
Thomas Jefferson University Thomas Jefferson University 

Jefferson Digital Commons Jefferson Digital Commons 

Division of Cardiology Faculty Papers Division of Cardiology 

2-10-2023 

Retrospective Analyses of the Outcomes Among Hospitalized Retrospective Analyses of the Outcomes Among Hospitalized 

Liver Cirrhosis Patients With Heart Failure and COVID-19 Liver Cirrhosis Patients With Heart Failure and COVID-19 

Infection: Insight From the National Inpatient Sample Infection: Insight From the National Inpatient Sample 

Bruce Adrian Casipit 
Thomas Jefferson University 

Hussein Al-Sudani 
Thomas Jefferson University 

Ahmer Khan 
Thomas Jefferson University 

Emmanuel Akuna 
Thomas Jefferson University 

Aman Amanullah 
Thomas Jefferson University 

Follow this and additional works at: https://jdc.jefferson.edu/cardiologyfp 

 Part of the Cardiology Commons 

Let us know how access to this document benefits you 

Recommended Citation Recommended Citation 
Casipit, Bruce Adrian; Al-Sudani, Hussein; Khan, Ahmer; Akuna, Emmanuel; and Amanullah, Aman, 
"Retrospective Analyses of the Outcomes Among Hospitalized Liver Cirrhosis Patients With Heart Failure 
and COVID-19 Infection: Insight From the National Inpatient Sample" (2023). Division of Cardiology 
Faculty Papers. Paper 122. 
https://jdc.jefferson.edu/cardiologyfp/122 

This Article is brought to you for free and open access by the Jefferson Digital Commons. The Jefferson Digital 
Commons is a service of Thomas Jefferson University's Center for Teaching and Learning (CTL). The Commons is 
a showcase for Jefferson books and journals, peer-reviewed scholarly publications, unique historical collections 
from the University archives, and teaching tools. The Jefferson Digital Commons allows researchers and interested 
readers anywhere in the world to learn about and keep up to date with Jefferson scholarship. This article has been 
accepted for inclusion in Division of Cardiology Faculty Papers by an authorized administrator of the Jefferson 
Digital Commons. For more information, please contact: JeffersonDigitalCommons@jefferson.edu. 

https://jdc.jefferson.edu/
https://jdc.jefferson.edu/cardiologyfp
https://jdc.jefferson.edu/cardiology
https://jdc.jefferson.edu/cardiologyfp?utm_source=jdc.jefferson.edu%2Fcardiologyfp%2F122&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/683?utm_source=jdc.jefferson.edu%2Fcardiologyfp%2F122&utm_medium=PDF&utm_campaign=PDFCoverPages
https://library.jefferson.edu/forms/jdc/index.cfm
http://www.jefferson.edu/university/teaching-learning.html/


 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



American Heart Journal Plus: Cardiology Research and Practice 27 (2023) 100271

Available online 10 February 2023
2666-6022/© 2023 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Research paper 

Retrospective analyses of the outcomes among hospitalized liver cirrhosis 
patients with heart failure and COVID-19 infection: Insight from the 
National Inpatient Sample 

Bruce Adrian Casipit a,d,*, Hussein Al-Sudani b,d, Ahmer Khan a,d, Emmanuel Akuna c,d, 
Aman Amanullah c,d 

a Department of Medicine, Einstein Medical Center Philadelphia, Philadelphia, PA, USA 
b Department of Medicine, Einstein Medical Center Montgomery, East Norriton, PA, USA 
c Department of Cardiovascular Diseases, Einstein Medical Center Philadelphia, Philadelphia, PA, USA 
d Sidney Kimmel Medical College, Thomas Jefferson University, Philadelphia, PA, USA   

A R T I C L E  I N F O   
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A B S T R A C T   

Background: There is paucity of data regarding the impact of Coronavirus Disease 2019 (COVID-19) infection on 
the outcomes of hospitalized liver cirrhosis (LC) patients with heart failure (HF). 
Methods: Utilizing the 2020 National Inpatient Sample (NIS) Database, we conducted a retrospective cohort study 
to investigate the outcomes of hospitalized LC patients with HF and COVID-19 infection, looking at its impact on 
in-hospital mortality, risk for acute kidney injury (AKI) and length of stay (LOS). 
Results: We identified a total of 10,810 hospitalized LC patients with HF, of which 1.39 % (n = 150/10,810) had 
COVID-19 infection. Using a stepwise survey multivariable logistic regression model that adjusted for patient and 
hospital level confounders, COVID-19 infection among hospitalized LC patients with HF was found to be an 
independent predictor of overall in-hospital mortality (aOR 3.73; 95 % CI, 1.58–8.79; p = 0.00) and risk for AKI 
(aOR 3.06; 95 % CI, 1.27–7.37; p = 0.01) compared to those without COVID-19 infection. However, there were 
comparable rates of LOS among LC patients with HF regardless of COVID-19 infection status. Moreover, AKI was 
found to be an independent predictor of longer LOS (coefficient 4.40, 95 % CI 3.26–5.38; p = 0.00). On subgroup 
analysis, diastolic HF was found to be associated with increased risk for in-hospital mortality (aOR 6.54; 95 % CI, 
2.02–21.20; p = 0.00), development of AKI (aOR 3.33; 95 % CI, 1.12–9.91; p = 0.03) and longer LOS (coefficient 
4.30, 95 % CI 0.79–9.45; p = 0.03). 
Conclusion: Concomitant COVID-19 infection among hospitalized LC patients with HF was associated with higher 
risk for in-hospital mortality and AKI but did not significantly affect hospital LOS.   

1. Introduction 

Heart failure (HF) is associated with increased morbidity and mor
tality, especially in the presence of comorbidities such as liver cirrhosis 
(LC), resulting in prolonged hospitalization and higher medical costs 
[1,2]. Mechanistically, LC may impair cardiac contractile and diastolic 
function leading to the worsening or development of cardiac dysfunction 
among those with and without pre-existing HF, respectively [3,4]. Pre
vious research has established a relationship between the two diseases, 
classifying them both as a disorder known as cirrhotic cardiomyopathy 
(CCM) [4]. The interaction of the pathophysiological mechanisms of the 

two diseases triggers a chain of hormonal and physiological events 
causing changes in cardiac output and arterial blood volume leading to 
further deterioration of cardiac function [5–7]. The emergence of 
Coronavirus Disease 2019 (COVID-19) has brought about global concern 
due to its associated increase in morbidity and mortality especially 
among those with concurrent pre-existing medical diseases such as 
chronic cardiovascular and liver diseases [8–10]. While early research 
didn't establish a link between LC and COVID-19 infection severity 
[11,12], later studies have shown that patients with LC who have 
comorbidities such as congestive HF were found to have increased 
hospitalization and mortality rates in the presence of COVID-19 
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infection [13]. In addition, research had shown that severe COVID-19 
infection increases the risk for exacerbation among those with pre- 
existing HF by inducing a severe inflammatory reaction causing 
increased metabolic demand, coagulation dysfunction, direct myocar
dial injury, and cardiac electrical abnormalities leading to worsening 
cardiac dysfunction [14–16]. Moreover, previous studies suggested that 
COVID-19 infection increases the risk for the development of acute renal 
failure leading to circulatory volume overload which subsequently 
worsens cardiac dysfunction among those patients with pre-existing HF 
[17,18]. Although previous studies have shown that there is increased 
risk for morbidity and mortality among hospitalized LC with concurrent 
HF [19,20], there is still paucity of data regarding the incremental risk of 
COVID-19 in this population. With this, we aim to investigate the in- 
hospital outcomes among hospitalized LC patients with comorbid HF 
and concurrent COVID-19 infection by utilizing a large nationwide 
database. 

2. Methods 

We conducted a retrospective cohort study utilizing the Health Care 
Utilization Project National Inpatient Sample (HUCP-NIS) of the year 
2020. Briefly, the NIS is sponsored by the Agency for Healthcare 
Research and Quality (AHRQ) and is the largest, publicly available 
inpatient database that encompasses a survey design to collect discharge 
information from non-federal, non-rehabilitation, acute-care, and short- 
term hospitals. It approximately covers about 20 % of total hospital 
admission and discharges in the United States. Further, the database is 
updated annually and provides national estimates of patient and hos
pital level characteristics performed on US acute-care hospitals. Addi
tionally, all discharges are weighted to ensure that they are nationally 
representative. Based on the code of federal regulations, since the data 
are de-identified and is publicly available, this does not constitute 
human subjects research and therefore, no institutional review board 
(IRB) review was required. 

We included all patients aged 18 and older in our study who were 
admitted between January 2020 and December 2020 with a principal 
diagnosis of LC with a known HF comorbidity during the index hospi
talization. We utilized the International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) in identifying all discharge 
records that had LC and HF. Stratification based on the presence or 
absence of COVID-19 infection was subsequently employed. Patient 
comorbidities and relevant past medical history were retrieved on the 
discharge records containing the ICD-10 CM codes during the index 
hospitalization and were recorded accordingly. (See Supplementary 
Table 1 for ICD-10-CM codes used in this study). 

The main clinical outcome of interest in this study was to investigate 
the impact of COVID-19 infection on in-hospital mortality among hos
pitalized LC patients with comorbid HF. Secondary outcomes included 
other factors associated with inpatient mortality, the influence of 
COVID-19 infection on the development of AKI, and hospital LOS among 
admitted patients with LC and comorbid HF. 

The patient information and data were analyzed by using StataBE 
17.0 (StataCorp, College Station, Texas). The NIS utilizes a complex 
sampling design that includes stratification, clustering, and weighing of 
patient and hospital level data in order to facilitate analyses and produce 
nationally representative results, variance estimates, and p values. 
Continuous variables were presented as median and interquartile range 
(IQR) as well as mean ± standard error (SE) where appropriate. Cate
gorical variables were presented as numbers and/or percentages. Pro
portions were compared using the chi-square test, and continuous 
variables were compared using the student t-test. Survey univariable 
and multivariable logistic and linear regression analysis were used to 
calculate both adjusted and unadjusted odds ratios (ORs) for the primary 
and secondary outcomes. Outcomes were adjusted for potential patient 
and hospital level confounders, including age, gender, race, Charlson 
Comorbidity Index, median income, hospital bed size, hospital location, 

and teaching status, insurance type, and comorbidities. Univariate 
regression analysis was done to identify variables with a P value <0.2, 
indicating possible association with the outcome of interest, and was 
subsequently entered into the multivariable model for analysis. Survey 
multivariate linear regression analysis was used for the secondary 
outcome of hospital length of stay to adjust for possible patient and 
hospital level confounders as above. Variables were tested for collin
earity, odds ratios and beta coefficients with 95 % confidence intervals 
were provided as appropriate. A p value of <0.05 was considered sta
tistically significant. 

3. Results 

There were a total of 120,595 hospitalizations with a principal 
diagnosis of LC identified in the NIS database in the year 2020, of which 
11,170 had a diagnosis of HF including 2940 systolic, 6930 diastolic, 
and 1330 combined systolic and diastolic HF during the index hospi
talization. Of these, 10,810 met our inclusion criteria. Table 1 summa
rizes the baseline characteristics of the study population. Patients with 
concomitant COVID-19 infection accounted for 1.39 % (n = 150/ 
10,810) of the total study population. Further, the median age for those 
with and without COVID-19 were 62 years old (IQR, 52–73 years) and 
64 years old (IQR, 57–73 years), respectively. Compared to patients 
admitted without COVID-19 infection, admitted LC patients with co
morbid HF and concomitant COVID-19 infection had a similar propor
tion of females, number of comorbidities, median annual income, 
insurance type, characteristics of admitting hospitals (hospital bed size 
and teaching status) and prevalence of hypertension, hyperlipidemia, 
diabetes mellitus, obesity, coronary artery disease, chronic kidney dis
ease, as well as tobacco use. Further, they were less likely to be white 
(33.3 % vs 65.8 %) and were more likely to be Hispanic (36.7 % vs 13.4 
%). 

The overall mortality rate among patients admitted for LC with HF 
was 5.92 % (n = 640/10,810). Among those with concomitant COVID- 
19 infection, the mortality rate was significantly higher at 23.33 % (35/ 
150, p = 0.00). Further, there was a significantly higher rate of in- 
hospital mortality among those with diastolic HF (30 % vs 5.15 %; p 
= 0.00) but not those with systolic (12.5 % vs 6.91 %; p = 0.54) and 
combined systolic and diastolic HF (0 % vs 5.56 %; p = 0.73). On uni
variate and multivariate analyses that adjusted for patient and hospital 
level confounders, concomitant COVID-19 infection was found to be an 
independent predictor of overall in-hospital mortality (adjusted OR 
3.73; 95 % confidence interval [CI], 1.58–8.79; p = 0.00). Moreover, age 
and the development of AKI were significantly associated with increased 
inpatient mortality among hospitalized LC patients with HF (see 
Table 2.) In terms of HF subtypes, although this was a smaller group of 
patients, COVID-19 infection increased the risk for in-hospital mortality 
among admitted LC patients with concomitant diastolic HF (adjusted OR 
6.54; 95 % confidence interval [CI], 2.02–21.20; p = 0.00) but not for 
those with systolic or combined systolic and diastolic HF. (See Table 3). 

The overall AKI rate among patients admitted for LC with HF was 
42.04 % (n = 4545/10,810). Among those with concomitant COVID-19 
infection, the AKI rate was significantly higher at 66.67 % (100/150, p 
= 0.01). Moreover, among HF subtypes, those with diastolic HF had a 
significantly higher rate of AKI (70 % vs 42.32 %; p = 0.01) but not for 
those with systolic (62.5 % vs 39.36; p = 0.19) and combined systolic 
and diastolic HF (50 % vs 43.25 %; p = 0.01). On multivariate analyses 
that adjusted for patient and hospital level confounders, concomitant 
COVID-19 infection among LC patients with comorbid HF was found to 
be an independent predictor for the development of AKI (adjusted OR 
3.06; 95 % confidence interval [CI], 1.27–7.37; p = 0.01). Further, in 
terms of HF subtypes, those with diastolic HF had a significantly higher 
risk for AKI (adjusted OR 3.33; 95 % confidence interval [CI], 1.12–9.91; 
p = 0.03) compared to those with systolic (adjusted OR 2.70; 95 % 
confidence interval [CI], 0.62–11.77; p = 0.19) and combined systolic 
and diastolic HF (adjusted OR 6.35; 95 % confidence interval [CI], 
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0.56–71.83; p = 0.14). (See Table 4). 
The median length of stay for admitted patients with LC and HF with 

concomitant COVID-19 infection was 9 days (IQR, 4–18 days) in 
contrast to 5 days (IQR, 3–9 days) in those without COVID-19 infection. 
After adjusting for patient and hospital level confounders, our analysis 
showed that among hospitalized LC patients with HF, COVID-19 did not 
significantly increase the hospital LOS (coefficient 3.10, 95 % CI 
0.44–8.16; p = 0.07). However, when stratified in terms of HF subtypes, 
diastolic HF was associated with a longer LOS (coefficient 4.30, 95 % CI 
0.79–9.45; p = 0.03) whereas systolic and combined systolic and dia
stolic HF did not. Further, concomitant AKI (coefficient 4.40, 95 % CI 
3.26–5.38; p = 0.00) was significantly associated with a longer LOS (See 
Table 5). 

4. Discussion 

This study is, to the best of our knowledge, the first retrospective 
population cohort study from a nationally representative database that 
investigated the clinical outcomes among hospitalized LC patients with 

Table 1 
Baseline characteristics of hospitalized liver cirrhosis patients with comorbid 
heart failure.  

Patient characteristics With 
COVID-19 

Without 
COVID-19 

P- 
value 

Number of patients 150 10,660  
Age at index admission, years (IQR) 62 (52–73) 64 (57–73)  
Women, no. (%) 0.3 0.4 0.4 
Race/ethnicity, no. (%)   0.0 

White 33.3 65.8 0.0 
Black 13.3 13.5 1.0 
Hispanic 36.7 13.4 0.0 
Asian or Pacific Islander 6.7 1.6 0.0 
Native American 3.3 1.2 0.3 
Others 6.7 2.8 0.2 

Comorbidities (%)    
Hypertension 0.0 1.3 0.5 
Hyperlipidemia 26.7 37.4 0.2 
Diabetes Mellitus 20.0 11.5 0.12 
Obesity 16.7 23.1 0.4 
Chronic Obstructive Pulmonary 
Disease 

3.3 21.3 0.0 

Coronary Artery Disease 26.7 32.0 0.5 
Chronic Kidney Disease (CKD), stage 
1–4 

43.3 37.3 0.5 

End-stage renal disease 9.7 9.7 1.0 
Tobacco use 0.0 0.9 0.6 

In hospital Complication (%)    
AKI 66.7 41.7 0.0 

Charlson Comorbidity Index score, no. 
(%)    
1 0.0 0.0 – 
2 6.7 5.9 0.9 
3 66.7 57.7 0.1 

Median annual income in patient's zip 
code, US$, no. (%)   

0.45 

$1–$49,999 46.7 34.9 0.2 
$50,000–$64,999 16.7 28.1 0.2 
$65,000–85,999 20.0 19.6 1.0 
≥$86,000 13.3 15.0 0.8 

Insurance type, no. (%)   0.57 
Medicaid 46.7 58.3 0.2 
Medicare 26.7 21.3 0.5 
Private 20.0 13.7 0.3 
Uninsured 3.3 4.1 0.8 

Hospital characteristics    
Hospital region, no. (%)   0.0 

Northeast 36.7 16.1 0.0 
Midwest 26.7 23.0 0.6 
South 20.0 45.5 0.0 
West 16.7 17.4 0.9 

Hospital bed size, no. (%)   0.6 
Small 16.7 19.5 0.7 
Medium 36.7 27.8 0.3 
Large 46.7 52.7 0.5 

Location and teaching status of the 
hospital (%)   

0.1 

Rural 0 7.0 0.1 
Urban non-teaching 6.7 1.7 0.1 
Urban teaching 93.3 76.3 0.0  

Table 2 
Multivariable logistic regression table of factors associated with inpatient mor
tality among hospitalized patients with liver cirrhosis and comorbid heart 
failure.  

Variable Adjusted odds 
ratio 

95 % confidence interval 
[CI] 

P 
value 

COVID-19  3.73 1.58–8.79  0.00 
Age  1.03 1.01–1.04  0.00 
Charlson Comorbidity 

Index  
1.06 0.96–1.16  0.24  

Comorbidities 
Hyperlipidemia  0.61 0.40–0.95  0.03 
CAD  0.66 0.42–1.03  0.07 
Diabetes  0.42 0.18–0.95  0.04 
Obesity  0.58 0.34–0.96  0.04 
CKD Stage 1–4  0.57 0.37–0.89  0.01 
COPD  0.46 0.24–0.85  0.02  

In-hospital complication 
AKI  6.68 4.17–10.69  0.00  

Table 3 
Adjusted Odds Ratio for in-hospital mortality among hospitalized liver cirrhosis 
patients with heart failure and concomitant COVID-19 infection stratified based 
on heart failure subtypea.   

Adjusted 
OR 

95 % confidence 
interval [CI] 

P value 

Overall  3.73 1.58–8.79 0.00  

Heart failure subtype 
Systolic HF  1.10 0.03–34.69 0.96 
Diastolic HF  6.54 2.02–21.20 0.00 
Combined 

systolic and 
diastolic HF  

1 No patients with 
COVID-19 had 
combined systolic and 
diastolic HF 

No patients with 
COVID-19 had 
combined systolic and 
diastolic HF  

a Adjusted for age, gender, race, Charlson comorbidity index, median annual 
income, insurance type, hospital location, hospital bed size, hospital teaching 
status, hyperlipidemia, hypertension, diabetes mellitus, obesity, COPD, CAD, 
CKD, ESRD, Tobacco use. 

Table 4 
Adjusted Odds Ratio for acute kidney injury among hospitalized liver cirrhosis 
patients with heart failure and concomitant COVID-19 infection stratified based 
on heart failure subtypea.   

AKI  

Adjusted odds 
ratio 

95 % confidence 
interval [CI] 

P 
value 

Overall  3.06 1.27–7.37  0.01   

Heart failure subtype 
Systolic HF  2.70 0.62–11.77  0.19 
Diastolic HF  3.33 1.12–9.91  0.03 
Combined systolic and 

diastolic HF  
6.35 0.56–71.83  0.14  

a Adjusted for age, gender, race, Charlson comorbidity index, median annual 
income, insurance type, hospital location, hospital bed size, hospital teaching 
status, hyperlipidemia, hypertension, diabetes mellitus, obesity, COPD, CAD, 
CKD, ESRD, Tobacco use. 
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comorbid HF and concomitant COVID-19 infection. The outcomes 
investigated include in-hospital mortality, risk for AKI, and hospital 
LOS. Our findings suggested that hospitalized LC patients with HF and 
COVID-19 infection had significantly increased risk for in-hospital 
mortality and the development of AKI but did not impact hospital 
LOS. Moreover, when stratified according to HF subtype, our findings 
suggested that only diastolic HF was associated with increased risk for 
in-hospital mortality, development of AKI and longer hospital LOS. 
Further, our analysis suggested that there was a significantly increased 
LOS among those hospitalized LC patients with HF and COVID-19 
infection who develop AKI regardless of the HF subtype. 

Recent studies by Yazdanyar et al. (2021) [19] and Khalid et al. 
(2020) [20] which investigated the outcomes of hospitalized patients 
with HF and LC showed a similar 3.4 % in-hospital mortality rate in this 
population. Further, according to Ge et al. (2021) [21], the cumulative 
incidence of death at 30 days is 12.5 % among those patients with LC 
and HF with concurrent COVID-19 infection. Our analysis concurred 
with previous studies which showed a 5.92 % over-all in-hospital mor
tality rate among hospitalized patients with LC and HF. However, the 
mortality rate significantly increased to 23.33 % among those with 
concomitant COVID-19 infection. This significant increase in the in- 
hospital mortality rate among patients with concomitant COVID-19 
infection is likely due to the implicating mechanisms of the SARS- 
CoV-2 virus causing cardiac and hepatic injury involving massive 
cytokine release and severe systemic inflammation with subsequent 
downstream pathophysiological effects targeting organs such as the liver 
and heart [22–24]. Mechanistically, hepatic injury in the setting of 
COVID-19 infection is multifactorial and is thought to be due to virus- 
induced systemic inflammation, hypoxia, hepatic congestion, and 
drug-induced liver disease which subsequently manifests as acute 
decompensation of pre-existing liver disease such as LC [22]. Similarly, 
COVID-19 induces myocardial injury by means of enhanced pro- 
inflammatory cascade, direct cytopathic effects and increased blood 
viscosity leading to clinical conditions including acute coronary syn
dromes, myocarditis, and the development or worsening of pre-existing 
HF [23,24]. Taken together, COVID-19 infection worsens the clinical 
outcomes among hospitalized patients with LC and HF as was evident in 
our study. Interestingly, our analysis concurred with the study by 
Alvarez-Garcia et al. (2020) [25] which demonstrated that there was a 
significantly increased risk for mortality among hospitalized COVID-19 
patients with diastolic HF compared to the other HF phenotypes, adding 
to the mounting body of evidence that is pointing away from the idea 
that diastolic HF has a more favorable outcome compared to their sys
tolic HF counterparts [25–27]. Furthermore, our analysis suggested that 
age and the development of AKI increased the risk of in-hospital mor
tality among hospitalized LC patients with HF likely due the inherent 
risks associated with aging and the underlying mechanisms by which 
AKI developed in HF and cirrhotic patients including cardiorenal and 
hepatorenal syndromes, which oftentimes presents as a therapeutic 
challenge [28,29]. 

AKI remains to be one of the major complications among 

hospitalized patients with LC [30] and HF [31] and is associated with 
increased morbidity and mortality. Previous studies demonstrated that 
the rate of development of in-hospital AKI among those with LC [31] and 
HF [32] were 27.9 % and 20 %, respectively. On the other hand, among 
those hospitalized LC patients with comorbid HF, the rate of AKI was 
noted to be 26.49 % [20]. In our study, the rate of AKI development 
among hospitalized LC patients with HF was 42.04 %, almost double the 
rate as compared to the results of previous studies. Further, our study 
showed that among those with concurrent COVID-19 infection, the risk 
for AKI increased to 66.67 %. This was almost similar to a study con
ducted by Fisher et al. (2020) [33] which demonstrated an AKI rate of 
57 % among hospitalized COVID-19 patients, however, this was not 
exclusive to patients with LC and HF. The mechanisms implicated in the 
development of AKI in HF include hemodynamic alterations in the 
cardiorenal axis such as decreased forward flow leading to venous 
congestion and increased renal venous pressure which subsequently 
results in renal dysfunction [34]. Further, systemic venous congestion 
leading to impairment of renal perfusion trigger a cascade of maladap
tive neurohormonal mechanisms including the activation of the renin- 
angiotensin-aldosterone system (RAAS), sympathetic nervous system 
(SNS) and antidiuretic hormone (ADH) secretion leading to a vicious 
cycle of circulatory overload and systemic congestion [35]. On the other 
hand, the underlying pathophysiological mechanisms implicated in the 
development of renal dysfunction in LC include splanchnic vasodilation 
leading to pooling of blood in the splanchnic circulation, thus causing a 
reduction in the effective circulating volume and decreases renal 
perfusion which subsequently activates the RAAS which, through 
Angiotensin II, induces renal vasoconstriction and decreases glomerular 
filtration rate (GFR) [36]. Further, COVID-19 induces renal dysfunction 
by means of direct renal cellular injury, cytokine storm, and hypo
volemia [33]. Taken together, the significant interplay between the 
various pathophysiological mechanisms of AKI among hospitalized LC 
patients with HF and concurrent COVID-19 infection lead to a greater 
risk for in-hospital morbidity. Lastly, our analysis showed that among 
HF phenotypes, those with diastolic HF had increased risk for AKI which 
was consistent with the results of the study conducted by Choi et al. 
(2018) [37], however, their study also showed that systolic HF had 
increased risk for AKI in contrast to our study which did not show that 
association. 

A study by Khalid et al. (2020) [20] showed that among hospitalized 
HF patients with LC, there was a 1.2-fold increase in hospital LOS. 
Further, previous studies suggest that concomitant COVID-19 infection 
significantly increased the hospital LOS among patients with LC [38] 
and HF [39]. This was contrary to the results of our study which showed 
that COVID-19 infection did not significantly impact hospital LOS 
among hospitalized LC patients with HF. However, when stratified ac
cording to HF subtypes, diastolic HF was associated with a significantly 
longer LOS. A study by Standl et al. (2021) [40] showed that among 
those with COVID-19 infection, diastolic dysfunction was more 
commonly seen than systolic dysfunction. This supports the idea that 
diastolic HF may not be as benign as previously thought and has 

Table 5 
Multivariate linear regression table of length of stay among hospitalized liver cirrhosis patients with comorbid heart failure and the association of acute kidney injury 
with hospital length of stay based on heart failure subtypea.   

LOS AKI  

Coefficient 95 % confidence interval [CI] P value Coefficient 95 % confidence interval [CI] P value 

Overall  3.10 − 0.22–6.42  0.07  4.32 3.26–5.38  0.00   

Heart failure subtype 
Systolic HF  0.47 − 6.87–7.82  0.90  3.69 2.44–4.94  0.00 
Diastolic HF  4.30 0.44–8.16  0.03  4.99 3.49–6.49  0.00 
Combined systolic and diastolic HF  − 0.01 − 3.94–3.92  1.00  1.97 0.43–3.50  0.01  

a Adjusted for age, gender, race, Charlson comorbidity index, median annual income, insurance type, hospital location, hospital bed size, hospital teaching status, 
hyperlipidemia, hypertension, diabetes mellitus, obesity, COPD, CAD, CKD, ESRD, Tobacco use. 
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comparable outcomes to those with systolic dysfunction [25–27] which 
could possibly explain the similar or longer LOS in this population. In 
addition, our analysis was consistent with the results of previous studies 
[19,20] which showed that AKI among hospitalized LC with HF 
increased the hospital LOS. This is likely related to the increased 
morbidity associated with the development of AKI in this population, 
which could also be a variant of cardiorenal or hepatorenal syndrome, 
which in itself presents as a diagnostic and therapeutic challenge. 

The cross-sectional nature of our study design and the utilization of 
an administrative database limits the ability of our analysis to capture 
certain patient level data including the severity of LC and HF during 
admission which could be ascertained by the availability of relevant 
information such as radiographic, echocardiographic, and laboratory 
values as well as the therapeutic approaches undertaken during hospi
talization, all of which could confound the outcomes of interest among 
the study population. Moreover, the presence of possible coding errors 
as well as underreporting of some of the data might be a source of bias in 
our analysis given the nature of the administrative database itself, spe
cifically the inability to distinguish the different HF subtypes accurately, 
determine the chronicity of HF, and obtain accurate baseline histories 
and comorbidities. Further, caution should be exercised in interpreting 
the low prevalence of hypertension and tobacco use in our study which 
could be the result of underreporting of previous chronic comorbidities 
owing to the use of an administrative database, especially among hos
pitalized patients with life-threatening conditions, as these findings are 
clinically unsound and are merely speculative and hypothesis gener
ating. Additionally, a significant number of true COVID-19 cases might 
have been missed since the ICD-10 code for COVID-19 was released on 
April 1, 2020, which was several months since the pandemic started. 
Furthermore, due to the overall small number of COVID-19 infected 
patients in our study population, caution should be exercised when 
interpreting the findings associated with HF subtype stratification. 
Lastly, we are limited by inpatients events only, hence, certain disease 
outcomes that may have occurred after hospitalization would not be 
captured and could be missed. 

5. Conclusion 

Our study showed that hospitalized LC patients with HF and 
concomitant COVID-19 infection had increased risk for in-hospital 
mortality and development of AKI but had similar hospital LOS 
compared to those without COVID-19 infection. Prospective studies with 
larger sample size are warranted to control for other possible con
founders in order to better delineate these associations. 
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