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ABSTRACT
Objective: In this study, we aimed to investigate the prognostic accuracy of the presence of fragmented QRS (fQRS) on baseline electrocardio-
gram on the adverse outcome in critical patients with coronavirus disease 2019 (COVID-19) with cardiovascular disease (CVD).
Methods: The current study was retrospective designed and included 169 patients who were critically ill with COVID-19 and CVD (mean age of 
62±15 years). The patients were grouped into those who died (non-survivor group) and those who survived (survivor group).
Results: The non-survivors were older and more often had CVD (p=0.009), hypertension (p=0.046), diabetes (p=0.048), cancer (p=0.023), and 
chronic renal failure (p=0.001). Although the presence of fQRS on the basal electrocardiogram was more common in patients who died, this 
was not statistically significant (p=0.059). Furthermore, non-survivors had more frequent the coexistence of CVD and fQRS (p=0.029). In Model 
1 multivariate regression analysis, CVD alone was not a predictor of mortality (p=0.078), whereas coexistence of CVD and fQRS was found to 
be an independent predictor of mortality in Model 2 analysis [hazard ratio (HR): 2.243; p=0.003]. Furthermore, older age (HR: 1.022; p=0.006 and 
HR: 1.023; p=0.005), cancer (HR: 1.912; p=0.021 and HR: 1.858; p=0.031), high SOFA score (HR: 1.177; p=0.003 and HR: 1.215; p<0.001), and 
increased CRP level (HR: 1.003; p=0.039 and HR: 1.003; p=0.027) independently predicted the mortality in both multivariate analysis models, 
respectively. 
Conclusion: fQRS may be a useful and handy risk-stratification tool for clinical outcomes by identifying high-risk individuals, especially among 
those with CVD.
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Does coexistence of fragmented QRS and cardiovascular 
disease have the ability to predict the mortality in 
hospitalized, critically ill patients with COVID-19?

Introduction

In December 2019, a novel human coronavirus causing 
respiratory infections was first detected in a series of unex-
plained pneumonia cases in the Chinese city of Wuhan, subse-
quently spreading quickly around the world in the first quarter of 
2020 (1). The virus leading to the disease named coronavirus 
disease 2019 (COVID-19) by the World Health Organization was 
first isolated on January 7, 2020, and labelled the “2019 new 

coronavirus/severe acute respiratory syndrome coronavirus-2 
(2019-nCoV/SARS-CoV-2)” (2, 3). In the report prepared by the 
China Center for Disease Control and Protection, the overall 
average mortality rate was reported to be 2.3%; however, as 
mortality increased with age, the report cautioned that rates 
could be as high as 8% for those aged 70 to 79 years and 14.8% 
for those older than 80 years (4). Moreover, the same report 
pointed that those with previous concomitant diseases were 
more likely to get COVID-19 and experience mortality rates 
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higher than that of the general population, including 10.5% in 
patients with cardiovascular disease (CVD), 7.3% in patients 
with diabetes, 6.3% in patients with chronic lung disease, 6% in 
patients with hypertension, and 5.6 % in patients with active or 
recent cancer (4). Many recent studies have suggested that CVD 
in particular is a risk factor for experiencing a more severe 
COVID-19 disease course. The China Disease Control and 
Prevention Center reported that a mortality rate of 10.5% existed 
among those with comorbid CVD disease compared with the 
overall case fatality rate of 2.4% (5).

Fragmented QRS (fQRS) is a novel marker of ventricular 
depolarization abnormalities that can occur owing to any condi-
tion (e.g., ischemia, scar, fibrosis, myofiber disarray, inflamma-
tion, and microvascular abnormality) interfering with the nor-
mally homogeneous depolarization process within the myocar-
dium and leading to local conduction slowing (6, 7). The pres-
ence of fQRS has been linked to adverse outcomes in patients 
with various CVDs (7-10). In addition, hypertensive patients with 
left ventricular hypertrophy showed a significantly greater fre-
quency of fQRS than those without left ventricular hypertrophy 
(11). Moreover, subclinical left ventricular dysfunction assessed 
by echocardiography has been proposed to be associated with 
fQRS in patients with type 2 diabetes (7). 

Recently compiled anecdotal evidence suggests that CVD 
and associated risk factors (e.g., age, hypertension, hyperlipid-
emia, and diabetes) are more common in patients admitted to 
the intensive care unit (ICU) with COVID-19 of critical severity. It 
has also been reported that there is a relationship between the 
severity of COVID-19 and the presence of CVD and associated 
risk factors, such as hypertension and diabetes (12). To the best 
of our knowledge, no study has yet evaluated the relationship 
between the presence of fQRS on baseline electrocardiogram 
and adverse outcomes in critically ill patients with COVID-19 and 
CVD. In this study, we aimed to investigate the predictive accu-
racy of fQRS in determining the rate of in-hospital mortality 
among these individuals.

Methods

Study design and participants
This single-center and observational study included the 

critically ill patients with COVID-19 patients who were admitted 
to our hospital between March and May 2020. The medical 
records of the patients were retrospectively reviewed and ana-
lyzed from our patient records database. Baseline clinical and 
demographic characteristics of patients were collected on 
admission and during hospitalization by attending physicians. 
All the data were independently reviewed and entered into a 
computer database by a trained team of physicians blinded to 
the details of this study. The study population was divided into 2 
groups, those who did not survive (non-survivor group) and 
those who did (survivor group), and all the data were analyzed. 
As our study was retrospectively designed, written informed 
consent from the participants could not be obtained; however, 
the study protocol conformed to the principles of the Declaration 
of Helsinki and was approved by the Local Ethics Committee 
(decision number: 2020.05.2.13.069).

A total of 1,126 records of patients with COVID-19 were ret-
rospectively reviewed and analyzed for possible inclusion. Of 
these, 940 patients were not critically ill, and 186 had presented 
with a critical severity of COVID-19. Of these 186 critical patients, 
those with a permanent pacemaker (n=3), those with complete 
bundle-branch block (BBB) (n=8), those referred to another cen-
ter (n=4), and those with any missing information (n=2) were 
excluded from this study. Finally, a total of 169 patients admitted 
to the intensive care unit constituted the study population.

Electrocardiography
A standard 12-lead electrocardiogram recording was 

obtained at a paper speed of 25 mm/sec, an amplification of 1 
mV, and a filter range of 0.1 to 150 Hz and analyzed by 2 experi-
enced, independent cardiologists who were blinded to details of 
the study population.

fQRS was defined by a presence of R′, notching of the 
R-wave, notching of the downstroke or upstroke of the S-wave, 
or the presence of more than one R′ (fragmentation) in 2 con-
tiguous leads (Fig. 1). A typical BBB pattern (QRS ≥120 ms) and 
incomplete right BBB were excluded from the original definition. 
The presence of 2 or more fQRS complexes was considered to 
suggest fQRS, whereas the presence of only one fQRS complex 
was not considered to indicate fragmentation (8).

Definitions and study endpoint 
CVD was defined as any cardiovascular pathology including 

coronary heart disease, cerebrovascular disease (stroke), 
peripheral vascular disease, heart failure, rheumatic heart dis-
ease, congenital heart disease, and cardiomyopathies (13, 14). 
The diagnosis of severe COVID-19 was made according to the 
guidelines for the diagnosis and treatment of COVID19 (trial sev-
enth edition) published by the Chinese National Health 

• Both fragmented QRS (fQRS) and cardiovascular dis-
ease (CVD) alone are not significantly associated with 
mortality, but the coexistence of both is an independent 
predictor of mortality.

• Myocardial injury is associated with fatal outcome in 
patients with coronavirus disease 2019 infection. 
Myocardial injury was more common in patients with 
CVD and fQRS.

• fQRS can be considered as a risk tool that can help 
improve prognosis and clinical outcomes by identifying 
high-risk individuals, especially in CVD cases.

HIGHLIGHTS
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Commission on March 03, 2020. Critical disease was defined as 
the presence of any of the following criteria; respiratory failure 
requiring mechanical ventilation, shock, or other organ failure 
requiring ICU care (15). 

In terms of COVID-19–related complications, acute respira-
tory distress syndrome (ARDS) was diagnosed according to the 
guidance of the World Health Organization released for COVID-
19 (16). Myocardial injury was confirmed when the blood level of 
the cardiac biomarker cardiac troponin I (cTnI) increased above 
the 99th percentile upper-reference limit, in accordance with the 
Fourth Universal Definition of Myocardial Infarction (17). 
Malignant arrhythmia was defined as a rapid ventricular tachy-
cardia lasting more than 30 seconds that induced hemodynamic 
instability and/or ventricular fibrillation (18). Acute kidney injury 
was defined according to the 2012 Kidney Disease: Improving 
Global Outcomes Clinical Practice Guidelines (19). Shock was 
defined as the acute onset of new and sustained hypotension 
(mean arterial pressure <65 mmHg or systolic blood pressure 
<90 mm Hg) accompanied by signs of hypoperfusion requiring 
intravenous fluid or vasopressors to maintain adequate blood 
pressure (16). The sequential organ failure assessment (SOFA) 
score was calculated using the downloaded version from www.
mdcalc.com/sequential-organ-failure-assessment-sofa-score.

The primary endpoint of this study was COVID-19 associated 
in-hospital mortality during the follow-up period. The national 
death notification system and hospital records were used to 
obtain information on mortality.

Statistical analysis 
Continuous variables were presented as mean ± standard 

deviation (if normal distribution) and median (interquartile range) 
(if non-normal distribution). Categorical variables were present-
ed as percentages. The chi-squared (χ2) test was used to com-
pare categorical variables between the groups. The Kolmogorov–
Smirnov test was used to assess whether the variables were 
normally distributed. The Student’s t-test or Mann-Whitney U 
test was used to compare the continuous variables between the 

groups according to whether they were normally distributed or 
not. To identify the independent predictors of in-hospital mortal-
ity, univariate and multivariate Cox regression analyses were 
performed; notably, only the variables with a p-value <0.1 in the 
univariate analysis were incorporated into the multivariate 
analysis with the results reported as the hazard ratios (HR) and 
95% confidence intervals (CI). Survival assessments for patients 
with coexisting CVD and fQRS were determined by using 
Kaplan-Meier analysis and the log rank test. The threshold of 
statistical significance was established at p<0.05. Statistical 
analyses were performed using the Statistical Package for the 
Social Sciences version 24.0 software program (IBM Corp., 
Armonk, NY, USA).

Results

The study population included 169 critically ill patients with 
COVID-19 with a mean age of 62±15 years. Of these, 104 (61.5%) 
were men, and the median time from admission to the end of 
follow-up was 13 days. During the follow up period, in-hospital 
mortality was observed in 112 (66.3%) patients. Compared with 
the survivors, those who died were typically older (53±13 vs. 
66±14 years; p<0.001). In terms of the most common main comor-
bidities, CVD (n=44, 39.3% vs. n=11, 19.3%; p<0.009), hyperten-
sion (n=47, 42% vs. n=15, 26.3%; p=0.046), diabetes (n=38, 33.9% 
vs. n=11, 19.3%, p=0.048), cancer (n=17, 15.2% vs. n=2, 3.5%; 
p=0.023), and chronic renal failure (CRF) (n=32, 28.6% vs. n=4, 
7%; p=0.001) were significantly more common among the non-
survivors than those who survived. Although the presence of 
fQRS on the basal electrocardiogram was more common in 
patients who died, this was not statistically significant (p=0.059). 
The coexistence of CVD and fQRS was significantly more com-
mon in non-survivors (n=25, 22.3% vs. n=5, 8.8%; p=0.029). Non-
survivors also presented a higher SOFA score (5.9±1.8 vs. 4.0±0.9 
points; p<0.001). 

In terms of the complications associated with COVID, requir-
ing invasive mechanical ventilation, ARDS, myocardial injury, 
malignant ventricular arrhythmia, acute kidney injury, and shock 
were also more frequent among non-survivors (p<0.05 for all). In 
addition, patients with fQRS (n=34, 55.7%) more often experienced 
myocardial injury than those without fQRS (p=0.034), and myocar-
dial injury was observed more frequently among patients with 
CVD and fQRS (n=21; 70%) than those without either (p=0.002). 

When the groups were considered in terms of laboratory 
parameters, the patients who died had higher C-reactive protein 
(CRP) (p=0.006) on admission, peak D-dimer (p<0.001), peak 
CK-MB (p<0.001), and peak hs-TnI levels (p=0.019); lower levels 
of hemoglobin (p=0.015) and albumin (p<0.001); and a lower esti-
mated glomerular filtration rate (p<0.001). In addition, higher 
neutrophil counts and lower lymphocyte counts were also 
observed in non-survivors (p=0.039 and p<0.001, respectively). 
Detailed demographic, clinical, and laboratory characteristics of 
the study population are summarized in Tables 1 and 2. 

Figure 1. Electrocardiogram sample of a patient with fQRS in the inferior 
and lateral leads (DII-III, aVF, DI, and aVL)
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Factors associated with in-hospital mortality 
Older age; CVD history; coexistence of CVD and fQRS; having 

cancer; high SOFA score; and the existence of CRF, hypoalbu-
minemia, or lymphopenia were found to be associated with in-
hospital mortality in the univariate Cox regression analysis 
(p<0.05). Although there was only borderline statistical signifi-
cance noted, the CRP level on admission also showed an asso-
ciation with in-hospital mortality (p=0.047). 

To determine the independent predictors of mortality, we 
performed a multivariate Cox regression analysis (enter method) 
by adopting variables that showed statistically significant asso-
ciations in the univariate analysis. As an excellent correlation 

between CVD and the coexistence of CVD and fQRS (r=0.669; 
p<0.001) was determined, these variables were not included in 
the same regression analysis. Instead, we developed 2 separate 
multivariate analysis models (Table 3). In the multivariable Cox 
regression analyses for models 1 and 2, older age (HR: 1.022; 
p=0.006 and HR: 1.023; p=0.005), cancer (HR: 1.912; p=0.021 and 
HR=1.858; p=0.031), high SOFA score (HR: 1.177; p=0.003 and HR: 
1.215; p<0.001), and increased CRP level on admission (HR: 1.003; 
p=0.039 and HR: 1.003; p=0.027) were independent predictors of 
in-hospital mortality. Furthermore, in the model 1 analysis, CVD 
was not found to be an independent predictor (p=0.078), where-
as the coexistence of CVD and fQRS was determined to be an 

Table 1. Demographic and admission clinical parameters of the study cohort

Variables All population (n=169) Survivors (n=57) Non-survivors (n=112) P-value

Male sex, n (%) 104 (61.5) 32 (56.1) 72 (64.3) 0.303

Age, years 62±15 53±13 66±14 <0.001

Body mass index (kg/m2) 26.1±2.6 25.7±2.8 26.3±2.4 0.165

CVD, n (%) 55 (32.3) 11 (19.3) 44 (39.3) 0.009

Hypertension, n (%) 62 (36.7) 15 (26.3) 47 (42) 0.046

Diabetes mellitus, n (%) 49 (29) 11 (19.3) 38 (33.9) 0.048

Currently smoking, n (%) 77 (45.6) 23 (40.4) 54 (48.2) 0.332

COPD 38 (22.9) 9 (15.8) 29 (25.9) 0.137

Cancer 19 (11.2) 2 (3.5) 17 (15.2) 0.023

Chronic renal disease 36 (21.3) 4 (7) 32 (28.6) 0.001

CVA 9 (5.3) 4 (7) 5 (9) 0.485

ACEI/ARB use history 54 (32) 13 (22.8) 41 (36.6) 0.069

Fragmented QRS, n (%) 61 (36.1) 15 (26.3) 46 (41.1) 0.059

CVD+fragmented QRS, n (%) 30 (17.8) 5 (8.8) 25 (22.3) 0.029

SOFA score 5.2±1.8 4±0.9 5.9±1.8 <0.001

Invasive mechanical ventilation 136 (80.5) 29 (50.9) 107 (95.5) <0.001

ARDS 100 (83.9) 13 (22.8) 87 (77.7) <0.001

Myocardial injury 76 (45) 14 (24.6) 62 (55.4) <0.001

Malign ventricular arrhythmia 6 (3.6) 1 (1.8) 5 (4.5) 0.037

Acute kidney injury 35 (20.7) 5 (8.8) 31 (28.2) 0.004

Shock 16 (9.3) 0 (0) 16 (14.3) 0.003

Hydroxychloroquine 163 (96.4) 55 (96.5) 108 (96.4) 0.976

Antiviral 169 (100) 57 (100) 112 (100) 1.000

Antibiotics 163 (96.4) 55 (96.5) 108 (96.4) 0.976

Glucocorticoid 23 (13.6) 6 (10.5) 17 (15.2) 0.397

Convalescent plasma 27 (16) 5 (8.8) 22 (19.6) 0.068

Tocilizumab 25 (14.8) 7 (12.3) 18 (16.1) 0.506

Length of ICU stay in days, median, (IQR) 8 (3–12) 4 (1–8) 9 (6–14) <0.001

Length of hospital stay in days, median, 
(IQR)

13 (9–18) 13 (10–19) 13 (9–17) 0.423

ACEI - angiotensin-converting enzyme inhibitor; ARB - angiotensin receptor blocker; ARDS - acute respiratory distress syndrome; COPD - chronic obstructive pulmonary disease; CVA - 
cerebrovascular accident (stroke or transient ischemic attack); CVD - cardiovascular disease; IQR - interquartile range; ICU - intensive care unit; SOFA - sequential organ failure assessment
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independent predictor of in-hospital death in the model 2 analy-
sis (HR: 2.243; p=0.003). The association between in-hospital 
mortality and the coexistence of CVD and fQRS is depicted by 
Kaplan-Meier plots of survival curves in Figure 2.

Discussion

The main findings of this study are as follows; older age, CVD 
history, the coexistence of CVD and fQRS, having cancer, high 
SOFA score, CRF, hypoalbuminemia, and lymphopenia were sig-
nificantly associated with in-hospital mortality among critically 
ill patients with COVID-19, but fQRS alone was not; and although 
older age, cancer, high SOFA score, increased CRP level at 
admission, and the coexistence of CVD and fQRS are indepen-
dent predictors for in-hospital mortality, CVD alone is not predic-
tive. To the best of our knowledge, this study is the first to evalu-
ate the predictive value of fQRS in determining the in-hospital 
mortality in individually critically ill patients with COVID-19. Of 
note, the results of this study reveal that the coexistence of fQRS 

Table 2. Laboratory parameters of the study population

Variables All population (n=169) Survivors (n=57) Non-survivors (n=112) P-value

Fasting blood glucose, mg/dL 149±57 144±58 151±56 0.466

eGFR, mL/min/1.73 m2, median, (IQR) 80 (60–99) 92 (71–100) 72 (40–92) <0.001

WBC, 103/uL, median, (IQR) 7.8 (5.3–11.3) 7.3 (4.9–10.5) 8 (5.5–11.6) 0.131

Neutrophil, 103/uL, median, (IQR) 5.7 (3.8 –9.4) 5.2 (3.0–8.3) 6.3 (4.0–10.1) 0.039

Lymphocyte, 103/uL, median, (IQR) 0.9 (0.7–1.2) 1.1 (0.8–1.4) 0.8 (0.6–1.0) <0.001

Hemoglobin, g/L 12±2.2 12.7±1.6 11.9±2.4 0.015

Platelet, 103/uL 231±91 225±93 233±89 0.556

D-dimer, µg FEU/mL, median, (IQR)

Admission 0.8 (0.4–2.0) 0.4 (0.2–0.9) 1.0 (0.6–2.4) 0.003

Peak 4.0 (1.6–7.3) 1.3 (0.7–2.9) 5.1 (3.0–7.7) <0.001

Fibrinogen, mg/dL 512±157 499±148 520±160 0.425

CRP, mg/L, median, (IQR)

Admission 100 (45–175) 79 (19–171) 105 (60–179) 0.006

Peak 256 (192–350) 196 (129–257) 277 (209–359) <0.001

Albumin, g/dL 3.3±0.5 3.6±0.5 3.1±0.4 <0.001

NT-proBNP, pg/mL, median, (IQR)

Admission 450 (133–2070) 77 (29–258) 875 (273–4080) <0.001

Peak 900 (291–4505) 144 (34–619) 1920 (748–7430) <0.001

CK-MB, ng/mL, median, (IQR)

Admission 3.1 (1.6–5.9) 2.5 (1.4–3.8) 3.9 (1.8–8) 0.009

Peak 11.3 (6.1–25.9) 5.7 (2.8–9.9) 17 (8.4–40.5) <0.001

Hs-TnI, pg/mL, median, (IQR)

Admission 19 (12–56) 22 (9–47) 18 (13–80) 0.134

Peak 20 (15–539) 20 (14–324) 145 (17–870) 0.019
CK-MB - creatine kinase myocardial band; CRP - C-reactive protein; eGFR - estimated glomerular filtration rate; Hs-TnI - high-sensitivity troponin I; IQR -  interquartile range; NT-proBNP 
- N-terminal pro-brain natriuretic peptide; WBC - white blood count

Figure 2. Kaplan-Meier plots of survival curves of patients with and 
without the coexistence of CVD and fQRS
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on baseline electrocardiogram and CVD acted as an important 
predictor of in-hospital mortality among critically ill patients 
with COVID-19. Even after adjusting for other risk factors in the 
univariate and multivariate logistic regression analyses, this 
relationship remained significant.

Though most people with COVID-19 have mild symptoms 
(80.9%), some experience a severe (13.8%) or critical (4.7%) dis-
ease course. The proportion of critically ill patients with COVID-
19 in need of ICU hospitalization in China was reported to be 5% 
to 32% (20, 21). Similar to the Chinese data, 257 (22%) of 1,150 
hospitalized patients with COVID-19 in the United States were 
reported to have COVID-19 of a critical severity (22). Consistent 
with the data above, in our study, the proportion of critically ill 
patients with COVID-19 was 16.3%. Furthermore, the reported 
case fatality rate among critical cases varied from 16% to 78% 
according to different studies (23); in this study, the mortality rate 
was 66.3%. As in our study, in a cohort of 3,844 patients in 
Lombardini, Italy, the mortality rate (53.4%) was reported to be 
very high in critical patients with COVID-19 (24). Across coun-
tries, the major risk factors associated with death among criti-
cally ill patients with COVID-19 include older age; comorbidities 
(such as chronic cardiac and pulmonary conditions, hyperten-
sion, diabetes, chronic kidney disease); the development of 
ARDS, particularly severe ARDS; the need for mechanical venti-
lation; several abnormal hematological (such as severe lympho-
penia, neutrophilia); and several increased biochemical param-
eters (such as CRP, D-dimer, and cTnI) (25). Similar to the data 
obtained so far, non-survivors had higher frequencies of comor-
bidities than survivors (23, 25, 26). In terms of these risk factors, 
this study demonstrated that older age, malignancy, high SOFA 
score, and high CRP level at admission were independent predic-
tors of in-hospital mortality as reported by several previous stud-
ies from China, the United States, and Italy (20-22, 27). 

Previous studies have reported an association between 
underlying CVD and poor prognosis in patients with COVID-19; 
however, the minute details of this relationship still remain 
unclear (28). Although pre-existing CVD was more frequently 
observed in non-survivors in this study, it was not found to be a 
predictor of mortality as in the study of Shi et al. (29). Furthermore, 
in a meta-analysis, Aggarwal et al. (28) reported that pre-existing 
CVD was associated with the severity of COVID-19 and the over-
all risk of all-cause mortality, but these authors did not observe 
a significant relationship between a previous history of CVD and 
mortality in the context of severe COVID-19 disease. 

fQRS is an electrocardiographic indicator of pre-existing 
myocardial fibrosis and has been shown to predict cardiac 
events in several cardiovascular conditions such as coronary 
artery disease, valvular heart disease, both ischemic and non-
ischemic cardiomyopathy, idiopathic dilated cardiomyopathy, 
and arrhythmogenic right ventricular dysplasia (7-10, 30, 31). 
Pathophysiologically, fQRS has been associated with disrupting 
the normally homogeneous depolarization process within the 
myocardium caused by electrically inactive fibrotic tissue, 
which is believed to be a substrate for arrhythmic events (7, 32). 
In this study, fQRS or CVD alone is not significantly associated 
with mortality; however, the coexistence of both is an indepen-
dent predictor of mortality. This finding may be linked to a larger 
size of myocardial scars, a more depressed left ventricular sys-
tolic function, and intraventricular systolic dyssynchrony. 
Furthermore, although the respiratory tract is the most com-
monly affected system, COVID-19 has also been suggested to 
cause the development of various cardiovascular complications 
(e.g., myocardial damage, arrhythmias, and acute coronary syn-
drome), which can make a significant contribution to disease-
related mortality (1, 20, 33, 34). Among these complications, 
acute cardiac injury is the most common complication in 
patients with COVID-19 and has been suggested to show a sig-

Table 3. Factors independently associated with in-hospital mortality in univariate and multivariate cox regression analysis models

Variables
Univariate  

HR (95% CI) P-value
Multivariate 1*  

HR (95% CI) P-value
Multivariate 2*  

HR (95% CI) P-value

Age 1.032 (1.017–1.048) <0.001 1.022 (1.006–1.039) 0.006 1.023 (1.007–1.039) 0.005

Cancer 2.093 (1.243–3.524) 0.005 1.912 (1.105–3.308) 0.021 1.858 (1.060–3.258) 0.031

SOFA score 1.244 (1.131–1.368) <0.001 1.177 (1.059–1.308) 0.003 1.215 (1.091–1.354) <0.001

CVD 1.175 (1.212–2.601) 0.003 1.445 (0.960–2.175) 0.078 - -

CVD+fQRS 2.129 (1.352–3.353) 0.001 - - 2.243 (1.355–3.714) 0.003

CRF 1.841 (1.215–2.792) 0.006 1.394 (0.872–2.228) 0.165 1.280 (0.797–2.055) 0.307

CRP 1.002 (1.000–1.004)  0.047 1.003 (1.000–1.005) 0.039 1.003 (1.000–1.005) 0.027

Hypoalbuminemia 0.607 (0.407–0.906) 0.015 1.025 (0.663–1.586) 0.914 1.043 (0.672–1.620 0.850

Lymphocyte 0.583 (0.351–0.965) 0.037 1.091 (0.626–1.902) 0.761 1.033 (0.591–1.823) 0.896

D–dimer† 1.063 (0.995–1.135) 0.070 1.032 (0.959–1.110) 0.397 1.044 (0.969–1.124) 0.257
*Variables with a P-value <0.1 in the univariate analysis were incorporated into the multivariate cox regression analysis using Enter method.
†Peak value
CI - confidence interval; CRF - chronic renal failure; CRP - C-reactive protein; CVD - cardiovascular disease; fQRS - ≥2 fragmented QRS; HR - hazard ratio; SOFA - sequential organ failure 
assessment
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nificant relationship with an increased risk of mortality (35). 
Several mechanisms such as cardiac physiologic stress, hypox-
ia, or direct myocardial injury have been proposed to be respon-
sible for COVID-19 related cardiovascular complications. 
Systemic inflammation is one of these mechanisms and can lead 
to accelerated development of subclinical disorders or cause de 
novo cardiovascular damage. In addition, increased cardiometa-
bolic demand related to the systemic infection coupled with 
hypoxia caused by acute respiratory illness can disrupt the 
myocardial oxygen demand-supply balance and lead to acute 
myocardial injury. In this study, we observed that patients with 
both fQRS and the coexistence of fQRS and CVD more frequent-
ly showed myocardial injury than those without these comor-
bidities. This study also demonstrated that non-survivors expe-
rienced myocardial injury more often. Indeed, Guo et al. (36) 
suggested in their study that myocardial injury is associated 
with cardiac dysfunction and a fatal outcome of COVID-19; and, 
as seen in our study, the prognosis of patients with underlying 
CVD but without myocardial injury was relatively more favorable 
than those with myocardial injury. Authors suggested that this 
finding may be related to increased systemic inflammation 
accompanying COVID-19 (29, 36). This may be another reason 
for why the results of our study support the prognostic impor-
tance of the coexistence of fQRS and CVD in determining the 
risk of COVID-19 related mortality in critical patients. 

Study limitations 
Our study had some limitations. First, it involved a retrospec-

tive, single-center with a small sample size; therefore, larger 
prospective studies remain necessary. Second, this study was 
conducted in the early period of the pandemic period; and at 
that time, there was no established algorithm for the diagnosis, 
treatment, and monitoring of patients with COVID-19. The indica-
tion for hospitalization, especially in patients with moderate ill-
ness, was based on the physician’s discretion. As we believe 
that this situation is an obstacle to the homogeneity of the study 
population, our study included only critical patients with COVID-
19 who were admitted to the ICU. The inclusion of all hospital-
ized patients with COVID-19 in the study may support a more 
detailed assessment of the predictive accuracy of coexisting 
CVD and fQRS in determining the mortality. Third, our study 
excluded patients with bundle-branch block. Fourth, in the early 
period of the pandemic process, echocardiographic examination 
could not be performed in most of the patients owing to the 
inability to fully establish diagnosis, treatment, and monitoring 
algorithms; major changes in the working order of healthcare 
professionals; and technical deficiencies. Therefore, we did not 
have sufficient information about the left ventricular ejection 
fraction values   of the patients and could not analyze them. 
Finally, the association between fQRS and myocardial fibrosis 
has not been validated using imaging modalities or histopatho-
logical examination. Therefore, our findings should be inter-
preted cautiously.

Conclusion

fQRS may be considered as a simple, cheap, and time-saving 
handy risk-stratification tool that could help physicians looking 
to improve patient prognoses and clinical outcomes by identify-
ing high-risk individuals, especially among those with CVD.
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