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Objectives: To analyse the pattern of cardiovascular diseases (CVDs) in COVID-19 patients admitted to
tertiary cardiac care centre.
Methods: We retrospectively analysed 511 adult patients admitted between July 1, 2020, and November
30, 2020, with COVID-19 infection and having either new onset or pre-existing CVDs. Clinical features,
electrocardiogram (ECG), echocardiography, chest X-ray, biomarkers, haematological and biochemical
parameters were analysed.
Results: The mean age of the patients was 56.62 ± 14.74 years. Male: Female ratio was 2.78:1. Pre-
existing CVDs were present in 258 patients (50.5%). The most common cardiovascular manifestation
was acute coronary syndrome (ACS), seen in 259 patients (50.7%). ST-segment elevation myocardial
infarction (STEMI) was more common than non-ST-segment elevation ACS (NSTE-ACS). Possible
myocarditis was seen in 52 patients (10.1%). Rhythm and conduction abnormalities were noted in 144
patients (28.2%), the most common being QT prolongation, seen in 51 patients (10%). In-hospital mor-
tality occurred in 97 patients (18.9%). Age, serum Ferritin level, D-dimer, NT-pro-BNP and total leukocyte
count were significantly higher among patients with in-hospital mortality compared to survival group.
Blood lymphocyte count and Haemoglobin level were significantly lower in mortality-group, compared
to survival-group. Incidence of pre-existing CVDs, cardiogenic shock, heart failure, atrial fibrillation (AF),
and renal failure were significantly higher in mortality-group compared to survival-group.
Conclusion: The most common CVD in COVID-19 patients in our study was ACS. STEMI was more
common than NSTE-ACS. Advanced age, elevated serum ferritin, D-dimer, NT pro-BNP, leucocytosis,
lymphopenia, lower haemoglobin, pre-existing CVDs heart failure, cardiogenic shock, AF and renal failure
were associated with increased mortality in these patients.
© 2021 Cardiological Society of India. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The manifestations of coronavirus disease 2019 (COVID-19)
infection ranges from mild illness to severe pneumonia, multi-
organ failure, and death.1,2 Cardiac complications are common,
seen in 20e25% of COVID-19 infected patients and are associated
with increased mortality.2,3 The estimated mortality rate in COVID-
19 is about 3.4%. But, in the presence of cardiovascular disease
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(CVD), mortality rate may be increased to about 10.5%.4,5 This study
was conducted to analyse the pattern of CVDs in COVID-19 patients
admitted to tertiary cardiac care centre.
2. Materials and methods

2.1. Study setting

We retrospectively studied 511 adult patients admitted between
July 1st, 2020 and November 30th, 2020 to our institute with
COVID-19 infection and having either new onset or pre-existing
CVD. Since it was a retrospective study, consent was not required.
The study was conducted in accordance with the Declaration of
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Table 1
Baseline characteristics and presenting complaints.

No. of patients (n ¼ 511) Percent

Age (years) 56.62 ± 14.74 -
Sex ratio 2.78:1 -
Comorbidities 360 70.5
Hypertension 185 36.2
Diabetes Mellitus 207 40.5
Renal Failure 90 17.6
Chronic obstructive pulmonary disease 21 4.1
Dyslipidemia 63 12.3
Pre-existing CVDa 258 50.5
Ischemic heart disease 150 29.4
Valvular heart disease 40 7.8
Dilated cardiomyopathy 30 5.9
Congenital heart diseases 2 0.4
Heart failure 145 28.4
Cerebrovascular events 8 1.6
Others 36 7.0
Presenting complaints
Chest Pain 296 57.9
Dyspnea 230 45.0
Giddiness 17 3.3
Syncope 3 0.6
Palpitations 21 4.1
Fatigue 38 7.4
Pedal edema 5 1.0
Cough 30 5.9
Fever 37 7.2

a CVD: Cardiovascular diseases.
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Helsinki. Ethical approval was obtained from the Institutional
Ethics committee.

2.2. Definitions

CVDs included were coronary artery disease, myocarditis, heart
failure, valvular heart disease, cardiomyopathies, congenital heart
diseases, pericardial diseases, arrhythmias, cerebrovascular events
(CVEs), peripheral arterial diseases and venous thromboembolic
diseases. Acute myocardial injury and myocardial infarction were
defined according to the Fourth Universal Definition of Myocardial
Infarction. Myocardial injury was defined as an increase in serum
levels of cardiac troponin-T above the 99th percentile of upper
reference limit. It could be ischemic (acute coronary syndrome) or
non-ischemic (myocarditis). In our study, possible myocarditis was
diagnosed based on clinical background, electrocardiography
(ECG), echocardiography and elevated troponin T. ECG features
suggestive of possible myocarditis were sinus tachycardia, global
ST-T changes and arrhythmias. Echocardiographic features were
global hypokinesia and reduced left ventricular (LV) ejection frac-
tion. Although cardiac magnetic resonance imaging (C-MRI) is
commonly used to diagnosemyocarditis, it was associatedwith risk
of infection to staff and potential contamination of lab and in-
struments. Hence, it was not done for diagnosingmyocarditis in our
study.

2.3. Inclusion criteria

Patients, aged �18 years, diagnosed with COVID-19 infection by
a positive rapid antigen test or reverse-transcriptase polymerase
chain reaction assay for severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV2) and admitted with CVDs.

2.4. Exclusion criteria

COVID-19 patients without CVDs.

2.5. Study design

Data was collected from patients’ admission files using the self-
designed proforma. Demographic data, comorbid conditions,
medications, physical examination, and laboratory findings
including troponin-T, N-terminal pro-Brain natriuretic peptide (NT-
pro-BNP), D-dimer and Ferritin levels were analysed. ECG, chest X-
ray and echocardiography of all patients were systematically
studied.

2.6. Statistics

A descriptive and inferential statistical analysis were done. The
quantitative variables were expressed as mean ± standard devia-
tion (S.D.) and compared between groups using unpaired t-test. The
qualitative variables were expressed as number (percentage) and
compared between groups using Chi-square/Fisher's exact test. A p-
value < 0.05 was considered statistically significant. SPSS version
22.0 software was used for statistical analysis.

3. Results

511 patients were studied. 376 (73.5%) were male. Table 1 shows
the baseline characteristics, pre-existing CVDs and presenting
symptoms. 209 patients (40.9%) were above 60 years. Comorbid-
ities were present in 360 patients (70.5%), with diabetes mellitus
being the most common. Pre-existing CVDs were present in 258
683
patients (50.5%), the most common being ischemic heart disease
(IHD). The most common symptom at admission was chest pain.

3.1. Acute coronary syndrome (ACS)

The most common cardiovascular manifestation was acute
coronary syndrome (ACS). ST-segment elevation myocardial
infarction (STEMI) was seen in 161 patients (31.5%). It was more
common than non-ST-segment elevation ACS (NSTE-ACS), which
was seen in 99 patients (19.4%). Other cardiovascular manifesta-
tions of COVID-19 are summarised in Table 2.

Among 161 patients with STEMI, 76 patients (47.2%) presented
within the window period and were eligible for thrombolysis. 72
were lysed with intravenous Streptokinase, 2 with Reteplase,1 each
with Tenecteplase and Urokinase. 85 patients (52.8%) with STEMI
presented late and were not eligible for thrombolysis. Hence, they
were treated conservatively. Cardiogenic shock was seen in 20
patients (12.4%) and mortality in 16 patients (9.9%).

Patients with NSTE-ACS were managed medically. 13 patients
(13.1%) had cardiogenic shock and 22 patients (22.2%) had
mortality.

Among patients with ACS, 2 patients underwent coronary
angiogram (CAG), 1 of them had double vessel disease and under-
went percutaneous coronary interventionwith stenting to both the
vessels. The other had diffuse triple vessel disease and was
managed with guideline-directed medical therapy.

3.2. Myocarditis and pericarditis

Non-ischemic myocardial injury in the form of possible
myocarditis was seen in 52 patients (10.1%). They presented with
atypical chest pain, heart failure and arrhythmias. Among them, 4
patients had associated pericarditis, resulting in myopericarditis.
On echocardiography, mild, moderate and severe LV systolic
dysfunction was seen in 27 patients, 15 patients and 10 patients
respectively. All of themwere treated medically. 10 patients (19.2%)



Table 2
Cardiovascular manifestations.

No. of patients (n ¼ 511) Percent

Acute coronary syndrome 259 50.7
Myocarditis 52 10.1
Heart failure 227 44.4
Cardiogenic shock 55 10.8
Pulmonary hypertension 155 30.3
Rhythm and conduction disturbance 144 28.2
Sinus tachycardia 46 9.0
Ventricular tachyarrhythmias 28 5.5
Ventricular tachycardia 16 3.1
Ventricular fibrillation 1 0.2
Ventricular premature complexes 11 2.2

Atrial fibrillation 24 4.7
Sinus bradycardia 14 2.7
A.V. nodal blocka 27 5.2
First degree A.V. nodal block 2 0.4
2:1 A V. block 2 0.4
New onset complete A.V. nodal block 14 2.7

QTc Prolongation 51 10.0
Right bundle branch block 5 1.0
Left bundle branch block 16 3.1
Venous thromboembolism 11 21.5
Cerebrovascular events 2 0.4

a A.V.: Atrio-ventricular.
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had cardiogenic shock. Isolated pericardial effusionwere noted in 2
patients. One had mild and the other had moderate pericardial
effusion. They presented with atypical chest pain. On further in-
vestigations, there was no other obvious cause. They had normal
biventricular function. Hence, they were considered probably due
to COVID-19 infection.
3.3. Rhythm and conduction abnormalities

They were noted in 144 patients (28.2%). The most commonwas
QTc prolongation, seen in 51 patients (10%). 30 of them had asso-
ciated ACS, 15 had possible myocarditis and 3 had hypokalemia. 3
patients had QTc prolongation after treatment with hydrox-
ychroloroquine and the drug was stopped. Torsedes de pointes was
seen in 2 and were treated with defibrillation. Rest of the rhythm
and conduction abnormalities are given in Table 2.
Table 3
Comparison of parameters between group with asymptomatic and symptomatic COVID-

Parameters Asymptomatic

Age (Mean ± SD, years) 54.14 ± 14.69
Serum Ferritin (Mean ± SD, mg/L) 362.78 ± 339.
Serum Procalcitonin (Mean ± SD, ng/ml) 6.67 ± 91.65
D-Dimer level (Mean ± SD, mg/ml) 0.75 ± 2.78
Serum Troponin T (Mean ± SD, ng/ml) 0.38 ± 0.65
Total leukocyte count (Mean ± SD, cells/ml) 9803.24 ± 477
Lymphocyte (Mean ± SD, % of total leukocyte count) 19.26 ± 10.29
Haemoglobin (Mean ± SD, g/dl) 12.99 ± 1.92
Platelet (Mean ± SD, lakhs/ml) 2.61 ± 0.93
NT-Pro BNP (Mean ± SD, pg/ml) 2353.25 ± 412
Cardiogenic shock, n (%) 12 (4.1%), 230
Heart failure, n (%) 85 (35.1%)
Renal failure, n (%) 23 (9.5%)
Diabetes Mellitus, n (%) 80 (33.1%)
Hypertension, n (%) 70 (28.9%)
Chronic obstructive pulmonary disease, n (%) 6 (2.5%)
Pre-existing CVD, n (%) 120 (49.6%),12
Atrial Fibrillation, n (%) 6 (2.5%)
Mortality, n (%) 22 (9.1%)

NT-pro BNP: N-terminal pro-Brain Natriuretic peptide, CVD: Cardiovascular diseases.
SD: Standard deviation.
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3.4. Venous thromboembolism (VTE)

VTE was seen in 11 patients. 4 patients had deep vein throm-
bosis (DVT) and 6 had pulmonary thromboembolism (PTE). 1 pa-
tient had DVT with PTE. 1 patient with DVT had multiple site
thrombosis. 3 patients with massive PTE were thrombolysed with
streptokinase. 2 of them died. Rest of the patients with PTE and all
patients with DVT were treated with anticoagulation.
3.5. Pattern of respiratory system involvement

242 patients were asymptomatic. 269 patients had symptomatic
COVID-19. Pulmonary involvement was seen in 245 patients
(47.9%). Comparison between patients with asymptomatic and
symptomatic respiratory disease is given in Table 3. Age, serum
Ferritin, leukocyte count and NT-pro-BNP were higher in symp-
tomatic group compared to asymptomatic group. Also, heart fail-
ure, cardiogenic shock, renal failure, pre-existing CVDs, atrial
fibrillation and mortality rate were higher in symptomatic group,
compared to asymptomatic.
3.6. Abnormalities in biomarkers, hematological and biochemical
parameters

Serum Troponin T was elevated in 311 patients (60.9%) sugges-
tive of myocardial injury. NT pro-BNP was elevated above the age
specific cut off (Age<45 years: >450 ng/l, 45e75 years: >900 ng/l,
>75 years: >1800 ng/l) in 270 patients (52.8%), suggestive of heart
failure. D-dimer was raised in 175 patients (34.2%). Ferritin and
Procalcitonin were elevated in 139 (27.2%) and 82 patients (16.1%)
respectively. Leukocytosis (216 patients, 42.4%) and lymphopenia
(247 patients, 48.3%) were the common haematological abnor-
malities. Thrombocytopenia and thrombocytosis were present in
46 (9.0%) and 42 patients (8.2%) respectively. Hyperkalemiawas the
most common dyselectrolytemia (21 patients, 4.1%) noted, followed
by hypokalemia (13 patients, 2.5%). There was positive correlation
between troponin T and leukocyte count. (Pearson's correlation co-
efficient ¼ 0.113, p ¼ 0.011).
19 respiratory disease.

(n ¼ 242) Symptomatic (n ¼ 269) p-value

58.84 ± 14.46 <0.001
71 505.52 ± 481.86 <0.001

2.29 ± 26.33 0.453
1.13 ± 2.49 0.099
0.40 ± 0.75 0.728

7.07 12449.78 ± 5741.68 <0.001
15.21 ± 9.96 <0.001
12.44 ± 2.00 0.002
3.73 ± 1.81 0.274

1.53 5716.29 ± 8563.18 <0.001
43 (16%), 226 <0.001
142 (52.8%) 0.001
67 (24.9%) <0.001
127 (47.2%) 0.001
115 (42.8%) 0.001
15 (5.6%) 0.078

2 138 (51.3%), 131 0.72
18 (6.7%) 0.025
76 (28.3%) <0.001



Table 4
Comparison of parameters with respect to Outcome.

Parameters Patients who survived to discharge (n ¼ 414) Patients with in-hospital mortality (n ¼ 97) p-value

Age (Mean ± SD, years) 55.72 ± 14.50 60.41 ± 15.21 0.005
Serum Ferritin (Mean ± SD, mg/L) 386.13 ± 380.25 656.18 ± 530.39 < 0.001
Serum Procalcitonin (Mean ± SD, ng/ml) 3.77 ± 70.01 6.86 ± 44.55 0.677
D-Dimer level (Mean ± SD, mg/ml) 0.71 ± 1.8 1.98 ± 4.64 < 0.001
Serum Troponin T (Mean ± SD, ng/ml) 0.39 ± 0.69 0.38 ± 0.77 0.890
Total leukocyte count (Mean ± SD, cells/ml) 10572.04 ± 5238.92 13816.43 ± 5636.71 < 0.001
Lymphocyte (Mean ± SD,% of total leukocyte count) 18.20 ± 10.45 11.51 ± 7.34 < 0.001
Haemoglobin (Mean ± SD, g/dl) 12.82 ± 1.95 12.22 ± 2.07 0.007
Platelet count (Mean ± SD, lakhs/ml) 3.35 ± 12.76 2.56 ± 1.03 0.538
NT-pro-BNP,a (Mean ± SD, pg/ml) 3531.74 ± 6756.05 6597.43 ± 7617.67 < 0.001
Cardiogenic shock, n (%) 10 (2.4%) 45 (46.4%) <0.001
Heart failure, n (%) 172 (41.5%) 55 (56.7%) 0.009
Renal failure, n (%) 61 (14.7%) 29 (29.9%) 0.001
Diabetes Mellitus, n (%) 165 (39.8%) 42 (43.3%) 0.566
Hypertension, n (%) 144 (34.8%) 41 (42.3%) 0.197
COPD,**n (%) 15 (3.6%) 6 (6.2%) 0.258
Pre-existing CVD,b n (%) 196 (47.3%) 62 (63.9%) 0.003
Atrial fibrillation, n (%) 15 (3.6%) 9 (9.3%) 0.027

a NT-pro-BNP:N-terminal pro-Brain natriuretic peptide, **COPD:Chronic obstructive pulmonary diseases.
b CVD:Cardiovascular diseases.
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3.7. In-hospital outcome

Mortality occurred in 97 patients (18.9%). Comparison between
in-hospital survival group and mortality group is shown in Table 4.
Age, serum Ferritin level, D-dimer, NT-pro-BNP and total leukocyte
count were significantly higher among patients with mortality,
compared to those who survived to discharge. Blood lymphocyte
count and hemoglobin level were significantly lower in mortality-
group, compared to survival-group.

Incidence of pre-existing CVD, heart failure, cardiogenic shock,
renal failure and atrial fibrillation (AF) were significantly higher in
mortality-group compared to survival-group.
4. Discussion

Cardiac involvement is common, especially in hospitalized
COVID-19 patients. Patients with cardiac risk factors and pre-
existing CVDs tend to have more severe form of disease with
worse clinical outcomes. In our study, pre-existing CVDs were
present in 50.5%, which was higher than previous studies.6,7 This
association is possibly due to CVDs beingmore prevalent in patients
with advancing age, who have a functionally impaired immune
system, or elevated levels of Angiotension converting enzyme-2
(ACE-2), which also predisposes them to COVID-19.7
4.1. Acute myocardial injury

Acute myocardial injury was seen in 60.8% in our study. This is
much higher than in other studies,5,8 probably due to admission of
selective cardiac cases at our institute. Guo et al demonstrated that
elevated troponin T levels are associated with higher levels of
biomarkers such as C-reactive protein (CRP), procalcitonin, greater
leukocyte counts, indicating that myocardial injury correlates with
the severity of inflammation.3 Similarly, in our study, there was
positive correlation between troponin T and leukocyte count.
Variousmechanisms of cardiac involvement in COVID-19 have been
proposed. One potential mechanism is direct myocardial involve-
mentmediated by ACE2. Other mechanisms include cytokine storm
and hypoxia-induced excessive intracellular calcium, leading to
cardiac myocyte apoptosis.7
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4.1.1. ACS
Ischemic myocardial injury results from cytokine storm and

catecholamine surge, predisposing to plaque rupture or erosion
(Type 1 myocardial infarction). It may be also due to hypoxic injury,
supply-demand mismatch, coronary artery spasm and thrombosis
(Type 2 myocardial infarction).3,9 STEMI in COVID patients has high
mortality (33%) as shown in North American COVID-19 Myocardial
Infarction Registry.10 However, in our study, STEMI patients had a
mortality rate of 9.9%. and NSTE-ACS had mortality rate of 22.2%.
4.1.2. Myocarditis and pericarditis
The association between coronavirus infection and myocarditis

is not new, as it was also noticed during Middle East respiratory
syndrome coronavirus (MERS-CoV).11 In our study, possible
myocarditis was diagnosed based on troponin T, ECG and echo-
cardiographic findings and it was noted in 10.1%. Based on similar
criteria, Deng et al found 12.5% cases of possiblemyocarditis in their
retrospective study.12 However, a cardiaceMRI based study
revealed higher incidence (78%) of myocarditis.13

A case of COVID-19 complicated with myopericarditis causing
pericardial effusion and cardiac tamponade requiring peri-
cardiocentesis, has been reported in previous literature.14 In our
study, pericardial effusion was seen in 2 patients (0.4%).
4.2. Heart failure

New-onset heart failure and acute decompensation of chronic
heart failure (ADHF) have been documented in patients with
COVID-19. Heart failure is postulated to occur in COVID-19 due to
the over-activation of immune system, and downregulation of
ACE2, leading to increased levels of Angiotensin II.15 In our study,
227 patients (44.4%) had heart failure. Among them, majority had
ADHF (145 patients, 63.9%). Remaining were new onset heart fail-
ure. In previous studies, incidence of heart failure in admitted pa-
tients with COVID-19 ranged from 23 to 33%.16,17 In a meta-analysis
of 35 studies, patients with pre-existing heart failure had 8 times
higher mortality.18 In our study, mortality in heart failure patients
was 24.2%, which was 1.6 times higher, compared to those without
heart failure. (14.8%).



B. Puttegowda, A.B. Shivashankarappa, S. Dutta et al. Indian Heart Journal 73 (2021) 682e686
4.3. Cardiogenic shock

Studies from Germany and the USA have reported cardiogenic
shock as a significant complication of COVID-19.19,20 A systematic
review showed that approximately 8% of patients developed heart
failure or cardiogenic shock as a manifestation of COVID-19.21 In
our study, cardiogenic shock was seen in 55 patients (10.8%). Case
series from Spain showed 75% mortality with cardiogenic shock
due to COVID-19.22 In our study, cardiogenic shock was associated
with mortality rate of 81.8%.

4.4. Rhythm and conduction abnormalities

Arrhythmia in COVID-19 infection can be due to acute cardiac
injury from different etiologies such as ischemia, direct myocardial
damage, systemic inflammatory response syndrome or it could be
due to the effects of drugs used to treat COVID-19. In a study by
Dawei Wang, 16.7% had arrhythmia.6 In our study, rhythm and
conduction disturbance was seen in 28.2%. There is concern about
hypokalemia in COVID-19 patients, because of the interaction of the
virus with the renin-angiotensin-aldosterone system (RAAS).7 Hy-
pokalemia increases the vulnerability to various arrhythmia, and in
our study, it was seen in 2.5% of patients.

QTc prolongation is common in these patients as noted in our
study and also in a previous study.23 Advanced age, renal failure,
underlying CVDs, myocardial injury, and drugs like hydroxy-
chloroquine or azithromycin, contribute to it.23

4.5. In-hospital outcome

In hospital mortality in our study was 18.9%, which was higher
than the study by Tang et al (11.5%).24 Tang et al reported elevated
D-dimer level, approximately 3.5 times higher in mortality cases
than survivors.24 In our study, mortality cases had elevated D-
dimer, 2.8 times higher, compared to survivors. A multinational
observational study showed that COVID-19 complicated with heart
failure was associated with an increased mortality,25 which was
also noted in our study. In a meta-analysis, one-fourth of the hos-
pitalized patients with COVID-19 develop CVDs and arrhythmia,
which increased themortality by 20 times.18 In our study also, CVDs
and AF were associated with increased mortality.

4.6. Limitations

This study was conducted in tertiary cardiac care centre. Hence,
only COVID-19 patients with CVDs were included. Our study might
not reflect the true cardiovascular complications of COVID-19 due
to referral bias. Hence, the results cannot be applied to general
population with COVID-19 infection. It was a retrospective study
and hence the follow up data is not available. CAG was not done in
most of the patients with ACS. Acute myocarditis was diagnosed
only based on ECG, echocardiography and troponin T. Cardiac MRI
was not done. Hence, subclinical myocarditis might have been
missed. Procoagulant workup was not done for VTE patients.

5. Conclusion

The most common CVD in COVID-19 patients was ACS. STEMI
was more common than NSTE-ACS. Advanced age, elevated serum
Ferritin level, D-dimer, NT-pro-BNP, leukocytosis, lymphopenia,
lower hemoglobin level, presence of pre-existing CVDs, heart
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failure, cardiogenic shock, AF and renal failure were important
predictors of mortality in these patients.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ihj.2021.10.007.
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