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Abstract
BACKGROUND 
Atrial fibrillation (AF) is the most common cardiac arrhythmia encountered in 
clinical practice. However, the outcomes associated with AF in hospitalized 
patients with liver cirrhosis are unknown.

AIM 
To determine the outcomes of hospitalized patients with liver cirrhosis and AF.
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In this study, we examined morbidity and mortality of patients with concomitant 
AF and liver cirrhosis from the National Inpatient Sample database, the largest 
publicly available inpatient healthcare database in the United States.

RESULTS 
A total of 696937 patients with liver cirrhosis were included, 45745 of whom had 
concomitant AF (6.6%). Liver cirrhosis patients with AF had higher rates of in-
hospital mortality (12.6% vs 10.3%, P < 0.001), clinical stroke (1.6% vs 1.1%, P < 
0.001), and acute kidney injury (28.2% vs 25.1%, P < 0.001), and less 
gastrointestinal bleeding (4.4% vs 5.1%, P < 0.001) and blood transfusion (22.5% vs 
23.8%, P < 0.001) compared with those who did not have the arrhythmia. In 
addition, they had a longer length of stay (8 ± 10 d vs 7 ± 8 d, P < 0.001) and higher 
hospitalization costs (20720 ± 33210 $ vs 16272 ± 24166 $, P < 0.001).

CONCLUSION 
In subjects with liver cirrhosis, AF is associated with higher rates of inpatient 
mortality, stroke, and acute kidney injury compared to those who do not have the 
cardiac arrhythmia.

Key words: Atrial fibrillation; Liver cirrhosis; Mortality; Stroke; Acute kidney injury; 
Prolonged hospitalization

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Atrial fibrillation is an adverse prognostic indicator in patients with liver 
cirrhosis. It is associated with increased inpatient mortality and a higher risk of 
cerebrovascular attack and renal failure. Furthermore, it leads to a longer hospital stay and 
admission to an acute care or a rehabilitation facility in this patient population.

Citation: Darrat YH, Smer A, Elayi CS, Morales GX, Alqahtani F, Alkhouli M, Catanzaro J, 
Shah J, Salih M. Mortality and morbidity in patients with atrial fibrillation and liver cirrhosis. 
World J Cardiol 2020; 12(7): 342-350
URL: https://www.wjgnet.com/1949-8462/full/v12/i7/342.htm
DOI: https://dx.doi.org/10.4330/wjc.v12.i7.342

INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac rhythm disorder in the general 
population. It is estimated that 3 million adults in the United States have been 
diagnosed with the arrhythmia and the prevalence is estimated to rise to 12.1 million 
in 2030[1]. However, the prevalence and outcomes of AF in patients with liver cirrhosis 
is not well described. There are only a few relatively small-scale studies that measured 
its impact in patients with liver cirrhosis, and these show discordant results[2-5]. 
Furthermore, the mortality rate associated with AF in patients with liver cirrhosis 
remains not well defined[5,6]. Therefore, conflicting data exist about the prevalence and 
prognosis of patients with both conditions.

The National Inpatient Sample (NIS) database is the largest publicly available 
inpatient healthcare database in the United States and provides an opportunity for 
such a comparison. It is representative of the United States population admitted to the 
hospital, and also reflects daily practice. Using this data set, we aimed to compare the 
differences in morbidity, mortality, length of stay (LOS), and trends in patients with 
liver cirrhosis with and without AF.

MATERIALS AND METHODS
The NIS database was used to derive patient-relevant information between January 
2003 and December 2014. It is an all-payer administrative claims-based database and 
contains information about patient discharges from approximately 1000 nonfederal 
hospitals in 45 states. It contains clinical and resource utilization information on 5 to 8 

http://creativecommons.org/licenses/by-nc/4.0/
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million discharges annually, with safeguards to protect the privacy of individual 
patients, physicians, and hospitals. These data are stratified to represent 
approximately 20% of United States in-patient hospitalizations across different 
hospitals and geographic regions (random sample). National estimates of the entire 
United States hospitalized population were calculated using the Agency for 
Healthcare Research and Quality sampling and weighting method.

Patients with a discharge diagnosis of hepatic cirrhosis [International Classification 
of Diseases-Ninth Revision-Clinical Modification (ICD-9-CM) codes 571.2, 571.3, 571, 
and 572.4] and diagnosis of AF (ICD-9-CM codes 427.31 and 427.32) during the study 
period were identified. Advanced liver cirrhosis was determined by the presence of 
hepatic cirrhosis and one or more of the following: Portal hypertension, ascites, hepatic 
encephalopathy, and hepatorenal syndrome (ICD-9-CM codes 572.3, 789.59, 572.2, and 
572.4, respectively). The study flowsheet is presented in Figure 1.

The trends of AF in patients with hepatic cirrhosis during the 12-year study period 
were assessed using the Cochran–Armitage test for trend. Baseline patient co-
morbidities and hospital characteristics were described. In-hospital morbidity, in-
hospital outcomes including disposition, and cost of care of AF were assessed. We 
aimed to perform a comparative analysis based on the presence of AF in patients with 
liver cirrhosis. We anticipated significant heterogeneity regarding demographic and 
comorbid characteristics. To account for potential confounding factors and reduce the 
effect of selection bias, a propensity score matching model was developed using 
logistic regression to derive two matched groups for comparative outcome analysis 
using a nearest neighbor 1:1 variable ratio, parallel, balanced propensity matching 
model using a caliper of 0.01. Propensity scores were derived from multiple clinical 
and demographic covariates including the Elixhauser comorbidity index (
Supplementary Table 1).

The primary endpoint was in-hospital death. Secondary outcomes included cerebral 
vascular accidents, transient ischemic attack, acute kidney injury, blood transfusion, 
gastrointestinal bleeding, LOS, hospital charges, and discharge disposition.

Statistical analysis
Patient-relevant descriptive statistics are presented as frequencies with percentages for 
categorical variables and as the mean ± SD for continuous variables. Baseline 
characteristics were compared between the groups using a Pearson chi-square test for 
categorical variables and an independent- samples t-test for continuous variables. We 
performed multiple imputations to impute missing values for the race (missing in 
13.2% of observations) using the fully conditional specification method (an iterative 
Markov Chain Monte Carlo algorithm) in SPSS Statistics 24 (IBM Corporation, 
Armonk, NY, United States). A Cochran-Armitage test was used to evaluate trends of 
AF in patients with cirrhosis. Matched categorical variables are presented as 
frequencies with percentages and were compared using the McNemar test. Matched 
continuous variables are presented as the mean ± SD and were compared using a 
paired-samples t-test. All statistical analyses were performed using SPSS Statistics 24 
and R version 3.3.1 (Bell Laboratories, New Jersey, NJ, United States), and the 
statistical review of the study was performed by a biomedical statistician.

RESULTS
We identified 696937 patients with a primary diagnosis of hepatic cirrhosis, 45745 of 
whom had a concomitant diagnosis of AF (6.6%). Patients with AF were older and had 
more co-morbidities including hypertension, diabetes mellitus, coronary artery 
disease, chronic pulmonary disease, chronic kidney disease, and peripheral vascular 
disease. The baseline characteristics of patients with liver cirrhosis categorized by the 
presence of AF are presented in Table 1.

After accounting for covariates using propensity score matching to patients without 
AF (Table 2), we found that patients with AF had higher rates of in-hospital mortality 
(12.6% vs 10.3%, P < 0.001), clinical stroke (1.6% vs 1.1%, P < 0.001), and acute kidney 
injury (28.2% vs 25.1%, P < 0.001), and less gastrointestinal bleeding (4.4% vs 5.1%, P < 
0.001) and blood transfusion (22.5% vs 23.8%, P < 0.001). The outcomes of propensity 
matched hepatic cirrhosis patients categorized by presence of AF are presented in 
Table 3.

We performed a regression analysis excluding stroke and acute kidney injury and 
found that predictors of in-hospital mortality in patients with liver cirrhosis and AF 
included older age (66-85 years, odds ratio [OR] = 2.014; above 86 years, OR = 2.449), 

https://f6publishing.blob.core.windows.net/46311fb4-4090-40ec-b9a5-1982082e3fdc/WJC-7-342-supplementary-material.pdf
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Table 1 Characteristics of hepatic cirrhosis patients stratified by presence of atrial fibrillation among 2003-2014

Characteristic Non-AF (n = 651192) AF (n = 45745) P value

Age (mean ± SD, yr) 54 ± 11 65 ± 11 < 0.001

Female, n (%) 171592 (28.3) 9244 (20.2) < 0.001

Race, n (%) < 0.001

Caucasian 343516 (65.8) 30624 (76.2)

African American 57718 (11.1) 3674 (9.1)

Hispanic 91439 (17.5) 4130 (10.3)

Medical comorbidity, n (%)

Hypertension 215381 (35.7) 23136 (50.7) < 0.001

Diabetes mellitus 126047 (20.8) 12282 (26.8) < 0.001

Prior sternotomy 8602 (1.4) 2926 (6.4) < 0.001

Chronic pulmonary disease 106826 (17.6) 14176 (31) < 0.001

Chronic renal failure 62065 (10.3) 9884 (21.6) < 0.001

Anemia 186205 (30.8) 13771 (30.1) 0.004

Chronic alcohol use 418372 (69.1) 29194 (63.8) < 0.001

Hypothyroidism 35221 (5.8) 4662 (10.2) < 0.001

Peripheral vascular disease 16026 (2.6) 3518 (7.7) < 0.001

Smoking 159957 (26.4) 8420 (18.4) < 0.001

Coronary artery disease 31636 (5.2) 6994 (15.3) < 0.001

Hospital characteristic, n (%)

Teaching hospital 303751 (50.4) 22069 (48.4) < 0.001

Rural area 57619 (9.6) 4378 (9.6) 0.761

Hospital bed-size < 0.001

Small 72730 (12.1) 5903 (13)

Medium 156654 (26) 11616 (25.5)

Large 373165 (61.9) 28057 (61.6)

Primary payer, n (%) < 0.001

Medicare/Medicaid 350547 (57.9) 33371 (73)

Private including HMO 140515 (23.2) 8278 (18.1)

Self-pay 72366 (12) 2287 (5)

AF: Atrial fibrillation; HMO: Health maintenance organization.

congestive heart failure (CHF; OR = 1.587), and vascular disease (OR = 1.218). In AF 
patients with a CHA2DS2-VASc score of 2 or higher, there were more with clinical 
stroke (P < 0.001) and need for blood transfusion (P = 0.018).

Patients with AF had a longer LOS (8 ± 10 d vs 7 ± 8 d, P < 0.001) and higher 
hospitalization costs (20720 ± 33210 $ vs 16272 ± 24166 $, P < 0.001) compared to those 
without. They were also less likely to be discharged home and more likely to go to a 
rehabilitation or acute care facility. The prevalence of AF according to different age 
groups and gender for in-patients with liver cirrhosis compared to national estimates 
are presented in Table 4.

DISCUSSION
The main finding of this study is that patients with hepatic cirrhosis and concomitant 
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Table 2 Characteristics of propensity matched hepatic cirrhosis patients stratified by presence of atrial fibrillation among 2003-2014

Characteristic Non-AF (n = 45504) AF (n = 45504) P value

Age (mean ± SD, yr) 65 ± 11 65 ± 11 0.827

Female, n (%) 9174 (20.2) 9221 (20.3) 0.703

Race, n (%) 0.561

Caucasian 34548 (75.9) 34633 (76.1)

African American 4314 (9.5) 4179 (9.2)

Hispanic 4644 (10.2) 4692 (10.3)

Medical comorbidity, n (%)

Hypertension 23142 (50.9) 22972 (50.5) 0.251

Diabetes mellitus 12456 (27.4) 12229 (26.9) 0.091

Prior sternotomy 2610 (5.7) 2843 (6.2) 0.07

Chronic pulmonary disease 14165 (31.1) 14051 (30.9) 0.404

Chronic renal failure 9595 (21.1) 9751 (21.4) 0.192

Anemia 13623 (29.9) 13690 (30.1) 0.634

Chronic alcohol use 29054 (63.8) 29060 (63.9) 0.972

Hypothyroidism 4456 (9.8) 4603 (10.1) 0.103

Peripheral vascular disease 3420 (7.5) 3463 (7.6) 0.592

Smoking 8264 (18.2) 8405 (18.5) 0.222

Coronary artery disease 6893 (15.1) 6898 (15.2) 0.969

Hospital characteristic, n (%)

Teaching hospital 22061 (48.5) 22129 (48.6) 0.567

Rural area 41154 (90.4) 41141 (90.4) 0.893

Hospital bed-size 0.253

Small 6062 (13.3) 5871 (12.9)

Medium 11469 (25.2) 11569 (25.4)

Large 27973 (61.5) 28064 (61.7)

Primary payer, n (%) 0.052

Medicare/ Medicaid 33277 (73.1) 33138 (72.8)

Private including HMO 8389 (18.4) 8270 (18.2)

Self-pay 2101 (4.6) 2287 (5)

AF: Atrial fibrillation; HMO: Health maintenance organization.

AF are at an increased risk of in-hospital mortality, stroke, and acute kidney injury 
compared to their counterparts without the arrhythmia. Furthermore, the LOS and 
cost are higher in this group of patients.

Liver cirrhosis and the development of AF
Liver cirrhosis is the eighth leading cause of death in the United States[7] and its 
prevalence is increasing due to non-alcoholic steatohepatitis[8]. The prevalence of AF in 
the general population varies based on age as well as the geographic location[9]. This is 
also true among patients with liver cirrhosis, with an estimated prevalence of AF 
varying geographically from 0.15% to 10.9%[2-4]. The reported prevalence seems even 
higher in patients presenting for liver transplant with significant model for end-stage 
liver disease scores at 42.1%[5]. However, the latest group is sicker and may not be well 
representative of the overall population. In our study, the prevalence of AF in patients 
with liver cirrhosis was 6.6%, which is very similar to that based on estimates in the 
general population according to age and gender as shown in Table 4. This indicates 
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Table 3 In-hospital outcomes of propensity matched hepatic cirrhosis patients stratified by presence of atrial fibrillation among 2003-
2014

Non-AF (n = 45504) AF (n = 45504) P value

Clinical outcome, n (%)

In-hospital death 4697 (10.3) 5755 (12.6) < 0.001

Gastrointestinal bleeding 2329 (5.1) 1995 (4.4) < 0.001

Blood transfusion 10841 (23.8) 10219 (22.5) < 0.001

Transient ischemic attack 124 (0.3) 134 (0.3) 0.575

Clinical stroke 496 (1.1) 722 (1.6) < 0.001

Acute kidney injury 11433 (25.1) 12810 (28.2) < 0.001

Discharge status, n (%) < 0.001

Discharged home 27646 (60.8) 25705 (56.5)

Discharged SNF/NH/IC 12242 (26.9) 13114 (28.8)

Length of stay (mean ± SD, d) 7 ± 8 8 ± 10 < 0.001

Hospital cost (mean ± SD, $) 16272 ± 24166 20720 ± 33210 < 0.001

AF: Atrial fibrillation; SNF: Skilled nursing facility; NH: Nursing home; IC: Intermediate care.

Table 4 The prevalence of atrial fibrillation according to age and gender for in-patients with liver cirrhosis compared to the general in-
patient population

Age (yr) Gender AF in liver cirrhosis (%) AF national estimate (%)

Male 1.70 1.76< 45

Female 0.90 0.88

Male 5.90 5.9146-65

Female 3.20 3.16

Male 20.00 20.0366-85

Female 16.00 15.99

Male 34.10 34.18> 86

Female 33.50 33.60

AF: Atrial fibrillation.

that liver cirrhosis per se is not associated with an increased risk of AF.
Furthermore, in a prospective study that included patients with liver cirrhosis 

followed for 24 mo, AF occurred in 6.2% and was found to be related to age[10]. 
Similarly, Gundling et al[3] demonstrated that AF occurred in 16.4% of a sample of 
patients with liver cirrhosis and correlated with advanced age and co-morbidities 
including atherosclerotic disease, hyperlipidemia, and diabetes mellitus. Likewise, in 
our study, patients with hepatic cirrhosis and associated AF had the known risk 
factors for developing atrial dysrhythmia, including age, hypertension, and diabetes 
mellitus.

Mortality and morbidity in patients with AF and liver cirrhosis
In some previous studies, mortality was not found to be increased in liver cirrhosis 
patients with AF compared to controls[6,10]. However, the 30-d and 1-year survival rates 
were found to be lower in patients with a preoperative diagnosis of AF undergoing 
liver transplant[5]. Besides, a meta-analysis that included 385866 patients with liver 
cirrhosis showed that AF was associated with a significantly increased mortality risk 
in cirrhotic patients with the pooled odds ratio of 1.44 (95%CI: 1.36–1.53, I2 = 0%)[11]. 
Our study has almost double the number of subjects and has shown increased 
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Figure 1  Study flowsheet. AF: Atrial fibrillation.

mortality, specifically in hospitalized patients. Furthermore, they were more likely to 
be admitted to a rehabilitation or an acute care facility, indicating that they tend to be 
sicker. As seen in other studies[12], we found that CHA2DS2-VASc of 2 or more was 
associated with a higher risk of stroke. The reasons that AF is linked to higher 
mortality and morbidity are likely higher rates of stroke and acute kidney injury 
(AKI). Also, long QT is commonly seen in advanced liver disease and is a strong 
predictor of increased death[13].

In our study, the risk of gastrointestinal bleeding and blood transfusion is higher in 
the non-AF group. This finding can be possibly explained using β-blockers in patients 
with AF, which can be protective in esophageal varices. However, this cannot be 
inferred from this study since medication use was not captured. The higher rate of AKI 
may also deter from prescribing anticoagulants and thereby this may lead to less 
hemorrhage. Also, the use of oral anticoagulants is associated with a higher risk of 
bleeding in liver cirrhosis due to the presence of thrombocytopenia or increased 
INR[14]. Therefore, anticoagulants are under-utilized in this population[15], which may 
explain the higher stroke rate but at the same time a lower bleeding risk.

Limitations
This study comes with limitations inherent to retrospective analysis[16-19]. Mainly, the 
NIS database consists of time-limited administrative data that is related to a specific 
hospitalization. The possibility of incomplete or misclassified diagnoses and 
procedures, or omitted documentation might have existed. Specifically, important 
patient-level information could not be retrieved, such as how AF was documented, 
and the list of medications used (including β-blockers and anticoagulants). We may 
have also missed patients who were not correctly labeled as having AF or liver 
cirrhosis, likewise, they may have been misdiagnosed as having either condition. 
However, the NIS database is the largest administrative United States data set with 
admission and discharge level information. Therefore, NIS analysis provides the 
opportunity to compare and reveal patients’ characteristics, diagnoses, and outcomes 
with a strong statistical power. Even if there might be some coding errors or 
omissions, these should be minimized by the large number of patients analyzed.

In our investigation, we have included certain medical comorbidities (hypertension, 
diabetes mellitus, renal failure, chronic obstructive pulmonary disease, anemia, 
alcohol use, hypothyroidism, peripheral vascular disease, smoking, and coronary 
artery disease), but other variables that could be associated with measured outcomes 
were not available, additionally due to the lack of randomization. Therefore, there 
might have been unmeasured clinical variables related to the outcomes that were not 
considered. Furthermore, the database does not provide any data after hospital 
discharge; therefore, long-term outcomes beyond hospital discharge cannot be 
assessed. However, the data represents real-life inpatient practice and reflects actual 
hospital outcomes in patients with liver cirrhosis and AF that can guide clinical 
management as well as policy-making strategies.

AF is a predictor of increased in-hospital-mortality in patients with liver cirrhosis 
and is associated with a higher risk of stroke and AKI but interestingly less 
gastrointestinal bleeding and need for blood transfusion. Besides, patients with liver 
cirrhosis and AF have a longer length of stay and higher cost of hospitalization 
compared to those who do not have the arrhythmia. It is essential to recognize AF as 
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an adverse prognostic indicator in this population to provide them with an 
appropriate management strategy and to reduce associated hospitalization costs.

ARTICLE HIGHLIGHTS
Research background
Atrial fibrillation (AF) is the most common arrhythmia encountered in medical 
practice and is associated with adverse outcomes. However, the outcomes of AF in the 
special population of patients with liver cirrhosis have not been well studied and the 
results of several studies are conflicting.

Research motivation
Mortality rate and clinical outcomes of patients with concomitant AF and liver 
cirrhosis are an integral aspect of clinical decision and policymaking. Realizing the 
clinical impact of such disorders in a patient paves the path to design prospective 
studies.

Research objectives
We aimed to investigate if death is higher in patients with liver cirrhosis who have AF 
and to also assess outcomes during hospitalization. Understanding the outcomes will 
assist future research in designing prospective studies and randomized trials to 
improve morbidity and mortality.

Research methods
In this study, we examined outcomes of patients with concomitant AF and liver 
cirrhosis from the National Inpatient Sample database, the largest publicly available 
inpatient healthcare resource in the United States. We investigated inpatient mortality 
rate as a primary outcome. Secondary outcomes included cerebral vascular accidents, 
transient ischemic attack, acute kidney injury, blood transfusion, gastrointestinal 
bleeding, length of stay, hospital charges, and discharge disposition.

Research results
Inpatient mortality was found to be higher in patients with concomitant AF and liver 
cirrhosis compared to patients without the arrhythmia. We also found that it was 
associated with higher rates of stroke and acute kidney injury, and prolonged 
hospitalization.

Research conclusions
AF is an adverse prognostic indicator in inpatients with liver cirrhosis. It is associated 
with increased rates of death, stroke, and acute kidney injury but interestingly less 
gastrointestinal bleeding and need for blood transfusion. Also, it is associated with 
prolonged hospitalization and increased cost.

Research perspectives
Future studies are needed to prospectively investigate the impact of the arrhythmia in 
liver cirrhosis.
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