
severe patients compared to severe patients.28 Similarly,
in another study ST depression, T wave inversion were
observed more in severe group than in non-severe
group.3® ST-T changes may have various pathological
basis such as myocardial damage inflicted by SARS
CoV2, hypocalcaemia, hypertension, or coronary heart
disease. Thus, recognition of such abnormal ECG
manifestations may guide the treating physicians in early
identification of impending severe COVID-19 among
infected patients.

Though troponin elevation above the 99th percentile of
the upper reference limit is considered the central marker
of “myocardial injury”, mild elevation between 0.05 to 1 is
often nonspecific and associated with non-vascular
etiologies such as strain, myocyte necrosis and
increased cell membrane permeability ['2]. Indeed, mild
Troponin elevation was a frequent finding in our cohort,
present in 31% of patients with COVID19. In this regard,
our data suggests that assessment for the presence of
ECG abnormalities can be used to enhance inpatient
risk stratification in those patients with mild Troponin
elevation.

This prospective study demonstrated that, more than half
of the patients admitted with COVID-19 have elevated
Troponin | level and abnormal ECG at admission. Both
these parameters were significantly associated with poor
in-hospital outcome in patients hospitalized with COVID
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19. This was in agreement with the study of Ghaleb et al.
who observed that, more than half of the patients were
admitted to intensive care unit; cTnl level was elevated in
30 patients (58.8%), of whom 17 died (56.7%). The study
observed statistically significant differences regarding
the relation between cTnl level and death.'® Deng et al.
found the presence of myocardial injury in COVID-19
patients during hospitalization and one fourth of the
patients, had presented abnormalities similar to
myocarditis, with an increase in cardiac troponin |
especially during hospitalization also in about (37.5%)
of them, especially in those who were died. Cardiac
troponin levels were significantly increased one week
before death. With normal findings in Echocardiography
and ECG, they suggested that the increase in troponin
was related to systemic disorders and could be the
warning sign for the death of patients with COVID-19 and
should be taken seriously in clinical practice.'® Recent
data has shown that cTnl levels are mildly elevated in all
patients with SARS-CoV-2 infection, but cTnl levels are
markedly elevated in patients with severe SARS-CoV-2
infection compared to those with milder forms of the
disease.'” Another study suggested that mild cTnl
elevation was frequent in COVID-19 patients and in such
cases presence or absence of ECG abnormalities coul
be used to enhance risk stratification of hospitalized
COVID patients.'2

Limitations: The study had some limitations inherent to
its design. As patients were selected purposively from
selected hospital their might be a chance of selection
bias. Baseline ECGs were not available in all patients,
and it is possible that some ECG abnormalities were
present prior to the diagnosis of COVID-19.

Conclusion: From this study it was concluded that cardiac
troponin | and abnormal ECG have predictive potential
for mortality in hospitalized COVID-19 patients.
Myocardial injury is more commonly seen in COVID
patients who died in the hospital in the form of elevated
troponin levels and ECG abnormalities, and there is a
positive correlation between death and elevated troponin
levels and ECG abnormalities.

Recommendations: The study findings could be used to
enhance risk stratification in patients hospitalized with
COVID19. Close examination of cardiac status should
be taken into account during managing such patients.
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