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Abstract

Background: Whether rhythm control for post-operative atrial fibrillation after cardiac surgery
(POAF) is superior to rate control in patients with heart failure or systolic dysfunction (HF) is not
known.

Methods—We performed a post-hoc analysis of a trial by the Cardiothoracic Surgical Trials
Network, which randomized patients with POAF after cardiac surgery to rate control or rhythm
control with amiodarone/cardioversion. We assessed subgroups of trial participants defined by
heart failure/cardiomyopathy history or left ventricular ejection fraction (LVEF) < 50%. We
conducted a stratified analysis in patients with and without HF to explore outcomes of rhythm
versus rate control strategy.

Results—Of 523 subjects with POAF after cardiac surgery, 131 (25%) had HF. 49% of HF
patients were randomized to rhythm control. In HF patients, rhythm control was associated with
less atrial fibrillation within the first 7 days. There were no differences in rhythm at 30- and
60-day followup. In the HF group, there were significantly more subjects with AF < 48 hours in
the rhythm control group compared to rate control group- 68.8% compared to 46.3%, P=0.009. By
comparison, in the non-HF stratum, 54.4% of the rate control group had AF < 48 hours compared
to 63.5% of the rhythm control group (P=0.067). ), though there was no significant interaction of
heart failure with cardiac rhythm at 7 days (Pinteraction 0.16).

Conclusion—Rhythm control for HF patients with POAF after cardiac surgery increases early
restoration of sinus rhythm. Rate and rhythm control are both reasonable for HF patients with AF
after cardiac surgery
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Introduction

Methods

Post-operative atrial fibrillation (POAF) occurs in up to one third of cardiac surgical
procedures[1]. An understanding of how best to treat POAF is essential. Treatment strategies
include “rate control” and “rhythm control.” The Cardiothoracic Surgical Trials Network
conducted a multicenter randomized trial of rate versus rhythm control in POAF [2]. There
were no differences in outcome between the strategies, and 25% of study participants
crossed over to the unassigned treatment. The patient characteristics predicting clinical
response to rate control versus rhythm control remain unclear, representing a gap in
knowledge.

Patients with heart failure are vulnerable to hemodynamic adverse effects of POAF [3].
Moreover, clinicians often pursue a rhythm control strategy inn heart failure patients with
POAF. Whether a rate control or a rhythm control strategy is best for management of POAF
in patients with known heart failureis not known. We hypothesize that patients with a history
of heart failure would have improved outcomes with rhythm control. Therefore, we assessed
whether heart failure history or systolic dysfunction is an effect measure modifier of the
relationship between rate versus rhythm control and outcome in POAF after cardiac surgery.

Study population

We performed a stratified analysis of the CTSN-POAF trial [2]. Trial data was obtained from
the NIH BioLINCC data repository [4]. The CTSN-POAF trial randomized 523 patients
with POAF after cardiac surgery to rate or rhythm control. Subjects had CABG, valve
procedure or a combined valve-CABG. Follow-up time began at time of randomization.
The heart rhythm was assessed by electrocardiography at hospital discharge, study day 30
and study day 60. Patients receiving mechanical valves, those who were hemodynamically
unstable, and those with history of atrial fibrillation or atrial flutter were excluded. If
POAF persisted for 60 minutes or longer or had recurrent POAF within 7 days, subjects
were randomized to rate control or rhythm control strategy. Those receiving rate control
were prescribed nodal agents to a target heart rate of 100 beats per minute or less.

Rhythm control consisted of amiodarone with electrical cardioversion at 48 hours. Subjects
crossed over to the other arm at clinician discretion for intolerance of the randomized
treatment strategy (hemodynamic status or symptoms). Crossover from rate to rhythm
control consisted of cardioversion and amiodarone. Crossover from rhythm to rate control
included discontinuation of amiodarone and prescription of nodal agents. Anticoagulation
was prescribed at 48 hours if there was persistent AF for 48 hours duration or recurrent AF.
Anticoagulation consisted of warfarin with target INR 2-3.

To determine if history of heart failure or systolic dysfunction was an effect measure
modifier of the relationship between treatment strategy and outcome, we performed a
stratified analysis determining the outcome as a function of treatment strategy in patients
with and without a history of heart failure or systolic dysfunction.
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We stratified by the presence or absence of a history of heart failure. We considered HF

as heart failure/cardiomyopathy history as defined by trial entry criteria, or left ventricular
ejection fraction (LVEF) < 50% on pre-operative echocardiogram. Within each stratum, the
primary exposure variable was “initial as randomized” treatment strategy, representing an
“intention to treat” analysis rather than an* as treated” analysis.

Primary and secondary outcomes

The primary study outcome is total number of days alive and out of hospital within 60

days of surgery. Relevant secondary outcomes include death, percentage of patients in sinus
rhythm at 7 days, hospital discharge, day 30 and day 60, and cross-over from assigned
therapy.

Statistical analysis

Results

The outcome of days alive out of hospital was compared using the Wilcoxon rank-sum

test due to skewed distribution, and categorical variables compared using the Chi Square
test. We performed survival analysis for the endpoint of conversion from atrial fibrillation
within 7 days and generated Kaplan-Meier curves for the proportion of patients remaining

in atrial fibrillation over 7 days time in the heart failure and no heart failure groups. Curves
were compared using the log-rank test. We assessed the interaction of randomized treatment
strategy and HF status in Cox Proportional Hazard models for rhythm at the 7 day time point
and logistic regression models for rhythm at the 30 and 60 day time point. All analyses were
performed using Stata 14.0. A P value < 0.05 was considered statistically significant.

Of 523 subjects, 131 (25%) had HF. Demographics, clinical characteristics and outcomes
for POAF HF subjects compared to those without HF are shown in the Table. Similar
proportions of POAF HF and non-HF subjects required crossover to the alternate
management strategy- 28% of HF subjects and 24% of non-HF subjects. Outcomes of
subjects with POAF were similar in the HF and non-HF groups, with between 23 and
25% 30-day readmission rates, low death rates, and similar numbers of days alive and

out of hospital. Rhythm outcomes were likewise similar between HF and non-HF subjects
with high and similar proportions of subjects in sinus rhythm at 7, 30, and 60 days post-
operatively. Within the HF group, the low EF (<50%, N=86) and preserved EF (>50%,
N=45) groups were overall comparable. Low EF HF subjects were more likely to be

male (80.2% v. 57.8%), more likely to have prior MI (44.2% v. 20%), and more likely

to have isolated CABG (57% v. 35.6%). Otherwise, demographics, clinical characteristics,
procedural conduct, cross-over rates, and outcomes were similar between EF groups.

Clinical characteristics and outcomes for an initial as-randomized rate versus rhythm control
strategies are shown in the Table, stratified by HF status. In the HF group, 25% of those
randomized initially to rate control crossed over to rhythm control and 31% of those
randomized initially to rhythm control crossed over time rate control. In subjects without
HF, 27% of those randomized initially to rate control crossed over to rhythm control and
21% of those randomized initially to rhythm control crossed over to rate control. Rates of
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readmission and death, and the number of days alive and out of hospital were similar in
as-randomized rate and rhythm control groups, in both the HF and non-HF strata. In the HF
group, there was a trend towards lower rates of sinus rhythm at 7 and 60 days with initial
rate control strategy compared to rhythm control, which was less evident in the non-HF
group (Table).

In the HF group, there were significantly more subjects with AF < 48 hours in the
randomized rhythm control group compared to rate control group- 68.8% compared to
46.3%, P=0.009. The time-to-event curves confirm a lower proportion of patients remaining
in atrial fibrillation early with initial rhythm control in heart failure patients (Figure 1, A).
There was a non-significant trend towards shorter time to sinus rhythm in those without HF
(Figure 1, B), though initial rate control resulted in a slightly greater percentage of those
without HF achieving sinus rhythm. Rates of sinus rhythm were high at 30 and 60 days
irrespective of treatment strategy, in both the HF and non-HF subgroups (Table). There was
no significant interaction of heart failure with treatment effect at 7 days (Pinteraction 0.16),
30 days (Pinteraction 0.67) or 60 days (Pinteraction 0.55).

Discussion

In this stratified analysis of a randomized trial of rate versus rhythm control to treat
post-operative atrial fibrillation after cardiac surgery, we report several major findings. A
substantial percentage of HF patients with POAF treated with either initial rate or rhythm
control will require crossover to the other treatment strategy for efficacy or intolerance,
supporting that clinicians must continually re-evaluate their initial treatment strategy. In
addition, an initial rhythm control strategy may shorten time to sinus rhythm in HF patients
compared to rate control leading to significantly fewer patients requiring discharge on
anticoagulation.

HF and AF are synergistic conditions- patients with HF are predisposed to AF via a
variety of mechanisms including elevated left atrial pressure and atriopathy, mitral valve
disease, shared risk factors, as well as the neurohormonal milieu of HF [3]. Moreover,
patients with HF are uniquely predisposed to adverse hemodynamic consequences of atrial
fibrillation including worsening HF [5] and diastolic dysfunction [6]. Our results suggest
that HF patients with POAF initially selected for rate or rhythm control have high rates of
crossovers into the other treatment strategy for intolerance or lack of efficacy. HF patients
manifest a varied dependence on atrial contribution to left ventricular filling and hence

are expected to have a varied hemodynamic response to AF. For example, those with a
dominant atrial filling wave, the “impaired relaxation” pattern, are greatly dependent on
atrial kick while patients with restrictive diastolic filling less so [6-8]. The heart rate and
rhythm irregularity also contribute to reduced cardiac output in AF [9, 10]. Given this varied
hemodynamic response and the high rate of crossovers we report, clinicians should use the
entire armamentarium of treatments available for POAF in HF and tailor the strategy to the
individual patient.

We report high rates of sinus rhythm at discharge, 30 and 60 days among HF patients with
POAF, however it is not known whether these points in time reflect overall arrhythmic
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burden. We report a shorter time to sinus rhythm in POAF patients with HF - 64% of

the initial rhythm control HF group had AF < 48 hours and hence would not require
anticoagulation at discharge. This finding should be considered hypothesis generating,
given the nature of the subgroup analysis. The optimal anticoagulation strategy for POAF
merits further study; our results suggest a hypothesis that if a patient is at high risk for
bleeding complications with anticoagulation at discharge, rhythm control may result in
lower likelihood of requiring anticoagulation at discharge. This strategy should be assessed
in additional studies.

Limitations of our study include that it is a retrospective subgroup analysis of a previously
performed randomized trial and hence is hypothesis generating; subgroup analysis is subject
to type | and type Il error and thus can be considered exploratory only. This subgroup
analysis was conducted in a clinically relevant patient population defined on the basis of a
scientific hypothesis of purported differential treatment effect. Although this subgroup was
not prespecified by the trial, the analytic plan was fully prespecified prior to receipt of trial
data. The small overall sample size is underpowered for clinical events such as mortality and
stroke which are rare. Long-term arrhythmia monitoring was not performed, and as such,
total arrhythmia burden is underestimated in both arms. Finally, it is possible that patients
enrolled in clinical trials may not reflect patients seen in clinical practice[11] which has
implications for generalizability and external validity.

In conclusion, a substantial percentage of HF patients with POAF will require tailored and
individualized AF treatment strategy. An initial rhythm control strategy may shorten time
to sinus rhythm in HF patients compared to rate control. Our findings suggest taking an
individualized approach to the management of POAF in patients with HF and highlight the
need for dedicated prospective studies of treatment of POAF in the HF population.
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Kaplan-Meier curves demonstrating proportion of subjects in atrial fibrillation by treatment
strategy, in cardiac surgical patients with post-operative atrial fibrillation and heart failure
(A; P=0.015 by log-rank test) and without heart failure (B; P=0.075 by log-rank test)
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Table:

Demographics and outcomes for subjects with and without HF

Age (years)

Male sex

Prior Ml

Hypertension

Diabetes

Sleep apnea

Body-mass index
Pre-operative medical therapy
Beta blocker

ACE or ARB

Calcium channel blocker
Preoperative LVEF (%)
Procedure

CABG

Valve repair

CABG + valve repair

Valve replacement

CABG + valve replacement
CABG only (%)
Cardiopulmonary bypass time
Rhythm control strategy
Cross-over to alternate strategy (%)
ICU length of stay (days)
Readmission

Death

Days alive and out of hospital (days)
Sinus rhythm at 7 days

Sinus rhythm at 30 days
Sinus rhythm at 60 days

AF for less than 48 hours

Heart failure (N=131)
68 (9.4)
95 (72.5)
47 (35.9)
104 (79.4)
55 (42.0)
19 (14.5)
29.1 (5.6)

98 (74.8)

73 (55.7)

26 (19.9)
451 (13.3)

65 (49.6)
15 (11.5)
6 (4.6)
20 (15.2)
25 (19.1)
65 (49.6)
122.2 (50.0)
64 (48.9)
37(28.2)
39(55)
30 (22.9)
2 (1.5)
51.0 (12.0)
104 (82.5)
114 (93.4)
112 (94.1)
75 (57.3)

No heart failure (N=392)
68.4 (9.1)
301 (76.8)
51 (13.0)
287 (73.2)
106 (27.0)
44 (11.2)
28.7 (5.1)

209 (53.3)
196 (50.0)
84 (21.4)
60.3 (5.6)

147 (37.5)
67 (17.1)
11 (2.8)
106 (27.0)
61 (15.6)
147 (37.5)
99.3 (40.0)
197 (50.3)
95 (24.2)
26(3.8)
96 (24.5)
3(08)
52.1(13.2)
318 (83.9)
348 (94.2)
348 (96.9)
231 (58.9)

Heart failure (N=131)
Age (years)
Male sex
Prior Ml
Hypertension
Diabetes
Sleep apnea

Body-mass index

Pre-operative medical therapy

J Card Fail. Author manuscript; available in PMC 2022 August 01.

Rate control
68.0 (11.05)
52 (77.6)
26 (38.8)
53 (79.1)
28 (41.8)
10 (14.9)
29.2 (5.3)

Rhythm control
67.9 (7.3)
43 (67.2)

21 (32.8)
51 (79.7)
27 (42.2)
9(14.1)
29.1 (5.9)
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Beta blocker

ACE or ARB

Calcium channel blocker
Preoperative LVEF (%)
Procedure

CABG

Valve repair

CABG + valve repair

Valve replacement

CABG + valve replacement
CABG only (%)
Cardiopulmonary bypass time
Off-pump procedure
Cross-over to alternate strategy (%)
Readmission

Death

Days alive and out of hospital (days)
Sinus rhythm at 7 days

Sinus rhythm at 30 days
Sinus rhythm at 60 days

AF for less than 48 hours

52 (77.6)

37 (55.2)

10 (14.9)
443 (13.9)

36 (53.7)
8(11.9)
5 (7.5)
9(13.4)
9(13.4)
36 (53.7)
1225 (50.4)
3(4.5)
17 (25.4)
16 (23.9)
1(15)
51.1 (11.4)
50 (76.9)
57 (91.9)
56 (90.3)
31(46.3)

46 (71.9)

36 (56.3)

16 (25.0)
46.0 (12.6)

29 (45.3)
7(10.9)
1(1.6)
11(17.2)
16 (25.0)
29 (45.3)
121.9 (50.0)
4(6.3)
20 (31.3)
14 (21.9)
1(1.6)
50.8 (12.7)
54 (88.5)
57 (95.0)
56 (98.3)
44 (68.8)

No heart failure (N=392)
Age (years)

Male sex

Prior M1

Hypertension

Diabetes

Sleep apnea

Body-mass index
Pre-operative medical therapy
Beta blocker

ACE or ARB

Calcium channel blocker
Preoperative LVEF (%)
Procedure

CABG

Valve repair

CABG + valve repair
Valve replacement

CABG + valve replacement
CABG only (%)
Cardiopulmonary bypass time

Off-pump procedure
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Rate control
68.9 (9.4)
145 (74.4)
24 (12.3)
140 (71.8)
54 (27.7)
23 (11.8)
28.1 (4.8)

110 (56.4)
102 (52.3)
42 (21.5)

61.0 (6.04)

76 (39.0)
31(15.9)
5 (2.6)
51 (26.2)
32 (16.4)
76 (39.0)
97.6 (39.9)
3(L5)

Rhythm control
67.9 (8.8)
156 (79.2)
27 (13.7)
147 (74.6)
52 (26.4)
21(10.7)
29.2 (5.4)

99 (50.3)
94 (47.7)
42 (21.3)

59.6 (5.06)

71 (36.0)
36 (18.3)
6(3.1)

55 (27.9)
29 (14.7)
71 (36.0)
101.04 (40.1)
8 (4.1)
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Cross-over to alternate strategy (%)
Readmission

Death

Days alive and out of hospital (days)
Sinus rhythm at 7 days

Sinus rhythm at 30 days

Sinus rhythm at 60 days

AF for less than 48 hours

53 (27.2)
46 (23.6)
2(1.03)
51.3 (13.0)
153 (80.5)
170 (94.4)
170 (94.4)
106 (54.4)

42 (21.3)
50 (25.4)
1(0.5)
52.8 (13.4)
165 (87.3)
178 (95.2)
178 (95.2)
125 (63.5)
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