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↑What is “already known” in this topic: 
COVID-19 patients are at high risk of developing cardiac arrhythmias as 
a result of severe infection and systemic inflammation. In addition, 
therapeutic interventions such as continuous renal replacement therapy 
(CRRT) may influence cardiovascular function. However, the 
prevalence and types of cardiac arrhythmias in patients undergoing 
CRRT during the first 24 hours of ICU admission remain unclear.   
 
→What this article adds: 

Our study demonstrated a significant prevalence of cardiac arrhythmias 
in COVID-19 patients undergoing CRRT within the first 24 hours of 
ICU admission. These findings contribute to a better understanding of 
the clinical effects of CRRT on cardiac function in COVID-19 patients 
and provide valuable insights for physicians and healthcare professionals 
to optimize patient care and reduce the risk of arrhythmia.  
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Abstract 
    Background: This study aimed to determine the prevalence of cardiac arrhythmias in COVID-19 patients undergoing Continuous 
Renal Replacement Therapy (CRRT) during the first 24 hours of ICU admission. 
   Methods: This cross-sectional study was conducted to assess the prevalence of cardiac arrhythmias among 78 COVID-19 patients 
undergoing CRRT hemoperfusion during the first 24 hours of hospitalization in the ICU of Kowsar Hospital, Semnan, in 2020. Data 
were collected using a checklist that included demographic characteristics, underlying diseases, and types of cardiac arrhythmias, 
extracted from patients’ medical records in the hospital’s medical records department. Data analysis was performed using SPSS 
software, version 26. 
   Results: The mean (± SD) age of the patients was 54.68 ± 1.61 years. The proportions of males and females were 41% and 59%, 
respectively. The overall prevalence of cardiac arrhythmia was 21.8%, with bradycardia being the most common type (7.7%). The 
prevalence rates of heart disease, hypertension, diabetes, and hyperlipidemia were 48.7%, 39.7%, 28.2%, and 26.9%, respectively. 
Additionally, 20.5% of patients had a history of cardiovascular disease. No statistically significant associations were found between 
cardiac arrhythmia and age, gender, or underlying conditions such as heart disease, hypertension, diabetes, and hyperlipidemia 
(P>0.05). However, the prevalence of supraventricular arrhythmia (100%) and ventricular arrhythmia (66.7%) was significantly higher 
among patients with a history of cardiovascular disease (P<0.001). 
   Conclusion: Our study demonstrated a substantial prevalence of cardiac arrhythmia in COVID-19 patients undergoing CRRT within 
the first 24 hours of ICU admission. The findings emphasize the importance of recognizing this vulnerable period for arrhythmia 
development and highlight the need for proactive measures to mitigate risks in this high-risk population.  
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Introduction 
The COVID-19 pandemic, caused by the novel corona-

virus SARS-CoV-2, has emerged as a global health crisis, 
affecting millions of individuals worldwide (1). While the 

respiratory manifestations of COVID-19 are well-
documented, growing evidence indicates that this viral 
infection also significantly impacts the cardiovascular 
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system. Among the various cardiovascular complications 
associated with COVID-19, cardiac arrhythmias have at-
tracted particular attention due to their potential to exacer-
bate morbidity and mortality in affected patients (2-4). 

ardiac arrhythmias are defined as irregular heartbeats 
that may present as tachycardia, bradycardia, or other ab-
normal cardiac rhythms. They can arise from several fac-
tors, including electrolyte imbalances, myocardial injury, 
and heightened sympathetic activity, all of which may be 
intensified by COVID-19 (5, 6). The systemic inflamma-
tion induced by the virus can lead to myocarditis and other 
forms of cardiac injury, further increasing the risk of ar-
rhythmias in these patients (7). 

Patients with severe COVID-19 often require admission 
to intensive care units (ICUs) for close monitoring and 
advanced supportive care. One such intervention is Con-
tinuous Renal Replacement Therapy (CRRT), which is 
employed in patients experiencing acute kidney injury 
(AKI) or fluid overload (8, 9). 

CRRT is a form of dialysis that provides continuous 
blood filtration and is particularly advantageous for criti-
cally ill patients who may not tolerate conventional inter-
mittent hemodialysis. However, the use of CRRT intro-
duces additional complexities in patient management, 
including alterations in electrolyte balance and hemody-
namic stability, both of which can contribute to the devel-
opment of cardiac arrhythmias (10, 11). The prevalence of 
cardiac arrhythmias in COVID-19 patients undergoing 
CRRT remains an area of ongoing investigation. Studies 
have reported that arrhythmias occur in a considerable 
proportion of critically ill COVID-19 patients, with inci-
dence rates ranging from 10% to 40% (12, 13). Factors 
such as pre-existing cardiovascular disease, the severity of 
COVID-19, and the acute effects of CRRT on fluid and 
electrolyte balance may all contribute to this increased 
incidence. Moreover, the first 24 hours following ICU 
admission represent a critical period during which rapid 
changes in clinical status can occur, underscoring the im-
portance of close arrhythmia monitoring during this time 
(14, 15). 

Understanding the incidence and types of arrhythmias 
occurring in COVID-19 patients receiving CRRT can pro-
vide valuable insights into their clinical management. Ear-
ly recognition and prompt treatment of these arrhythmias 
are essential to improving patient outcomes and reducing 
the risk of adverse events such as sudden cardiac death. 
Furthermore, identifying specific risk factors associated 
with arrhythmias in this population may assist clinicians 
in developing targeted strategies to mitigate these risks 
(13, 16). In light of these considerations, the present study 
aimed to determine the prevalence of cardiac arrhythmias 
in COVID-19 patients undergoing CRRT during the first 
24 hours of ICU admission. 

 
Methods 
Study Design and Subjects  
This cross-sectional study was conducted to determine 

the prevalence of cardiac arrhythmias in 78 patients with 
COVID-19 who underwent hemoperfusion with continu-
ous renal replacement therapy (CRRT) during the first 24 

hours of hospitalization in the intensive care unit (ICU) of 
Kowsar Hospital, Semnan, in 2020. 

The inclusion criteria were: age ≥18 years; confirmed 
diagnosis of COVID-19 (verified by PCR or antigen test); 
ICU admission; receipt of CRRT; and assessment within 
24 hours of ICU admission. Exclusion criteria included 
the presence of cardiac arrhythmia on ECG prior to 
hemoperfusion, death within the first 24 hours of ICU 
admission, incomplete or illegible medical records, and 
any change in the patient’s treatment protocol. 

 
Data collection  
In the present study, data were collected using a check-

list that included demographic variables (age and gender), 
underlying diseases (hypertension, diabetes, heart dis-
ease, and hyperlipidemia), history of cardiovascular dis-
ease, and type of cardiac arrhythmia (supraventricular 
arrhythmia, ventricular arrhythmia, bradycardia, atrial 
fibrillation, atrial flutter, and premature ventricular con-
tractions [PVC]). These data were extracted from the pa-
tients’ medical records by reviewing files in the hospital’s 
medical records department. 

 
Statistical analysis 
Data were analyzed using SPSS software, version 26. 

For descriptive analyses, the mean, standard deviation 
(SD), and number (percentage) were reported. The chi-
square test, independent samples t-test, and one-way 
ANOVA were used to examine relationships between 
the study variables. All key variables in this study were 
complete, with no missing data; therefore, no imputation 
or other methods for handling missing data 
were required. Formal adjustments for multiple compari-
sons were not applied, as the analyses were limited and 
aligned with the pre-specified study objectives. A P-
value <0.05 was considered statistically significant. 

 
Ethics considerations  
This study was conducted in accordance with the prin-

ciples of the Declaration of Helsinki and was approved by 
the Deputy of Research and the Ethics Committee of 
Semnan University of Medical Scienc-
es, Iran (IR.SEMUMS.REC.1401.155). 

 
Results  
In the present study, a total of 78 patients with COVID-

19 who underwent hemoperfusion with CRRT 
were included. Table 1 presents the demographic and clin-
ical characteristics of patients. The mean (±SD) age 
of the patients was 54.68±1.61 years.  

The proportions of male and female patients were 41% 
and 59%, respectively. Based on electrocardiography re-
sults, the overall prevalence of cardiac arrhythmia was 
21.8%, with bradycardia being the most common 
type (7.7%).  

The prevalence rates of heart disease, hypertension, dia-
betes, and hyperlipidemia were 48.7%, 39.7%, 28.2%, and 
26.9%, respectively. Additionally, 20.5% of pa-
tients had a history of cardiovascular disease. 

There was no statistically significant difference between 
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male and female patients in terms of mean age (P=0.125). 
The mean age of patients without cardiac arrhythmia 

was 54.43±14.16 years, while the highest mean age 
among those with cardiac arrhythmia was observed in 
patients with supraventricular arrhythmia (75.50 ± 
2.19 years). The majority of ventricular tachycardia cases 
occurred in women (100%), whereas bradycardia was 
more common in men (83.3%). However, no statistically 
significant relationship was found between cardiac ar-
rhythmia status and either age or gender (P>0.05) (Table 
2). 

Table 3 shows the relationship between underlying dis-
eases and cardiac arrhythmia status. No statistically signif-
icant associations were found between cardiac arrhythmia 
status and the presence of heart disease, hypertension, 
diabetes, or hyperlipidemia (P>0.05).  

However, a significant association was observed be-
tween a history of cardiovascular disease and cardiac ar-
rhythmia status: the frequencies of supraventricular ar-
rhythmia (100%) and ventricular arrhythmia (66.7%) 
were significantly higher among patients with a history of 
cardiovascular disease (P<0.001). 

 
 

Discussion  
The COVID-19 pandemic has presented unprecedented 

challenges to healthcare systems worldwide, with cardio-
vascular complications emerging as major concerns 
among affected patients. One of the notable complications 
observed in COVID-19 patients is cardiac arrhythmia, 
particularly among those requiring intensive care (16, 
17). In this study, 78 COVID-19 patients who underwent 
hemoperfusion with CRRT were evaluated. The re-
sults showed that the mean (±SD) age of patients was 
54.68 ± 1.61 years. The proportions of male and fe-
male patients were 41% and 59%, respectively. 
The overall prevalence of cardiac arrhythmia was 21.8%, 
with bradycardia being the most common type (7.7%). 
The prevalence rates of heart disease, hypertension, diabe-
tes, and hyperlipidemia were 48.7%, 39.7%, 28.2%, and 
26.9%, respectively. Additionally, 20.5% of pa-
tients had a history of cardiovascular disease. 

No statistically significant relationships were observed 
between cardiac arrhythmia status and age, gender, or 
underlying conditions such as heart disease, hypertension, 
diabetes, and hyperlipidemia (P>0.05). However, the 
prevalence of supraventricular arrhythmia (100%) and 
ventricular arrhythmia (66.7%) was significantly high-

Table 1. Demographic and clinical characteristics of 78 patients 
Variables    Number (%) 
Sex  Male  32 (41) 

Female  46 (59) 
 
 
 
Cardiac arrhythmia 

 
 
 
Yes  

Supraventricular arrhythmia 2 (2.5) 
Ventricular arrhythmia 3 (3.8) 
Bradycardia 6 (7.7) 
Atrial fibrillation 1 (1.3) 
Flutter 1 (1.3) 
PVC 1 (1.3) 
Ventricular fibrillation 
 

2 (2.5) 

No  61 (78.2) 
Heart disease Yes  38 (48.7) 

No  40 (51.3) 
Hypertension  Yes  31 (39.7) 

No  47 (60.3) 
Diabetes Yes  22 (28.2) 

No  56 (71.8) 
Hyperlipidemia Yes  21 (26.9) 

No  57 (73.1) 
History of cardiovascular disease 
 

Yes  16 (20.5) 
No  62 (79.5) 

 
Table 2. Association of age and sex with cardiac arrhythmia status and type 
Variable   Mean SD P Value 
Sex  Male  51.66 14.56 0.125* 

Female  56.78 13.79 
 
Cardiac arrhythmia 

Supraventricular arrhythmia 75.50 2.19  
0.182** Ventricular arrhythmia 55.00 20.07 

Bradycardia 50.33 10.67 
No arrhythmia 54.43 14.13 

Variable Sex P Value 
Male (%) Female (%) 

 
Cardiac arrhythmia 

Supraventricular arrhythmia 1 (50) 1 (50)  
 

0.083*** 
Ventricular arrhythmia 0 (0) 3 (100) 
Bradycardia 5 (83.3) 1 (16.7) 
No arrhythmia 26 (38.8) 41 (61.2) 

*: Independent sample t-test 
**: One way ANOVA 
***: Chi-square 
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er among patients with a history of cardiovascular disease 
(P<0.001). 

Our findings indicate a concerning prevalence of cardi-
ac arrhythmias in this critically ill population. A consider-
able proportion of patients experienced various types of 
arrhythmias, including atrial fibrillation, ventricular tach-
ycardia, and bradyarrhythmias. These findings are con-
sistent with previous studies reporting arrhythmia rates 
ranging from 10% to 40% in patients with COVID-
19 (17–19). The underlying pathophysiological mecha-
nisms are multifactorial and may involve systemic in-
flammation, myocardial injury, and electrolyte imbalances 
induced by both the viral infection and therapeutic inter-
ventions (6, 20). 

The inflammatory response triggered by SARS-CoV-2 
infection can lead to myocarditis and direct myocardi-
al injury, rendering patients more susceptible to arrhyth-
mias (7). Additionally, the use of CRRT introduces further 
complexity, as it can cause significant fluctuations in elec-
trolyte levels—particularly potassium and calcium—
which are essential for maintaining normal cardiac rhythm 
(21). Moreover, hemodynamic instability common-
ly observed in critically ill patients can exacerbate the risk 
of arrhythmias, creating a challenging clinical scenario 
for patient management (22, 23). 

Our study highlights the first 24 hours following ICU 
admission as a particularly vulnerable period for the de-
velopment of cardiac arrhythmias. During this time, 
healthcare providers must exercise heightened vigilance in 
monitoring cardiac rhythms and managing potential risk 
factors. Early identification and intervention for arrhyth-
mias are crucial, as they can lead to adverse outcomes 

such as hemodynamic instability and increased mortality 
(2, 24). 

Furthermore, we observed that pre-existing cardiac con-
ditions significantly influenced the likelihood of arrhyth-
mia in our cohort. Consistent with previous re-
search, patients with a history of cardiovascular disease 
were at elevated risk of developing arrhythmias, under-
scoring the importance of careful risk assessment in 
this population (25). The interplay between the cardiac 
effects of COVID-19, the physiological stresses of severe 
illness, and the impact of CRRT on electrolyte balance 
creates a complex clinical picture that necessitates com-
prehensive management strategies (26). 

The implications of our findings extend beyond imme-
diate patient care. Understanding the prevalence and risk 
factors associated with cardiac arrhythmias in COVID-19 
patients undergoing CRRT can inform the development 
of evidence-based clinical guidelines and protocols aimed 
at improving patient outcomes. Clinicians should priori-
tize regular cardiac monitoring and imple-
ment proactive strategies for electrolyte management in 
this high-risk group to mitigate arrhythmia-related com-
plications (14, 27). As the pandemic continues, ongoing 
research is essential to further elucidate the underlying 
mechanisms of arrhythmogenesis and to develop targeted 
interventions to reduce its incidence. Future studies 
should include larger populations to vali-
date these findings and to explore the long-term outcomes 
associated with cardiac arrhythmias in COVID-19 pa-
tients. Ultimately, enhancing our understanding of these 
complications will be vital for improving care and out-
comes in patients affected by COVID-19. 

Table 3. The relationship between underlying diseases with cardiac arrhythmia 
 Diabetes *P-Value 

Yes (%) No (%) 
 
Cardiac arrhythmia 

Supraventricular arrhythmia 1 (50) 1 (50)  
0.823 Ventricular arrhythmia 1 (33.3) 2 (66.7) 

Bradycardia 1 (16.7) 5 (83.3) 
No arrhythmia 19 (28.4) 48 (71.4) 

 Hypertension P-Value 
Yes (%) No (%) 

 
Cardiac arrhythmia 

Supraventricular arrhythmia 2 (100) 0 (0)  
0.208 Ventricular arrhythmia 2 (66.7) 1 (33.3) 

Bradycardia 3 (50) 3 (50) 
No arrhythmia 24 (35.8) 43 (64.2) 

 Heart disease P-Value 
Yes (%) No (%) 

 
Cardiac arrhythmia 

Supraventricular arrhythmia 2 (100) 0 (0)  
0.129 Ventricular arrhythmia 3 (100) 0 (0) 

Bradycardia 3 (50) 3 (50) 
No arrhythmia 30 (44.8) 37 (55.2) 

 Hyperlipidemia P-Value 
Yes (%) No (%) 

 
Cardiac arrhythmia 

Supraventricular arrhythmia 1 (50) 1 (50)  
0.331 Ventricular arrhythmia 2 (66.7) 1 (33.3) 

Bradycardia 2 (33.3) 4 (66.7) 
No arrhythmia 16 (23.9) 51 (76.1) 

 History of cardiovascular disease P-Value 
Yes (%) No (%) 

 
Cardiac arrhythmia 

Supraventricular arrhythmia 2 (100) 0 (0)  
<0.001 Ventricular arrhythmia 2 (66.7) 1 (33.3) 

Bradycardia 1 (16.7) 5 (83.3) 
No arrhythmia 11 (16.4) 56 (86.3) 

*: Chi-squared test 
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Continuous renal replacement therapy (CRRT) in 
COVID-19 patients admitted to the ICU may contribute to 
arrhythmogenesis through multiple mechanisms. One of 
the most important factors is rapid and signifi-
cant fluctuations in electrolyte levels—particularly potas-
sium, calcium, and magnesium—all of which play key 
roles in cardiac electrical conduction. Sudden decreases or 
increases in these electrolytes can lower the threshold for 
both atrial and ventricular arrhythmias. In addition, CRRT 
can affect fluid balance and blood pressure. Changes in 
intravascular volume and hemodynamic instability may 
alter cardiac preload and afterload, thereby increasing 
myocardial susceptibility to arrhythmias (28, 29). 

Another potential mechanism involves the effects of 
CRRT on the inflammatory response and cytokine levels. 
The removal of inflammatory mediators and cyto-
kines may influence autonomic cardiac regulation, poten-
tially affecting cardiac electrophysiology and increas-
ing the likelihood of arrhythmias. Moreover, COVID-19 
patients frequently present with underlying myocardial 
injury or ventricular dysfunction, and CRRT in 
this setting may impose additional cardiac stress (30, 31). 

Overall, the complex interplay among electrolyte imbal-
ances, hemodynamic alterations, inflammatory modula-
tion, and pre-existing cardiac injury provides a plausible 
mechanistic explanation for the increased incidence of 
arrhythmias in this population. Nonetheless, the precise 
impact of CRRT on arrhythmogenesis warrants further 
investigation through advanced mechanistic and clini-
cal studies. 

 
Conclusion  
Our study demonstrated a substantial prevalence of car-

diac arrhythmias in COVID-19 patients undergoing CRRT 
within the first 24 hours of ICU admission. These findings 
emphasize the importance of recognizing 
this critical period for arrhythmia development and high-
light the need for proactive monitoring and management 
strategies to mitigate risks in this high-risk population. 
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