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Abstract

Background—There are limited data on mortality outcomes associated with use of amiodarone 

in atrial fibrillation and flutter (AF).

Methods—We evaluated the association of amiodarone use with mortality in patients with 

newly-diagnosed AF using complete data from the Department of Veterans Affairs (VA) national 

health care system. We included patients seen in an outpatient setting within 90 days of a new 

diagnosis for non-valvular AF between VA fiscal years 2004–2008. Multivariate and propensity-

matched Cox proportional hazards were used to evaluate the association of amiodarone use to 

death.

Results—Of 122,465 patients (353,168 person-years of follow-up; age 72.1±10.3 years; 98.4% 

males), amiodarone was prescribed in 11,655 (9.5%). Cumulative, unadjusted mortality rates were 

higher for amiodarone recipients than for non-recipients (87 vs. 73 per 1000 person-years, 

P<0.001). However, in multivariate and propensity matched survival analysis, there was no 

significant difference in mortality (multivariate HR: 1.01, 95%CI: 0.97–1.05, P=0.51; propensity-

matched HR: 1.02, 95%CI: 0.97–1.07, P=0.45). The hazard of death was not modified by age, sex, 

heart failure, kidney function, beta blocker use, or warfarin use but there was evidence of effect 

modification among patients diagnosed with AF as an inpatient versus outpatient.

Conclusion—In a national health care system population of newly-diagnosed AF, overall use of 

amiodarone as an early treatment strategy was not associated with mortality.
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INTRODUCTION

Clinical practice guidelines currently endorse amiodarone for maintenance of sinus 

rhythm1,2 and it remains one of the most widely prescribed anti-arrhythmic drugs (AADs) 

for atrial fibrillation and atrial flutter (AF, collectively).3 Used in a variety of clinical 

profiles, amiodarone can be prescribed in patients with drug refractory AF or those with 

multiple, complex comorbidities that preclude use of other AADs. For example, unlike 

flecainide and propafenone, amiodarone is not contraindicated in coronary or structural heart 

disease4–6, nor is it renally excreted as are sotalol and dofetilide6–8. However, extended use 

of amiodarone may predispose patients to long-term pulmonary, thyroid, or liver 

toxicity.9,10

Despite its widespread use, particularly in complex clinical cases, there is limited and 

conflicting data on clinical outcomes in patients with AF that receive amiodarone.11–15 We 

therefore investigated the association of amiodarone therapy with mortality in a large cohort 

of patients with newly-diagnosed AF from a national health care system. We also evaluated 

the association of amiodarone with death in chronic kidney disease and end-stage renal 

disease.

METHODS

The Retrospective Evaluation and Assessment of Therapies in AF (TREAT-AF) study is a 

retrospective cohort study of patients with newly-diagnosed AF treated in the Department of 

Veterans Affairs (VA) national health care system. Methods for cohort selection have been 

previously described in detail.16,17 Since amiodarone could be prescribed later or at more 

advanced stages of AF compared to other AF therapies, we used a new disease cohort design 

to minimize survival bias and immortal person-time bias. Datasets used in this study 

represent the claims data and electronic health records covering the full denominator of VA 

users. These include data from the VA National Patient Care Database (NPCD)18; the VA 

Decision Support System (DSS) national pharmacy extract19; the VA Fee Basis Inpatient 

and Outpatient datasets19; the VA Laboratory DSS extract20; and the VA Vital Status 

File21,22.

Figure 1 illustrates our cohort inclusion criteria. All patients were required to have a primary 

or secondary diagnosis of atrial fibrillation or atrial flutter (International Classification of 

Diseases, 9th Revision [ICD-9] 427.31 or 427.32) associated with an inpatient or outpatient 

VA encounter between October 1, 2003 and September 30, 2008 (VA Fiscal Years 2004–

2008). All patients were also required a second confirmatory diagnosis between 30 and 365 

days after the date of the index AF diagnosis, at least one outpatient visit in the first 90 days 

after index AF diagnosis, and any outpatient drug prescription in the first 90 days.

The exclusion criteria were history of: AF diagnosis in the four years prior to the index AF 

date, defined by AF ICD-9 codes or CPT codes for catheter or surgical ablation; valve 

disease, repair, or replacement; thyroid disease; kidney transplant; or cardiac surgery within 

30 days of the index AF date.
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Primary Exposure Variables and Outcomes

The primary exposure was receipt of outpatient amiodarone within the first 90 days after 

index AF diagnosis. The primary outcome was time to death, which was determined at any 

point after the 90-day exposure ascertainment window. The Vital Status file used to 

determine death has been previously shown to have 97.6% agreement and 98.3% sensitivity 

for detection of deaths identified by the National Death Index.22 Patients with no record of 

death were assumed to be alive until September 30th, 2011, the last date for which vital 

status records from all sources was fully ascertained.

Clinical covariates

We identified baseline patient comorbidities using comorbidity-specific ICD-9 codes up to 

two years prior to the index AF date using algorithms based on the Agency for Healthcare 

Research and Quality (AHRQ) Clinical Classification System.23 The Charlson comorbidity 

score and the CHADS2 score were calculated using diagnostic algorithms previously 

validated in VA data.15,24 Receipt of concomitant drug therapies was ascertained using the 

same methods as for the primary exposure.

We also assessed kidney function using the CKD-EPI formula to approximate the estimated 

glomerular filtration rate (eGFR) for each patient, using the most recent outpatient serum 

creatinine from 365 days before to 90 days after the index AF diagnosis, as previously 

described.17 We also stratified patients by eGFR (in mL/min/1.73 m2): ≥ 90; <90 to ≥ 60; 

<60 to ≥ 45; <45 to ≥ 30; <30 to ≥ 15; and <15. A separate eGFR group for dialysis-

dependent CKD was identified using ICD-9 and Common Procedural Terminology (CPT-4) 

codes for dialysis-related procedures or diagnoses.

Statistical Analysis

We compared differences in baseline characteristics between amiodarone-treated and 

untreated patients using chi-squared tests for categorical variables and t-tests for continuous 

variables. We performed Cox regression to estimate the hazard of death associated with 

receipt of amiodarone, using an “intention-to-treat” model based on drug receipt and 

adjusting for age, sex, race, hypertension, prior stroke, heart failure, diabetes, Charlson 

comorbidity score, CHADS2 score, cardiovascular medications, and eGFR stratum. To 

account for amiodarone exposure based on duration and intensity of drug therapy, we also 

performed an adherence-adjusted analysis by calculating patient-level medication possession 

ratio (MPR) of amiodarone and performing Cox regression with MPR as a time-varying 

covariate. The MPR was calculated as the proportion of total outpatient days’ supply of 

amiodarone divided by the total number of days from index AF diagnosis to date of death or 

censoring, truncated at an upper bound of 1.0. For all Cox models, the assumption of 

proportional hazards was found to be valid by examining Schoenfeld residuals.

Propensity Matching

Since amiodarone-treated patients may differ in baseline characteristics compared to patients 

not treated with amiodarone, we attempted to minimize confounding by indication using 

propensity score matching. We calculated the propensity to be treated with amiodarone 

using all patient baseline characteristics as independent variables in multivariate logistic 
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regression. We tested pairwise interactions of covariates and retained the terms that 

significantly improved model fit. Propensity score balance and overlap were qualitatively 

assessed using propensity score distributions and standardized differences in observed 

characteristics. Cox regression was performed in a 1:1 matched cohort of amiodarone 

recipients and non-recipients, using nearest-neighbor matching without replacement. 

Hosmer-Lemeshow goodness-of-fit test and the C-statistic were used to determine model fit. 

We additionally estimated cumulative incidence of death using the Kaplan-Meier method 

and log-rank tests to assess differences between treated and untreated groups.

Stratified and Subgroup Analyses

We performed subgroup analyses, stratifying patients dichotomously based on the following 

characteristics: sex, age <65, heart failure, prior myocardial infarction, outpatient versus 

inpatient index AF diagnosis, new amiodarone treatment versus prior amiodarone exposure, 

daily dose (>200, ≤ 200 mg), use of loading dose, and treatment concomitant warfarin or 

beta blocker therapy. For each variable, we tested for effect modification of the associations 

between receipt of amiodarone and mortality. An interaction term P-value of <0.05 was 

considered significant for effect modification.

Role of funding source

The study was funded by the American Heart Association, Veterans Health Administration, 

and the Gilead Sciences Cardiovascular Scholars Program. No funding agencies were 

involved with study design, data assembly and analysis, or manuscript preparation. The 

study was approved by the local Institutional Review Board. All analyses were performed 

using SAS, version 9.1 (Cary, NC) and STATA, version 11.0 (College Station, TX).

RESULTS

We identified 122,465 patients with newly-diagnosed AF (Figure 1). The mean age was 72.1 

± 10.3 years, 98.4% of the population was male, and 36.8% had eGFR <60 mL/min/1.73m2 

or were on dialysis (Table 1). A total of 11,655 (9.5%) received amiodarone during the first 

90 days after initial AF diagnosis. There were 4,811 patients who received amiodarone prior 

to the first (index) AF diagnosis. During the index prescription of amiodarone, 2,400 

patients received a loading or tapering dosage. Of remaining patients, the median and mode 

dose was 200 mg.

Compared to non-recipients in the full cohort, amiodarone recipients had significantly 

higher cardiovascular and overall comorbidity burden including greater prevalence of heart 

failure, prior myocardial infarction, diabetes, and advanced chronic kidney disease. 

Amiodarone recipients also had higher prevalence of concomitant drug therapies such as 

aspirin, beta blockers, angiotensin-receptor blockers, antiplatelet therapy, and diuretics. 

However, there were no differences in mean CHADS2 score or in prevalence of prior stroke 

or warfarin use.

Supplemental Figure 1 shows the propensity distributions and overlap for recipients and 

non-recipients of amiodarone in the full cohort. The Hosmer-Lemeshow goodness of fit test 

was P=0.90 and the C-statistic was 0.69. There was strong balance of propensity scores 
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between recipients and non-recipients, with no standardized differences of covariates for 

matched patients >0.1025; the highest standardized difference was 0.052 (Supplemental 

Table 1).

Outcomes

The total follow-up time was 353,168 patient-years (Table 2); 28,723 (23.5%) patients died 

during the observation period. In unadjusted analysis, amiodarone recipients had a slightly 

higher risk of death compared to non-recipients in the full cohort (87 vs 73 deaths per 1,000 

person-years; P<0.001) but not in the propensity matched cohort (89 vs 87 per 1,000 person-

years; P=0.36) (Table 2). In the full cohort, after adjustment for baseline covariates, 

amiodarone was not significantly associated with mortality (HR: 1.01, 95%CI: 0.97–1.05, 

P=0.51) (Table 3). After adjusting for amiodarone adherence as a time-varying covariate, 

amiodarone was associated with lower hazard of death in the full cohort (HR: 0.90, 95%CI: 

0.85–0.94, P<0.001). In the propensity-matched cohort, amiodarone treatment was not 

significantly associated with mortality, with or without adherence adjustment.

Figure 2 shows the cumulative incidence of death in both the full and propensity-matched 

cohorts. The cumulative incidence of death was significantly higher in amiodarone 

recipients in the full cohort (log-rank P<0.001), but not in the propensity matched cohort 

(log-rank P=0.44).

Relationship to kidney function

With multivariate adjustment and propensity matching, amiodarone was not associated with 

an increased hazard of death in any stratum of kidney function as determined by the 

estimated GFR (Table 3). However in patients on dialysis, the point estimate for amiodarone 

and mortality just crossed significance in the full cohort multivariate model (HR: 1.37, 

95%CI: 1.02–1.86, P=0.04), but not in the propensity-matched analysis. There was no 

evidence of effect modification present across strata of kidney function.

Additional subgroup analysis

Multivariate and propensity-matched analyses are shown for 18 clinically relevant 

subgroups in Table 4. In patients with age <65, there was evidence of effect modification in 

the multivariate regression for amiodarone (P<0.001) but not after propensity matching. 

Consistent with the overall result, there was no heterogeneity in treatment effect among new 

versus prior amiodarone users, daily prescribed dose (>200 versus ≤ 200 mg), or 

prescription or non-prescription of a loading dose.

There was evidence of effect modification and divergence of treatment effect based on site 

of index AF diagnosis. Among patients with an inpatient index diagnosis, amiodarone 

appeared to be associated with reduced mortality in the adjusted and propensity models, 

while among those diagnosed as an outpatient, there was a weakly significant increase in 

risk of death. However, among outpatient-diagnosed new users of amiodarone, there was no 

treatment heterogeneity observed.
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DISCUSSION

In this cohort of 122,465 patients with newly-diagnosed AF, we found that amiodarone was 

prescribed as an initial therapy in higher risk patients, compared to non-recipients of the 

drug. The principal finding is that amiodarone was not associated with increased hazard of 

death in multivariate and propensity-matched analyses. These results were consistent across 

all strata of kidney function and even in patients with coronary disease or heart failure. In 

patients with age <65 years and those on dialysis in the full cohort, amiodarone was 

associated with a small but significant increase in hazard of death. However, this association 

was not found in either subgroup in the propensity-matched analysis. These findings suggest 

that amiodarone may not cause excess harm (or benefit) with respect to survival when used 

as an initial or early treatment strategy.

Clinical trials examining amiodarone in AF

Information on safety and effectiveness of amiodarone largely exist in older clinical trial 

data. In a secondary analysis of the AFFIRM trial, amiodarone was not associated with 

cardiovascular mortality, however it significantly increased hazard of non-cardiovascular 

death over rate control (HR: 1.11, 95%CI: 1.01–1.24).26 In the SAFE-T trial, participants 

were predominantly male Veterans with similar age and prevalence of cardiovascular 

comorbidities as in our cohort.27 Although amiodarone was superior to both sotalol and 

placebo in maintaining sinus rhythm, SAFE-T was underpowered to assess differences in 

mortality risk with only 665 subjects.27 Other older clinical trials examining amiodarone use 

in AF have enrolled even fewer subjects. When data from AFFIRM, SAFE-T, and ten other 

clinical trials were pooled in a meta-analysis by Doyle et al.9, amiodarone was more 

effective in converting persistent AF to sinus rhythm compared to placebo and was not 

significantly associated with all-cause death (pooled RR: 0.95, 95%CI: 0.81–1.11; I2=0%).

More recently, a secondary analysis of the ROCKET-AF trial showed that 1,132 amiodarone 

users with prevalent AF and high stroke risk did not experience an increase in risk of death 

compared to non-users, after adjusting across treatment assignment (rivaroxaban or 

warfarin).11 Although a minority of patients in ROCKET-AF was treated with an anti-

arrhythmic drug at baseline in the trial, amiodarone was the most common AAD prescribed 

and patients treated with amiodarone were among the highest risk subjects, consistent with 

our findings in the present study.

Observational data on amiodarone

Outside of clinical trials, observational data on amiodarone in AF remain sparse. Prior to our 

analysis, the largest cohort study on amiodarone and mortality retrospectively examined 

141,500 patients that were admitted for AF in Denmark between 1995 and 2004.14 The 

study found no significant increase in risk of death with amiodarone use14, although the 

cohort was derived from a national registry that included only inpatient hospitalizations. The 

comorbidity burden in the Danish cohort was considerably lower than in our study. Fewer 

subjects received background warfarin (18% vs 56% in our study) or beta blocker (18% vs 

58%) therapies, which could also explain the observed survival benefit found among users 

of flecainide, propafenone, and sotalol in the cohort, respectively.
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Our findings extend prior observations on amiodarone by examining its use across the 

spectrum of kidney function, as other antiarrhythmic drugs are generally contraindicated in 

moderate to severe CKD. Amiodarone itself may decrease renal blood flow and raise 

creatinine levels28, which can raise safety concerns in patients with kidney disease. In 

dialysis patients, we observed discordance in results between the multivariate analysis and 

the propensity-matched analysis which may be due to a greater degree of residual 

confounding in the full cohort. However, despite no evidence of a mortality association in 

the propensity-matched analysis, amiodarone should continue to be used cautiously in 

patients with dialysis due to the limited number of patients in this subgroup.

Amiodarone in concomitant AF and heart failure

There was no evidence of treatment heterogeneity in our analysis, including in patients with 

heart failure. Previously, the COMET trial found an increased risk of death from circulatory 

failure with amiodarone use in patients with acute or chronic heart failure, regardless of 

NYHA functional class.29 In our cohort, amiodarone was not associated with increased 

mortality in patients with a previous heart failure diagnosis at baseline. To our knowledge, 

this observational cohort includes the largest population of patients to date with concomitant 

heart failure and AF that received amiodarone.

Treatment heterogeneity based on site of index AF diagnosis

The divergence in results among patients with an index diagnosis as an inpatient versus 

outpatient (Table 4) could be due to a number of factors. First, differential confounding by 

indication could explain the observed differences. Second, survival biases associated with 

surviving a hospitalization in order to be included in the denominator could bias results 

toward better survival (or conversely greater harm among those diagnosed at outpatients). 

When accounting for new amiodarone use, treatment effects attenuated in the outpatient 

diagnosis subgroup and effect modification was no longer present. These data are hypothesis 

generating.

Study limitations

There are important limitations to our study. Confounding by indication is of greatest 

concern since amiodarone-treated patients may be unsuitable for other drugs. The reduced 

hazard of death observed after accounting for adherence could indicate endogeneity, a form 

of confounding, since health status may itself inform adherence. Our cohort predominantly 

consists of male Veterans, which limits generalizability of our overall findings for female 

patients and non-Veteran populations. Despite the large cohort, analysis in small and highly 

morbid subgroups, such as patients on dialysis, could be underpowered. Additionally, 

knowledge of concomitant therapies or other anti-arrhythmic drugs prescribed prior to 

amiodarone are based on pharmacy claims, therefore we cannot confirm whether patients 

consumed all therapies that were dispensed to them, or if other anti-arrhythmic drugs were 

taken concomitantly with amiodarone. However, only 83 patients (0.7% of amiodarone 

recipients) received an outpatient or inpatient prescription for another oral anti-arrhythmic 

drug in the 90-day window of ascertainment of amiodarone exposure.
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Next, due to limitations in our dataset, we could not determine ejection fraction or NYHA 

functional classification. Likewise, we could not establish a precise mechanism of death for 

users and non-users of amiodarone as our primary outcome was time to all-cause death.

We applied an intention-to-treat (ITT) design based on receipt of amiodarone within the first 

90 days of index AF diagnosis. By excluding patients with prevalent AF disease, the new 

disease cohort minimizes survival and immortal person-time bias (i.e. patients who were 

“well enough” to survive longer to be given amiodarone). It is possible that patients in the 

control arm of the study experienced crossover of therapy to amiodarone after the initial 90 

days after index AF diagnosis, which could bias results, likely toward the null. The ITT 

approach is therefore suited to evaluate amiodarone as an initial treatment strategy and 

results may not be generalizable to situations in which amiodarone is used later in the course 

of AF. Although adherence adjusted analyses does allow some adjustment for treatment 

adherence, a medication possession ratio of less than 1.0 may underestimate true 

amiodarone exposure owing to the long elimination time of amiodarone. In contrast, 

observational studies which use a time-dependent definition of exposure, may be subject to 

bias by informative censoring in situations where underlying health status can impact 

treatment discontinuation.30

CONCLUSIONS

In patients with newly-diagnosed AF, receipt of amiodarone as an early treatment strategy 

was not associated with mortality, regardless of age, sex, kidney function, heart failure 

status, concomitant therapies, or drug adherence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Consort Diagram
Shows detailed inclusion and exclusion criteria used to select the cohort of 122,465 patients 

studied in this analysis.
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Figure 2. Cumulative Incidence of Death in Full and Propensity-Matched Cohorts
Shows cumulative incidence of death, comparing treated and untreated patients for 

amiodarone, with curves estimated using the Kaplan-Meier method. Differences in treated 

and untreated groups were assessed using the log-rank test.

Ullal et al. Page 12

Am Heart J. Author manuscript; available in PMC 2016 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ullal et al. Page 13

T
ab

le
 1

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s.

A
m

io
da

ro
ne

 p
re

sc
ri

be
d 

w
it

hi
n 

90
 d

ay
s 

af
te

r 
A

F
 d

ia
gn

os
is

Y
es

 (
N

=1
1,

65
5)

N
o 

(N
=1

10
,8

10
)

P

In
de

x 
A

F
 d

ia
gn

os
is

 
In

pa
ti

en
t 

D
ia

gn
os

is
2,

63
5 

(2
2.

6%
)

12
,4

72
 (

11
.3

%
)

<
0.

00
1

 
O

ut
pa

ti
en

t 
D

ia
gn

os
is

9,
02

0 
(7

7.
4%

)
98

,3
38

 (
88

.7
%

)
<

0.
00

1

A
ge

, m
ea

n 
± 

SD
, y

ea
rs

70
.9

 ±
 9

.9
72

.2
 ±

 1
0.

3
<

0.
00

1

F
em

al
e,

 n
o.

 (
%

)
12

1 
(1

.0
%

)
1,

85
9 

(1
.7

%
)

<
0.

00
1

R
ac

e,
 W

hi
te

, n
o.

 (
%

)
9,

93
7 

(8
5.

3%
)

94
,5

13
 (

85
.3

%
)

0.
92

C
ha

rl
so

n 
C

om
or

bi
di

ty
 I

nd
ex

, m
ea

n 
± 

SD
1.

2 
±

 1
.2

0.
92

±
 1

.1
<

0.
00

1

C
H

A
D

S2
 s

co
re

, m
ea

n 
± 

SD
1.

7 
±

 1
.2

1.
7 

±
 1

.2
<

0.
00

1

C
H

A
D

S2
 s

co
re

 g
ro

up
<

0.
00

1

 
C

H
A

D
S2

 0
–1

, n
o.

 (
%

)
5,

23
8 

(4
4.

9%
)

52
,5

39
 (

47
.4

%
)

<
0.

00
1

 
C

H
A

D
S2

 2
–3

, n
o.

 (
%

)
5,

56
4 

(4
7.

7%
)

50
,4

06
 (

45
.5

%
)

<
0.

00
1

 
C

H
A

D
S2

 4
–6

, n
o.

 (
%

)
85

3 
(7

.3
%

)
7,

86
5 

(7
.1

%
)

0.
38

C
on

ge
st

iv
e 

H
ea

rt
 F

ai
lu

re
, n

o.
 (

%
)

2,
63

8 
(2

2.
6%

)
16

,6
79

 (
15

.1
%

)
<

0.
00

1

H
yp

er
te

ns
io

n,
 n

o.
 (

%
)

7,
56

4 
(6

4.
9%

)
69

,9
37

 (
63

.1
%

)
<

0.
00

1

A
ge

 ≥
 7

5 
ye

ar
s,

 n
o.

 (
%

)
4,

88
5 

(4
1.

9%
)

52
,9

74
 (

47
.8

%
)

<
0.

00
1

D
ia

be
te

s,
 n

o.
 (

%
)

3,
56

3(
30

.6
%

)
31

,7
39

 (
28

.6
%

)
<

0.
00

1

P
ri

or
 S

tr
ok

e/
T

IA
, n

o.
 (

%
)

68
1 

(5
.8

%
)

6,
87

9 
(6

.2
%

)
0.

12

P
ri

or
 M

I,
 n

o.
 (

%
)

76
8 

(6
.6

%
)

4,
75

1 
(4

.3
%

)
<

0.
00

1

eG
F

R
 g

ro
up

, m
L

/m
in

/1
.7

3m
2

<
0.

00
1

 
eG

F
R

 ≥
 9

0,
 n

o.
 (

%
)

1,
19

9 
(1

0.
3%

)
14

,2
56

 (
12

.9
%

)
<

0.
00

1

Am Heart J. Author manuscript; available in PMC 2016 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ullal et al. Page 14

A
m

io
da

ro
ne

 p
re

sc
ri

be
d 

w
it

hi
n 

90
 d

ay
s 

af
te

r 
A

F
 d

ia
gn

os
is

Y
es

 (
N

=1
1,

65
5)

N
o 

(N
=1

10
,8

10
)

P

 
eG

F
R

 6
0–

89
, n

o.
 (

%
)

5,
10

8 
(4

3.
8%

)
56

,8
02

 (
51

.3
%

)
<

0.
00

1

 
eG

F
R

 4
5–

59
, n

o.
 (

%
)

2,
83

8 
(2

4.
4%

)
23

,9
38

 (
21

.6
%

)
<

0.
00

1

 
eG

F
R

 3
0–

44
, n

o.
 (

%
)

1,
72

3 
(1

4.
8%

)
11

,5
60

 (
10

.4
%

)
<

0.
00

1

 
eG

F
R

 1
5–

29
, n

o.
 (

%
)

57
9 

(5
.0

%
)

3,
15

9 
(2

.9
%

)
<

0.
00

1

 
eG

F
R

 <
15

, n
o.

 (
%

)
10

3 
(0

.8
8%

)
56

7 
(0

.5
1%

)
<

0.
00

1

 
D

ia
ly

si
s,

 n
o.

 (
%

)
10

5 
(0

.9
0%

)
52

8 
(0

.4
8%

)
<

0.
00

1

eG
F

R
, m

ea
n 

± 
SD

, m
L

/m
in

/1
.7

3m
2

62
.4

 ±
 2

1.
3

67
.3

 ±
 2

0.
3

<
0.

00
1

C
ar

di
ov

as
cu

la
r 

M
ed

ic
at

io
ns

 
A

sp
ir

in
, n

o.
 (

%
)

2,
33

2 
(2

0.
0%

)
16

,3
79

 (
14

.8
%

)
<

0.
00

1

 
C

lo
pi

do
gr

el
, n

o.
 (

%
)

1,
00

1 
(8

.6
%

)
5,

43
9 

(4
.9

%
)

<
0.

00
1

 
A

sp
ir

in
 +

 C
lo

pi
do

gr
el

, n
o.

 (
%

)
52

0 
(4

.5
%

)
2,

21
5 

(2
.0

%
)

<
0.

00
1

 
A

C
E

 I
nh

ib
it

or
 o

r 
A

ng
io

te
ns

in
 R

ec
ep

to
r 

B
lo

ck
er

s,
 n

o.
 (

%
)

7,
04

8 
(6

0.
5%

)
57

,5
56

 (
51

.9
%

)
<

0.
00

1

 
A

lp
ha

 b
lo

ck
er

s,
 n

o.
 (

%
)

27
4 

(2
.4

%
)

2,
13

8 
(1

.9
%

)
0.

00
2

 
D

iu
re

ti
cs

, n
o.

 (
%

)
6,

82
7 

(5
8.

6%
)

50
,2

20
 (

45
.3

%
)

<
0.

00
1

 
N

ia
ci

n 
or

 F
ib

ra
te

s,
 n

o.
 (

%
)

93
4 

(8
.0

%
)

7,
70

8 
(7

.0
%

)
<

0.
00

1

 
St

at
in

s,
 n

o.
 (

%
)

7,
21

2 
(6

1.
9%

)
57

,5
86

 (
52

.0
%

)
<

0.
00

1

 
W

ar
fa

ri
n,

 n
o.

 (
%

)
6,

61
8 

(5
6.

8%
)

62
,2

70
 (

56
.2

%
)

0.
22

A
nt

ia
rr

hy
th

m
ic

 D
ru

gs
<

0.
00

1

 
A

ll 
C

la
ss

 I
, n

o.
 (

%
)

13
2 

(1
.1

%
)

2,
48

4 
(2

.2
%

)
<

0.
00

1

 
C

la
ss

 I
II

 (
So

ta
lo

l/ 
D

of
et

ili
de

),
 n

o.
 (

%
)

86
 (

0.
74

%
)

4,
08

8 
(3

.7
%

)
<

0.
00

1

R
at

e-
co

nt
ro

lli
ng

 d
ru

gs
<

0.
00

1

 
A

ll 
be

ta
-b

lo
ck

er
s,

 n
o.

 (
%

)
7,

59
0 

(6
5.

1%
)

63
,7

21
 (

57
.5

%
)

<
0.

00
1

 
 

M
et

op
ro

lo
l, 

no
. (

%
)

5,
24

0 
(4

5.
0%

)
41

,5
67

 (
37

.5
%

)
<

0.
00

1

 
 

C
ar

ve
di

lo
l, 

no
. (

%
)

1,
48

6 
(1

2.
8%

)
6,

22
0 

(5
.6

%
)

<
0.

00
1

 
 

A
te

no
lo

l, 
no

. (
%

)
79

2 
(6

.8
%

)
14

,7
28

 (
13

.3
%

)
<

0.
00

1

 
 

O
th

er
, n

o.
 (

%
)

72
 (

0.
62

%
)

1,
20

6 
(1

.1
%

)
<

0.
00

1

 
A

ll 
ca

lc
iu

m
-c

ha
nn

el
 b

lo
ck

er
s,

 n
o.

 (
%

)
2,

88
1 

(2
4.

7%
)

34
,2

01
 (

30
.9

%
)

<
0.

00
1

Am Heart J. Author manuscript; available in PMC 2016 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ullal et al. Page 15

A
m

io
da

ro
ne

 p
re

sc
ri

be
d 

w
it

hi
n 

90
 d

ay
s 

af
te

r 
A

F
 d

ia
gn

os
is

Y
es

 (
N

=1
1,

65
5)

N
o 

(N
=1

10
,8

10
)

P

 
 

D
ilt

ia
ze

m
, n

o.
 (

%
)

1,
23

8 
(1

0.
6%

)
16

,5
59

 (
14

.9
%

)
<

0.
00

1

 
 

V
er

ap
am

il,
 n

o.
 (

%
)

14
5 

(1
.2

%
)

2,
56

1 
(2

.3
%

)
<

0.
00

1

 
 

O
th

er
, n

o.
 (

%
)

1,
49

8 
(1

2.
9%

)
15

,0
81

 (
13

.6
%

)
0.

02

D
ig

ox
in

, n
o.

 (
%

)
2,

84
9 

(2
4.

4%
)

25
,8

30
 (

23
.3

%
)

0.
01

Am Heart J. Author manuscript; available in PMC 2016 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ullal et al. Page 16

T
ab

le
 2

U
na

dj
us

te
d 

M
or

ta
lit

y 
In

ci
de

nc
e 

R
at

es
.

T
re

at
m

en
t

P
er

so
n-

T
im

e 
(Y

rs
)

D
ea

th
s

M
or

ta
lit

y 
R

at
e 

(p
er

 1
,0

00
 P

er
so

n-
Y

ea
rs

),
 u

na
dj

us
te

d
In

ci
de

nc
e 

R
at

e 
R

at
io

 (
95

%
 C

I)
, u

na
dj

us
te

d
P

F
ul

l C
oh

or
t

 
N

o 
A

m
io

da
ro

ne
31

8,
93

5
25

,6
46

73
–

–

 
A

m
io

da
ro

ne
34

,2
33

3,
07

7
87

1.
19

 (
1.

15
–1

.2
4)

<
0.

00
1

O
ve

ra
ll

35
3,

16
8

28
,7

23
81

–
–

P
ro

pe
ns

it
y-

M
at

ch
ed

 C
oh

or
ts

 
N

o 
A

m
io

da
ro

ne
30

,7
70

2,
78

8
87

–
–

 
A

m
io

da
ro

ne
32

,1
34

2,
97

7
89

1.
02

 (
0.

98
–1

.0
8)

0.
36

O
ve

ra
ll

62
,9

04
5,

76
5

88
–

–

Am Heart J. Author manuscript; available in PMC 2016 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ullal et al. Page 17

T
ab

le
 3

M
ul

tiv
ar

ia
te

 a
nd

 P
ro

pe
ns

ity
-M

at
ch

ed
 C

ox
 R

eg
re

ss
io

n 
R

es
ul

ts
.

M
od

el

A
m

io
da

ro
ne

F
ul

l C
oh

or
t

P
ro

pe
ns

ity
-M

at
ch

ed
 C

oh
or

t

H
R

 (
95

%
 C

I)
N

=1
22

,4
65

P
H

R
 (

95
%

 C
I)

N
=2

1,
71

6
P

U
na

dj
us

te
d

1.
11

 (
1.

07
–1

.1
6)

<
0.

00
1

—
—

 
A

ge
, s

ex
, r

ac
e

1.
18

 (
1.

14
–1

.2
3)

<
0.

00
1

—
—

F
ul

l m
od

el
*

 
A

ll 
pa

ti
en

ts
1.

01
 (

0.
97

–1
.0

5)
0.

51
1.

02
 (

0.
97

–1
.0

7)
0.

45

 
A

dh
er

en
ce

 (
M

P
R

)-
ad

ju
st

ed
†

0.
90

 (
0.

85
–0

.9
4)

<
0.

00
1

1.
12

 (
0.

97
–1

.3
1)

0.
13

eG
F

R
 g

ro
up

, m
L

/m
in

/1
.7

3m
2

 
eG

F
R

 ≥
 9

0
1.

00
 (

0.
86

–1
.1

7)
0.

97
1.

10
 (

0.
90

–1
.3

6)
0.

35

 
eG

F
R

 6
0–

89
1.

00
 (

0.
94

–1
.0

7)
0.

96
1.

03
 (

0.
95

–1
.1

3)
0.

46

 
eG

F
R

 4
5–

59
0.

97
 (

0.
90

–1
.0

5)
0.

50
0.

95
 (

0.
85

–1
.0

5)
0.

28

 
eG

F
R

 3
0–

44
0.

98
 (

0.
90

–1
.0

7)
0.

68
1.

05
 (

0.
94

–1
.1

8)
0.

36

 
eG

F
R

 1
5–

29
1.

01
 (

0.
89

–1
.1

5)
0.

87
0.

98
 (

0.
83

–1
.1

6)
0.

82

 
eG

F
R

 <
15

0.
80

 (
0.

58
–1

.0
9)

0.
16

0.
93

 (
0.

63
–1

.3
5)

0.
69

 
D

ia
ly

si
s

1.
37

 (
1.

02
–1

.8
6)

0.
04

1.
23

 (
0.

84
–1

.8
0)

0.
29

* Fo
r 

fu
ll 

co
ho

rt
, f

ul
l m

od
el

s 
ad

ju
st

ed
 f

or
 a

ge
, s

ex
, r

ac
e,

 h
yp

er
te

ns
io

n,
 s

tr
ok

e,
 h

ea
rt

 f
ai

lu
re

, d
ia

be
te

s 
m

el
lit

us
, C

H
A

D
S2

 s
co

re
, C

ha
rl

so
n 

co
m

or
bi

di
ty

 s
co

re
, d

ig
ox

in
, b

et
a 

bl
oc

ke
rs

, d
iu

re
tic

s,
 a

nt
i-

pl
at

el
et

 
ag

en
ts

, w
ar

fa
ri

n,
 s

ta
tin

s,
 n

ia
ci

n/
fi

br
at

es
, A

C
E

 in
hi

bi
to

rs
/a

ng
io

te
ns

in
 r

ec
ep

to
r 

bl
oc

ke
rs

, a
nd

 e
G

FR
 g

ro
up

.

† Fu
ll 

ad
he

re
nc

e 
(M

PR
)-

ad
ju

st
ed

 m
od

el
 w

as
 c

re
at

ed
 b

y 
ad

ju
st

in
g 

fo
r 

am
io

da
ro

ne
 m

ed
ic

at
io

n 
po

ss
es

si
on

 r
at

io
 (

M
PR

) 
fr

om
 d

at
e 

of
 f

ir
st

 A
F 

di
ag

no
si

s 
to

 d
at

e 
of

 d
ea

th
 o

r 
ce

ns
or

in
g,

 a
s 

a 
tim

e-
va

ry
in

g 
ex

po
su

re
. A

ls
o 

ad
ju

st
ed

 f
or

 a
ge

, s
ex

, r
ac

e,
 h

yp
er

te
ns

io
n,

 s
tr

ok
e,

 h
ea

rt
 f

ai
lu

re
, d

ia
be

te
s 

m
el

lit
us

, C
H

A
D

S2
 s

co
re

, C
ha

rl
so

n 
co

m
or

bi
di

ty
 s

co
re

, d
ig

ox
in

, b
et

a 
bl

oc
ke

rs
, d

iu
re

tic
s,

 a
nt

i-
pl

at
el

et
 a

ge
nt

s,
 w

ar
fa

ri
n,

 
st

at
in

s,
 n

ia
ci

n/
fi

br
at

es
, A

C
E

 in
hi

bi
to

rs
/a

ng
io

te
ns

in
 r

ec
ep

to
r 

bl
oc

ke
rs

, a
nd

 e
G

FR
 g

ro
up

.

Am Heart J. Author manuscript; available in PMC 2016 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ullal et al. Page 18

T
ab

le
 4

Su
bg

ro
up

 A
na

ly
si

s:
 A

ss
oc

ia
tio

n 
of

 A
m

io
da

ro
ne

 w
ith

 M
or

ta
lit

y.

Su
bg

ro
up

A
m

io
da

ro
ne

F
ul

l C
oh

or
t*

P
ro

pe
ns

ity
-M

at
ch

ed
 C

oh
or

t†

H
R

 (
95

%
 C

I)
P

H
R

 (
95

%
 C

I)
P

M
al

e
1.

01
 (

0.
97

–1
.0

5)
0.

51
1.

04
 (

0.
99

–1
.1

0)
0.

10

F
em

al
e

0.
93

 (
0.

61
–1

.4
2)

0.
73

0.
95

 (
0.

54
–1

.6
5)

0.
85

A
ge

 ≥
 6

5
0.

95
 (

0.
91

–0
.9

9)
0.

02
**

0.
99

 (
0.

93
–1

.0
5)

0.
69

A
ge

 <
65

1.
16

 (
1.

05
–1

.2
8)

0.
00

3*
*

0.
98

 (
0.

93
–1

.0
3)

0.
40

P
re

vi
ou

s 
di

ag
no

si
s 

of
 h

ea
rt

 f
ai

lu
re

1.
01

 (
0.

94
–1

.0
8)

0.
88

0.
99

 (
0.

90
–1

.0
8)

0.
80

N
o 

pr
ev

io
us

 d
ia

gn
os

is
 o

f 
he

ar
t 

fa
ilu

re
1.

01
 (

0.
96

–1
.0

6)
0.

72
1.

01
 (

0.
95

–1
.0

7)
0.

85

P
re

vi
ou

s 
di

ag
no

si
s 

of
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n

1.
06

 (
0.

92
–1

.2
3)

0.
40

1.
14

 (
0.

94
–1

.3
8)

0.
18

N
o 

pr
ev

io
us

 d
ia

gn
os

is
 o

f 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n

1.
01

 (
0.

97
–1

.0
5)

0.
62

1.
01

 (
0.

95
–1

.0
6)

0.
79

T
re

at
ed

 w
it

h 
W

ar
fa

ri
n

1.
02

 (
0.

96
–1

.0
7)

0.
53

1.
04

 (
0.

97
–1

.1
2)

0.
27

T
re

at
ed

 w
it

ho
ut

 W
ar

fa
ri

n
1.

02
 (

0.
96

–1
.0

8)
0.

59
1.

00
 (

0.
93

–1
.0

8)
0.

96

T
re

at
ed

 w
it

h 
be

ta
 b

lo
ck

er
1.

01
 (

0.
96

–1
.0

6)
0.

61
1.

02
 (

0.
96

–1
.0

9)
0.

48

N
ot

 t
re

at
ed

 w
it

h 
be

ta
 b

lo
ck

er
1.

05
 (

0.
99

–1
.1

2)
0.

13
1.

04
 (

0.
95

–1
.1

3)
0.

38

In
pa

ti
en

t 
in

de
x 

A
F

 d
ia

gn
os

is
0.

86
 (

0.
79

–0
.9

3)
<

0.
00

1*
*

0.
77

 (
0.

69
–0

.8
7)

<
0.

00
1*

*

O
ut

pa
ti

en
t 

in
de

x 
A

F
 d

ia
gn

os
is

1.
05

 (
1.

01
–1

.1
0)

0.
02

**
1.

07
 (

1.
01

–1
.1

3)
0.

02
**

N
ew

 u
se

r 
of

 a
m

io
da

ro
ne

1.
01

 (
0.

97
–1

.0
5)

0.
58

0.
96

 (
0.

91
–1

.0
2)

0.
17

R
ec

ei
ve

d 
am

io
da

ro
ne

 a
t 

an
y 

ti
m

e 
in

 t
he

 2
 y

ea
rs

 p
ri

or
 t

o 
in

de
x 

pr
es

cr
ip

ti
on

1.
03

 (
0.

84
–1

.2
6)

0.
77

1.
19

 (
0.

94
–1

.5
0)

0.
15

N
ew

 u
se

r 
of

 a
m

io
da

ro
ne

 (
O

ut
pa

ti
en

t 
A

F
 d

ia
gn

os
is

 s
ub

gr
ou

p)
1.

06
 (

1.
01

–1
.1

0)
0.

02
0.

99
 (

0.
93

–1
.0

6)
0.

76

R
ec

ei
ve

d 
am

io
da

ro
ne

 a
t 

an
y 

ti
m

e 
in

 t
he

 2
 y

ea
rs

 p
ri

or
 t

o 
in

de
x 

pr
es

cr
ip

ti
on

 (
O

ut
pa

ti
en

t 
A

F
 d

ia
gn

os
is

 s
ub

gr
ou

p)
0.

99
 (

0.
79

–1
.2

4)
0.

90
1.

26
 (

0.
98

–1
.6

3)
0.

08

>2
00

 m
g 

da
ily

 d
os

e 
of

 in
de

x 
pr

es
cr

ip
ti

on
1.

10
 (

0.
92

–1
.3

3)
0.

29
1.

01
 (

0.
94

–1
.0

8)
0.

78

≤2
00

 m
g 

da
ily

 d
os

e 
of

 in
de

x 
pr

es
cr

ip
ti

on
1.

00
 (

0.
97

–1
.0

5)
0.

68
1.

02
 (

0.
97

–1
.0

9)
0.

42

Am Heart J. Author manuscript; available in PMC 2016 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ullal et al. Page 19

Su
bg

ro
up

A
m

io
da

ro
ne

F
ul

l C
oh

or
t*

P
ro

pe
ns

ity
-M

at
ch

ed
 C

oh
or

t†

H
R

 (
95

%
 C

I)
P

H
R

 (
95

%
 C

I)
P

L
oa

di
ng

 d
os

e
0.

95
 (

0.
88

–1
.0

3)
0.

25
0.

98
 (

0.
90

–1
.0

8)
0.

71

N
o 

lo
ad

in
g 

do
se

1.
03

 (
0.

99
–1

.0
7)

0.
18

1.
03

 (
0.

97
–1

.0
9)

0.
30

* A
dj

us
te

d 
fo

r 
ag

e,
 s

ex
, r

ac
e,

 h
yp

er
te

ns
io

n,
 s

tr
ok

e,
 h

ea
rt

 f
ai

lu
re

, d
ia

be
te

s,
 C

H
A

D
S2

 s
co

re
, C

ha
rl

so
n 

co
m

or
bi

di
ty

 s
co

re
, d

ig
ox

in
, b

et
a 

bl
oc

ke
rs

, d
iu

re
tic

s,
 a

nt
i-

pl
at

el
et

 a
ge

nt
s,

 w
ar

fa
ri

n,
 s

ta
tin

s,
 n

ia
ci

n/
fi

br
at

es
, 

A
C

E
 in

hi
bi

to
rs

/a
ng

io
te

ns
in

 r
ec

ep
to

r 
bl

oc
ke

rs
, a

nd
 e

G
FR

 g
ro

up
.

**
P

-v
al

ue
 f

or
 in

te
ra

ct
io

n 
w

as
 s

ig
ni

fi
ca

nt
 (

P
 ≤

 0
.0

5)

† C
ov

ar
ia

te
s 

re
ta

in
ed

 f
or

 p
ro

pe
ns

ity
-a

dj
us

te
d 

su
bg

ro
up

 a
na

ly
si

s 
ar

e 
id

en
tic

al
 to

 th
os

e 
lis

te
d 

on
 S

up
pl

em
en

ta
l T

ab
le

 1
 f

or
 th

e 
pr

op
en

si
ty

-m
at

ch
ed

 c
oh

or
t. 

Po
te

nt
ia

l c
ov

ar
ia

te
s 

an
al

yz
ed

 in
cl

ud
e:

 a
ge

, s
ex

, r
ac

e,
 

C
ha

rl
so

n 
C

om
or

bi
di

ty
 I

nd
ex

, C
H

A
D

S2
 0

–1
, C

H
A

D
S2

 2
–3

, C
H

A
D

S2
 4

–6
, m

ea
n 

C
H

A
D

S2
 s

co
re

, h
ea

rt
 f

ai
lu

re
, h

yp
er

te
ns

io
n,

 d
ia

be
te

s,
 p

ri
or

 s
tr

ok
e/

T
IA

, e
G

FR
 ≥

 9
0,

 e
G

FR
 6

0–
89

, e
G

FR
 4

5–
59

, e
G

FR
 3

0–
44

, e
G

FR
 1

5–
29

, e
G

FR
 <

15
, d

ia
ly

si
s,

 d
iu

re
tic

s,
 n

ia
ci

n 
or

 f
ib

ra
te

s,
 s

ta
tin

s,
 w

ar
fa

ri
n,

 a
ll 

be
ta

-b
lo

ck
er

s,
 a

nt
i-

pl
at

el
et

 a
ge

nt
s,

 A
C

E
 in

hi
bi

to
rs

/a
ng

io
te

ns
in

 r
ec

ep
to

r 
bl

oc
ke

rs
, o

r 
di

go
xi

n.
 A

 r
el

ev
an

t c
ov

ar
ia

te
 w

as
 

re
m

ov
ed

 f
ro

m
 th

e 
m

od
el

 w
he

n 
th

at
 v

ar
ia

bl
e 

de
fi

ne
d 

th
e 

su
bg

ro
up

 b
ei

ng
 a

na
ly

ze
d.

 N
o 

P
-v

al
ue

s 
fo

r 
in

te
ra

ct
io

n 
w

er
e 

si
gn

if
ic

an
t (

P
 ≤

 0
.0

5)
 in

 p
ro

pe
ns

ity
-m

at
ch

ed
 a

na
ly

se
s.

Am Heart J. Author manuscript; available in PMC 2016 November 01.


