
Arrhythmias in patients with in-hospital alcohol
withdrawal are associated with increased mortality:
Insights from 1.5 million hospitalizations for alcohol
withdrawal syndrome
Samarthkumar Thakkar, MD,* Harsh P. Patel, MD,† Leela Krishna Teja Boppana, MD,*
Mohammad Faisaluddin, MD,* Devesh Rai, MD,* Aakash R. Sheth, MD,‡

Ashish Kumar, MD,x Fadee Kutom, MD,† Salman Zahid, MD,* Bipul Baibhav, MD,k

Sourbha S. Dani, MD,{ Mohan Rao, MD,k Christopher V. DeSimone, MD, PhD, FHRS,#

Abhishek Deshmukh, MBBS, FHRS#
From the *Department of Internal Medicine, Rochester General Hospital, Rochester, New York, †Department

of Internal Medicine, Louis A Weiss Memorial Hospital, Chicago, Illinois, ‡Department of Internal
Medicine, Louisiana State University, Shreveport, Louisiana, xDepartment of Internal Medicine,
Cleveland Clinic Akron General, Akron, Ohio, kSands Constellation Heart Institute, Rochester Regional
Health, Rochester, New York, {Department of Cardiology, Lahey Hospital & Medical Center,
Burlington, Massachusetts, and #Department of Cardiovascular Medicine, Mayo Clinic, Rochester,
Minnesota.
BACKGROUND Atrial arrhythmias are commonly noted in patients
with alcohol withdrawal syndrome (AWS), requiring inpatient
admission.

OBJECTIVE The burden of arrhythmias and the association with in-
hospital outcomes are incompletely defined in patients hospitalized
with AWS.

METHODS The nationwide inpatient sample database was
accessed from September 2015 to December 2018 to identify
hospitalizations for AWS. We studied a cohort of patients with ar-
rhythmias noted during hospitalization using the appropriate
International Classification of Diseases, Tenth Revision billing
codes. We compared patient characteristics, outcomes, and
hospitalization costs between alcohol withdrawal hospitalizations
with and without documented arrhythmias. Propensity
score matching (PSM) and multivariate regression were
performed to control confounders and develop odds ratios (OR),
respectively.

RESULTS Among 1,511,155 hospitalization with AWS, 146,825
(9.72%) had concurrent arrhythmias. After PSM, we identified
135,540 cases in each group. Hospitalizations with AWS and concur-
rent arrhythmias had higher in-hospital mortality (4.19% vs 1.95%,
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OR 1.76, confidence interval [CI] 1.67–1.85, P , .0001). The most
common arrhythmia was atrial fibrillation (66.7%). Arrhythmias in
AWS were also associated with poorer in-hospital outcomes,
including a higher risk of acute heart failure (8.40% vs 4.58%, OR
1.97, CI 1.90–2.05, P , .0001), acute kidney injury (21.32% vs
15.27%, OR 1.39, CI 1.36–1.43, P , .0001), and acute respiratory
failure (9.19% vs 5.49%, OR 1.70, CI 1.64–1.76, P , .0001)
requiring intubation. The length of hospital stay (6 days vs 4 days
P , .0001) and cost of hospital care ($12,615 [$6683–$27,330]
vs $7860 [$4482–$15,868], P, .0001) were higher in AWS with ar-
rhythmias.

CONCLUSION Arrhythmia in AWS is associated with higher in-
hospital mortality and poorer in-hospital outcomes.

KEYWORDS Alcohol withdrawal syndrome; Arrhythmia; Atrial fibril-
lation; Acute heart failure; Mortality; Acute kidney injury; Acute res-
piratory failure

(Heart Rhythm O2 2021;2:614–621) © 2021 Heart Rhythm Society.
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/).
Introduction
Alcohol use disorder (AUD) is a serious disease among the
adult population in the United States, with an estimated
prevalence of 15 million.1,2 In 2016, AUD accounted for
approximately 3 million deaths worldwide.3 It is well
known that alcohol consumption increases the risk of
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KEY FINDINGS

- Atrial fibrillation is the most common arrhythmia asso-
ciated with alcohol withdrawal syndrome (AWS).

- AWS complicated by arrhythmias is associated with
higher all-cause in-hospital mortality.

- AWS complicated by arrhythmia leads to poor in-
hospital outcomes, extended hospital stay, and higher
costs.
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arrhythmias.4 Prior data revealed that even 1 glass of any
alcoholic beverage could increase the odds of having an
episode of atrial fibrillation (AF) by 2-fold.5

One of the frequent consequences of AUD is alcohol with-
drawal syndrome (AWS), affecting one-fifth of patients dur-
ing emergency department encounters, intensive care unit
admissions, and the perioperative period.2,6,7 AWS occurs af-
ter cessation of persistent drinking and, given the absence of
drinking during hospitalization, can manifest during time as
an inpatient.

However, real-world data regarding mortality and in-
hospital outcomes in AWS complicated by arrhythmia are
limited. Therefore we sought to perform a nationwide study
from the National Inpatient Sample (NIS) to address this
question.
Methods
Data sources
A retrospective analysis of 1,511,155 alcohol withdrawal–
related hospitalizations in patients aged .18 years with or
without arrhythmias was conducted from September 2015
to December 2018 using the NIS database. The NIS is an
administrative database inclusive of all the insured and
uninsured hospitalized patients in the United States gener-
ated by the Healthcare Cost and Utilization Project
(HCUP) sponsored by the Agency for Healthcare Research
and Quality (AHRQ) from the 46 participating US states.8 It
incorporates a stratified sample of 20% nonfederal US com-
munity hospitals. NIS includes all patients covered by
Medicare, Medicaid, and private payers, as well as those
who are uninsured. Weighted, it represents more than
95% of the US population, providing nationwide estimates
of over 35 million hospitalizations annually, and consists of
patient-level data points, up to 25 discharge diagnoses, and
up to 15 procedural diagnoses. Its large sample size is ideal
for developing national and regional estimates and enables
analyses of rare conditions, uncommon treatments, and spe-
cial populations. The NIS database has been used effec-
tively recently to study arrhythmia risk in various
conditions.9 Since NIS uses de-identified hospital dis-
charges as samples with prior ethical committee approval,
no additional ethical committee approval was required for
the present analysis. The Reporting of studies Conducted
using Observational Routinely-collected health Data
(RECORD) Statement, a checklist of items, is provided as
Supplemental Table 1.
Study cohort
We used International Classification of Diseases, 10th Revi-
sion, Clinical Modification (ICD-10-CM) codes to identify
hospitalizations in patients aged 18 years or older with
AWS and divided patients into 2 groups—those with and
those without arrhythmias. Demographic information,
including age, sex, race, insurance status, comorbidities,
types of arrhythmias, hospital characteristics, location/teach-
ing status, and regions, was evaluated. The prevalence of
different arrhythmias was analyzed using appropriate ICD-
10-CM codes (Supplemental Tables 2 and 3). The primary
outcome was all-cause in-hospital mortality. Secondary out-
comes included acute heart failure (AHF), acute kidney
injury (AKI), acute respiratory failure requiring intubation,
length of stay, and total hospital charges. We also performed
subgroup analysis looking at the in-hospital mortality and
outcomes independently for some of the most common ar-
rhythmias.
Statistical analysis
We compared hospitalizations for baseline demographics,
hospital characteristics, comorbidities, and outcomes. Most
hospital-level characteristics were directly extracted as pro-
vided in the NIS, whereas the Elixhauser Comorbidity Index
was used to identify comorbid disorders. To obtain the cost of
hospitalization, hospital charges were multiplied with the
cost-to-charge ratios for each hospital for a given year and in-
dexing to the year 2018 to adjust for inflation.10

Categorical variables are presented as numbers and per-
centages and were obtained using the c2 test. Numerical vari-
ables are presented as the median and interquartile range and
were obtained using the Wilcoxon test. A 2-tailed P value of
,.05 was used to determine the statistical significance. As
recommended, discharge weights were used to generate na-
tional estimates.11 Next, we examined whether concomitant
arrhythmia in AWS was associated with a higher risk of
our study endpoints. Since patients in the arrhythmia group
may differ from those without arrhythmias, we used
a matched propensity score analysis to account for confound-
ing. The propensity score was estimated using a nonparsimo-
nious logistic regression model, which included all
comorbidities to balance the differences between the
2 groups. Propensity matching was performed with a 1-to-1
scheme without replacement, using the nearest-neighbor
matching and a caliper width of 0.05 on the probability scale.
Hospitalizations that could not match per the above-
mentioned caliper width were excluded to mitigate bias as
best as possible because their comorbidities were out of pro-
portion to the rest of the cohort. We have followed the meth-
odology for data analysis as recommended by the NIS-HCUP
and included in Supplemental Table 4. Finally, logistic
regression was performed to calculate the adjusted odds ratio
(OR) with confidence intervals (CI). We utilized SAS 9.4
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(SAS Institute, Inc, Cary, NC) software for statistical
analyses.
Results
Out of 1,511,155 AWS hospitalizations with .18 years of
age, 146,825 (9.7%) had associated arrhythmias and
1,364,330 were without arrhythmia (90.2%). After propen-
sity score–matched analysis, each group had 135,540 hospi-
talizations (Figure 1). AWS hospitalizations with arrhythmia
were more frequent in white (81.13%) males (81.95% male
vs 18.05% female, P , .0001) and between 55 and 65 years
of age (34.02%, P, .0001). Similar results were found after
propensity-matched analysis (Table 1).

Comorbid conditions such as hypertension (59.37% vs
47.10%, P , .0001), obstructive sleep apnea (6.47% vs
2.31%, P , .0001), congestive heart failure (HF) (18.70%
vs 3.39%, P , .0001), obesity (10.29% vs 6.03%,
P , .0001), chronic obstructive pulmonary disease
(26.45% vs 17.38%, P , .0001), chronic kidney disease
(6.25% vs 2.31%, P, .0001), etc, occurred more frequently
among AWS patients with arrhythmias. However, after
propensity-matched analysis, there was no difference in the
comorbidities between the 2 groups (Table 1).
Study cohort from September 2015-2018 Na�onal Inp
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most common (66.70%), followed by supraventricular tachy-
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(Figure 2).
In-hospital outcomes
All-cause-in-hospital mortality was higher in AWS with ar-
rhythmias (4.19% vs 1.95%, OR 1.76, CI 1.67–1.85,
P, .0001). In addition, patients with AWS and arrhythmias
were significantly associated to have an increased risk of HF
(8.40% vs 4.58%, OR 1.97, CI 1.90–2.05, P , .0001), AKI
(21.32% vs 15.27%, OR 1.39, CI 1.36–1.43, P, .0001), and
acute respiratory failure requiring intubation (9.19% vs
5.49%, OR 1.70, CI 1.64–1.76, P , .0001) (Tables 2 and
3, Figure 3).

The median length of hospital stay (6 days vs 4 days,
P , .0001) and cost of hospitalization ($12,615 [$6683–
$27,330] vs $7860 ($4482–$15,868), P , .0001) were
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Table 1 Demographics and baseline characteristics of alcohol withdrawal hospitalizations

Alcohol withdrawal
without arrhythmias
N 5 1,364,330

Alcohol withdrawal
with arrhythmias
N 5 146,825 P value

Alcohol withdrawal
without arrhythmias
(propensity matched)
N 5 135,540

Alcohol withdrawal
with arrhythmias
(propensity matched)
N 5 135,540 P value

Age (mean) 49.20 6 12.59 59.332 6 12.38 ,.00001 52.72 6 12.64 59.00 6 12.44 ,.0001
Age groups ,.0001 ,.0001
�18 to ,45 34.50% 11.49% 25.75% 12.01%
�45 to ,55 30.05% 20.82% 28.96% 21.02%
�55 to ,65 24.97% 34.02% 28.95% 34.13%
�65 to �75 8.49% 23.08% 12.79% 22.59%
.75 1.99% 10.60% 3.55% 10.25%

Sex ,.0001 ,.0001
Male 73.70% 81.95% 74.41% 81.63%
Female 26.30% 18.05% 25.59% 18.37%

Types of admission ,.0001 .09
Elective 7.87% 6.12% 6.19% 6.03%
Nonelective 92.13% 93.88% 93.81% 93.97%

Race ,.0001 ,.0001
White 72.64% 81.13% 73.71% 80.99%
Black 11.84% 9.59% 12.63% 9.64%
Hispanic 10.19% 6.02% 8.93% 6.09%
Asian/PI 0.85% 0.58% 0.79% 0.56%
Native American 1.62% 1.06% 1.37% 1.08%
Other 2.86% 1.63% 2.57% 1.64%

Primary payer ,.0001 ,.0001
Medicare 20.41% 42.22% 27.39% 41.31%
Medicaid 39.07% 26.38% 35.27% 27.00%
Private 23.60% 20.48% 22.86% 20.41%
Others 16.91% 10.92% 14.47% 11.28%

Income quartile ,.0001 ,.0001
0–25 30.65% 28.34% 30.88% 28.43%
26–50 25.23% 25.00% 25.92% 24.94%
51–70 23.83% 24.82% 23.90% 24.85%
76–100 20.30% 21.84% 19.30% 21.78%

Comorbidities
Obesity 6.03% 10.29% ,.0001 8.76% 8.77% .97
OSA 2.31% 6.47% ,.0001 4.89% 4.88% .92
HTN 47.10% 59.37% ,.0001 59.63% 59.60% .87
HLD 14.29% 27.76% ,.0001 26.16% 26.14% .93
DM 5.85% 7.05% ,.0001 6.36% 6.36% .96
Hypothyroidism 4.40% 5.57% ,.0001 4.82% 4.83% .92
CHF 3.39% 18.70% ,.0001 15.64% 15.63% .95
Cardiogenic shock 0.17% 2.11% ,.0001 0.81% 0.83% .67
COPD 17.38% 26.45% ,.0001 25.31% 25.30% .96
CKD 2.31% 6.25% ,.0001 4.87% 4.86% .85
Pulmonary HTN 0.42% 1.19% ,.0001 0.69% 0.69% .99
Smoking (tobacco
use disorder)

50.05% 42.23% ,.0001 42.52% 42.53% .96

Drug abuse 8.07% 6.65% ,.0001 6.17% 6.17% .99
Valvular heart
disease

0.94% 4.08% ,.0001 2.76% 2.76% .90

Electrolyte
imbalance

44.93% 56.92% ,.0001 56.94% 56.93% .95

Coagulopathy 18.36% 22.71% ,.0001 22.11% 22.13% .88
Prior MI 2.51% 6.00% ,.0001 4.83% 4.82% .96
PVD 1.82% 4.97% ,.0001 3.90% 3.90% .99
Liver diseases 19.07% 19.56% ,.0001 19.09% 19.08% .98

Hospital characteristics
Hospital bed size ,.0001
Small 22.68% 19.95% 22.69% 20.13% ,.0001
Medium 29.62% 29.77% 29.70% 29.77%
Large 47.70% 50.28% 47.61% 50.10%

(Continued )
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Table 1 (Continued )

Alcohol withdrawal
without arrhythmias
N 5 1,364,330

Alcohol withdrawal
with arrhythmias
N 5 146,825 P value

Alcohol withdrawal
without arrhythmias
(propensity matched)
N 5 135,540

Alcohol withdrawal
with arrhythmias
(propensity matched)
N 5 135,540 P value

Hospital region ,.0001 ,.0001
Northeast 25.91% 22.82% 23.03% 23.12%
Midwest 22.82% 22.54% 27.00% 22.19%
South 30.29% 31.59% 31.41% 31.65%
West 20.98% 23.06% 18.57% 23.04%

Hospital location ,.0001 ,.0001
Rural 7.93% 6.98% 7.75% 6.96%
Urban non-
teaching

22.29% 22.80% 21.60% 22.81%

Urban teaching 69.78% 70.22% 70.65% 70.23%

CHF 5 congestive heart failure; CKD 5 chronic kidney disease; COPD 5 chronic obstructive pulmonary disease; DM5 diabetes mellitus; HLD5 hyperlipid-
emia; HTN 5 hypertension; MI 5 myocardial infarction; OSA 5 obstructive sleep apnea; PI 5 Pacific Islander; PVD 5 peripheral vascular disease.
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remained higher (2.95% vs 2.09%, OR 1.39, CI 1.31–1.48,
P, .0001) in AWS patients with arrhythmias as opposed to
those without arrhythmias. Additionally, we found similar
results describing higher mortality and secondary outcomes
for individual arrhythmia, including AF, atrial flutter, SVT,
and VT (Figure 4).
Discussion
In this study, we performed an analysis of 1,511,155 hospi-
talizations for AWS and found 146,825 had associated ar-
rhythmias (9.72%).

The main findings of our study were that patients with
AWS complicated with arrhythmias had the following: (1)
an increased all-cause in-hospital mortality; (2) increased
risk of AHF, kidney injury, and respiratory failure requiring
Figure 2 Spectrum of arrhythmias in alcohol withdrawal. This figure illustrates
drawal.
intubation; and (3) a longer length of stay and higher cost of
care; and the most common arrhythmia was AF.

Alcohol use and arrhythmias
Data regarding arrhythmias associated with AWS are scarce.
In a study by B€ar and colleagues,12 in some of the electrocar-
diogram findings in AWS patients, most importantly alter-
nating QT intervals were revealed. Another study by Cuculi
and colleagues13 reported several tachyarrhythmias, including
SVT, AF, sustained VT, and torsades de pointes in AWS pa-
tients. Of all alcohol-induced supraventricular arrhythmias,
prior data suggest that AF is the most common.14 A recent
meta-analysis15 showed an association between alcohol con-
sumption and the risk of AF. Alcohol consumption causes
direct alcohol cardiotoxicity.16 Alcohol intoxication and with-
drawal are associatedwith hyperadrenergic drive and impaired
the frequency of different arrhythmias in hospitalizations with alcohol with-



Table 2 Outcomes in alcohol withdrawal hospitalizations with
and without arrhythmias

Outcomes

Without
arrhythmias
N 5 135,540

With
arrhythmias
N 5 135,540 P value

All cause in-hospital
mortality (%)

1.95% 4.19% ,.0001

Length of stay median
(days)

4 6 ,.0001

Total hospital charges,
median (range), $

7860 (4482-
15,868)

12,615 (6683-
27,330)

,.0001

Acute kidney injury 15.27% 21.32% ,.0001
Acute heart failure 4.58% 8.40% ,.0001
Acute respiratory failure
requiring intubation

5.49% 9.19% ,.0001

P value ,.05 indicates clinical significance.

Thakkar et al Arrhythmia in Alcohol Withdrawal Syndrome 619
vagal tone, which in turn increases the intra-atrial conduction
time.16 These factors promote the development of re-entries
that correspond to the development of AF.14,17 A case-
control study by Rich and colleagues18 described that AWS
is associated with diffuse beta-adrenergic discharge from the
brain stem, causing agitation, hyperthermia, and tremulous-
ness, which increases the risk of arrhythmia, including AF.
In addition, a meta-analysis of 53,969 patients concluded
that HF in AF is independently associated with higher all-
cause mortality compared to HF in sinus rhythm,19 which is
again reflected in our study showing a higher risk of AHF
and AF being the most common arrhythmia.

Prolonged QT has been reported in studies of patients with
alcohol abuse. Ethanol significantly affects the inward L-type
calcium currents and outward K currents responsible for
repolarization, resulting in QT prolongation.20 Additionally,
there is a potential contribution from the high incidence of
concomitant polysubstance abuse, psychiatric comorbidities
on QT-prolonging medications such as tricyclic depressants
and selective serotonin reuptake inhibitors, and underlying
electrolyte disturbances due to renal/hepatic dysfunction.14

Campbell and colleagues20 reported long QT as a poor prog-
nostic marker and associated with sudden cardiac death in
those with chronic alcoholism. Some of the possible mecha-
nisms contributing to this are polymorphic VT and early
afterdepolarizations triggered by the hyperadrenergic state.21
Table 3 Odds ratio for outcomes in alcohol withdrawal
hospitalizations with and without arrhythmias

Outcomes aOR LL UL P value

All-cause in-hospital mortality 1.76 1.67 1.85 ,.0001
Acute kidney injury 1.39 1.36 1.43 ,.0001
Acute heart failure 1.97 1.90 2.05 ,.0001
Acute respiratory failure requiring
intubation

1.70 1.64 1.76 ,.0001

Significant P, .05 at 95% confidence interval. Logistic regression model
was adjusted for age, sex, race, admission type, hospital characteristics, and
relevant comorbidities.

aOR 5 adjusted odds ratio; LL 5 lower level; UL 5 upper level.
Alcohol withdrawal syndrome and in-hospital
outcomes
Alcohol cardiomyopathy is found in individuals with a his-
tory of long-term heavy alcohol consumption.22,23 The inci-
dence of alcohol cardiomyopathy ranges from 1% to 2%.24

We have already established that AF can occur owing to
alcohol consumption, but the presence of AF or HF increases
the likelihood of the other, with acute HF being the strongest
risk factor for the development of AF.24 Similarly, AF precip-
itates and exacerbates left ventricular dysfunction, giving rise
to AF-induced cardiomyopathy.24 These theories may
explain the increased risk of HF in the arrhythmia group.
Interestingly, Lazarevi�c and colleagues22 described that
even a moderate amount of alcohol over a long period in-
creases the risk of HF with preserved ejection fraction.

Our study showed an increased risk (21.32%) of AKI in
the arrhythmia group, comparable to the development of
AKI in 1 in 5 hospitalizations globally.25 The difference in
AKI between the cohorts may be explained by the increased
incidence of AHF in the arrhythmia group, but this is specu-
lative. HF leads to low cardiac output or congestive status
(cardiorenal syndrome) combined with drugs such as di-
uretics and renin-angiotensin blockade that can cause AKI.26

Admission to the intensive care unit is common in AWS
owing to respiratory failure requiring intubation. This occurs
in the setting of respiratory collapse (hypoxemia, hypercap-
nia, and pneumonia), cardiovascular complications (HF, ar-
rhythmias), and the need for frequent high doses of
intravenous sedatives.27 The higher occurrence of HF in
the arrhythmia group may explain the increased incidence
of respiratory distress and intubation need.

AWS and mortality
The in-hospital mortality related to AWS is reported to be be-
tween 5% and 10%28–30 compared to our analysis, where the
mortality was about 2% in the cohort without arrhythmias
and 4% in the cohort with arrhythmias. Higher mortality in
the arrhythmia group may be related to increased sudden
death due to malignant VT, which may be a consequence
of long QT syndrome in the setting of multiple factors
during AWS hospitalization, though this is speculative. We
do note that about 10% of the arrhythmia cohort had VT.

Limitations
The present study has several limitations. First, the retro-
spective nature of the study does not allow for the inference
of causality. Second, the documentation of diagnoses using
ICD codes may not be completely accurate, adding some
uncertainty to the findings. However, the authors used vali-
dated codes from literature laid out by HCUP/AHRQ to
identify the ICD-10-CM codes for a particular diagnosis
or procedure. Third, the order of AWS and arrhythmia
occurrence cannot be determined owing to the cross-
sectional nature of the database. Fourth, NIS does not allow
to differentiate the prior history of arrhythmia vs new-onset
arrhythmia. Nonetheless, we took AWS as our primary
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diagnosis for hospitalization and arrhythmia as secondary
diagnosis code while performing analysis. Our study con-
veys that arrhythmia is associated with worse clinical out-
comes irrespective of previous or new onset. Fifth, the
NIS database does not allow to follow patients longitudi-
nally; therefore, long-term outcomes could not be assessed.
Finally, the present analysis did not account for diagnostic
and management strategies, given the database’s limitation.
However, the strength of our study includes the use of a na-
tional database with large population size and propensity
score matching to balance out confounders.
Figure 4 In-hospital outcomes in patients hospitalized with alcohol withdrawal ba
hospitalizations with atrial fibrillation. B: Odds ratio of outcomes in alcohol withdr
withdrawal hospitalizations with supraventricular tachycardia. D: odds ratio of ou
ARF-Intubation 5 acute respiratory failure requiring intubation; AWS 5 alcohol
Conclusion
Arrhythmias occurring in patients hospitalized with AWS is
associated with higher in-hospital mortality and poorer in-
hospital outcomes such as AHF, kidney injury, and respira-
tory failure. These data require future study with prospective
analysis to verify such magnitude is clinically actionable.
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