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BACKGROUND: Atrial fibrillation (AF) during sepsis is associated with increased morbidity and
mortality, but practice patterns and outcomes associated with rate- and rhythm-targeted
treatments for AF during sepsis are unclear.

METHODS: This was a retrospective cohort study using enhanced billing data from approx-
imately 20% of United States hospitals. We identified factors associated with IV AF treat-
ments (b-blockers [BBs], calcium channel blockers [CCBs], digoxin, or amiodarone) during
sepsis. We used propensity score matching and instrumental variable approaches to compare
mortality between AF treatments.

RESULTS: Among 39,693 patients with AF during sepsis, mean age was 77� 11 years, 49%were
women, and 76% were white. CCBs were the most commonly selected initial AF treatment
during sepsis (14,202 patients [36%]), followed by BBs (11,290 [28%]), digoxin (7,937 [20%]),
and amiodarone (6,264 [16%]). Initial AF treatment selection differed according to geographic
location, hospital teaching status, and physician specialty. In propensity-matched analyses, BBs
were associated with lower hospital mortality when compared with CCBs (n¼ 18,720; relative
risk [RR], 0.92; 95% CI, 0.86-0.97), digoxin (n ¼ 13,994; RR, 0.79; 95% CI, 0.75-0.85), and
amiodarone (n ¼ 5,378; RR, 0.64; 95% CI, 0.61-0.69). Instrumental variable analysis showed
similar results (adjusted RR fifth quintile vs first quintile of hospital BB use rate, 0.67; 95% CI,
0.58-0.79). Results were similar among subgroups with new-onset or preexisting AF, heart
failure, vasopressor-dependent shock, or hypertension.

CONCLUSIONS: Although CCBs were the most frequently used IV medications for AF during
sepsis, BBs were associated with superior clinical outcomes in all subgroups analyzed. Our
findings provide rationale for clinical trials comparing the effectiveness of AF rate- and
rhythm-targeted treatments during sepsis. CHEST 2016; 149(1):74-83
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Sepsis affects more than 1 million hospitalized patients
yearly in the United States1 and is associated with one in
three hospital deaths.2 Approximately 25% of patients
hospitalizedwith sepsis alsohave atrialfibrillation (AF),3 the
most common sustained arrhythmia among hospitalized
patients.4,5 The occurrence of AF during sepsis portends
poor short- and long-term outcomes, with associated
increased risks of stroke, heart failure, and death.6-10

Multiple factors complicate treatment of AF that occurs
during sepsis, and little evidence guides its management.
For example, direct current cardioversion is a guideline-
recommended treatment of AF resulting in acute clinical
decompensation.11 However, cardioversion is often
unsuccessful for AF rhythm control during sepsis,12 few
patients with sepsis demonstrate clear hemodynamic
collapse due to AF, and cardioversion of unclear-duration
AF may be associated with thromboembolic events.11

b-blocker (BB) and calcium channel blocker (CCB)
medications may be used to slow atrioventricular nodal
conduction and lower supraphysiologic heart rates but
may also exacerbate hypotension among patients with
Contents of this study were presented at the ATS International Con-
ference, May 15-20, 2015, Denver, CO.
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distributive states such as septic shock.13 Cardiac
glycosides (digoxin) may be selected to reduce heart rates
without inducing hypotension but may be less effective in
high catecholamine states14 and have low therapeutic
index in the setting of renal dysfunction, which is
commonly encountered during sepsis.15 Amiodarone
may be selected as a rate- or rhythm-controlling agent for
AF during critical illnesses such as sepsis,11 but it also
presents risks for proarrhythmia, drug interactions, and
multiple organ toxicities.13,16

To inform current knowledge gaps regarding AF
treatment during critical illness,17 we sought to identify
current clinical practice patterns and compare
effectiveness between treatment strategies for AF among
a large cohort of patients hospitalized with sepsis. We
aimed to determine hospital-level variation in choice of
initial AF therapy to explore our hypothesis that choice
of treatment of AF during sepsis is subject to wide
practice pattern variation. In addition, we sought to
compare outcomes of patients based on initial AF
treatment selection.
Materials and Methods
Sepsis Cases

We identified a cohort of adult patients (aged $ 18 years) from an
enhanced administrative database (Premier, Inc) with an initial
sepsis hospitalization during the years 2010 to 2013. Patients
included in Premier represent approximately 20% of hospitalized
patients in nonfederal hospitals in the United States (see e-Appendix 1
for further details). Patients admitted with sepsis were identified
through use of high positive predictive value (> 90%)18 explicit
sepsis International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes present on admission combined
with receipt of an antibiotic on the first hospital day. Patients with
sepsis were classified as having AF via ICD-9-CM 427.31 (positive
predictive value, 70%-96%; median, 89%).19 Patients with AF were
subclassified as having “preexisting AF” (if AF was present on
admission) or “new-onset AF” (if AF was not present on admission).6

AF Treatments

We searched pharmacy billing files for IV doses of CCBs (diltiazem,
verapamil), BBs (metoprolol, esmolol, atenolol, labetalol,
propranolol), digoxin (cardiac glycosides, digoxin, digitalis), and
amiodarone. We restricted our analysis to IV AF therapy to avoid
unmeasured confounding due to patients’ ability to take oral
medications and to identify clinically significant AF requiring acute
rate or rhythm control treatment. Drug use was extracted from
pharmacy billing files and included information for hospital day of
administration, quantity, and dosing. Because we were unable to
determine the initial AF treatment when multiple different AF
treatments were given during the same hospital day, in our primary
analysis we excluded patients receiving multiple AF treatments on
the same hospital day (Fig 1). To increase likelihood that AF
treatments were given during sepsis, we included only AF treatments
given during the first 14 days of the sepsis hospitalization, on the
same day as an antibiotic.

Covariates, Outcomes, and Subgroups

We collected information for year of hospitalization, patient
demographics, comorbid conditions, present on admission acute
organ failures, organ-supportive therapies (first hospital day), source
of sepsis (e-Table 1), and provider and hospital characteristics. Based
on the potential for treatment effect modification, we created a priori
subgroups based on AF type (new onset vs preexisting), use of
vasopressor medications during administration of AF medication,
and the presence of heart failure. We investigated patient and
hospital factors associated with choice of each AF treatment and
hospital mortality associated with choice of AF treatment.
Statistical Analyses

Details on statistical methods are described in e-Appendix 1. We used
a propensity score matching approach to adjust for measured
confounding in the selection of AF treatments. Nonparsimonious
propensity scores including all measured covariates (e-Table 1) and
time to first AF medication were calculated using generalized
estimating equations with robust standard error calculations
accounting for within-hospital correlation.20 Based on preliminary
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541,144
First sepsis hospitalization, POA

427,633 (79%) No AF

113,511 (21%)
Sepsis and AF

59,845 (53%) No intravenous AF treatment
13,955 (12%) Multiple AF treatments on same day

18
No antibiotic on same day as AF therapy

39,711 (35%)
Sepsis, AF, and intravenous AF therapy

39,693 (35%)
Sepsis and AF Antibiotic given on

same day as AF medication

Calcium Channel Blocker
14,202 (36%)

β-blocker
11,290 (28%)

Digoxin
7,937 (20%)

Amiodarone
6,264 (16%)

Figure 1 – Flowchart of patient inclusion. AF ¼ atrial fibrillation; POA ¼ sepsis present on admission.
analyses, we compared BBs to each of the three other classes of AF
medications.

To estimate potential unmeasured confounding by indication in our
propensity score analyses, we performed individual patient-level
multivariable-adjusted logistic regression analysis using hospital-level
percentage of BB use among patients with AF during sepsis as an
instrument for AF treatment selection.21

We estimated the proportion of between-hospital variation in selection
of BB as initial AF treatment that was unexplained by hospital,
provider, or patient characteristics by calculating intraclass
correlation coefficients from multivariable hierarchical logistic
regression models.22-24

We used SAS, version 9.3 (SAS Institute Inc)for all analyses and
selected a two-sided a level of 0.05. Boston University Medical
76 Original Research
Center institutional review board approved all study procedures
(protocol H-31821).

Sensitivity Analyses

We performed a number of analyses to explore the robustness of
findings. We performed a sensitivity analysis broadening our
inclusion criteria to allow patients who may have received multiple
IV AF treatments on the initial AF treatment day into the analysis.
Because BBs or CCBs may be used to treat hypertension as well as
AF, we performed an additional subgroup analysis stratified by the
presence of a hypertension diagnosis. As an exploratory surrogate
estimate of each medication reaching its intended therapeutic
efficacy, we investigated the relative probability of requiring any
subsequent change in IV AF treatment after the initial therapy,
among survivors.
Results

Sepsis Cohort

Among 541,144 patients hospitalized with sepsis, we
identified 113,511 (21%) with both sepsis and AF. Most
patients with AF and sepsis (59,845 [60%]) did not
receive IV therapy. We analyzed 39,693 patients with
AF and sepsis (35%) who received IV rate- or rhythm-
control AF treatment (Fig 1). Patients with sepsis and
AF were 77 � 11 years of age, 49% were women, and
76% were white. Among patients who received IV AF
treatment during sepsis, CCBs were the most
frequently used initial medications (14,202 [36%]),
followed by BBs (11,290 [28%]), digoxin (7,937 [20%]),
and amiodarone (6,264 [16%]). Patient and hospital
characteristics associated with receipt of each IV AF
therapy, prior to propensity matching, are shown in
Table 1 and e-Table 2.
[ 1 4 9 # 1 CHES T J A N U A R Y 2 0 1 6 ]



TABLE 1 ] Characteristics of Patients With Sepsis According to Initial IV Atrial Fibrillation Medication

Variable b-Blocker Calcium Channel Blocker Digoxin Amiodarone

No. (%) 11,290 (11.3) 14,202 (14.3) 7,937 (8.0) 6,264 (6.3)

Age, y 75.7 � 11.3 75.6 � 11.4 77.1 � 10.7 73.1 � 11.7

Women 5,598 (49.6) 7,476 (52.6) 4,088 (51.5) 2,814 (44.9)

Race or ethnicity

White 8,417 (74.6) 10,959 (77.2) 5,974 (75.3) 4,523 (72.2)

Black 974 (8.6) 1,028 (7.2) 567 (7.1) 640 (10.2)

Hispanic 76 (0.7) 96 (0.7) 84 (1.1) 65 (1.0)

Other 1,823 (16.1) 2,119 (14.9) 1,312 (16.5) 1,036 (16.5)

Geographic location

Northeast 2,921 (25.9) 2,137 (15.0) 1,398 (17.6) 755 (12.1)

Midwest 2,199 (19.5) 2,947 (20.8) 1,566 (19.7) 1,224 (19.5)

South 4,189 (37.1) 6,249 (44.0) 3,136 (39.5) 2,812 (44.9)

West 1,981 (17.5) 2,869 (20.2) 1,837 (23.1) 1,473 (23.5)

Teaching hospital 5,098 (45.2) 4,950 (34.9) 2,724 (34.3) 2,630 (42.0)

Attending specialty

Internal medicine 9,375 (83.1) 12,710 (89.5) 6,958 (87.7) 4,950 (79.1)

Surgical 892 (7.9) 351 (2.5) 211 (2.7) 357 (5.7)

Pulmonary/critical care 809 (7.2) 928 (6.5) 592 (7.5) 732 (11.7)

Cardiology 207 (1.8) 206 (1.5) 173 (2.2) 221 (3.5)

Comorbidities 3.3 � 1.7 3.1 � 1.7 3.3 � 1.7 3.4 � 1.8

Acute organ failures 1.8 � 1.3 1.8 � 1.3 2.1 � 1.4 2.7 � 1.4

Intensive care stay 6,406 (56.7) 7,487 (52.7) 4,862 (61.3) 4,730 (75.5)

Intensive care procedures

Mechanical ventilation on first hospital day 1,842 (16.3) 1,698 (12.0) 1,345 (16.9) 1,932 (30.8)

Hemodialysis on first hospital day 1,157 (10.2) 1,126 (7.9) 804 (10.1) 1,187 (18.9)

Vasopressors on first hospital day 3,291 (29.1) 3,770 (26.5) 3,504 (44.1) 4,012 (64.0)

Infection site

Pneumonia 3,583 (31.7) 5,882 (41.4) 3,118 (39.3) 2,369 (37.8)

Gastrointestinal infection 2,107 (18.7) 1,692 (11.9) 1,030 (13.0) 896 (14.3)

Urinary tract infection 4,173 (37.0) 5,439 (38.3) 3,008 (37.9) 1,980 (31.6)

Skin or soft tissue infection 982 (8.7) 1,217 (8.6) 696 (8.8) 507 (8.1)

Primary bacteremia or fungemia 140 (1.2) 150 (1.1) 82 (1.0) 76 (1.2)

Do not resuscitate 1,596 (14.1) 2,143 (15.1) 1,307 (16.5) 788 (12.6)

Use of therapeutic anticoagulation 2,207 (19.6) 3,025 (21.3) 1,387 (17.5) 1,440 (23.0)

Year of sepsis hospitalization

2010 1,555 (13.8) 2,054 (14.5) 1,297 (16.3) 879 (14.0)

2011 3,651 (32.3) 4,619 (32.5) 2,796 (35.2) 2,084 (33.3)

2012 3,974 (35.2) 4,971 (35.0) 2,648 (33.4) 2,173 (34.7)

2013 2,110 (18.7) 2,558 (18.0) 1,196 (15.1) 1,128 (18.0)

Time to first AF medication, median,
(25th-75th percentile), d

2 (1-4) 1 (1-2) 2 (1-3) 2 (1-3)

Data presented as No. (%) or mean � SD unless otherwise specified. Characteristics are shown before propensity matching. AF ¼ atrial fibrillation.
BBs vs CCBs

Multivariable-adjusted factors associated with receipt of
CCBs as compared with BBs are shown in e-Table 3.
journal.publications.chestnet.org
Patients receiving CCBs were more likely younger,
women, and white, and had fewer comorbid
conditions; CCBs were less likely to be used in
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hospitals located in the Northeast, in teaching
hospitals, and by surgeons.

Distributions of propensity scores were similar for BBs
and CCBs (e-Fig 1), and covariates were well-matched
by propensity scores (e-Table 4). Among propensity-
matched patients with sepsis and AF, hospital mortality
was significantly lower for patients initially treated with
BBs (18.3%) as compared with CCBs (20.0%) (n¼ 18,720;
relative risk [RR], 0.92; 95% CI, 0.86-0.97), with no effect
modification by type of AF (new onset vs preexisting,
P for interaction ¼ .65) or by a history of heart
failure (P for interaction ¼ .44). Patients with
vasopressor infusion at the time of receiving AF
treatment showed lower mortality associated with
BBs than CCBs (shock: RR, 0.86; 95% CI, 0.79-0.94;
no shock: RR, 0.98; 95% CI, 0.91-1.06; P for
interaction ¼ .01).

Digoxin vs BBs

Multivariable-adjusted factors associated with receipt of
digoxin as compared with BBs are shown in e-Table 3.
Patients receiving digoxin were more likely older and
more likely to have prevalent heart failure, valvular
disease, cancer, cirrhosis, COPD, or shock. Digoxin was
less likely provided in hospitals located outside the
Northeast, in teaching hospitals, and by surgeons.
Digoxin was used less frequently over time.

The distributions of propensity scores were similar for
digoxin and BBs (e-Fig 2), and after propensity score
matching all measured covariates were well balanced
(e-Table 5). Among 13,994 propensity-matched patients
with sepsis and AF treated with digoxin as compared
with BBs, digoxin use was associated with greater
hospital mortality (25.7%) than BBs (20.5%). Digoxin
use was associated with worse outcomes in all subgroups
analyzed, including patients with shock (P for
interaction ¼ .40), by AF type (preexisting vs new onset;
P for interaction ¼ .71), and among patients with
comorbid heart failure (P for interaction ¼ .067).

Amiodarone vs BBs

Amiodarone was most likely to be used among patients
who were critically ill with septic shock (Table 1,
e-Table 2). Factors associated with use of amiodarone
as compared with BBs among patients with shock are
shown in e-Table 3. Patients receiving amiodarone were
more likely to have heart failure, new-onset AF, cancer,
and acute organ failures. Amiodarone was more likely
ordered by pulmonary and critical care physicians
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and in hospitals located outside the Northeast. The
distributions of propensity scores were similar for BBs
and amiodarone (e-Fig 3), and after propensity score
matching all measured covariates were well balanced
(e-Table 6). Among 5,388 matched patients with a shock
diagnosis who received a vasopressor on the same day as
an AF medication, patients who received amiodarone
experienced higher hospital mortality (42%) than
patients receiving BBs (27%), P < .001. Sensitivity
analysis demonstrated similar results among all matched
patients, patients not in shock, new-onset or preexisting
AF, and by presence of heart failure. A summary of all
hospital mortality analyses is shown in Figure 2.

Hospital-Level BB Use

Hospitals showed practice pattern variation in the
proportion of patients with sepsis and AF who received
initial treatment with CCBs (median hospital rate,
34%; interquartile range [IQR], 34%-45%), BBs (median
hospital rate, 25.7%; IQR, 18.7%-35.9%), digoxin
(median hospital rate, 18.7%; IQR, 21.1%-27.5%), or
amiodarone (median hospital rate, 13.5%; IQR,
6.6%-20.4%) as the initial AF medication. The
proportion of between-hospital variation in choice
of BBs as initial AF therapy unexplained by hospital,
provider, or patient clinical characteristics was
9.5% (95% CI, 8.2%-11.3%). Rates of BBs as initial AF
treatment of patients with AF and sepsis within each
hospital are shown in Figure 3, along with multivariable-
adjusted association between hospital-level BB use and
patient-level mortality. Hospital BB use was strongly
associated with patient-level BB use (P < .001), and
patient characteristics were uniformly distributed across
hospital quintiles of BB use rate (e-Table 7). Greater
hospital-level rates of BB use as initial AF medication
during sepsis were associated with reduced individual
risk for mortality (RR, 0.67; 95% CI, 0.58-0.79; P < .001,
fifth quintile vs first quintile of BB use).

Sensitivity Analyses

Broadening criteria to include patients who received
multiple AF treatments on the initial day of AF rate or
rhythm therapy did not substantively change our results,
nor did stratifying patients by a diagnosis of
hypertension (e-Table 8). Compared with patients who
received CCBs, digoxin, or amiodarone, patients who
received BBs as initial AF medication were equally likely
to require a switch to another, subsequent AF
medication (RR, 1.0; 95% CI, 0.98-1.02).
[ 1 4 9 # 1 CHES T J A N U A R Y 2 0 1 6 ]



ββ-blocker vs calcium channel blocker

All patients
Pre-existing AF
New-onset AF
No vasopressor
Vasopressor
No heart failure
Heart failure

ββ-blocker vs digoxin

All patients
Pre-existing AF
New-onset AF
No vasopressor
Vasopressor
No heart failure
Heart failure

ββ-blocker vs amiodarone

All patients
Pre-existing AF
New-onset AF
No vasopressor
Vasopressor
No heart failure
Heart failure

N = 18,720
N = 15,076
N = 3,174
N = 13,360
N = 4,946
N = 10,710
N = 7,890

N = 13,994
N = 12,142
N = 1,932
N = 8,546
N = 5,228
N = 7,028
N = 7,142

N = 10,190
N = 8,088
N = 2,372
N = 4,464
N = 5,378
N = 5,562
N = 5,054

0.6 0.8

Favors β-blocker Favors comparator

1.21.0

0.92 (0.86-0.97)
0.94 (0.99-1.01)
0.99 (0.86-1.15)
0.98 (0.91-1.06)
0.86 (0.79-0.94)
0.90 (0.83-0.98)
0.87 (0.80-0.95)

0.79 (0.75-0.84)
0.77 (0.72-0.82)
0.75 (0.64-0.88)
0.80 (0.73-0.88)
0.79 (0.73-0.86)
0.73 (0.67-0.80)
0.82 (0.75-0.89)

0.65 (0.61-0.69)
0.63 (0.58-0.67)
0.67 (0.59-0.77)
0.73 (0.65-0.81)
0.64 (0.59-0.69)
0.62 (0.57-0.67)
0.66 (0.60-0.72)

RR (95% CI)

.53

.02

.44

.71

.40

.07

.32

.003

.28

P for interaction

Figure 2 – Summary of analyses for AF treatments during sepsis and relative risk for mortality. The number of subjects and weighted average of RR in
the stratified analyses may differ from the analysis of all patients because a new propensity score was calculated to match each subgroup. RR ¼ relative
risk. See Figure 1 legend for expansion of other abbreviation.
Discussion
We examined practice patterns and outcomes associated
with initial choice of IV therapy for rate or rhythm
control in AF that occurred during sepsis. Although
CCBs were the most commonly administered IV AF
medication class during sepsis, selection of initial AF
medications varied widely. After matching on observed
patient characteristics, BB use during AF was associated
with improved hospital mortality as compared with
CCBs, digoxin, or amiodarone. Our findings did not
show significant effect modification among multiple
clinically relevant subgroups including AF timing,
presence of shock, heart failure, and hypertension
history.

Few studies have investigated practice patterns
associated with choice of AF treatments among critically
ill patients or those with sepsis. We identified a
preference for CCBs as initial therapy for patients with
AF during sepsis, a finding that differs from therapies
observed in patients with chronic AF enrolled in trials.25

Selection of AF treatment during sepsis differed
according to hospital factors such as geographic
location, hospital teaching status, and physician
journal.publications.chestnet.org
specialty, as well as patient clinical characteristics.
Approximately 10% of the variation in choice of initial
AF medication between hospitals was unexplained.
Practice pattern variation in AF treatment selection
suggests lack of a current “standard of care” for treating
AF during sepsis.

We are unaware of prior clinical outcome comparisons
between rate control therapies among patients with AF
and sepsis. However, indirect evidence supports our
finding of an association between use of BBs and
improved outcomes among patients with sepsis. Older,
small, single-center trials comparing BBs with CCBs
among patients with new-onset AF outside the critical
care setting have suggested increased rates of conversion
to sinus rhythm among patients receiving BBs, without
immediate differences in achieving heart rate
control.26-29 A single-center trial30 demonstrating
improved mortality among patients with septic shock
and sinus tachycardia randomized to receive the BB
esmolol further supports our finding that BBs may have
clinical benefit during sepsis. Although potential
mechanisms for beneficial effects of BBs during sepsis
are unclear, experimental data support enhanced
79
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Figure 3 – Caterpillar plot of multivariable-adjusted utilization rates of b-blocker as initial medication for atrial fibrillation for each hospital
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b-blocker utilization as compared with quintile 1. The x-axis shows hospitals treating patients with sepsis and atrial fibrillation, sorted in order of
increasing rate of b-blocker use.
microvascular,31 antiinflammatory,32 and gut mucosal
integrity33 with use of BBs during sepsis.

Digoxin may be theoretically attractive to some
clinicians as an AF treatment during sepsis by
potentially improving heart rate without inducing
hypotension. However, concerns regarding digoxin
toxicity—especially among the elderly and patients with
renal insufficiency—may limit enthusiasm for use of
digoxin for AF during sepsis. The observed decline in
use of digoxin over time among patients with sepsis is in
line with studies in other clinical settings showing
waning use of digoxin to treat AF.34-38 Our results
showing increased hospital mortality associated with
receipt of digoxin support concerns regarding potential
toxicities associated with digoxin.34-38

Amiodarone has theoretical advantages of achieving
rate and rhythm control with fewer hypotensive side
effects than BBs or CCBs during sepsis. However,
80 Original Research
our findings of increased mortality associated with
amiodarone use do not support a strong clinical
benefit for amiodarone in the sepsis setting. Our
findings are in accord with small, single-center trials
that have previously compared amiodarone to rate-
control therapies among critically ill patients with
AF. In a trial comparing IV amiodarone to digoxin
in 50 hospitalized patients with new-onset AF,
amiodarone was associated with greater conversion to
sinus rhythm at 24 h (92%) than digoxin (71%) but
with more adverse reactions among patients receiving
amiodarone, including bradycardia and death.16 IV
amiodarone was compared with magnesium among
42 critically ill patients with atrial tachyarrhythmia in
a single center, with inferior rates of cardioversion
and more adverse events.39 Further studies
identifying rates of toxicity associated with use of
amiodarone among noncardiac critically ill patients
are warranted.
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Our findings should be considered in the context of our
study’s limitations. First, we used enhanced
administrative data that lacked detailed sequence of
events from chart review. In addition, ICD-9 codes do
not often individually reflect disease severity, though
taken together ICD-9 codes may produce risk
adjustment in line with commonly used severity of
illness scores based on physiologic measurements.40

Second, unmeasured confounding by disease severity or
unmeasured clinical factors may influence our effect
estimates, which may be more pronounced for
treatments such as digoxin or amiodarone that may be
selected with the goal of limiting hypotensive side
effects. However, our cohorts were well-matched, and
results were consistent using an instrumental variable
method intended to attenuate residual confounding and
were observed in multiple predefined subgroups. Third,
although we examined assumptions that our
instrumental variable was unlikely to be associated with
patient severity of illness, we cannot rule out
associations between our instrumental variable and
other hospital practice patterns associated with mortality
that may confound and decrease the validity of our
instrumental variable analysis. Fourth, we could not
measure intermediate outcomes such as heart rate
control or conversion to sinus rhythm. Patients
receiving BBs were equally likely as those receiving other
medications to require subsequent changes in AF
journal.publications.chestnet.org
medication, a finding that may suggest similar
intermediate outcomes between medication classes. We
did not adjust for receipt of therapeutic anticoagulation;
however, anticoagulation use was not systematically
different between BBs and other rate- or rhythm-control
treatments. Fifth, we were unable to accurately measure
use of emergent cardioversion of atrial fibrillation. Sixth,
we were unable to determine relation of the patients’
home AF medication to the medication received during
sepsis; however, results were similar among patients
with new-onset AF and patients without hypertension
who would not have received AF rate control
medications prior to the sepsis hospitalization. Given the
limitations of our data, our outcome findings should be
considered hypothesis generating and supportive of the
need for future clinical trials to investigate optimal
treatment of AF during sepsis.

In conclusion, we have identified practice patterns and
outcomes associated with choice of rate or rhythm
control treatments for AF during sepsis. Our results
suggest wide practice pattern variation across hospitals
in selection of AF treatments during sepsis. Although
CCBs were the most commonly selected initial IV
treatment of AF during sepsis, BBs were associated with
superior survival in all subgroups analyzed. Our findings
provide strong rationale for randomized clinical trials
comparing the effectiveness AF treatments during sepsis.
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