
Introduction

Coronavirus disease 2019 (COVID-19) is caused by the 
novel severe acute respiratory syndrome coronavirus 2 
(SARS CoV-2). To date, more than 700 million confirmed 
cases and more than 6 million deaths due to secondary 
complications have been reported. Moreover, it was 
declared a pandemic in March 2020,1 thus constituting 
one of the greatest threats to humanity in recent centuries.

Interaction of the virus with the host occurs through the S 
protein (spike) of the virus and its entry receptor angiotensin-
converting enzyme 2 (ACE 2); however, invasion requires 
priming of a cellular serine protease called Transmembrane 
Serine Protease 2 (TMPRSS2).2 This receptor is present in 
various cells of the body, mainly in type II pneumocytes, and 
is also present at the systemic level, including in the heart 
and blood vessels, which are organs frequently involved in 
the complications presented during the infection.3
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Abstract

Background: Coronavirus disease 2019 (COVID-19) mainly affects the respiratory system, while the most common 
extrapulmonary complication of COVID-19 is cardiovascular involvement.

Objective: To identify the frequency of electrocardiographic changes and cardiac arrhythmias in patients 
hospitalized with COVID-19 infection.

Methods: This was a cross-sectional study, including patients aged >18 years with diagnosis of severe acute 
respiratory syndrome coronavirus 2 infection in a high-complexity hospital in Santiago de Cali, Colombia, 
from March to September 2020. A descriptive analysis with an analytical component and multiple logistic 
regression analysis were performed; all estimates were established with a 95% confidence level (CI) and a 5% 
significance level.

Results: This study included 183 individuals; of whom 160 were considered for electrocardiographic analysis, 
63% of which evidenced significant findings, the most frequent being sinus tachycardia (29.4%). The frequency of 
myocardial injury was 21.9% and was more common among non-survivors than among survivors (41.7% vs. 12.2%, 
p < 0.001). Myocardial injury was also significantly more common in patients who presented electrocardiographic 
findings than those who did not (26.5% vs. 12.1%, p = 0.032) and in those who required intensive care admission 
(31.8% vs 10.5%, p < 0.001). The strongest mortality-associated factor was the need for mechanical ventilation — 
odds ratio (OR), 9.14; 95% confidence interval, 3.4–24.5.

Conclusions: Electrocardiographic findings in patients with COVID 19 are frequent, including newly diagnosed 
arrhythmias, justifying the use of cost-effective tools for the initial approach and follow-up of this affected 
population. Worse outcomes depend on factors such as invasive mechanical ventilation, comorbidities, age, 
and superinfection.

Keywords: COVID-19; Arrhythmias, Cardiac; Electrocardiography; Biomarkers; Cardiovascular System.
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Methodology

This is an observational, descriptive, cross-sectional, 
single-center study conducted in a high-complexity 
hospital in Santiago de Cali, Colombia, from March to 
September 2020.

Ethical aspects

The research was conducted in accordance with the 
international recommendations on clinical research 
provided in the Declaration of Helsinki and with Colombian 
Ministry of Health Resolution 8430 of 1993. It has been 
classified as risk-free research since the data originate from 
secondary sources, such as clinical records. The project 
was endorsed by the research and ethics and bioethics 
committees of the institutions involved in the study.

Procedure

The study included subjects with a diagnosis 
of COVID-19 infection confirmed via reverse 
transcription-polymerase chain reaction (RT-PCR), 
presence of IgG and IgM type antibodies, or presence 
of antigens for SARS CoV-2, who also had an 
electrocardiogram upon admission to the institution. 
Patients with a known history of cardiac arrhythmia, 

The mechanisms of cardiovascular complications 
have been explained by a series of pathophysiological 
events, which initially occur at the respiratory level but 
finally occur at the multisystemic level, thereby altering 
cellular processes, causing modifications in the cardiac 
excitation and contraction coupling processes, and 
consequently increasing the potential arrhythmogenic 
effect.4,5 This is an event that occurs much more frequently 
in individuals with cardiovascular risk factors, such as 
high blood pressure (HBP) and diabetes, and pre-existing 
arrhythmias and among those aged >55 years. These 
patients also show an increased need for treatment in 
the intensive care unit (ICU).6,7

Currently, in Colombia and Latin America, knowledge 
about cardiovascular involvement related to these 
infections is gaining visibility, in part due to improved 
understanding of the disease. Early electrocardiographic 
findings are increasingly described as markers of 
poor prognosis, such as correlations of QT  interval 
prolongation, higher incidence of recent sustained 
arrhythmias, and the presence of myocardial injury, all of 
which are associated with worse outcomes.8,9 Highlighting 
these findings, this study aimed to identify the frequency 
of electrocardiographic changes and cardiac arrhythmias, 
sociodemographic and clinical characteristics, and factors 
associated with mortality in patients hospitalized with 
COVID-19 infection in a tertiary care hospital.

Central Illustration: Frequent Cardiovascular Manifestations Associated With SARS Cov-2 Infection: 
Experience at a Tertiary Hospital In Cali, Colombia 
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SD: standard deviation; OR: odds ratio.
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hospital stay of <24 h, or evidence of cardiorespiratory 
arrest during their initial care were excluded from 
the study.

Poor prognosis, comorbidities, and superinfection 
variables for the disease were defined according to 
the recommendations of the Colombian consensus on 
the care, diagnosis, and management of SARS CoV-2/
COVID-19 infection in healthcare institutions.10 The 
following were used as cutoff points: lymphocyte 
count < 1000 × 103/µL; ferritin > 1000 ng/ml, lactate 
dehydrogenase (LDH) > 350 IU/L, D-dimer > 1000 
mcg/ml, and procalcitonin > 0.5 ng/mL; while a PaO2/
FiO2 ratio <100 indicates severe hypoxemia, 100–200 
indicates moderate hypoxemia, 200–300 indicates 
mild hypoxemia, and a ratio ≥300 indicates no 
hypoxemia. Presence of hyperkalemia or hypokalemia 
was defined as values >5.5 mEq/l or <3.5 mEq /l, 
respectively; transaminitis with increased levels of 
aminotransferases was defined as levels >3 times the 
normal upper limit, and a cutoff point of 47.34 ng/l 
was used for the 99th percentile (99p) of troponin 
(ADVIA Centaur TNIH) - values above this cutoff are 
considered indicative of myocardial injury.

During the course of SARS CoV2 infection, any 
history of illness prior to diagnosis was considered as 
comorbidity, while any clinical picture suggestive of an 
infectious process more than 48 hours beyond hospital 
admission, confirmed by cultures, was defined as 
superinfection.

Only the first in-hospital electrocardiographic study 
performed in subjects admitted with a suspected 
diagnosis of COVID-19 was analyzed, in order to avoid 
possible confusion with patients admitted for reasons 
other than COVID-19 infection or cases in which 
COVID-19 infection was acquired within the hospital.

The electrocardiogram readings were obtained by 
two medical specialists in clinical cardiology with more 
than 10 years of experience and who were unaware of 
the patients’ clinical diagnoses. In cases of disagreement 
regarding identification of the main finding, diagnosis 
was made by a third physician specialized in clinical 
cardiology.

Normal tracing was defined as no significant findings 
after a reading based on the recommendations for 
standardized electrocardiogram interpretation, including 
specific considerations such as significant ST-segment 
elevation when >1 mm in at least two contiguous leads, 
except v2-v3.11

Data analysis

A descriptive analysis of the variables was conducted 
for the overall population as well as by survivors and 
non-survivors. For categorical data, this analysis used 
frequency distributions and relative and absolute 
frequencies. For quantitative data, a numerical analysis 
of measures of central tendency (mean) and dispersion 
(standard deviation) was conducted, followed by their 
respective categorizations. The Kolmogorov-Smirnov 
normality test was used to assess the normality of the data. 
To evaluate the differences in means, the unpaired Student 
t test and the Chi-square test for difference in proportions 
were applied, with their respective p values. Statistical 
significance was established as p values lower than 0.05.

Finally, multivariate analyses were conducted to 
determine the risk factors associated with mortality 
in the study population. Explanatory or independent 
variables were converted to dichotomous categories if 
necessary. According to statistical criteria, independent 
variables with p ≤ 0.25 in the univariate models were 
introduced into the initial logistic model with crude 
OR, followed by stepwise-backward elimination with an 
entry probability of <0.10 and a withdrawal probability 
of >0.25, which generated the final explanatory model 
with adjusted OR. All estimates were established with 
a 95% confidence level (CI) and a 5% significance level. 
In addition, the Hosmer-Lemeshow goodness-of-fit 
and verisimilitude tests were performed to validate the 
model’s assumptions. The data analysis was performed 
using STATA 16® statistical program.

Results

The selection process and demographic data, clinical 
characteristics, and severity markers at admission as well 
as diagnostic aids, therapies, and complications of the 
subjects who met the inclusion criteria are described in 
Figure 1 and Table 1, respectively. Overall, the mortality 
rate was 32.8%, reaching 78.3% in those who required 
ICU management (53%); the most frequent rhythm of 
arrest was asystole, which was reported in 96.3% of the 
non-survivors.

Several characteristics were not statistically significant 
between survivors and non-survivors. Among non-
survivors, age, particularly age >75 years, history of 
cancer, and cardiovascular disease showed statistically 
significant relevance. The central figure shows the main 
results of this study.
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Complications and severity markers

Complications occurred more frequently among non-
survivors than among survivors, with a greater need for 
mechanical ventilation, along with higher incidence of 
acute kidney injury and myocardial injury. Diagnosis 
of superinfection was also more frequent in this group 
of patients and was associated with administration of 
antibiotic regimens lasting more than 5 days.

The most frequently observed severity biomarkers in 
deceased subjects were lymphocyte count <1000 × 103/µL, 
D-dimer level >1000 µg/ml, and elevated troponin levels 
>99p. Elevated troponin levels were significantly more 
frequent in subjects admitted to the ICU compared to 
those not admitted (31.8% vs 10.5%, p < 0.001)

Cardiovascular compromise and myocardial injury

Electrocardiographic findings did not differ between 
the two groups (p > 0.05); 15% of patients presented 
sinus bradycardia; changes compatible with significant 
ST-segment elevation occurred in 6.25% of cases; and 
30% had troponin values above the 99p, which suggests 
possible acute myocardial infarction (AMI) with ST-
segment elevation. The most frequent rhythm disorder 
identified was atrial fibrillation. in 8.8%, considered 
to be the patient’s first diagnosis, given the study’s 
exclusion criteria. There was no evidence of QT interval 
prolongation in this population (Table 2).

These electrocardiographic findings were more 
frequent and significantly evident when serum potassium 
and ferritin levels were <3.5 mEq/L and >1000 ng/mL, in 
3.5% (p = 0.037) and 46.1% (p = 0.018) of the subjects, 
respectively.

The frequency of myocardial injury was significantly 
higher in patients with abnormal electrocardiographic 
findings compared to those without (26.5% vs. 12.1%, 
p = 0.032)

F i g u r e  2  i l l u s t r a t e s  t h e  b e h a v i o r  o f  t h e 
main biomarkers  in  subjects  with  abnormal 
electrocardiographic findings.

Significant ST-segment changes and troponin 
elevation were present in 7% of the subjects. The 
multidisciplinary management team considered 
presence of myocardial injury associated with infection 
as the first possibility, ruling out AMI or pericarditis 
and taking into account the absence of symptoms; 33% 
of these subjects had an echocardiographic study, half 
of them with LVEF < 40%. However, since they had 
a history of previous ischemic heart disease, none 
required specific treatment.

Additional studies such as echocardiography were 
performed in about a quarter of the patients admitted, 
while computed tomography (CT) angiography was 
much less frequent, being positive for pulmonary 
embolism in 21% of all studies performed.

Figure 1 – Flowchart illustrating patient recruitment and analysis process.

183 cases included in the  
study's analysis.

160 cases included for 
electrocardiographic analysis

60 cases non-survivors

779 confirmed COVID-19 cases.

123 cases survivors

596 cases did not meet the 
inclusion criteria

Eletrocardiogram excluded:
8 in-hospital infection.

15 other diagnoses of admission.
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Table 1 – Demographic and clinical characteristics and 
diagnostic aids (Continuation).

Variables
Total Survivors

Non-
survivors p 

value
(n = 183) (n = 123) (n = 60)

Characteristics 

Sex

Male 115 (62.8%) 76 (61.8%) 39 (65%) 0.673

Mean age (SD) 61.3 (14.9) 58.5 (14.2) 67.1 (14.8) 0.662

<65 years 105 (57.4%) 80 (65.0%) 25 (41.7%) 0.003

65–75 years 44 (24.0%) 30 (24.4%) 14 (23.3%) 0.875

>75 years 34 (18.6%) 13 (10.6%) 21 (35%) <0.001

Hospital stay, 
days, Mean 
(SD)

16.557 (14.8)
16.528 
(16.1)

16.617 
(11.7)

0.966

Type of diagnostic test 

SARS CoV-2 
PCR test

178 (97.3%)
120 

(65.6%)
58 (31.7%) 0.728

SARS CoV-2 
Ag test

3 (1.6%) 2 (1.6%) 1 (1.7%) 0.984

SARS CoV-2 
Ab test

2 (1.1%) 1 (0.8%) 1 (1.7%) 0.602

Hospitalization service 

Emergency 6 (3.3%) 4 (3.2%) 2 (3.3%) 0.977

Hospitalization 80 (43.7%) 69 (56.1%) 11 (18.3%) <0.001

ICU 97 (53%) 50 (40.7%) 47 (78.4%) <0.001

Admission diagnosis

Suspected 
COVID-19

160 (88.9%)
110 

(89.4%)
50(83.3%) 0.243

Hospital 
contact †

8 (4.4%) 3 (2.4%) 5 (8.3%) 0.067

Other 
diagnoses

15 (8.2%) 10 (8.1%) 5 (8.3%) 0.962

Comorbidities 

Arterial 
hypertension

80 (43.7%) 56 (45.5%) 24 (40%) 0.479

Diabetes 
mellitus

51 (27.9%) 33 (26.8%) 18 (30%) 0.653

Obesity 46 (25.1%) 29 (23.6%) 17(28.3%) 0.486

Cancer 32 ( 17.5% ) 16 (13.0%) 16 (26.7%) 0.022

Chronic 
kidney disease

18 (9.8%) 10 (8.1%) 8 (13.3%) 0.267

Hypothyroidism 18 (9.8%) 11(8.9%) 7(11.7%) 0.561

Cardiovascular 
disease 
(Ischemic 
heart disease, 
heart failure, 
cerebrovascular 
disease)

25 (13.7%) 12 (9.8%) 13 (21.7%) 0.028

Respiratory 
diseases 
(COPD, 
Asthma)

16 (8.7%) 9 (7.3%) 7 (11.7%) 0.328

Ex-smoker 16 (8.7%) 11(8.9%) 5 (8.3%) 0.891

Other 17 (9.3%) 11 (8.9%) 6 (10%) 0.817

Complications

Venous 
thromboembolism

10 (5.5%) 4 (3.3%) 6 (10%) 0.059

Stroke 4 (2.2%) 1 (0.8%) 3 (5%) 0.069

PE 5 (2.7%) 3 (2.4%) 2 (3.3%) 0.728

Deep vein 
thrombosis

1 (0.6%) 0 1 (1.7%) -

Need for 
invasive 
mechanical 
ventilation

81 (44.3%) 29 (23.6%) 52 (86.7%) <0.001

Myocardial 
injury

40 (21.9%) 15 (12.2%) 25 (41.7%) <0.001

Acute kidney 
injury

46 (25.1%) 20 (16.3%) 26 (43.3%) <0.001

Need for renal 
replacement 
therapy

32 (17.5%) 9 (7.3%) 23 (38.3%) <0.001

Superinfection 107 (58.5%) 55 (44.7%) 52 (86.7%) <0.001

Transaminitis 46 (25.1%) 34 (27.6%) 12 (20%) 0.263

Asystole 56 (30.6%) 0 56 (96.3%) -

Pharmacotherapy

Ivermectin 141 (77.1%) 92 (74.8%) 49 (81.7%) 0.300

Colchicine 136 (74.3%) 92 (74.8%) 44 (73.3%) 0.832

Tocilizumab 2 (1.1%) 1 (0.8%) 1 (1.7%) 0.62

Corticosteroids 152 (83.1%) 96 (78.1%) 56 (93.3%) 0.010

Anticoagulants 51 (27.9%) 29 (23.6%) 22 (36.7%) 0.064

Thromboprophylaxis 129 (70.5%) 91 (73.9%) 38 (63.3%) 0.138

Norepinephrine 46 (25.1%) 13 (10.6%) 33 (55%) <0.001
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Vasopressin 14 (7.7%) 2 (1.6%) 12 (20%) <0.001

Hydroxychloroquine 21 (11.5%) 12 (9.8%) 9 (15%) 0.296

Lopinavir/
Ritonavir

22 (12.0%) 13 (10.6%) 9 (15%) 0.387

Macrolides 85 (46.5%)
46 (37. 

5%)
39 (65%) <0.001

Use of other antibiotics 

Total 119 (65.0%) 60 (48.8%) 59 (98.3%) <0.001

>5 days 
treatment

101 (84.9%) 53 (88.3) 48 (81.4) 0.288

Piperacillin 
Tazobactam

72 (60.5%) 39 (65%) 33 (55.9%) 0.312

Ampicillin 
Sulbactam

15 (12.6%) 8 (13.3%) 7 (11.9%) 0.809

Vancomycin 11 (9.2%) 3 (5%) 8 (13.6%) 0.107

Meropenem 9 (7.6%) 5 (8.3%) 4 (6.8%) 0.749

Ceftriaxone 7 (5.9%) 5 (8.3%) 2 (3.4%) 0.252

Other 5 (4.2%) 1 (1.7%) 4 (6.8%) 0.165

Severity markers 

Ferritin (ng/ml)

≥1000 96 (52.5%) 61 (49.6%) 25 (41.7%) 0.313

LDH (IU/L)

≥350 89 (48.6%) 54 (43.9%) 35 (58.3%) 0.067

Lymphocytes

<1000 × 103/µL 95 (51.9%) 51 (41.5%) 44 (73.3%) <0.001

D-dimer (mcg/ml)

< 1000 91(49.7%) 71(57.7%) 20 (33.3%) 0.002

≥ 1000 67(36.6%) 38 (30.9%) 29 (48.3%) 0.022

≥ 3000 25 (13.7%) 14 (11.4%) 11(18.3%) 0.199

Troponin > 99p 40 (21.9%) 15 (12.2%) 25 (41.7%) <0.001

PaO2/FiO2 at admission (%)

>100 23 (12.6%) 12 (9.7%) 11 (18.3%) 0.1

100–200 35 (19.1%) 19 (15.5%) 16 (26.7%) 0.07

200–300 61 (33.3%) 41 (33.3%) 20 (33.3%) 1

≥300 64 (34.9%) 51 (41.5%) 13 (21.7%) 0.008

Procalcitonin (ng/mL)

≥0.5 25 (13.7%) 12 (9.8%) 13 (21.7%) 0.028

Potassium (mEq/L)

3.5–5.5 152 (83.1%)
107 

(86.9%)
45 (75%) 0.042

≤3.5 18 (9.8%) 9 (7.3%) 9 (15%) 0.101

≥5.5 13 (7.1%) 7 (5.7%) 6 (10%) 0.287

Echocardiogram 50 (27.3%) 26 (21.1%) 24 (40%) 0.007

LVEF < 40% 3 (6 %) 1 (3.8 %) 2 (8.3 %) 0.504

LVEF: 
40%–49%

7 (14 %) 3 (11.5 %) 4 (16.7 %) 0.602

LVEF  ≥ 50% 40 (80 %)
20 (76.9 

%)
20 (83.3 

%)
0.571

Probability of 
pulmonary 
hypertension*

9 (18 %) 6 (23.1 %) 3 (12.5 %) 0.331

Mild 
pericardial 
effusion

3 (6 %) 2 (7.7 %) 1 (4.2 %) 0.600

CT 
angiography

28 (15.3%) 20 (16.3%) 8 (13.3) 0.606

PE positive 6 (21.4 %) 4 (20%) 2 (25%) 0.771

SD: standard deviation; PCR: polymerase chain reaction; COPD: chronic 
obstructive pulmonary disease; 99p: 99th percentile; LDH: lactate 
dehydrogenase; LVEF: left ventricular ejection fraction; PE: pulmonary 
embolism; ICU: intensive care unit; CT: computed tomography. 
† Hospital-acquired infection; * Defined according to tricuspid 
regurgitation velocity ≤ 2.8 m/s or not measurable, plus other 
echocardiographic findings. Source: Prepared by the authors.

Risk factors associated with mortality

To develop the final logistic model (183 subjects), 
a saturated model was started, adding variables with 
statistical significance in the crude associations or 
bivariate analysis, such as: age, hospitalization service, 
presence of comorbidity, history of cardiovascular 
disease and cancer, need for invasive mechanical 
ventilation and days of ventilation, myocardial injury, 
acute kidney injury, need for renal replacement therapy, 
superinfection, need for corticosteroids, vasopressin, 

norepinephrine, macrolides, use of other antibiotics, and 
severity markers.

Analysis of the results of the multiple logistic 
regression model enabled identification of individuals 
aged >75 years, those with a history of comorbidities 
(at least one), complications such as superinfection, and 
need for mechanical ventilation in days (> 2 days) as 
risk factors with statistical significance for a mortality 
event. The variability in hospital mortality events can be 
explained by these variables included in the final model 
in 33.4% of cases (PseudoR2) (Table 3).

Int J Cardiovasc Sci. 2023; 36:e20220181

6
Galindes-Casanova et al.

Cardiovascular manifestations of COVID-19Original Article



Table 2 – Electrocardiographic findings in patients 
hospitalized with COVID-19

Variables
Total

(n = 160)
Survivors
(n = 110)

Non-
survivors

(n = 50)
p value

Electrocardiographic findings (%)

Normal
58 

(36.3%)
40 

(36.4%)
18  

(36%)
0.965

Sinus tachycardia
47 

(29.4%)
33 

(30%)
14 

(28%)
0.797

Sinus 
bradycardia

24  
(15%)

17 
(15.5%)

7  
(14%)

0.811

Atrial fibrillation
14  

(8.8%)
8  

(7.3%)
6  

(12%)
0.327

First-degree AV 
block

2  
(1.3%)

2  
(1.8%)

0

Right bundle 
branch block

1  
(0.6%)

1  
(0.9%)

0

Repolarization 
abnormalities

2  
(1.3%)

1  
(0.9%)

1 
(2%)

0.565

ST-segment 
depression  
> 1 mm

2  
(1.3%)

1  
(0.9%)

1 
(2%)

0.565

Significant 
ST-segment 
elevation

10 
(6.3%)

7 
(6.4%)

3 
(6%)

0.930

Heart rate,  
mean. (SD)

86.24 
(21.49 )

85.71 
(20.69)

87.4 
(23.35)

0.662

PR interval (%)

Normal
124 

(77.5%)
85 

(77.2%)
39  

(78%)
0.919

Short 15 (9.4%) 11 (10%) 4 (8%) 0.687

Prolonged 7 (4.36%) 6 (5.5%) 1 (2%) 0.322

Not applicable 14 (8.8%) 8 (7.3%) 6 (12%) 0.327

QRS complex (%)

Normal
125 

(78.1%)
86 

(78.2%)
39  

(78%)
0.979

Narrow 32 (20%) 22 (20%) 10 (20%) 1

Wide 3 (1.9%) 2 (1.8%) 1 (2%) 0.937

AV: Atrioventricular; SD: standard deviation. Normal PR interval: 
0.12 and 0.20 seconds, normal QRS complex: 0.08 to 0.12 seconds. 
Source: Prepared by the authors.

Assessment of the final logistic regression model 
revealed a good fit to the data (Hosmer–Lemeshow) with 
a 5.5 (p = 0.86) Chi2 (Degrees of freedom = 5). Differences 
between the expected and observed frequencies within the 
risk quantiles could not be confirmed; in other words, the 
observed and expected values were similar. Classification 
of the model indicated that it has a high ability to rule 
out patients who have no probability of mortality, with 
sensitivity and specificity of 74% and 83.6%, respectively. 
The probability of identifying a non-survivor among those 
predicted by the model was 67.27%. The probability of 
identifying a survivor among the patients who would not 
die according to the model was 87.6%.

Discussion

The impact on the cardiovascular system generated by 
COVID-19 infection has been evident since the beginning 
of the pandemic and is currently considered one of the 
main extrapulmonary manifestations, increasing the risk 
of arrhythmias and myocardial injury associated with 
worse clinical outcomes.12

Among these outcomes, hospital mortality has varied 
over time according to the epidemiological behavior 
of the pandemic, which is associated with the scant 
knowledge of a new disease and the changes in the 
incidence of cases that are still observed. In addition, 
mortality is associated with confirmed myocardial injury, 
which has been reported to be up to 10 times higher.13,14 
In this regard, our study found a mortality rate that is 
3.4 times higher than the general mortality of 32.8%, 
slightly exceeding the frequency of deaths reported 
in the literature (16%–30%).15,16 On the other hand, the 
post-vaccination era has generated significant changes 
in the behavior of the disease, mentioning complications 
such as myocarditis, for which a sevenfold higher risk is 
described in unvaccinated subjects.17

The need for ICU management was strongly 
associated with worse outcomes; however, these can 
vary if risk factors, such as age, comorbidities, and 
the presence of complications are considered.18 In 
this study, the proportion of patients who required 
an ICU stay was 53%. Among these, mortality related 
to myocardial injury was two times higher, which 
is statistically significant (p = 0.01). These results 
were demonstrated by the logistic regression model, 
in which variables such as age and the need for 
mechanical ventilation are significantly associated with 
a higher risk of mortality (OR > 1).
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N o t a b l y ,  b o t h  m y o c a r d i a l  i n j u r y  a n d 
electrocardiographic changes have gained significant 
clinical importance, owing to their increasing association 
with hospital mortality, with a reported prevalence of up 
to 22% in this type of population.19

Male sex is one of the factors reported as having the 
highest risk of mortality among subjects with COVID-19 
infection.20,21 In our study, the number of men was 2 times 
higher than that of women, with no significant difference 
found in this regard.

Furthermore, age has been considered an incremental 
risk factor for mortality. A recent investigation found a 
higher frequency of deaths in subjects aged >75 years, 
which is possibly due to presence of comorbidities of 
cardiovascular origin, including cardiac arrhythmias.22-24 
This finding is consistent with that reported in our 
study, where a higher frequency of arterial hypertension 
was found among the deceased, followed by other 
cardiovascular antecedents and cancer.

Severe COVID-19 has been reported in up to 23% of 
cases25 and is determined by multiorgan involvement. 
Kidney injury also represents an important factor; 
kidney involvement may be associated with greater 
cardiovascular dysfunction and the need for additional 
therapies. Acute kidney injury can vary and has been 
reported in 7%–30%26,27 of cases. Our study found a high 

frequency, at 25%, with the need for renal replacement 
therapy in 17% of individuals.

Among the electrolyte changes, those related 
to potassium represent a prevalent factor during 
COVID-19 and are associated with greater severity; 
these are mediated by multiple pathophysiological 
mechanisms, with known repercussions for the cardiac 
conduction system.28,29 Our study evidenced significant 
electrocardiographic changes with serum potassium 
levels of <3.5 mEq/L in 3.5% of cases (p = 0.037).

Table 3 – Adjusted OR of the logistic regression model 
for mortality

Variable
Adjusted 

OR
95% CI p value

Age >75 years 4.29 1.5-12.5 0.007

Comorbidity 5.09 1.5-17.6 0.010

Invasive mechanical 
ventilation (>2 days)

9.14 3.4-24.5 <0.001

Superinfection 3.53 1.2-10.4 0.022

CI: confidence interval; OR: odds ratio. Source: Prepared by the 
authors.

Figure 2 – Behavior of the main biomakers in relation with electrocardiographic findings.
*p value < 0.05. Source: Prepared by the autors.
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Knowledge of cardiovascular involvement is increasing 
every day, including information recently described in 
Latin America and Colombia on the identification of 
arrhythmias or electrocardiographic findings as risk 
predictors,30 such as identification of prolonged QT 
interval in up to 10% of patients at hospital admission, 
associated with almost double the risk of mortality.8 
In this sense, a 12-lead electrocardiogram enables 
early detection of findings, which are representative of 
cardiovascular system dysfunction. Besides, it constitutes 
an accessible, rapid, and cost-effective test for the care 
of patients with COVID-19.31 Although these findings 
have not been fully established and may be variable, 
their presence represents the possibility of various 
complications, whether transient or permanent, including 
lethal arrhythmias.32

Within the literature, reports of these manifestations 
have been changing from a 94% frequency of normal 
electrocardiographic findings in cases at the beginning 
of the pandemic,33 to abnormal findings in 26%–37% 
of cases over the course of the pandemic, given the 
greater knowledge regarding cardiovascular system 
compromise.34,35 These were found mainly in critically 
ill subjects, among whom rates reached 90%.36 Our 
study found the frequency of these abnormalities to be 
64%, with sinus tachycardia and bradycardia being the 
disorders with the highest rates.

The incidence of arrhythmias detected only using 
electrocardiography has been reported as approximately 
16%–20% of cases and the vast majority of them were of 
supraventricular origin,37,38 with atrial fibrillation present 
in 3%–18% of the cases. Our study identified arrhythmias 
in 8.8% of the cases, with a higher risk of incidence in 
the presence of concurrent multiple comorbidities, thus 
increasing the risk of mortality;39,40 findings that are very 
similar to contemporary Latin American studies.9

Current studies confirm the presence of these findings 
using telemetry devices, identifying at least one episode 
of arrhythmia in 73% of cases analyzed, with a possible 
increase during the evolution of the disease.41

Other findings, such as changes in the ST segment, have 
also been reported during COVID-19, either mimicking 
an acute coronary syndrome or as a manifestation of other 
cardiovascular complications, including myocarditis or 
pericarditis.42 

Another important aspect is use of pharmacological 
therapies with effects on the cardiovascular system, 
such as macrolides and hydroxychloroquine, which 

have been reported in our study in 46.5% and 11.5% of 
cases, respectively, compared with the results of other 
studies that reported frequency of use of up to 80%.43,44 
These therapies are currently not recommended, as their 
benefit on the course of the disease45 has not been proven; 
however, they do increase the prolongation of the QT 
interval produced by the infection itself, which has been 
reported in approximately 20% of the cases,46,47 a finding 
that has not been evidenced in our study.

Regarding use of antibiotics, which has been reported 
in approximately 50% of cases,48 mainly associated with 
respiratory system compromise due to the COVID-19 
infection, this investigation observed a higher frequency 
(65%) and the most common indication was suspected 
bacterial superinfection, significantly affecting survival. 
Despite this, the coinfection rate reported in the literature 
is variable, ranging from 5% to 10%,49 which could 
increase the risk in the local bacterial epidemiological 
profile.

Limitations

This study has some limitations: First, it was conducted 
retrospectively, which is the reason why performing 
electrocardiogram at admission was not parameterized; 
in addition, the high risk of infection at the beginning 
of the pandemic should be taken into account and 
therefore the number of patients was lower than the 
total number of subjects with COVID-19 infections. 
Second, the electrocardiographic analysis presented 
corresponds to hospital admission, so it is not possible 
to confirm persistence of the initial findings reported, 
which could even be exacerbated in the context of other 
factors including pharmacological therapies used. 
However, we describe the acute electrocardiographic 
changes, including presence of arrhythmias such as atrial 
fibrillation which had not been previously diagnosed, 
although it is true that these could constitute existing 
asymptomatic arrhythmia. Third, exclusion of patients 
with known arrhythmia limits the description of the 
behavior of the event in this population.

Conclusions

Patients with SARS CoV2 infection may present a 
heterogeneous group of complications, with cardiovascular 
complications being a frequent finding. This study 
describes presence of initial electrocardiographic 
changes in this population, including newly diagnosed 

Int J Cardiovasc Sci. 2023; 36:e20220181

9
Galindes-Casanova et al.

Cardiovascular manifestations of COVID-19 Original Article



arrhythmias such as atrial fibrillation and the presence 
of myocardial injury. Moreover, need for invasive 
mechanical ventilation for more than 48 hours, presence 
of comorbidities, superinfection, and age greater than 75 
years were associated with mortality. Further studies are 
required to evaluate the behavior of these events over the 
medium and long terms, but they justify the use of cost-
effective tools such as electrocardiograms as part of the 
initial approach and follow-up of patients with COVID 19.
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