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Introduction
The concept that “atrial fibrillation begets atrial fibrillation” is well 

described and poses a challenge to physicians hoping to restore sinus 
rhythm [1,2].Atrial remodeling occurs on an electrical, contractile, and 
structural level while patients are in atrial fibrillation (AF) [3,13].These 
changes make patient’s atria more susceptible to developing ep-isodes 
of AF and make the restoration of sinus rhythm more unlikely [14-24]. 
Left atrial (LA) enlargement is a typical structural change observed 
as a result of long-standing AF and predicts failure to maintain sinus 
rhythm [25-30].

Atrial fibrillation is the most commonly encountered sustained 
arrhythmia and is associated with significant morbidity and mortality 
[31,37]. Despite the increased mor-tality that comes with AF, multiple 
trials have demonstrated that no mortality benefit ex-ists when 
choosing a rhythm-control strategy over a rate-control strategy, with 
some tri-als suggesting an increase in mortality [38-44]. The Atrial 
Fibrillation Follow-up Investi-gation of Rhythm Management 
(AFFIRM) study compared rhythm-control and rate-control 
strategies for the treatment of atrial fibrillation [40]. The trial included 

patients at least 65 years of age or at increased risk for stroke. The 
rhythm-control group was pri-marily treated using anti-arrhythmic 
drugs (AADs) and electrical cardioversion with a small percentage 
undergoing ablation. The AFFIRM investigators found that more 
pa-tients in the rhythm-control group were hospitalized, had more 
adverse drug effects, and had a non-significant trend towards higher 
mortality compared to patients in the rate-control arm. The study’s 
aim in AFFIRM trial was to compare strategies in a heterogeneous 
patients population with atrial fibrillation. As a result, the patients 
included in the trial had a wide range of atrial remodeling and 
structural changes.

Using the AFFIRM trial database we sought to determine the 
effect of a rhythm-control strategy in patients with normal or mild 
LA enlargement. The presence of LA en-largement was collected 
during the AFFIRM trial based on the LA dimension. We chose 
the size of LA as a surrogate marker for LA remodeling as it has 
been demonstrated to occur in patients with long-standing AF and 
predicts difficulties in maintaining sinus rhythm.

Materials and Methods
Study population

Data from the Atrial Fibrillation Follow-up Investigation of 
Rhythm Management (AFFIRM) trial were used in this study. 
The AFFIRM study was a multi-center rando-mized clinical trial 
comparing rhythm-control to rate-control for patients with atrial 
fibrillation. The patients included were those who were at least 
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Abstract
Background: Atrial fibrillation is the most commonly encountered sustained arrhythmia and is asso-ciated with significant morbidity 

and mortality. Several trials have demonstrated that no mortality benefit exists when choosing a rhythm-control strategy over a rate-control 
strategy, with some trials suggesting an increase in mortality. Using the AFFIRM trial database we sought to determine the effect of rhythm 
control strategy in patients with normal or mild atrial enlargement.

Methods: AFFIRM Trial database was used to evaluate the effect of rhythm-control strategy com-pared to rate-control strategy in a 
subgroup of patients with normal to mild left atrial (LA) enlargement. The primary outcome measures of this study were all-cause mortality, 
cardiovascular mortality, non-cardiovascular mortality, and hospitalization/ED visit.

Results: We identified a subgroup of subjects from the AFFIRM trial with normal or mild LA en-largement (n=2022 of 4060 total subjects). 
Subjects in the rhythm-control group(n= 1022) had an increased risk of all-cause mortality by 34% (RR 1.34, 95% CI 1.08-1.67; P=0.007) 
and hospitalization/ED visits by 10% (RR 1.10, 95% CI 1.05-2.16; P=<0.001) compared to rate control group(n= 1000).

Conclusion: This study demonstrated that rhythm-control strategy increases the risk of mortality and hospitalization in a subgroup of 
patients with normal to mild atrial enlargement com-pared to rate-control strategy. Amiodarone use in this subgroup of patients likely drove 
these findings.
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65 years of age or who had other risk factors for stroke or death. 
Additionally, patients included were those in which long-term 
treatment was warranted, were candidates for either treatment 
strategy, did not have contraindications to anticoagulation, and had 
a high likelihood of recurrent atrial fibrillation. In our study, patients 
from the AFFIRM trial who had normal or mild LA enlargement 
based on echocardiography were included in our study.  

Intervention
The patients in AFFIRM trial were randomized to rhythm-control 

or rate-control strategies. In the rhythm-control arm, patients were 
maintained in sinus rhythm by AADs (class Ia, Ic or III), as well 
as electrical cardioversion, if necessary. The AADs were amiodarone, 
flecainide, dofetilide, propafenone, disopyramide, procainamide, 
quinidine, sotalol, and moricizine. In the rate-control strategy, the 
ventricular rate was controlled using beta-blockers, digoxin, and/
or calcium-channel blockers (verapamil and diltiazem). The target 
ventricular rate was =< 80 beats per minute at rest and =< 110 beats 
per minute during a six-minute walk test.

Outcome
Outcomes include all-cause mortality, cardiovascular mortality, 

non-cardiovascular mortality, and the rate of hospitalization.

Statistical analysis
Comparisons between the two treatment arms, rhythm-control 

strategy and rate-control strategy, were conducted between baseline 
demographic and health characteristics using chi-square test and 
student’s t-test. Baseline demographic characteristics included age, 

sex, and body mass index. Baseline health characteristics included 
past medical history, predominant cardiac diagnosis, blood pressure, 
and left ventricular ejection fraction.

An intention-to-treat analysis was used to compare outcomes of 
the two groups in patients with normal or mild LA enlargement. A 
chi-square test was used to test for differences between the treatment 
group’s outcomes. A logistic regression model was also used to adjust 
for the difference in sex distribution between the two groups. The 
statistical analyses were performed using SAS version 9.4. All tests 
were conducted using an α=0.05 as the probability for a Type I error.

Results
Baseline Characteristics

The total number of subjects with normal or mild LA enlargement 
in the AFFIRM trial was 2,022 out of 4,060 subjects. Of the 
2,022 subjects with normal or mild LA en-largement; 1,022 were 
assigned to the rhythm-control group, and 1,000 were assigned to 
the rate-control group. [Table 1] displays the descriptive baseline 
demographics and health characteristics of the two groups.

The mean (±SD) age, body mass index, and ejection fraction 
were 70±8 years, 28±6 kg/m2, and 57±7%, respectively. A total of 
70 percent of the subjects had hypertension; 18.8 percent of the 
subjects had diabetes; 33.8 percent of subjects had coronary artery 
disease; 18.8 percent of the subjects had a history of congestive heart 

Table 1: Baseline demographic and health characteristics. *

Characteristics Rhythm-
control
(N=1022)

Rate-control 
(N= 1000)

P Val-ue

Age (year) 70±8 70±8 0.71

Female sex (% of patients) 42.47† 47.60 0.02

Body mass index 28±6 29±6 0.23

Medical history (% of patients)
● Diabetes (DM)
● Hypertension (HTN)
● Angina pectoris 
● Myocardial infarction
● Coronary artery disease
● Coronary artery bypass graft  
● Stroke or TIA
● Valvular heart disease
● Congestive heart failure 
● Congenital heart disease
● Peripheral vascular disease
● Hepatic or renal disease
● Pulmonary disease
● First episode of atrial fibrillation (AF)
● Duration of qualifying of AF ≥ 2 days

17.91
70.06
24.07
15.95
34.83
10.08
13.50
10.76
18.49
0.39
6.46
4.99
14.48
36.32
62.72

19.80
69.90
21.40
12.90
32.70
8.20
14.50
10.70
19.10
0.20
6.30
6.40
12.30
37.89
64.00

0.28
0.94
0.15
0.05
0.31
0.14
0.52
0.96
0.73
0.43
0.88
0.17
0.15
0.47
0.94

Predominant cardiac diagnosis (% of patients)
● Dilated non-ischemic cardiomyopathy 54.11 55.60 0.50

Blood pressure before run-in phase (mm Hg)
● Systolic
● Diastolic

136±19
77±10

136±19
77±10

0.97
0.99

Ejection fraction (%) 57±8 57±7 0.55

The follow-up period (year) 3.53±1.28 3.54±1.28 0.85

Change treatment strategy (% of patients) 0.26 0.11

* Plus–minus values are means ±SD.

Table 2: The incidence of the outcomes in patients with normal and mild 
left atrial enlargement, rhythm control vs. rate control

Rhythm-
control
(N=1022)

Rate-
control 
(N= 1000)

Relative Risk
(95% CI)

P-Value

no. of patients (%)

All-cause mortality 169 (16.54) 123 (12.30) 1.34 (1.08-1.67) 0.007

Cardiovascular mortality 74 (7.24) 75 (7.50) 0.97 (0.71-1.32) 0.823

Non-cardiovascular mortality 88 (8.61) 45 (4.50) 1.91 (1.35-2.71) <0.001

Hospitalization/ED visit. 796 (77.89) 707 (70.70) 1.10 (1.05-1.16) <0.001

Figure 1: Kaplan-Meier Survival for All cause Mortality:Rhythm Control vs. 
Rate.
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[Table 3] compares the outcomes based on the type of the initial 
antiarrhythmic medications that was started after randomization. 
All-cause mortality was significantly higher among patients who 
received amiodarone as initial therapy (RR 1.39, 95% CI 1.04-1.85; 
P=0.027) compared to patients who received rate-control therapy. In 
contrast, patients who received sotalol as an initial therapy (RR 1.09, 
95% CI 0.79-1.50; P=0.620) did not have an increase in all-cause 
mortality compared to patients who re-ceived rate-control therapy 
received rate-control therapy. [Figure 1] shows Kaplan Meier 
Survival for the differences in all-cause mortality-between subjects 
in rhythm control strategy and subjects with rate control strategy for 
approximately six years of follow-up. Subjects who received rhythm 
control strategy had significantly shorter survival than subjects 
who received rate control strategy (p-value = 0.01). [Figure 2] and 
Figure 3 show Kaplan Meier Survival for the differences in all-
cause mortality between amiodarone and sotalol compared to rate 
control strategy. Subjects who received amiodarone as initial rhythm 
control strategy had significantly shorter survival than subjects who 
received rate control strategy (p-value = 0.01). However, there was no 
significant difference between in the survival between subjects who 
received sotalol as initial rhythm control strategy and subjects who 
received rate control strategy. 

Discussion
   In this subgroup analysis, rate-control and rhythm-control 
strategies were compared in patients with atrial fibrillation who 
had a normal or mildly enlarged left atrium. Despite this subgroup 
had a more favorable atrial substrate for to maintain sinus rhythm, 
attempts to pursue a rhythm-control strategy resulted in a higher 
risk of mortality and hospitalization/ED visits. The increased 
mortality in the rhythm-control group was primarily related to 
non-cardiovascular events. However, there was no significant differ-
ence in the risk of cardiovascular mortality in the two groups. These 
findings suggest that the mortality associated with a rhythm-control 
strategy is related to adverse effects of AADs.

The increase in adverse events is likely a result of the high rate 
of amiodarone use. In the rhythm-control group, 21.27% of 
patients had been started on amiodarone as the initial therapy after 
randomization. When we evaluated outcomes based on the type of 
antiarrhythmic medications used, we found that those who received 
amiodarone had higher rates of all-cause mortality (RR 1.39, 95% CI 
1.04-1.85; P=0.027) compared to the rate-control group. This finding 
was driven by non-cardiovascular death (RR 2.13, 95% CI 1.38-3.29; 
P=0.001). However, the second most common AAD used, sotalol, 
did not lead to an increased risk of all-cause mortality compared to 
rate-control group (RR 1.09, 95% CI 0.79-1.50; P=0.620).

Amiodarone’s toxicities are well described, and its negative impacts 
have been demonstrated in previous clinical trials. The Rhythm of 
Rate Control in Atrial Fibrilla-tion—Pharmacological Intervention 
in Atrial Fibrillation (PIAF) study exclusively used amiodarone as its 
AAD. The trial found that patients in the rhythm-control group had 
a significantly higher rate of hospital admission and adverse events 
that led to a change in therapy [38]. The Polish How to Treat Chronic 
Atrial Fibrillation (HOT CAFE) Study used a stepwise algorithm 

failure. The total proportion of subjects with their first episode of 
atrial fibrillation was 37.1 percent, and 63.4 percent of the qualifying 
episodes of atrial fibrillation lasted more than two days. There was no 
significant difference between the baseline characteristics of the two 
groups except for sex distribution; 42.5 percent in rhythm control 
group vs. 47.6 percent in the rate control group were women (p= 
0.02).

Outcome
    [Table 2]outlines the comparisons inthe risk of all-cause 
mortality, cardiovascular mortality, non-cardiovascular mortality, and 
hospitalization/ED visit between the two treatment groups. The risk 
of all-cause mortality (RR 1.34, 95% CI 1.08-1.67; P=0.007) and 
non-cardiovascular death (RR 1.91, 95% CI 1.35-2.71; P<0.001) 
were higher among rhythm-control subjects compared to rate-
control subjects. These risks did not change after adjusting for sex 
distribution between the two groups. The risk of hospitalization/ED 
visits was also higher among the rhythm-control group (RR 1.10, 
95% CI 1.05-2.16; P=<0.001). However, there was no significant 
difference in cardiovascular mortalityamong the two treatment 
groups (RR 0.97, 95% CI 0.71-1.32; P=0.823).

Table 3: The incidence of the outcomes in patients with normal and mild 
left atrial enlargement based on the initial antiarrhythmic therapy

Amiodarone
(N= 334)

Rate-
control 
(N= 1000)

Relative Risk
(95% CI)

P-value

All-cause mortality 57 (17.07) 123 (12.30) 1.39 (1.04-1.85) 0.027

Cardiovascular mortality 23 (6.89) 75 (7.50) 0.92 (0.59-1.44) 0.710

Non-cardiovascular mor-tality 32 (9.58) 45 (4.50) 2.13 (1.38-3.29) 0.001

Sotalol
(N= 322)

Rate-control 
(N= 1000)

Relative Risk
(95% CI)

P-value

All-cause mortality 43 (13.35) 123 (12.30) 1.09 (0.79-1.50) 0.620

Cardiovascular mortality 16 (4.97) 75 (7.50) 0.66 (0.39-1.12) 0.119

Non-cardiovascular mor-tality 24 (7.43) 45 (4.50) 1.66 (1.03-2.67) 0.038

Figure 2: Kaplan-Meier Survival for All cause Mortality:Amiodarone Use vs. 
Rate Control.
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of escalating AADs and cardioversion in the rhythm-control group. 
Ultimately 56 percent of patients in the rhythm-control group 
received amioda-rone. Like the PIAF trial, the HOT CAFE trial 
found an increase in the rate of hospitali-zations with amiodarone 
use [42]. The Japanese-RHYTHM Study randomized patients with 
paroxysmal atrial fibrillation, with most patients having normal to 
mildly enlarged left atria. The J-RHYTHM study found no increase 
in mortality or rate of hospitalization. In fact, rhythm control 
strategy was associated with fewer cardiovascular events than rate 
control strategy. The findings of this study are contrary to what had 
been observed in other trials likely due to the low rate of amiodarone 
use (< 1%) in this trial. This trial suggests that AADs other than 
amiodarone are better tolerated in patients when a rhythm-control 
strategy is pursued[43].

did not have a significant cardiovascular benefit to neutralize the 
effect of non-cardiovascular mortality. Those patients did not have 
a significant cardiovascular benefit, in part, due to the lower rate of 
cardiovascular mortality (7.37% vs. 8.69%) compared to the pool of 
patients that include moderate to severe atrial enlargement.

The AFFIRM study included patients with atrial fibrillation with 
different atrial size, ranging from normal to severe atrial enlargement 
[40]. In this group of patients with dif-ferent atrial size, patients who 
were on rhythm control had a higher proportionate mor-tality ratio 
of non-cardiovascular disease and lower proportionate mortality ratio 
of car-diovascular disease compared to patients who were in the rate-
control group. The car-diovascular benefit of rhythm-control in this 
group neutralized the effect of non-cardiovascular side effect of anti-
arrhythmic medications. Therefore, the overall death rate was not 
significantly different between the rhythm-control and rate-control 
groups. In contrast, patients with normal or mild atrial enlargement 
did not have a significant cardiovascular benefit to neutralize the 
effect of non-cardiovascular mortality. Those patients did not have 
a significant cardiovascular benefit, in part, due to the lower rate of 
cardiovascular mortality (7.37% vs. 8.69%) compared to the pool of 
patients that include moderate to severe atrial enlargement.

Some limitations are worth mentioning. Although we include only 
patients with normal to mild LA enlargement, this was based on the 
LA dimension, which was the method that was used at that time.

Therefore, future studies should use LA volume divided by body 
surface area, which is reliable and the standard 2D echocardiographic 
method that is recommended by the American Society of 
Echocardiography to confirm the results of our study [50].
Conclusion
   This study demonstrated that rhythm-control strategy is associated 
with an increased risk of mortality and hospitalization in patients 
with normal to mild atrial enlargement. These findings were likely 
driven by amiodarone use in this subgroup.
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