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Background: Although sepsis is a known risk factor for cardiac arrhythmias, data on incidence and
outcomes of atrial and ventricular arrhythmias in severe sepsis is limited. The purpose of this study is to
examine the association of severe sepsis with cardiac arrhythmias and their impact on outcome in this patient
population.

Methods: We used hospital discharge data from the Nationwide Inpatient Sample (NIS) during the
year 2012. All patients 18 years or older were included in the study. The International Classification of
Diseases—Clinical Modification, 9th revision (ICD-9-CM) code was used to identify patients with discharge
diagnosis of severe sepsis, atrial fibrillation (A Fib), atrial flutter (AFL), ventricular fibrillation (VF) arrest
and non-ventricular fibrillation (non-VF) arrest. In order to study the association of arrhythmias with severe
sepsis, two groups were defined: group a—with severe sepsis was compared to group b—without severe
sepsis. Univariate and multivariate logistic regression methods were used to adjust for potential confounding
factors and variables associated with cardiac arrhythmias were determined.

Results: A total of 30,712,524 NIS hospital discharges (weighted for national estimate) were included in
our study, of which 1,756,965 (5.7%) had severe sepsis. On multivariate analysis, after adjusting for potential
confounders, severe sepsis was associated with higher risk of A Fib (OR, 1.23; 95% CI, 1.21-1.24), AFL
(OR, 1.34;95% CI, 1.30-1.40), VF arrest (OR, 2.58; 95% CI, 2.38-2.79) (OR, 3.31; 95% CI, 3.07-3.57) and
non-VF arrest (OR, 4.91; 95% CI, 4.74-5.07). In the severe sepsis group, cardiac arrhythmia was associated
with higher in-hospital mortality (OR, 1.41; 95% CI, 1.37-1.45), length of stay (LOS) >75% quartile (OR,
1.50; 95% CI, 1.46-1.53) and total hospital charges >75% quartile (OR, 1.37; 95% CI, 1.34-1.41). Advanced
age, male sex, ischemic heart disease, diabetes mellitus (DM), congestive heart failure (CHF), valvular heart
disease, respiratory failure, mechanical ventilation and use of vasopressors were independently associated
with cardiac arrhythmias.

Conclusions: Patients with severe sepsis are at high risk of atrial and life threatening ventricular
arrhythmias. Despite adjustment for potential confounding factors, patients hospitalized with severe sepsis
carry a significantly higher risk for cardiac arrest and increased mortality.
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Introduction

The diagnosis of systemic inflammatory response to
infection has been found to highly correlate with the
presentation of cardiac arrhythmias in critically ill patients
(1-4). As previous studies have shown, patients with
moderate to severe sepsis have a greater likelihood of
exhibiting various cardiac arrhythmias (5,6). The majority
of these clinical studies were focused on the diagnosis,
management, predictors and outcomes of new onset AF in
the general intensive care patient population (7). However,
studies performed to provide a comprehensive assessment
of both atrial and ventricular arrhythmias in severe sepsis
patients are lacking.

Age, gender, and the progression of sepsis are known risk
factors for the development of cardiac arrhythmias (4,6).
Patients with severe sepsis are more likely to suffer from
new-onset AF, ischemic stroke, or mortality (4). Current
treatment for atrial and ventricular arrhythmias in severe
sepsis patients consists primarily of the utilization of calcium
channel and beta-blockers (8). Although guidelines have
been developed to manage severe sepsis in order to reduce
morbidity and mortality in critical care patients, these have
yet to significantly affect outcomes in patients who develop
cardiac arrhythmias (8,9).

While antibiotic therapies treat the cause of sepsis,
there is a lack of preventative measures for arresting the
development of cardiac arrhythmias in sepsis patients (10).
This study focuses on the outcomes of this patient
population to identify whether there is sufficient evidence to
necessitate preventative guidelines for atrial and ventricular
arrhythmias in patients with diagnosed severe sepsis.

The aim of this study is to evaluate the risk of atrial
and ventricular arrhythmias in patients with severe sepsis,
identify predictors and assess the impact of arrhythmias on
outcome in this clinical setting.

Methods
Data source and objectives

National Inpatient Sample (NIS) database from 2012 was
used for obtaining data. The NIS is sponsored by the
Agency for Healthcare Research and Quality as a part
of Healthcare Cost and Utilization Project (HCUP) and
is the largest publicly available all-payer database in the
United States. The database contains discharge-level data
from about 1,000 hospitals designed to approximate a 20%
stratified sample of all community hospitals in the United
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States. Currently 46 U.S. states contribute data to NIS.
The database contains more than 100 clinical and non-
clinical elements for each hospital stay, including primary
and secondary diagnoses and procedures, admission
and discharge status, patient demographics, hospital
characteristics, payer source, comorbidity measures, length
of stay (LOS), and discharge status (15 from AMIs paper).
Discharge weights are provided in each patient discharge
record and are then used to obtain national estimates.
As the data are based on an administrative dataset and
are de-identified, no informed consent was needed. Our
objectives were to identify prevalence and independent
risk factors of cardiac arrhythmias in patients diagnosed
with severe sepsis.

Study population and outcomes

We used the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM)
codes (provided in supplementary appendix) to identify
all patients over the age of 18 years with a discharge
diagnosis of severe sepsis, atrial fibrillation (A Fib),
atrial flutter (AFL), ventricular fibrillation (VF) arrest
and non-ventricular fibrillation (non-VF) arrest. The
sepsis group (n=1,756,965) was compared to those
without sepsis (n=28,955,559). Our primary outcome of
interest was to assess prevalence of atrial and ventricular
arrhythmias. Secondary outcomes of interest were
mortality and LOS.

Statistical analysis

We used baseline patient characteristics including
demographics (age, gender, and race), primary expected
payer, median household income for patient’s ZIP code,
Elixhauser co-morbidities as defined by the Agency for
Healthcare Research and Quality, and other clinically
relevant co-morbidities (dyslipidemia, hypertension,
congestive heart failure (CHF), chronic lung disease,
diabetes mellitus (DM), liver disorders, neurological
disorders, obesity, renal failure, peripheral vascular disease
(PVD), valvular heart disease and mechanical ventilation)
(11,12). A list of ICD-9-CM and Clinical Classifications
Software codes used to identify co-morbidities is provided
in Tible S1.

Data were analyzed using SAS statistical software package
version 9.4, (SAS Institute Inc., Cary, North Carolina,
USA). Continuous variables were summarized using means
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Table 1 Comparison between severe sepsis (-) and severe sepsis (+) groups

Demographics/co-morbidities

Severe sepsis (-) (weighted N=28,955,559)

Severe sepsis (+) (weighted N=1,756,965)

Age group®, No. [%]

18-40 7,636,702 [26]
41-60 7,699,097 [27]
61-80 9,220,760 [32]
>81 4,398,999 [15]

Female*, No [%)]

Race*, No. [%]

17,344,657 [60]

166,420 [9]
452,720 [26]
723,425 [41]
414,400 [24]
880,750 [50]*

1,163,105 [69]
253,205 [15]
152,275 [9]

44,830 [3]

13,000 [1]

50,620 [3]
378,410 [22]

481,125 [27]

White 18,836,499 [69]
Black 4,012,304 [15]
Hispanic 2,833,027 [10]
Asian/pacific islander 647,005 [2]
Native 189,555 [1]
Other 915,940 [3]
Smoking*, No. [%] 7,204,307 [25]
Co-morbidities, No [%]
Hyperlipidemia* 8,297,774 [29]
Ischemic heart disease* 2,161,685 [7]
CHF* 4,048,500 [14]
PVD* 1,778,205 [6]
Cerebrovascular disease* 1,952,330 [7]
Chronic pulmonary disease* 6,493,627 [22]
DM* 5,967,546 [21]
DM with complications* 1,143,775 [4]
Renal disease* 3,668,071 [13]
Valvular heart disease* 1,717,610 [6]

174,130 [10]
427 525 [24]
166,975 [10]
144,150 [8]
495,285 [28]
499,900 [28]
127,005 [7]
465,995 [27]
131,640 [7]

*Comparison between two groups done with Chi-square test. All P values significant at <0.05. CHF, congestive heart failure; PVD,

peripheral vascular disease; DM, diabetes mellitus.

with 95% confidence intervals (CI). Similarly, categorical
variables were summarized with the use of proportions
and percentages. The Chi-square test was used to compare
categorical variables and the #-test for continuous variables.
Appropriate Survey Discharge Weights were applied for
NIS data and Survey Procedure Commands were applied
for the analysis. A 2-sided P value of <0.05 was used to
assess for statistical significance. Multivariate logistic
regression was used to compare outcomes between the two
groups. The regression model adjusted for demographics,
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primary expected payer, median household income and all
Elixhauser co-morbidities.

Results

Baseline characteristics of patients diagnosed with severe
sepsis during 2012 are described in Table 1. In general,
patients with severe sepsis were more likely to be older in
age, to have CHF, PVD, chronic obstructive pulmonary
disease (COPD), DM and renal disease.
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Table 2 Frequencies of different arrhythmias in sepsis (+) vs. sepsis (-)
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Type of arrhythmia Sepsis (-) (weighted N=28,955,559) (%) Sepsis (+) (weighted N=1,756,965) (%) P values
Any arrhythmias 4,876,975 (17.0) 490,230 (28.0) <0.001

Cardiac arrest 119,370 (0.4) 43,425 (2.0) <0.0001
VFib cardiac arrest 21,440 (0.07) 4,300 (0.24) <0.0001
Non-vfib cardiac arrest 97,930 (0.34) 39,125 (2.23) <0.0001
VT 324,115 (1.0) 41,485 (2.0) <0.0001
A Fib 3,414,090 (12.0) 340,955 (19.0) <0.001

AFL 335,940 (1.0) 36,675 (2.0) <0.0001
Paroxysmal SVT 89,910 (0.3) 10,545 (0.6) <0.0001

VT, ventricular tachycardia; A Fib, atrial fibrillation; AFL, atrial flutter; SVT, supraventricular tachycardia.

Table 3 Odds ratios of various arrhythmias in severe sepsis on multivariate analysis by logistic regression, with adjustment of all multiple factors
(age, sex, race, smoking, hyperlipidemia, IHD, CHE, PVD, CVA, COPD, DM, renal disease, valvular heart disease)

Type of arrhythmia Adjusted odds ratios with 95% CI Adjusted P values
Any arrhythmias 1.37 (1.35-1.39) <0.001
Any cardiac arrest 4.55 (4.40-4.70) <0.001
VFib cardiac arrest 2.58 (2.38-2.79) <0.001
Non-vFib cardiac arrest 4.91 (4.74-5.07) <0.001
VT 1.55 (1.50-1.60) <0.001
A Fib 1.23 (1.21-1.24) <0.001
AFL 1.34 (1.30-1.40) <0.001
PSVT 1.60 (1.52-1.68) <0.001

IHD, ischemic heart disease; CHF, congestive heart failure; PVD, peripheral vascular disease; DM, diabetes mellitus; CVA, cerebrovascular
accident; COPD, chronic obstructive pulmonary disease; VT, ventricular tachycardia; A Fib, atrial fibrillation; AFL, atrial flutter; PSVT,

paroxysmal supraventricular tachycardia.

Predictors and outcomes of arrbythmias in patients with
severe sepsis

Severe sepsis was associated with a higher prevalence of
atrial and ventricular arrhythmias (28% wvs. 17%, P<0.001,
Table 2). A Fib was the most prevalent arrhythmia overall,
although it was more prevalent in the sepsis group (12%
vs. 19%, P<0.001). Severe sepsis increased the risk of
arrhythmias across the board (7zble 3). On multivariate
analysis, after adjusting for potential confounders, severe
sepsis was associated with higher risk of A Fib (OR, 1.23;
95% CI, 1.21-1.24), AFL (OR, 1.34; 95% CI, 1.30-1.40)
and paroxysmal supraventricular tachycardia (SVT) (OR,
1.60; 95% CI, 1.52-1.68). Among ventricular arrhythmias,
the risk was higher for VF (OR, 2.58; 95% CI, 2.38-2.79)

© Annals of Translational Medicine. All rights reserved.

compared to ventricular tachycardia (VT) (OR, 1.55; 95%
CI, 1.50-1.60). Risk of non-VF arrest was nearly twice as
high as VF arrest (OR, 4.91; 95% CI, 4.74-5.07).

Advanced age, male sex, ischemic heart disease, DM,
CHE, valvular heart disease, respiratory failure, mechanical
ventilation and use of vasopressors were independently
associated with cardiac arrhythmias (Table 4). Patients with
severe sepsis and a co-diagnosis of any cardiac arrhythmia
was associated with a higher in-hospital mortality (OR,
1.416; 95% CI, 1.379-1.454) and LOS >75% quartile (OR,
1.500; 95% CI, 1.46-1.53, Tuble 5).

Discussion

Several reports and studies have demonstrated an
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Table 4 Predictors of arrhythmias in patients with severe sepsis

Demographics/co-morbidities Odds ratio 95% ClI (lower limit) 95% CI (upper limit) P value

Age category (years)

18-40 Ref Ref Ref Ref
41-60 1.407 1.348 1.469 <0.001
61-80 2.818 2.697 2.943 <0.001
>81 4.692 4.475 4.920 <0.001
Sex
Female Ref Ref Ref Ref
Male 1.233 1.212 1.254 <0.001
Race
White Ref Ref Ref Ref
Black 0.806 0.781 0.832 <0.001
Hispanic 0.722 0.694 0.751 <0.001
Asian/Pacific Islander 0.872 0.824 0.923 <0.001
Native American 0.694 0.609 0.791 <0.001
Other race 0.905 0.849 0.965 <0.001
Smoking (yes vs. no) 0.916 0.895 0.937 <0.001

Insurance payer

Medicare Ref Ref Ref Ref
Medicaid 0.841 0.812 0.872 <0.001
Private insurance 0.833 0.810 0.856 <0.001
Self-pay 0.844 0.799 0.892 <0.001
No charge 0.803 0.647 0.996 0.05

Others 0.817 0.766 0.871 <0.001

Income by zip-code

1-38,999 Ref Ref Ref Ref
39,000-47,999 1.035 1.008 1.062 0.01
48,000-62,999 1.081 1.051 1.112 <0.001
63,000+ 1.124 1.091 1.158 <0.000

Charlson co-morbidity score

0 Ref Ref Ref Ref
1 1.339 1.296 1.382 <0.001
2 1.543 1.495 1.592 <0.001
>3 1.804 1.750 1.859 <0.001

Table 4 (continued)
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Table 4 (continued)
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Demographics/co-morbidities QOdds ratio 95% ClI (lower limit) 95% ClI (upper limit) P value
Hospital control
Government, nonfederal Ref Ref Ref -
Private, not-profit 1.072 1.026 1.120 0.002
Private, invest-own 1.040 0.986 1.097 0.15
Teaching status
Rural Ref Ref Ref Ref
Urban non-teaching 1.112 1.065 1.162 <0.0001
Urban teaching 1.133 1.084 1.183 <0.0001
Hospital bed size
Small Ref Ref Ref -
Medium 1.049 1.007 1.093 0.0216
Large 1.058 1.018 1.099 0.0038
Hospital geographical location
Northeast Ref Ref Ref Ref
Midwest 1.106 1.061 1.154 <0.0001
South 1.008 0.968 1.051 0.6913
West 1.044 0.999 1.091 0.0568
Any organ failure
Respiratory failure 1.431 1.394 1.468 <0.0001
Cardiac failure 1.355 1.325 1.385 <0.0001
Renal failure 1.050 1.029 1.071 <0.0001
Liver failure 0.982 0.941 1.024 0.40
Metabolic 1.056 1.029 1.083 <0.0001
Neurological 1.178 1.152 1.205 <0.0001
Mechanical ventilation 1.459 1.416 1.504 <0.0001
Use of vasopressor 1.165 1.101 1.233 <0.0001
Valvular heart disease 2.292 2.226 2.360 <0.0001
CABG 1.875 1.620 2171 <0.0001
AVR 1.353 1.114 1.643 0.002
MVR 1.352 1.041 1.757 0.02
TVR 1.790 1.024 3.128 0.04

CABG, coronary artery bypass surgery; AVR, aortic valve replacement; MVR, mitral valve replacement; TVR, tricuspid valve replacement.
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Table 5 Outcomes in sepsis with arrhythmia vs. sepsis without
arrhythmias after adjustment for demographics, co-morbidities,
organ failures, interventions, surgeries and hospital characteristics

Outcomes Odds ratios with 95% ClI P values
Mortality 1.416 (1.379-1.454) <0.001
LOS >75% quartile 1.500 (1.46-1.53) <0.001

LOS, length of stay.

association between sepsis and various cardiac arrhythmias
(1-5,13). The vast majority of studies assessing risk and
outcomes of arrhythmias in sepsis have focused on supra
ventricular arrhythmias, A Fib in particular (14-17). To our
knowledge, the present study is the largest to use discharge
diagnoses from the NIS database to validate prevalence,
trends, predictors and outcomes of different arrhythmias
in the septic population. The majority of studies in the
literature have analyzed data from single and multi-center
cohorts. Our study measures prevalence, risk factors and
outcomes through discharge diagnoses of NIS database;
therefore employing data sourced from multiple centers
nationwide, and thus has a fair degree of generalizability.

Among more than thirty million hospital discharges
analyzed, around 6% had a discharge diagnosis of severe
sepsis. There was an increased risk of atrial and ventricular
arrhythmias, as well as a fivefold higher incidence of cardiac
arrest in patients with severe sepsis. Even though AF was
the most prevalent arrhythmia in both septic and non-septic
populations, odds of developing paroxysmal SVT were
highest followed by AFL and AF in the severe sepsis group.
Among ventricular arrhythmias VF was significantly more
frequent than VT. Furthermore, a co- diagnosis of cardiac
arrhythmia in patients with severe sepsis was associated
with a higher mortality and longer length of hospital stay.
As expected, advanced age, male sex, ischemic heart disease,
DM, CHEF, valvular heart disease, respiratory failure,
mechanical ventilation, high comorbidity burden measured
using CCI and use of vasopressors were associated with
cardiac arrhythmias.

Association of cardiac arrhythmias with sepsis has
been reported since the 1970s (18). Although A fib is the
most frequently reported arrhythmia (14,15,17,19), large
epidemiologic studies designed to assess incidence of
different arrhythmias in the septic population are lacking.
Consistent with our findings, previous studies have found
advanced age, male gender and comorbidities such as heart
failure, HTN and valvular heart disease to predict new
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onset A Fib in critically ill patients (5,14,16,20,21). Similarly
new onset A fib has consistently been associated with a
higher mortality in septic patients (2,4,14). Compared to
patients with preexisting A Fib, new onset A Fib has been
associated with higher mortality rates (4). Furthermore,
both atrial and ventricular arrhythmias have been associated
with a higher incidence of neurologic compromise (22) and
prolonged need for vasopressors (23).

The mechanisms behind higher incidence of cardiac
arrhythmias in severe sepsis have not been completely
elucidated but could involve several pathophysiologic
pathways impacting the arrhythmogenic substrate, the
trigger factors and the modulation factors.

Imbalance in autonomic tone has been suggested as a
potential pro-arrhythmic factor in severe sepsis (24,25),
which may induce arrhythmias by altering triggered
activity (26). In addition to high catecholamine levels,
systemic inflammatory component of severe sepsis may
further contribute to the pro-arrhythmic milieu. This
hypothesis is supported by a strong correlation between
systemic inflammatory markers such as elevated C-reactive
protein, IL-6 and TNF-a, and new onset A Fib (27).
Furthermore, abnormalities in calcium handling have
been demonstrated in animal models in response to
endotoxin application (28-31). Increased intracellular
calcium is associated with shortening of atrial refractory
period and elicited triggered activity by the way of delayed
afterdepolarizations therefore putting patients at high risk
of cardiac arrhythmias (26,32).

Reemphasized by the present study, even though
arrhythmias may be an early sign of sepsis (1) and are
associated with adverse outcomes, there is lack of data
regarding evidence based treatment strategies. Moreover,
present data mainly focuses on treatment and prevention of A
fib (3). Although beta blockers and calcium channel blockers
have proven successful in management of atrial arrhythmias (8),
their use outside of atrial arrhythmias has not been tested and
it may be a challenge to use them in setting of hypotension,
which is a frequent occurrence in severe sepsis. Antibiotics and
hemodynamic support, which includes volume resuscitation
and use of vasopressors in severe cases are the mainstay
therapy (9). Current sepsis treatment guidelines recommend
norepinephrine, dopamine and dobutamine as first line
vasopressor agents, they may not be the ideal choice in the
setting of active or recurrent arrhythmias (9) in view of their
pro-arrhythmic properties (33). Despite lack of data to support
this, in view of their virtual lack of affinity for beta receptors it
appears intuitive to use vasopressors such as phenylephrine and
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vasopressin in the setting of recurrent or active arrhythmias
in septic patients requiring vasopressor support. By the same
token, electrolytes should be closely monitored and replaced
as needed, as potassium and magnesium in particular are
established risk factors for cardiac arrhythmias irrespective of
the clinical setting (33).

Limitations

The main limitation of the study is that it is a retrospective
analysis of an administrative hospital-originated database.
Large population based studies utilizing databases and
registries are prone to bias inherent to such studies (34),
as the investigators are highly dependent on the accuracy
and completeness of initial data entry by non-medical
professionals. Furthermore, the database did not allow us
access to laboratory values, imaging studies, medications
and certain clinical variables, which would have allowed
us to assess severity of critical illness and further stratify
the arrhythmia risk. Multivariate analysis was performed
to account for baseline differences; however, the impact
of undocumented confounding factors could not be
completely dissected in this retrospective analysis. Despite
these limitations, the study, one of the largest assessing the
relationship between cardiac arrhythmias and severe sepsis,
identifies incidence of and outcomes of cardiac arrhythmias
in patients with severe sepsis.

Conclusions

Patients with severe sepsis are at high risk of atrial and
ventricular arrhythmias. Presence of arrhythmias in
this critically ill population is associated with adverse
outcomes. Even though their presence could be a marker of
increasing severity of the pre-existing illness, arrhythmias
may independently increase mortality in septic patients.
Every effort should be made to prevent arrhythmias in this
clinical setting. Further studies identifying predictors and
mechanisms of arrhythmias in severe sepsis will help with
defining preventive and treatment strategies.
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Supplementary

Table S1 The International Classification of Diseases, Ninth Revision, Clinical Modification ICD-9-CM) codes

Diagnosis ICD codes used in analysis

Severe sepsis ‘038.XX’, ‘790.7’, “1117.9’, “112.5’,
‘112.817, “115.04°,’115.14°,’115.94°,°003.1°,°020.2,"022.3’,
‘036.2°,°036.3’,'098.89’,'996.62’,'995.92°,785.52’

CABG ‘36.1°

AVR ‘35.21’, '35.22’

MVR ‘35.23’, ‘35.24’

TVR ‘35.27°, '35.28’

Valvular heart disease ‘394, ‘395, ‘396, ‘397, ‘398.9’, ‘424’, ‘V422’, ‘V433’

ICD, International Classification of Diseases; CABG, coronary artery bypass surgery; AVR, aortic valve replacement; MVR, mitral valve
replacement; TVR, tricuspid valve replacement.



