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ATRIAL FIBRILLATION (AF) IS

one of the most common ar-
rhythmias among critically ill
patients.1,2 Previous studies

have demonstrated that 6% to 20% of
patients with severe sepsis develop new-
onset AF, suggesting that severe sep-
sis may be a predisposing factor for
new-onset AF.2-5 Although chronic AF
is a major contributor to long-term dis-
ability and mortality,6 the relationship
of new-onset AF in severe sepsis to
prognosis is unknown.

Although new-onset AF appears to
be relatively common in individuals
with severe sepsis, data are sparse to risk
stratify or prognosticate these often
complicated and critically ill patients.
Small, single-center studies suggest that
new-onset AF is associated with higher
mortality and prolonged hospitaliza-
tion during severe sepsis.5,7,8 How-
ever, a population-based assessment of
the adverse outcomes associated with
new-onset AF that occurs in the con-
text of severe sepsis has not yet been
undertaken.

Using a database of individuals hos-
pitalized with severe sepsis identified
via California State Inpatient Database
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Context New-onset atrial fibrillation (AF) has been reported in 6% to 20% of pa-
tients with severe sepsis. Chronic AF is a known risk factor for stroke and death, but
the clinical significance of new-onset AF in the setting of severe sepsis is uncertain.

Objective To determine the in-hospital stroke and in-hospital mortality risks asso-
ciated with new-onset AF in patients with severe sepsis.

Design and Setting Retrospective population-based cohort of California State In-
patient Database administrative claims data from nonfederal acute care hospitals for
January 1 through December 31, 2007.

Patients Data were available for 3 144 787 hospitalized adults. Severe sepsis (n=49 082
[1.56%]) was defined by validated International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM) code 995.92. New-onset AF was defined as AF
that occurred during the hospital stay, after excluding AF cases present at admission.

Main Outcome Measures A priori outcome measures were in-hospital ischemic
stroke (ICD-9-CM codes 433, 434, or 436) and mortality.

Results Patients with severe sepsis were a mean age of 69 (SD, 16) years and 48%
were women. New-onset AF occurred in 5.9% of patients with severe sepsis vs 0.65%
of patients without severe sepsis (multivariable-adjusted odds ratio [OR], 6.82; 95% CI,
6.54-7.11; P� .001). Severe sepsis was present in 14% of all new-onset AF in hospital-
ized adults. Compared with severe sepsis patients without new-onset AF, patients with
new-onset AF during severe sepsis had greater risks of in-hospital stroke (75/2896 [2.6%]
vs 306/46 186 [0.6%] strokes; adjusted OR, 2.70; 95% CI, 2.05-3.57; P� .001) and in-
hospital mortality (1629 [56%] vs 18 027 [39%] deaths; adjusted relative risk, 1.07; 95%
CI, 1.04-1.11; P� .001). Findings were robust across 2 definitions of severe sepsis, mul-
tiple methods of addressing confounding, and multiple sensitivity analyses.

Conclusion Among patients with severe sepsis, patients with new-onset AF were
at increased risk of in-hospital stroke and death compared with patients with no AF
and patients with preexisting AF.
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claims, we sought to determine the
association of new-onset AF with
adverse outcomes of in-hospital mor-
tality and in-hospital ischemic stroke.
We hypothesized that new-onset
AF during severe sepsis would be
associated with increased risks of
in-hospital stroke and in-hospital
mortality.

METHODS
Patients

We examined hospitalizations from
adults (aged �18 years) using 2007
discharge data from the California
State Inpatient Database, Healthcare
Cost and Utilization Project, Agency
for Healthcare Research and Quality
(AHRQ).9 The California State Inpa-
tient Database contains data for all
patients hospitalized in nonfederal
acute care California hospitals during
2007. Data elements included demo-
graphics, admission and discharge
status, length of stay, up to 25 Inter-
national Classification of Diseases,
Ninth Revision, Clinical Modification
(ICD-9-CM) diagnoses, and up to 21
ICD-9-CM procedure codes. Each
diagnosis was coded with a separate
identifier denoting whether it was
present on admission, allowing dis-
crimination between preexisting diag-
noses and complications occurring
after hospital admission.10-12 All study
procedures were approved by the Bos-
ton University Medical Campus Insti-
tutional Review Board, which waived
informed consent for this study.

The primary severe sepsis analytic co-
hort was defined by the presence of the
ICD-9-CM code for severe sepsis (ICD-
9-CM code 995.92).

Outcomes

Atrial fibrillation was defined by the
presence of ICD-9-CM code 427.3x.13

New-onset AF was defined as AF or
atrial flutter that occurred during
the hospital stay, excluding cases
that were present on admission.
In-hospital ischemic stroke was
defined with ICD-9-CM codes 433,
434, or 43614 that were not present
on admission.

Covariates
Demographic data collected in the Cali-
fornia State Inpatient Database in-
cluded age, sex, and race/ethnicity
(coded as white, black, Hispanic, or
other). Previously described AF risk fac-
tors15-18 were defined by ICD-9-CM
codes19,20 present on admission for heart
failure, myocardial infarction, hyper-
tension, obesity, diabetes mellitus, and
chronic obstructive pulmonary dis-
ease (COPD). Acute factors were ob-
tained from ICD-9-CM codes for acute
organ dysfunction diagnoses,21,22 elec-
trolyte abnormalities, right heart cath-
eterization, infectious pathogen type
(gram-positive vs gram-negative bac-
teria vs fungal vs none reported), and
infection source. The ICD-9-CM cod-
ing strategies are shown in eTable 1
(available at http://www.jama.com).

Sensitivity Analyses

We performed sensitivity and explor-
atory analyses to explore the tempo-
rality of severe sepsis, AF, and ische-
mic stroke events. We analyzed a
cohort with severe sepsis (ICD-9-CM
code 995.92) coded as “present on
admission,” in whom new-onset AF
that was not “present on admission”
occurred after the onset of severe sep-
sis. We performed 3 sensitivity analy-
ses using increasingly narrow ICD-
9-CM codes for embolic stroke, the
putative mechanism for stroke associ-

ated with AF6 (ICD-9-CM code 434 or
436 [cerebral artery occlusion or
acute but ill-defined cerebrovascular
disease]; ICD-9-CM code 434 [cere-
bral artery occlusion]; and ICD-9-CM
code 434.1 [embolic stroke]). Because
temporality between new-onset AF
and new-onset stroke claims could
not be established within the severe
sepsis hospitalization, we performed
an exploratory analysis investigating
the risk of rehospitalization with
a new ischemic stroke following
the severe sepsis hospitalization
(eAppendix).

We repeated mortality and stroke
outcome analyses in an alternative se-
vere sepsis cohort defined by the pres-
ence of ICD-9-CM codes for both in-
fection and acute organ dysfunction, as
previously described by Angus et al22

(eTable 1). In addition, we investi-
gated stroke and mortality risks ad-
justed for potential readmissions using
the AHRQ Healthcare Cost and Utili-
zation Project Supplemental Variables
for Revisit Analyses to classify indi-
vidual, deidentified patients as ran-
dom effects. Because septic embolic dis-
ease may result in stroke, we performed
a sensitivity analysis excluding all pa-
tients with septic emboli claims (ICD-
9-CM code 449). Finally, indicators of
intensive care unit admission are not
available in the California State Inpa-
tient Database. As a proxy for inten-

Figure. In-Hospital Stroke and Mortality Outcomes in Each Analytic Cohort

2896 New-onset AF
381 In-hospital strokes

19 656 In-hospital deaths

49 082 Had severe sepsis defined
by presence of ICD-9-CM
code 995.92 (primary analysis)

3 144 787 Hospitalized adults with
claims data available in
2007 California State
Inpatient Database

8040 New-onset AF
1173 In-hospital strokes

40 274 In-hospital deaths

229 357 Had severe sepsis defined
by presence of ICD-9-CM
codes for both infection and
acute organ dysfunction
(secondary analysis)

17 712 New-onset AF
3310 In-hospital strokes

60 334 In-hospital deaths

3 095 705 Had no severe sepsis
(no presence of ICD-9-CM
code 995.92)

AF indicates atrial fibrillation; ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical
Modification. The severe sepsis primary analysis group is a subset of the severe sepsis secondary analysis
group defined by infection and organ dysfunction.
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sive care, we performed a subgroup
analysis in patients with claims for me-
chanical ventilation.

ICD-9-CM Validation

Validation of the severe sepsis ICD-
9-CM code 995.92 at our institution
(eAppendix) demonstrated moderate
sensitivity (52%; 95% CI, 39%-65%) and
high specificity (98%; 95% CI, 92%-
100%), similar to validation findings in
other hospitals.23 Previous studies have
demonstrated 95% sensitivity and 99%

specificity for AF ICD-9-CM code 427.3x
claims.13 We validated present-on-
admission modifiers (eAppendix)
for severe sepsis and AF claims;
agreement between severe sepsis pre-
sent-on-admission status and blinded
chart review was 91% (�=0.77) and
agreement between AF present-on-
admission status and blinded chart re-
view was 90% (�=0.74), similar to pre-
vious findings.24

Prior validation of ischemic stroke
ICD-9-CM codes has shown variable ac-

curacy14,25-27; however, a strategy using
ICD-9-CM codes 433, 434, and 436 at
any diagnostic position previously dem-
onstrated 86% sensitivity and 95%
specificity (�=0.82).14 The ICD-9-CM
code 434.11, used to indicate embolic
stroke, has been demonstrated to be ac-
curate in 73% of patients; patients with
code 434.11 who did not have a clear
embolic stroke on chart review were
characterized as having ischemic stroke
of atherothrombotic or uncertain eti-
ology.26

Statistical Analyses

Severe Sepsis, New-Onset AF, and In-
Hospital Stroke. Multivariable logis-
tic regression models were used to de-
termine the association between the
presence of severe sepsis and new-
onset AF or in-hospital stroke, adjust-
ing for demographics (age, sex, and
race/ethnicity) and claims for preexist-
ing comorbidities (heart failure, stroke,
myocardial infarction, diabetes, obe-
sity, hypertension, and COPD).

Factors Associated With New-
Onset AF During Severe Sepsis. We
performed multivariable logistic regres-
sion models with forward stepwise se-
lection to determine the factors asso-
ciated with new-onset AF during severe
sepsis. Because patients with preexist-
ing AF are not at risk of new-onset AF,
we excluded patients with preexisting
AF from this model.

New-Onset AF During Severe Sep-
sis and Adverse Outcomes. We con-
structed 4 regression models to evalu-
ate the association of new-onset AF
during severe sepsis with in-hospital
stroke and in-hospital mortality. Model
1 included demographics and comor-
bidities as model covariates (prior
claims for history of heart failure, myo-
cardial infarction, stroke, diabetes, obe-
sity, hypertension, metastatic or hema-
tologic malignancy, or COPD); model
2 included demographics and acute fac-
tors (number and type of organ dys-
function claims, electrolyte abnormal-
ity, right heart catheterization, sources
of infection, and pathogen type); and
model 3 was a combination of all co-
variates in model 1 and model 2.

Table 1. Characteristics of Patients With Severe Sepsis With and Without New-Onset AFa

Characteristics
No AF

(n = 36 200)
Preexisting AF

(n = 9986)
New-Onset AF

(n = 2896)

Age, mean (SD), y 66 (17) 76 (12) 74 (12)

Female sex 17 690 (49.0) 4756 (47.7) 1280 (44.2)

Race/ethnicity
White 19 006 (52.5) 6485 (64.9) 1861 (64.3)

Black 3547 (10.1) 671 (6.7) 209 (7.2)

Hispanic 8045 (22.2) 1397 (14.0) 384 (13.3)

Other 5502 (15.2) 1433 (14.4) 442 (15.3)

Comorbidities
Hypertension 17 373 (48.0) 5751 (57.6) 1336 (46.1)

Diabetes mellitus 12 135 (33.5) 3546 (35.5) 800 (27.6)

Obesity 2914 (8.1) 711 (7.1) 208 (7.2)

Malignancy 4079 (11.3) 905 (9.1) 348 (12.0)

Congestive heart failure 2312 (6.4) 1365 (13.7) 306 (10.6)

COPD 1920 (5.3) 745 (7.5) 189 (6.5)

Myocardial infarction 1659 (4.6) 713 (7.1) 165 (5.7)

Stroke 880 (2.4) 317 (3.2) 126 (4.4)

Acute organ dysfunction
Total organ failures, mean (SD) 2.44 (1.35) 2.51 (1.30) 3.10 (1.28)

Circulatory 23 264 (64.3) 6690 (67.0) 2049 (70.7)

Renal 21 343 (59.0) 6338 (63.5) 2048 (70.7)

Respiratory 20 833 (57.6) 6080 (60.1) 2385 (82.4)

Hematologic 7301 (20.2) 1974 (19.8) 933 (32.2)

Neurologic 5318 (14.7) 1414 (14.2) 526 (18.2)

Metabolic 7246 (20.0) 1933 (19.4) 706 (24.4)

Hepatic 3150 (8.7) 673 (6.7) 334 (11.5)

Electrolyte abnormality 23 963 (66.2) 6733 (67.4) 2051 (70.8)

Right heart catheterization 722 (2.0) 236 (2.4) 172 (5.9)

Source of infection
Respiratory tract 14 178 (39.2) 4358 (43.6) 1419 (49.0)

Urinary tract 13 748 (38.1) 4025 (40.3) 950 (32.8)

Primary bacteremia 8910 (24.6) 2240 (22.4) 600 (20.7)

Abdominal 5532 (15.3) 1496 (15.0) 735 (25.4)

Skin or soft tissue 2888 (8.0) 729 (7.3) 229 (7.9)

Pathogen type
Gram-positive bacteria 8675 (24.0) 2546 (25.5) 822 (28.4)

Gram-negative bacteria 8776 (24.2) 2342 (23.5) 677 (23.4)

Fungal 632 (1.8) 156 (1.6) 104 (3.6)

None specified 20 268 (56.0) 5530 (55.4) 1538 (53.1)
Abbreviations: AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease.
aData are expressed as No. (%) of participants unless otherwise specified.
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Regression model 4 was performed
on a separate cohort matched on the
probability of new-onset AF. To con-
struct the matched cohort, we calcu-
lated the probability of new-onset AF
via multivariable logistic regression in-
cluding measured covariates as inde-
pendent variables. Nearest-neighbor
matching to 4 decimal places28 was used
to match patients with new-onset AF
with those without new-onset AF based
on the calculated probability of new-
onset AF.

We used generalized estimating equa-
t ions to ca lcu la te odds ra t ios
for stroke in all models. Individual hos-
pitals were defined as random effects
due to potentially correlated physi-
cian coding practices and patient char-
acteristics within a single hospital. Dif-
ferences in per-patient stroke rates
according to AF status were analyzed
with Wilcoxon-Mann-Whitney tests.
We used Poisson regression with ro-
bust estimates29,30 to calculate relative
risks for mortality associated with AF
status.

A 2-sided �= .05 was selected for
statistical significance for analyses of
outcomes. SAS software, version 9.0
(SAS Institute Inc) was used for all
analyses.

RESULTS
The 2007 California State Inpatient Da-
tabase contained claims data from
3 144 787 hospitalized adults who had
a mean age of 55 (SD, 21) years and of
whom 62% were women, with a racial/
ethnic composition of 57% white, 26%
Hispanic, 8% black, and 9% other. The
FIGURE demonstrates the number of pa-
tients with or without severe sepsis and
outcomes associated with each severe
sepsis classification category.

Severe sepsis was present during
49 082 hospitalizations (1.56%; 95% CI,
1.55%-1.57%). Patients with severe sep-
sis were a mean of 69 (SD, 16) years old
and 48% were women, with a racial/
ethnic composition of 56% white, 20%
Hispanic, 9% black, and 15% other/
missing. TABLE 1 displays the charac-
teristics of the severe sepsis cohort
stratified by AF status. eTable 2 dem-

onstrates that imbalances in measured
covariates between AF groups were sub-
stantially attenuated in the cohort
matched on the calculated probability
of new-onset AF.

Severe Sepsis and New-Onset AF

New-onset AF occurred during 20 608
hospitalizations (0.65%; 95% CI,
0.65%-0.66%) (including sepsis and
nonsepsis) and during 2896 hospital-
izations (5.9%; 95% CI, 5.7%-6.1%) of
patients with severe sepsis. Therefore,
14% (95% CI, 13.6%-14.5%) of all
hospital-associated new-onset AF oc-
curred in the context of severe sepsis.
Compared with hospitalized patients
without severe sepsis, patients with se-
vere sepsis had an increased risk of new-
onset AF (demographics- and comor-
bidity-adjusted odds ratio, 6.82; 95% CI,
6.54-7.11; P� .001).

Factors Associated
With New-Onset AF
During Severe Sepsis

Results of the multivariable analysis of
factors associated with new-onset AF
during severe sepsis are shown in
TABLE 2. Factors associated with in-
creased risk of new-onset AF during se-
vere sepsis included demographics (in-
creasing age, male sex, and white race),
comorbidities (history of heart fail-
ure, obesity, malignancy, and stroke),
and acute factors (increasing number
of organ failures, respiratory failure, he-
matologic failure, renal failure, use of
right heart catheter, pulmonary or ab-
dominal source of infection, and gram-
positive or fungal organisms).

In-Hospital Ischemic Stroke

In-hospital stroke claims occurred dur-
ing 3310 adult hospitalizations (0.11%;
95% CI, 0.10%-0.11%) (both sepsis and
nonsepsis) and 381 hospitalizations
(0.78%; 95% CI, 0.70%-0.86%) of pa-
tients with severe sepsis. Thus, 11%
(95% CI, 10%-13%) of in-hospital
strokes occurred in patients with se-
vere sepsis. Compared with hospital-
ized patients without severe sepsis, pa-
tients with severe sepsis had an
increased risk of in-hospital ischemic

stroke (demographic and comorbidity-
adjusted odds ratio, 6.0; 95% CI, 5.38-
6.69; P� .001).

In patients with severe sepsis, in-
hospital ischemic stroke occurred in 75
of 2896 individuals (2.6%; 95% CI,
2.0%-3.2%) with new-onset AF com-
pared with 57 of 9986 (0.57%; 95% CI,
0.43%-0.74%) with preexisting AF and
249 of 36 200 (0.69%; 95% CI, 0.61%-
0.78%) without AF. The average stroke
rate was 0.15% (SD, 1.21%) per hos-
pital day for patients with new-onset AF
compared with 0.05% (1.01%) for pa-
tients with no AF or preexisting AF
(P� .001).

Table 2. Factors Associated With New-Onset
Atrial Fibrillation Among Patients With
Severe Sepsisa

Variables
Odds Ratio

(95% CI)

Age, per 10 y 1.52 (1.47-1.56)

Female sex 0.83 (0.76-0.90)

Race/ethnicity
White 1 [Reference]

Black 0.67 (0.58-0.78)

Hispanic 0.58 (0.50-0.63)

Other 0.78 (0.69-0.87)

Comorbiditiesb

Hypertension 0.88 (0.81-0.95)

Diabetes mellitus 0.82 (0.75-0.90)

Obesity 1.20 (1.03-1.40)

Congestive heart
failure

1.61 (1.41-1.83)

Metastatic or
hematologic
malignancy

1.23 (1.09-1.39)

Prior stroke 1.64 (1.35-2.01)

Acute organ dysfunctionb

Per organ failure 1.12 (1.05-1.19)

Respiratory failure 2.81 (2.48-3.19)

Renal failure 1.40 (1.26-1.56)

Hematologic failure 1.50 (1.34-1.68)

Acidosis 0.87 (0.77-0.97)

Right heart
catheterizationb

2.25 (1.87-2.70)

Source of infectionb

Respiratory tract 1.27 (1.14-1.40)

Urinary tract 0.89 (0.81-0.99)

Abdominal 1.77 (1.59-1.97)

Primary bacteremia 1.17 (1.02-1.36)

Skin or soft tissue 1.33 (1.14-1.55)

Pathogen typeb

Gram-positive
bacteria

1.29 (1.18-1.55)

Fungal 1.59 (1.27-2.00)
aC statistic=0.760.
bThe reference group for these variables is none present.
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Among individuals with severe sep-
sis, new-onset AF was associated with
increased adjusted risks of in-hospital
ischemic stroke (TABLE 3). In con-
trast, patients with severe sepsis
and preexisting AF did not have an
increased risk of in-hospital ischemic
stroke compared with those with
severe sepsis and no AF (multi-
variable-adjusted odds ratio, 0.74;
95% CI, 0.55-1.01; P=.054). Further-
more, individuals with new-onset AF
had greater stroke risk than those
with preexisting AF (multivariable-
adjusted odds ratio, 3.63; 95% CI,
2.51-5.25; P � .001). A sensitivity
analysis using different ischemic
stroke ICD-9-CM definitions demon-
strated increasing strength of associa-
tion between new-onset AF and
in-hospital stroke in severe sepsis as
ICD-9-CM codes increased in specific-
ity for embolic stroke (TABLE 4).
Additional sensitivity analyses in
patients meeting the alternative severe
sepsis definition, in patients with
severe sepsis present on admission,
in patients without septic emboli
claims, and in patients who required
mechanical ventilation did not result
in substantially different estimates of
stroke risk associated with new-onset
AF (Table 4).

To establish a temporal relation-
ship between new-onset AF during
severe sepsis and new stroke, we per-
formed an exploratory analysis inves-
tigating the risk of incident stroke

occurring after the severe sepsis hos-
pitalization. We identified 27 325 se-
vere sepsis survivors without a prior
stroke claim. Rehospitalization with a
new ischemic stroke occurred in 23 of
1171 (2.0%) with new-onset AF dur-
ing severe sepsis, 81 of 5300 (1.5%)
with preexisting AF during sepsis, and
261 of 20 854 (1.3%) without AF dur-
ing severe sepsis. Compared with pa-
tients with no AF, patients with new-
onset AF during the severe sepsis
hospitalization had a nonsignificantly
increased risk of rehospitalization with
incident ischemic stroke (multivariable-
adjusted hazard ratio, 1.51; 95% CI,
0.98-2.33; P=.06).

In-Hospital Mortality

In patients with severe sepsis, 1629
(56.3%; 95% CI, 54.4%-58.1%) with
new-onset AF died in the hospital com-
pared with 4375 (43.8%; 95% CI,
42.8%-44.8%) with preexisting AF and
13 652 (37.7%; 95% CI, 37.2%-
38.2%) without AF. Thus, compared
with patients without new-onset AF, in-
dividuals with new-onset AF during se-
vere sepsis experienced increased in-
hospital mortality (Table 3). Sensitivity
analyses did not show substantially dif-
ferent effect estimates for mortality
(eTable 3). The eFigure demonstrates
that the increased mortality risk for pa-
tients with severe sepsis and new-
onset AF persisted regardless of the
number of severe sepsis–associated or-
gan failures.

COMMENT
Our investigation of new-onset AF dur-
ing severe sepsis presents a number of
clinically relevant findings. First, se-
vere sepsis was associated with in-
creased risk of both new-onset AF and
in-hospital ischemic stroke. In addi-
tion, we identified multiple demo-
graphic and clinical factors associated
with new-onset AF during severe sep-
sis. Importantly, patients with new-
onset AF during severe sepsis had in-
creased risks of both in-hospital
ischemic stroke and mortality. The in-
creased stroke and mortality risks ob-
served with new-onset AF were ro-
bust across 2 definitions of severe sepsis,
multiple methods of addressing con-
founding, and multiple sensitivity
analyses.

Consistent with previous reports of
increased stroke risk following infec-
tion,31-35 our study demonstrates that
patients with severe sepsis had a 6-fold
increased risk of in-hospital stroke com-
pared with hospitalized patients with-
out severe sepsis. Importantly, pa-
tients with severe sepsis who developed
new-onset AF had a greater risk of in-
hospital stroke than patients with pre-
existing AF and individuals without a
history of AF. As far as we are aware,
the increased risk of ischemic stroke in
patients with severe sepsis and new-
onset AF has not been previously re-
ported.

Several potential mechanisms might
explain the increased ischemic stroke
risk in patients with severe sepsis and
new-onset AF. Severe sepsis alone may
be associated with an increased risk of
stroke through hemodynamic col-
lapse, increased systemic inflamma-
tion, and coagulopathy.36,37 New-
onset AF may simply be a marker for
greater severity of illness and, thus,
greater stroke risk. However, within the
limitations of claims data, adjustment
for clinical and demographic factors as-
sociated with severity of illness did not
eliminate the strong associations of
new-onset AF claims with incident
stroke claims.

Alternatively, new-onset AF may be
a potential source of cardioembolic

Table 3. Association Between New-Onset AF and Adverse Outcomes

Model

Outcomes

In-Hospital
Ischemic Stroke,

Odds Ratio (95% CI)

In-Hospital Mortality,
Relative Risk

(95% CI)

Age-, sex-, and race/ethnicity–adjusted 4.05 (3.09-5.30) 1.36 (1.32-1.41)

Demographics- and comorbidity-adjusteda 3.84 (2.93-5.04) 1.33 (1.28-1.37)

Demographics- and acute factor–adjustedb 2.84 (2.15-3.76) 1.09 (1.06-1.13)

Combined multivariable-adjustedc 2.70 (2.05-3.57) 1.07 (1.04-1.11)

New-onset AF, probability-matchedd 2.75 (1.76-4.29) 1.13 (1.08-1.19)
Abbreviation: AF, atrial fibrillation.
aAdjusted for age, sex, race/ethnicity, and history of diabetes mellitus, hypertension, obesity, heart failure, stroke, myo-

cardial infarction, chronic obstructive pulmonary disease, and metastatic or hematologic malignancy.
bAdjusted for age, sex, race/ethnicity, and sepsis-associated factors including number of organ failures, presence of elec-

trolyte disturbances, source of sepsis, type of organ failure, type of pathogenic organism, and use of right heart cath-
eterization.

cAdjusted for all variables from both the comorbidity-adjusted and sepsis-associated factor-adjusted models.
dCohorts matched on calculated probability of risk of new-onset AF.
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stroke. In fact, we identified an almost
4-fold increased risk of in-hospital
embolic stroke claims associated with
new-onset AF during the severe sepsis
hospitalization. Although new-onset
AF in critically ill patients is often
transient,2 prior studies have shown
that atrial thrombi may form within 2
days of the onset of AF.38 Of note,
individuals with severe sepsis and
preexisting AF did not have an
increased stroke risk compared with
patients without AF. Potential differ-
ences in anticoagulation practice pat-
terns between patients with preexist-
ing and new-onset AF could not be
ascertained from the California
administrative data. Whether antico-
agulation practices differ between
patients with preexisting AF and new-
onset AF and whether benefits of sys-
temic anticoagulation for AF during
severe sepsis outweigh risks cannot be
ascertained from our data source and
warrant further investigation.

New-onset AF was associated with a
7% increase in the adjusted risk of
in-hospital death. The hospital mortal-
ity of patients with new-onset AF dur-
ing severe sepsis was similar to the
mortality of those without AF, but
with 1 additional acute organ failure.
Whether new-onset AF functions as a
marker for increased illness severity
and poor prognosis (eg, new-onset AF
represents an additional “organ dys-
function”) or directly contributes to
mortality (eg, through refractory
hypotension, stroke, or heart failure)
cannot be elucidated from observa-
tional claims data and also warrants
further investigation.

Our results expand on those of prior
studies2-4 demonstrating severe sepsis
to be strongly associated with new-
onset AF. Severe sepsis was associated
with 14% of all episodes of new-onset
AF occurring in hospitalized adults.
Standard demographic risk factors for
community-acquired AF such as older
age, male sex, and white race15,16 and
previously described AF-associated co-
morbidities such as heart failure, obe-
sity,15,16 and malignancy39-41 were also
associated with new-onset AF during

severe sepsis. In addition, prevalent
stroke was associated with new-onset
AF, a finding that suggests that some
patients with new-onset AF may have
had undiagnosed paroxysmal AF.42 Our
seemingly paradoxical findings that hy-
pertension and diabetes were associ-
ated with reduced risk of new-onset AF
in severe sepsis may be an artifact of less
frequent coding of chronic comorbid
conditions such as hypertension and
diabetes in patients with critical ill-
ness and warrant prospective study.
Multiple acute factors were also asso-
ciated with increased risk of first-

diagnosed AF during severe sepsis.
Whether these acute factors serve as
markers of illness severity or repre-
sent other potential mechanisms for AF
is unclear, though the increased risk of
arrhythmias associated with use of right
heart catheters in critically ill patients
has been previously reported.43,44

Our study has several limitations.
First, the incidence of severe sepsis−as-
sociated, new-onset AF in our study
(5.9%) was on the lower end of previ-
ously reported rates (6%-20%).2-5 In-
cidence of AF in our study may be lower
because claims data are less sensitive for

Table 4. Sensitivity Analyses of Association Between New-Onset Atrial Fibrillation and
In-Hospital Stroke in Patients With Severe Sepsisa

Group

Severe Sepsis
Defined by
ICD-9-CM

Code 995.92

Severe Sepsis
Defined by

Infection Plus
Acute Organ
Dysfunction22

Severe sepsis
Defined by ICD-9-CM codes 433, 434, or 436b 2.70 (2.05-3.57) 2.85 (2.41-3.37)

No. of patients in model 48 961 228 677

No. of stroke events 381 1172

Defined by ICD-9-CM codes 434 or 436c 3.04 (2.26-4.10) 3.44 (2.86-4.13)

No. of patients in model 48 961 228 677

No. of stroke events 327 814

Defined by ICD-9-CM code 434d 3.10 (2.30-4.17) 3.46 (2.86-4.15)

No. of patients in model 48 961 228 677

No. of stroke events 324 809

Defined by ICD-9-CM code 434.11e 3.94 (2.21-7.01) 4.81 (3.38-6.87)

No. of patients in model 48 961 228 677

No. of stroke events 70 182

Severe sepsis, excluding septic embolib 2.70 (2.06-3.54) 2.84 (2.40-3.37)

No. of patients in model 47 290 228 649

No. of stroke events 376 1169

Severe sepsis with mechanical ventilationb 2.47 (1.79-4.42) 2.50 (2.05-3.03)

No. of patients in model 23 335 52 595

No. of stroke events 284 668

Severe sepsis, patient random effect, accounting
for multiple sepsis admissionsb

2.86 (2.16-3.78) NA

No. of patients in model 45 037 NA

No. of stroke events 353 NA

Severe sepsis present on admissionb 2.17 (1.37-3.42) NA

No. of patients in model 38 591 NA

No. of stroke events 196 NA
Abbreviations: ICD-9-CM, International Classification of Diseases, Ninth Revision, Clinical Modification; NA, not applicable

(analysis not performed).
aData are odds ratios (95% CIs) unless otherwise specified. Models adjusted for age; sex; race/ethnicity; history of diabe-

tes mellitus, hypertension, obesity, heart failure, myocardial infarction, stroke, chronic obstructive pulmonary disease,
and metastatic or hematologic malignancy; and sepsis-associated factors including number of organ failures, presence
of electrolyte disturbances, source of sepsis, type of organ failure, type of pathogenic organism, and use of right heart
catheterization.

bNot present on admission. Codes 433, 434, or 436: occlusion and stenosis precerebral arteries, cerebral artery occlu-
sion, or acute, ill-defined cerebrovascular disease.

cNot present on admission. Codes 434 or 436: cerebral artery occlusion or acute, ill-defined cerebrovascular disease.
dNot present on admission. Code 434: cerebral artery occlusion.
eNot present on admission. Code 434.11: embolic stroke.
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detecting new-onset AF compared with
the chart abstraction or prospective
identification used in prior studies. Ad-
ditionally, new-onset AF that oc-
curred on hospital admission in the set-
ting of severe sepsis may be classified
as “preexisting AF” by the “present on
admission” coding strategy used in our
study, which might falsely lower the ob-
served incidence of AF or bias out-
come analyses.

Second, because new-onset AF
during critical illness is often self-
limited,2 clinicians may not record epi-
sodes of AF that are deemed clinically
insignificant. Thus, “circular coding”
may be present in which new-onset AF
is preferentially coded when it is
thought to be associated with an ad-
verse outcome such as stroke. How-
ever, we did not find associations be-
tween stroke and preexisting AF, which
would theoretically be susceptible to a
similar circular coding bias.

Third, because our definition of new-
onset AF necessitated that AF occur af-
ter hospital admission, an “immortal
time” bias45 may exist in which pa-
tients had to survive long enough to be
diagnosed as having AF. Immortal time
bias may have falsely lowered the risk
of mortality associated with new-
onset AF; thus, the mortality risk as-
sociated with new-onset AF during se-
vere sepsis may actually be greater than
reported in our study. Death may be
considered as a competing risk for in-
hospital stroke; however, we could not
ascertain time to in-hospital stroke,
which would be necessary to perform
competing risk analyses. The compos-
ite vector of these potential biases is not
clear.

Fourth, though sensitivity analyses
suggest a temporal order among se-
vere sepsis, AF, and in-hospital stroke,
the administrative data used for the
present study are limited in ascertain-
ing the timing of clinical events. How-
ever, an exploratory analysis of inci-
dent ischemic stroke occurring after the
severe sepsis hospitalization suggests
that stroke risks may remain elevated
up to 1 year following severe sepsis. Fi-
nally, because of the observational na-

ture of our study and the possibility for
unmeasured confounding, we cannot
prove a causal relation between new-
onset AF in the setting of severe sepsis
and increased risk of stroke and death.

Given projected estimates of severe
sepsis incidence in 1 million Ameri-
cans in 2011,22 it is likely that new-
onset AF occurs in more than 60 000
patients with severe sepsis in the United
States each year. Our findings suggest
that new-onset AF during severe sep-
sis is associated with especially high
short-term nosocomial stroke and mor-
tality risks; most patients with new-
onset AF during a hospitalization with
severe sepsis did not survive. Current
guidelines do not address AF that oc-
curs in the setting of severe sepsis or
acute infection,6,46 suggesting that new-
onset AF that occurs during severe sep-
sis is an underrecognized public health
problem. If our findings of increased
stroke and death in the setting of AF
and severe sepsis are replicated in other
data sets, then it will be important to
examine management strategies that
might diminish the risk of adverse out-
comes associated with AF during se-
vere sepsis.
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