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Abstract

The COVID-19 pandemic has impacted the healthcare system across the globe, leading to more than 6.9 million deaths
in the past four years. Cardiac Arrest is a terminal event with associated significantly high morbidity and mortality across age
groups.

Multiple clinical parameters, organ dysfunction, and chronic co-morbid conditions impact mortality in COVID-19 pa-
tients with heart failure. In this retrospective, administrative dataset-based study on 148899 patients admitted to the hospital
with COVID-19 and heart failure diagnosis, we reported 6703 cardiac arrests and 5783 mortality. We have used ICD 10 codes
to identify the diagnosis.

The primary objective of the study is to find the predictors of Cardiac Arrest among patients admitted to hospitals with
COVID-19 and heart failure. Secondary objective is to calculate the percentage of cardiac Arrest and mortality across the vari-
ous age groups and the correlation of hours on the mechanical ventilator and mortality.

Study results have shown that the use of a mechanical ventilator has the strongest co-correlation with cardiac Arrest with
an odd ratio of 14.4, followed by septic shock with an odd ratio of 5.6, tension pneumothorax with an odd ratio of 4.9 preceding
the acute renal failure with an odd ratio of 2.4 and sepsis 2.3. Complete heart block had an odd ratio of 1.9, followed by ESRD
with a ratio of 1.6, acute pulmonary embolism with an odd ratio of 1.5, and Type 2 MI with an odd ratio of 1.49. Chronic co-
morbid condition of DM had an odd ratio of 1.3, followed by Atrial fibrillation with an odd ratio of 1.1.

These results and findings emphasized that multi-organ failure has a huge impact on cardiac Arrest among COVID-19
patients with heart failure.
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Introduction

COVID-19 pandemic has significantly impacted the health-
care systems across the world in the past few years. The COV-
ID-19 pandemic has infected more than 760 million and led to
more than 6.7 million deaths worldwide [1].

In multicenter retrospective study involving 3000 patients
with confirmed SARS-CoV-2 infection, prevalence of heart fail-
ure was 10.1% [2]. Multicenter study in Italy has reported HF
as an independent predictor of mortality and risk factor for in-
hospital complications including acute renal failure (28.1% vs.
12.9%, P <0.001), multi-organ failure (15.9% vs. 5.8%, P =0.004)
and sepsis (18.4% vs. 8.9%, P =0.006) Acute heart failure has
been reported in 9.1% of patients with almost 50% of them having
newly diagnosed heart failure in this study [3].

Heart failure has been reported to be one of the strongest pre-
dictor for in-hospital admission [odds ratio(OR), 4.43; 95% con-
fidence interval (CI), 2.59-8.04;p<0.001] and critical illness (OR,
1.9;95% CI, 1.4-2.5;p<0.001) in a prospective cohort study with
confirmed SARS-CoV-2 infected patients [4]. In a study published
in JACC, including 442 patients with history of heart failure with
spectrum ranging from HFr EF, HFm EF to HFpEF has shown pa-
tients with history of HF experienced increased risk of mechanical
ventilation (22.8 % vs 11.9%), longer length of stay (8 days vs 6
days; p<0.001) and mortality of (40.0% vs 24.9%) compared to the
patients without history of heart failure [5].

COVID 19 & Cardiac Arrest

Critically ill patients with COVID-19 have severe hypoxia
and are at risk of cardiac arrest. In a multicenter study from the
United States with more than 5000 critically ill patients with CO-
VID-19, the Incidence of cardiac arrest was reported to be around
14%. Pulseless electrical activity (49.8%) and asystole (23.8%)
were reported to be the most common rhythms among cardiac ar-
rest patients in this analysis [6]. Incidence of in-hospital cardiac
arrest varies from 3% to 7% among patients admitted to hospital
with COVID-19 [7,8]. In another study from Germany, the Inci-
dence of IHCA increased from 4.6% to 6.6% compared to pre-
pandemic time [9]. Overall, the Incidence of in-hospital cardiac
arrest in the U.S.A., based on the Get with the Guidelines Registry
(GWTG-R), is 9.7 per 1000 hospital admissions. In a registry data-
based analysis of COVID-19 patients, 32% have a-systole, 55%
have P.E.A. cardiac arrest, and 9% have ventricular tachycardia/
ventricular fibrillation [10]. In another study published in JAMA
Cardiology, among 52 patients with cardiac arrest, 8§1.5% have
pulse-less electrical activity & 14.8% have a-systole, and 3.7%
developed pulse-less ventricular tachycardia [11].

Pathophysiology of Cardiac Arrest

Sudden cardiac arrest (S.C.A.) and sudden cardiac death
(S.C.D.) refer to the sudden cessation of organized cardiac elec-
trical activity with hemodynamic collapse. The major cause of
S.C.D. is ventricular tachycardia (V.T.), ventricular fibrillation
(V.F.), P.E.A., and Asystole.

Ventricular tachycardia can be driven by acute precipitat-
ing events, including myocardial infarction, catecholamine surge,
imbalance of electrolytes, and sometimes without precipitating
events. This may manifest in the form of electrical or mechani-
cal failure. Polymorphic VT is most often the result of underly-
ing ischemia, short Q.T. syndrome, acquired or congenital Q.T.
prolongation, or congenital short Q.T. interval and is rarely linked
with a genetic abnormality associated with catecholaminergic
polymorphic V.T [12]. In approximately one-third of cases, the
tachyarrhythmia is initiated by an early R on T premature ven-
tricular complex/contraction; the rest are initiated by late coupled
P.V.C. Mono-morphic and polymorphic Ventricular tachycardia
can degenerate into Ventricular fibrillation. Ventricular fibrillation
results from multiple localized areas of micro reentry without any
organized electrical activity. The most likely mechanism is rotat-
ing spiral waves [13].

PE.A. is defined as any one of a heterogeneous group of
organized E.C.G. rhythms without sufficient mechanical contrac-
tion of the heart to produce a palpable pulse or measurable B.P. in
the absence of ventricular arrhythmia. This form of cardiac arrest
does not respond to defibrillation [14]. f-agonists are the main-
stay of treatment for P.E.A. cardiac arrest and help in improving
the myocardial contraction by phosphorylating L-type Ca chan-
nels, sarcoplasmic reticulum CA-ATPase regulator increases the
calcium entry into the cell and synchronizing the calcium release
from the sarcoplasmic reticulum and improving myofilament Ca-
responsiveness [15]. Common causes of P.E.A. are Pericardial
tamponade, tension pneumothorax, Aortic dissection or in the set-
ting of hypoxia, acidosis, and increased vagal tone [16].

In a prospective observational study on more than 50,000
hospital cardiac arrests between 1999 and 2005, P.E.A. was re-
ported in 37%, asystole in 39%, V.F. in 17%, and VT in 7% of
the patients. Survival to hospital discharge was similar for VF/VT
(37%) and much lower in P.E.A. and systole (12% and 11%) [16].

COVID -19 & Myocardial Dysfunction

COVID-19 can be associated with endothelial activation,
dysfunction and pro-thrombotic states resulting in macro and
micro-vascular coronary thrombosis with subsequent cardiac dys-
function [17,18]. Fever and sympathetic surge can result in the
higher metabolic demands with increased myocardial oxygen
consumption resulting in higher oxidative stress. Higher oxidative
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stress with reactive oxygen species production can lead to intracel-
lular acidosis, mitochondrial damage and cellular death [19,20].

Dys regulated immuno-inflammatory response to COV-
ID-19 and cytokine storm has been linked with cardiac dysfunc-
tion. The systemic inflammatory response has an end-organ im-
pact, including myocardial complications [21]. Cytokine storm is
distinguished by a significant production of pro-inflammatory cy-
tokines like TNF-Alpha, Interferon-gamma, IL-1, and IL-6 as dys-
regulated host immune response to the SARS-Cov 2 virus [22,23].
Cytokines can depress the myocardial function by multiple path-
ways, including nitric oxide-mediated blunting of beta-adrenergic
signaling [24]. Cytokine storm may result in atrial fibrillation, the
development of conduction abnormalities, and cardiac injury re-
flected by elevated BNP and cardiac markers in plasma [25].

There is a controversy around the incidence of myocarditis
among COVID-19 patients. In a series published on 104 Electron
microscopy biopsies among COVID-19 patients with suspected
myocarditis or unexplained HF, only 5 cases were reported to have
SARS-CoV 2 virus in myocardium assessed directly by RT-PCR
[26]. Prevalence of myocarditis was reported to be around 1.4%
from 277 cardiac autopsies from 22 studies. Myocardial fibrosis
(80-100%) of cases is the most common histo-pathological finding.
A specific interstitial macrophage infiltration has been reported in
86% of cases and 14% of patients have multifocal lymphocytic
myocarditis [27]. These studies are suggestive of fact that direct
invasion by virus is not that frequent compared to dys-regulated
inflammatory response resulting in myocardial inflammation and
myocarditis.

Cardiac arrest among COVID-19 patients with heart fail-
ure can be multi-factorial including QTc interval prolongation re-
sulting in Torsades de pointes, result of multi-organ dysfunction,
hypoxia resulting in P.E.A, Hyper-coagulable status resulting in
macrovascular thrombosis resulting in ACS and V fib arrest. QT
interval prolongation among COVID patients depends on various
factors including the use of QT prolonging medications like Hy-
droxy-choloroquine, Azithromycin, electrolyte disturbances, older
age, risk of cardiovascular disease and bradycardia [28].

There is no direct study available on literature review evalu-
ating the patho-physiology of Cardiac arrest among COVID 19
patients with underlying heart failure. Various studies have shown
the impact of heart failure on COVID 19 mortality, length of me-
chanical ventilator stay and influence of multi organ failure, renal
dysfunction and sepsis on the mortality among COVID 19 patients.

We have designed our study to evaluate these clinical predic-
tors along with few other chronic co morbidities as risk factors for
cardiac arrest among patients admitted to the hospital with COVID
19 and heart failure.

Methods

The study does not require I.R.B. approval, and informed
consent was waived due to the de-identified nature of this admin-
istrative dataset. International Classification of Diseases, 10th
Revision, Clinical Modification(ICD-10 CM) codes( provided in
supplementary appendix) were used to identify all patients over
the age of 18 years with a discharge diagnosis of heart failure,
COVID-19, cardiac arrest and other co morbidities.

Main Data Source: We have used the National Readmission
Data from 2020 for the analysis of data. The database contains
discharge-level data without any patient identifier and has around
100 clinical and non-clinical variables for each hospital stay. Ma-
jor limitation of the study is dependency on ICD 10 codes for the
diagnoses and inability to verify the severity of disease by review-
ing the labs, charts and may not have complete list of all the co-
morbidities which can influence the outcome.

Study Population: This observational study was conducted by
extracting the data for the year 2020. We have used the following
ICD 10 codes for the heart failure: 150.20, 150.21, 150.22, 150.23
& 150.30, 150.31, 150.32, 150.33 and got 2882435 discharge data
after applying these codes.

After getting this data of 2882435 discharges, we have
used U07.1 & U07.3 for inpatient COVID 19 admissions and got
148916 admissions for our analysis. There was uncertainty regard-
ing accurately diagnosing the inpatient COVID 19 admissions dur-
ing the early pandemic. We have reviewed the literature and came
across a Canadian study reviewing the admissions between March
1, 2020 to February 28, 2021 and has shown that U07.1 & U07.3
has PPV of 92.9% in accurately identifying the inpatient and ER
admissions with COVID 19 [29].

There were 148916 patient admissions with COVID-19 us-
ing above mentioned ICD codes out of which 17 patients had age
18 or less than 18, and we used 148899 patient admissions for
analysis. We have used 146.2, 146.8, 146.9 codes for identifying the
cardiac arrest. Out of 148899, 6703 patients were found to have
cardiac arrest, and 5783 died.

Study outcome: The primary objective is to find a correlation
between end-organ dysfunction and co-morbidities with cardiac
arrest from COVID-19 in heart failure patients. The secondary ob-
jectives are to evaluate the cardiac arrest and mortality percentage
with respect to age groups, time on mechanical ventilator, and total
length of stay among various groups.

Statistical Analysis: Categorical data are represented by numbers
and percentages. Continuous variables are expressed as means
with S.D.s or medians and inter-quartile ranges. For each analysis,
the null hypothesis was evaluated at a 2-sided significance level
of 0.05 and calculated 95% C.IL.s using standard errors. The sta-
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tistical significance of the model was determined by Chi-Square
and p < 0.05, suggesting that it could distinguish between patients
with cardiac arrest and non cardiac arrest patients. Binary Logistic
Regression was used to examine whether predictors were associ-
ated with the likelihood of having cardiac arrest among COVID
19 patients. We have used SAS 9.4 and SPSS statistics-28 for the
analysis.

Results

Total 148899 patients were found to be admitted to hospitals
with COVID-19. 6703 patients had cardiac arrest and 5783 died
during the hospitalization. Incidence of Cardiac arrest was 4.5%
consistent with previous studies reporting the incidence of cardiac
arrest ranging between of 3% to 7% as discussed above [7,8].

Mechanical Ventilator use was found to be the most signif-
icant determinant for cardiac arrest with an odd ratio of 14.443
(Confidence Interval 13.67-15.26) & P value (<.001), followed by

septic shock with an odd ratio of 5.62 (Confidence Interval 5.34-
5.92) & P value (<.001).

Spontaneous tension pneumothorax has an odd ratio of 4.92
(Confidence Interval 3.82-6.34) & P value (<.001). Acute renal
failure has an odd ratio of 2.45(CI 2.32-2.57) & P value (<.001).

Sepsis has an odd ratio of 2.27(CI 2.11-2.44) & P value
(<.001), Complete heart block has an odd ratio of 1.90(CI 1.55-
2.33) & P value (<.001). ESRD has an odd ratio of 1.59 (CI 1.49-
1.71) & P value (<.001), followed by acute pulmonary embolism
with an odd ratio of 1.53 (CI 1.35-1.73) & P value (<.001).

Type 2 MI with an odd ratio of 1.50(1.37-1.63) & P value
(<.001). Diabetes Mellitus is associated with an increased risk of
cardiac arrest and an odd ratio of 1.29(CI 1.23-1.36) & P value
(<0.001).Atrial fibrillation with an odd ratio of 1.13(CI 1.08-1.19)
& P value (<.001). These results have been shown in the Table 1.

Variable B S.E. DF P-value OR 95% CI

Atrial fibrillation 0.124 0.026 1 <0.001 1.132 1.076-1.192

Acute Pulmonary Embolism 0.423 0.064 1 <0.001 1.526 1.347-1.729

Spontaneous Tension Pneumothorax 1.593 0.13 1 <0.001 4.92 3.816-6.343

Sepsis 0.82 0.037 1 <0.001 2.27 2.113-2.439
Mechanical Ventilator 2.67 0.028 1 <0.001 14.443 13.673-15.257

Type 2 MI 0.402 0.044 1 <0.001 1.495 1.371-1.631

Acute Renal Failure 0.895 0.026 1 <0.001 2.446 2.323-2.577

Septic Shock 1.727 0.026 1 <0.001 5.622 5.343-5.917

ESRD 0.466 0.035 1 <0.001 1.593 1.486-1.708

Complete Heart Block 0.642 0.105 1 <0.001 1.899 1.547-2.331

DM 0.255 0.026 1 <0.001 1.29 1.227-1.357

Table 1: Binary Logistic Regression and odd ratio for the Cardiac Arrest vs Non Cardiac Arrest Patients with COVID 19.

We have reported the mortality & cardiac arrest distribution across the age groups among COVID-19 patients. There is 57.14%
mortality in the age group between 19-29, 70.11% for 30-39, 73.98% for the age group 40-49 with a steady increase in mortality with
50-59 reporting 80.39%, 60-69 reporting 83.19%,70-79 reporting 88.70%, 80-89 reporting 90.92% and 90-99 reporting 94.55% mortal-
ity among cardiac arrest patients with Acute COVID 19. These results have been shown in Table 2 & figure 1

e e S Moty Prcnas
19-29 42 (0.63) 24 (0.42) 57.14
30-39 87 (1.30) 61 (1.05) 70.11
40-49 269 (4.01) 199 (3.44) 73.98
50-59 729 (10.88) 586 (10.13) 80.39
60-69 1648 (24.59) 1371 (23.71) 83.19
70-79 2019 (30.12) 1791 (30.97) 88.7
80-89 1487 (22.18) 1352 (23.38) 90.92
90-99 422 (6.30) 399 (6.90) 94.55

Table 2: Age Group Distribution by Cardiac Arrest and Mortality.
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Figure 1: Cardiac Arrest & Mortality Distribution Across the Age Groups.

Mechanical ventilator uses duration and mortality percentage has a direct correlation with mechanical vent hours with (< 24 hours)
use, reported a 17.07% cardiac arrest and 15.79% mortality and increased to 20.68% cardiac arrest and 22.65% mortality with 24-96
hours of mechanical ventilator use. Patients on mechanical ventilators for more than 96 hours have 33.09% cardiac arrest and 30.75%
mortality. Results have been shown in the Table 3 & figure 2 as well.

Mortality (N = 5783)

Mechanical Vent Hours

Cardiac Arrest (N=6703)

Frequency (Percent)

Frequency (Percent)

<24 1144 (17.07) 913 (15.79)
24-96 1386 (20.68) 1310 (22.65)
>96 2218 (33.09) 1778 (30.75)

Table 3: Frequency distribution of Cardiac Arrest and Mortality with respect to time on Mechanical Ventilator.

Figure 2: Mechanical Ventilator Use & Incidence of Cardiac Arrest & Mortality.

Incidence of Cardiac arrest has impacted the length of stay for patients as well with 13.47 days vs 10.25 days. We have shown the
frequency distribution of all the co-morbidities among cardiac arrest patients in Table 4.
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Table 4: Predictors Distribution in the Population with Cardiac
Arrest.

Discussion

In our study, we have tried to reveal the correlation and rel-
evance of the following clinical variables in determining the im-
pact on cardiac arrest, although no prior studies have been done to
establish the causal relationship of these clinical predictors with
cardiac arrest among COVID 19 and heart failure.

1) Mechanical Ventilator & Cardiac Arrest: Critically ill CO-
VID-19 patients have severe lung parenchyma injuries requir-
ing mechanical ventilator support. Hypoxia and hypercapnia are
well-known risk factors for cardiac arrest. Hypoxic cardiac arrest
patients usually have poor outcomes [30]. Hypoxia has a detrimen-
tal impact on cardiac function and can lead to sodium-potassium
(Na+/K+) ATP ase dysfunction and mitochondrial damage trigger-
ing energy failure and cell apoptosis [31].

In one of the rare studies done to understand peri mortem
pathophysiology and co-correlation of hypoxia and cardiac arrest,
it was found that after reaching threshold hypoxia, blood pressure
starts falling almost 8 minutes prior to arrest, followed by a drop in
heart rate 4 minutes prior to terminal circulatory arrest [32]. Sug-
gesting the critical role of hypoxia in cardiac arrest.

Hypercapnia reduces the sensitivity of adrenergic receptors
and adversely affects the expression of these receptors. Hypercap-
nia can induce metabolic acidosis, which can depress the cardiac
contractility and response of the left ventricle to catecholamine
[33]. In the literature, so far, no clear causal mechanism has been
discovered to explain cardiac arrest among ventilated patients with
COVID-19, but hypoxia and hypercapnia can partly explain the
possible mechanism of cardiac arrest. In our sub-analysis, the mor-
tality has been shown to worsen with a longer mechanical ventila-
tor duration.

2) Pulmonary Embolism and Cardiac Arrest: Venous throm-
boembolism, including pulmonary embolism, leads to significant

morbidity and mortality in COVID-19 patients. This may be due
to a combination of a hypercoagulable state due to epitheliopathy
and a hyper-inflammatory state due to cytokine storm, which leads
to venous and arterial thrombosis [34]. COVID-19 patients have a
seven times higher risk of pulmonary embolism than non-COVID
patients. Pulmonary embolism is seen in 2.6-8.9% of hospitalized
COVID-19 patients, with one-third of them requiring intensive
care unit admission, despite thromboprophylaxis use [35].

A propensity-matched analysis of the National Inpatient
Sample (N.I.S.) database from 2020 showed COVID-19 patients
with pulmonary embolism needed more vasopressor, mechanical
ventilation, longer hospital stays, and higher in-hospital mortality
when compared to COVID-19 patients without pulmonary embo-
lism [36]. In anecdotal cases, acute pulmonary embolism has been
seen in young asymptomatic females with COVID-19 present-
ing as sudden death [37]. Pulmonary embolism is also reported
as a sequela of long COVID-19, presenting as paroxysmal supra-
ventricular tachycardia followed by cardiac arrest in a 31-year-old
lady [38].

3) Type 2 MI in COVID-19 & Cardiac Arrest: Incidence of
Type 2 MI incidence has been relatively high among COVID-19
patients, and a study based on a Nationwide inpatient sample da-
tabase concluded that T 2MI had higher in-hospital mortality with
an odds ratio of 1.4, sudden cardiac arrest with an odd ratio of 1.3
and cardiogenic shock with an odd ratio of 2.16 compared to one
without T2MI in COVID 19 patients [39]. Type 2 MI in various
analyses has shown poor outcomes in the long term. A prospective
study with follow-up for 1. 8 years reported In-hospital mortality
of 10% and 30% all-cause mortality for Type 2 MI [40]. In a multi-
center study on COVID-19, myocardial injury was associated with
a 2.31 times higher risk of mortality, although after adjusting for
age, multi-organ dysfunction, and vaso-pressor requirement, the
association was attenuated [41].

4) Spontaneous Tension Pneumothorax, COVID-19 & Cardiac
Arrest: Critically ill COVID-19 patients require mechanical ven-
tilation, and there is a high risk of tension pneumothorax. Tension
pneumothorax can lead to compression of mediastinal structures,
lung parenchyma, and a decrease in cardiac output, possibly by
compression of great vessels, hypoxia, and poor venous return. It
manifests clinically in the form of a progressive decrease in Spo2
and reduction in cardiac output, which can precipitate cardiac ar-
rest [42]. In the retrospective investigation of 21 COVID patients,
there is (42.9%) mortality rate among patients with spontaneous
tension pneumothorax [43].

5) Sepsis & Septic Shock, COVID-19 & Cardiac Arrest: Sepsis
is one of the leading causes of death in critically ill patients [44]. In
a large meta-analysis based on 170 studies across North America,
Europe, and Australia, septic shock has a mortality of 34.7% over
30 days’ time period [45]. The most common cause of cardiac ar-

6

Curr Trends Intern Med, an open access journal

ISSN: 2638-003X

Volume 7; Issue 03



Citation: Marwaha B, Mahata I, Kumar N, Singh G, Amritphale A (2023) Clinical Predictors of Cardiac Arrest among COVID 19 Patients with Heart Failure. Curr Trends

Intern Med 7: 212. DOI: 10.29011/2638-003X.100112

rest includes pulseless electrical cardiac activity triggered by hy-
poxemia, hypovolemia, hypokalemia, hyperkalemia, and acidosis,
which can occur concomitantly with sepsis [46]. Finally, Altered
cardiac contractility and pre and after-load changes can induce
pulse-less electrical activity [47].

In a retrospective analysis of 30 patients with COVID-19
septic shock, the mortality rate was reported to be 96.7% [48],
whereas another study reported in the European Heart Journal re-
ported a mortality rate of 56% among septic shock patients and
4.44% among sepsis patients with COVID-19 [49]. Multiple
co-morbidities and end-organ dysfunction impact cardiac arrest.
Acute Respiratory failure with an odd ratio of 2.96, G.I. bleeding
with a ratio of 1.26, RCRI index of 1.07, and male gender with a
ratio of 1.32 are significant determinants of in hospital cardiac ar-
rest with sepsis noticed in a retrospective study [50].

6) Diabetes Mellitus, COVID-19 & Cardiac Arrest: A large
meta-analysis of 18 studies to evaluate the impact of D.M. on CO-
VID-19 severity and mortality reported 2.5 fold increase in mor-
tality among diabetic patients. [51] There are limited studies in
the literature elucidating the pathophysiological impact of diabetes
mellitus on COVID-19.

Hyperglycemia can lead to increase SARS-CoV 2 repli-
cation, and glycolysis sustains this replication [52]. Endothelial
damage by inflammation, glucotoxicity, and accelerated athero-
sclerosis can contribute to an increased risk of thromboembolic
complications impacting the end organs in patients with diabetes
and contribute to adverse outcomes [53]. In a retrospective analy-
sis of more than 10000 hospital cardiac arrest patients, the higher
non-shock-able rhythm was reported in diabetic patients compared
to the rest of the cohort, and poor survival to discharge indepen-
dent of other risk factors [54].

7) Renal dysfunction, COVID-19, and Cardiac Arrest: CKD,
ESRD, and A.K.I. have been found to have a significant impact on
mortality among COVID-19 in various studies. In a retrospective
administrative data set based on 17 million patients, a hazard ra-
tio of 3.7 was reported for haemo-dialysis (H.D.) patients and 2.5
for CKD 4 patients and were among the top four co-morbidities
with the highest mortality from COVID-19 [55]. In a large meta-
analysis of 69 reviews and 66 primary studies, the pooled hazard
ratio of mortality for the CKD 3 stage is 1.46, the hazard ratio of
2.84 for CKD 4, and the hazard ratio of 1.92 for ESRD patients on
the H.D. among COVID-19 [56].

The pathophysiology of the impact of COVID on renal func-
tion is still under investigation. Renal parenchyma cells, especially
proximal tubular cells, express high levels of A.C.E. 2 receptors
promoting the entry of SARS-CoV- 2 viral particles [57]. In a
study on 62 patients with COVID-19, all the patients were found
to be tested positive for SARS-CoV-2 in the kidney specimens. It

was detected in tubular cells and podocytes, and cells infected with
viral R.N.A. had increased expression of genes involved in inflam-
mation, injury, and fibrosis [58]. The systemic impact of volume
depletion, cytokine-induced systemic inflammatory response, and
downstream consequences of infection, including rhabdomyoly-
sis, ischemic thrombi, inflammation, complement dysregulation,
and hemodynamic instability, may contribute towards the end or-
gan dysfunction and mortality [59].

8) Complete heart block, COVID-19, and Cardiac arrest: Car-
diac arrhythmias are frequently seen in severe coronavirus disease
2019 (COVID-19). Some studies have cited arrhythmias occurring
in up to 44% of patients and bradycardia (sinus bradycardia and
A.V. block) occurring in up to 24.9% of patients [60,61]. There are
several anecdotal records of patients who have a sudden cardiac
arrest from pulse-less electrical activity or complete heart block
while being either evaluated for or treated for COVID-19 infec-
tion.

In certain case reports, the complete heart block was tran-
sient and recovered within 24 -48 hours [61]. On the other hand,
there are several case reports where the complete heart block re-
sulted in C.P.R.; eventually, the thythm converted to ventricular
fibrillation (V.F.) needing cardio-version, which was mostly un-
successful [62]. The duration and consequences of atrioventric-
ular (A.V.) nodal blockade were not consistent among the cases
reported, analogous to most pathologies involving a spectrum of
diseases.

In the literature so far, no clear causal mechanism has been
discovered for the development of C.H.B. associated with this vi-
rus. Complete A.V. block can be caused by increased vagal tone,
cardiac conduction system disease (fibrosis), ischemia and local
inflammation, cardiomyopathies, or viral myocarditis. Some re-
versible causes can be hyperkalemia, thyroid disease, or medica-
tions used in the treatment of COVID. It has been suggested that
direct viral infiltration of cardiomyocytes through the angiotensin-
converting enzyme-2 receptors and subsequent systemic inflam-
mation may be one mechanism of cardiac injury [60].

9) Atrial fibrillation, COVID-19, and Cardiac Arrest: Atrial
fibrillation is the most common cardiac arrhythmia among CO-
VID-19 patients. It was found that the incidence of New-onset
atrial fibrillation (AFib) was 1 in 20 among patients hospitalized
with COVID-19 [63]. Using data from the American Heart Asso-
ciation’s COVID-19 Cardiovascular Disease Registry, researchers
examined nearly 28,000 patients without a history of A Fib who
were hospitalized for COVID-19. In this study, new-onset A Fib
was strongly associated with increased in-hospital mortality and
major adverse cardiovascular events. They also had longer hospi-
tal stays and a greater need for [.C.U. Care and intubation. Also of
note, approximately 45% died in the hospital.
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Limitation of the Study: It is based on administrative data base
with limitations due to the nature of study including but not limited
to accuracy and completeness of data entered by professionals with
limited medical knowledge [64]. Multivariate analysis has been
done but confounding factors cannot be completely eliminated. In
order to include all the heart failure admissions, we have used all
the ICD 10 codes, but has led to inclusion of stable chronic heart
failure diagnoses and patients with recovered ejection fraction as
well without exacerbation, which may have led to dilution of se-
verity and its impact on COVID 19 patients. We do not have access
to verify the accuracy, evaluate the NYHA class of heart failure
and lab values which can influence the mortality and outcome. De-
spite these limitations, it is one of the largest studies to evaluate the
predictors of cardiac arrest among COVID 19 patients.

Conclusion

In this observational study, we have concluded that the use
of a mechanical ventilator, a reflector of the severity of the disease,
is the strongest risk factor for cardiac arrest, followed by septic
shock among COVID-19 patients with history of heart failure. Fu-
ture prospective studies in critically ill patients can advance our
knowledge and address these risk factors for improving mortality.
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