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ADULT: ARRHYTHMIAS
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for atrial fibrillation during mitral valve surgery: New
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ABSTRACT

Objective: To use novel statistical methods for analyzing the effect of lesion set
on (long-standing) persistent atrial fibrillation (AF) in the Cardiothoracic Surgical
Trials Network trial of surgical ablation during mitral valve surgery (MVS).

Methods: Two hundred sixty such patients were randomized to MVS þ surgical
ablation or MVS alone. Ablation was randomized between pulmonary vein
isolation and biatrial maze. During 12 months postsurgery, 228 patients (88%)
submitted 7949 transtelephonic monitoring (TTM) recordings, analyzed for AF,
atrial flutter (AFL), or atrial tachycardia (AT). As previously reported, more
ablation than MVS-alone patients were free of AF or AF/AFL at 6 and 12 months
(63% vs 29%; P < .001) by 72-hour Holter monitoring, without evident
difference between lesion sets (for which the trial was underpowered).

Results: Estimated freedom fromAF/AFL/ATon any transmission trended higher
after biatrial maze than pulmonary vein isolation (odds ratio, 2.31; 95% confi-
dence interval, 0.95-5.65; P ¼ .07) 3 to 12 months postsurgery; estimated AF/
AFL/AT load (ie, proportion of TTM strips recording AF/AFL/AT) was similar
(odds ratio, 0.90; 95% confidence interval, 0.57-1.43; P¼ .6). Within 12 months,
estimated prevalence of AF/AFL/AT by TTM was 58% after MVS alone, and
36% versus 23% after pulmonary vein isolation versus biatrial maze (P<.02).

Conclusions: Statistical modeling using TTM recordings after MVS in patients
with (long-standing) persistent AF suggests that a biatrial maze is associated
with lower AF/AFL/AT prevalence, but not a lower load, compared with pulmo-
nary vein isolation. The discrepancy between AF/AFL/AT prevalence assessed at
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Central Message

A biatrial maze may be associated with lower prevalence of

atrial arrhythmias than pulmonary vein isolation for atrial

fibrillation. These findings and analytic approach require

confirmation.
Perspective

Thirty percent to 50% of patients undergoing mitral valve

surgery have atrial fibrillation. Ablation increases likelihood

of return to normal sinus rhythm; however, lesion set choice

is controversial. A novel analysis of weekly transtelephonic

recordings suggests biatrial maze may be associated with

fewer atrial arrhythmias than pulmonary vein isolation.

This inference and analytic approach require confirmation.
See Editorial Commentaries pages 244 and 246.

See Editorial page 231.
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Abbreviations and Acronyms
AF ¼ atrial fibrillation
AFL ¼ atrial flutter
AT ¼ atrial tachycardia
CTSN ¼ Cardiothoracic Surgical Trials Network
MVS ¼ mitral valve surgery
NIH ¼ National Institutes of Health
PVI ¼ pulmonary vein isolation
TTM ¼ transtelephonic monitoring
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2 time points by Holter monitoring versus weekly TTM sug-
gests the need for a confirmatory trial, reassessment of def-
initions for failure after ablation, and validation of
statistical methods for assessing atrial rhythms longitudi-
nally. (J Thorac Cardiovasc Surg 2019;157:234-43)
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The Cardiothoracic Surgical Trials Network (CTSN),
sponsored by the National Institutes of Health and
Canadian Institutes of Health (ClinicalTrials.gov identifier:
NCT00903370), randomized 260 patients 1:1 with
persistent or long-standing persistent atrial fibrillation
(AF) associated with mitral valve disease to either mitral
valve surgery (MVS) with left atrial appendage closure or
MVS with an ablation procedure for AF.1 At both 6 and
12 months, 63% of patients in the ablation arm were free
of AF as assessed by 72-hour continuous Holter monitoring
versus 29% of patients in the nonablation arm. The ablation
arm was further randomized into 2 different ablative lesion
sets: pulmonary-vein isolation alone (PVI) or biatrial maze
(Appendix E2 and Figure E1), which had similar apparent
efficacy for the primary 1-year trial end point (61% vs
66% free of AF, respectively).2 However, the trial was
not powered to detect a difference in AF prevalence
between ablative lesion sets when assessed with Holter
monitoring.

A secondary objective of the trial was to compare 2
techniques for postablation heart rhythm monitoring to
guide follow-up strategies for future studies of rhythm
control in AF patients: 72-hour Holter monitoring at
6 and 12 months and weekly and symptom-related transte-
lephonic monitoring (TTM) recordings.1 The present study
The Journal of Thoracic and Ca
focuses on these TTM recordings and the application of 2
statistical models to estimate occurrence of AF, atrial flutter
(AFL), and atrial tachycardia (AT). Because TTM data are
composed of periodically sampled, short binary rhythm
snapshots, such data present a statistical challenge. There-
fore, The National Heart, Lung, and Blood Institute funded
a multicenter ancillary R01 (HI, JE, JR, MKP; Co-PIs EHB
and LL) with the aim of developing alternative methods to
analyze these types of longitudinal data. We hypothesized
that more frequent rhythm assessment by TTM would in-
crease power to detect outcome differences between the 2
ablative lesion sets. Objectives of this study were to use
these new statistical methods to identify the temporal
pattern of AF/AFL/AT for each of the 3 trial arms, compare
these patterns, and estimate with increased precision the po-
tential magnitude of differences in indices of AF/AFL/AT
between PVI and biatrial lesion sets.

PATIENTS AND METHODS
Trial Design

Between 2010 and 2013, 260 patients with (long-standing) persistent

AF scheduled for MVS at 1 of 20 CTSN centers were randomized 1:1 to

MVS and concomitant left atrial appendage closure alone (MVS alone)

(n ¼ 127) or MVS and surgical ablation with left atrial appendage closure

(MVS þ ablation) (n ¼ 133), stratified by site using a random permuted

block design, with block size of 4 or 8 chosen at random.1 Patients random-

ized to ablation were further randomized in this same fashion 1:1 to PVI

(n ¼ 67) or biatrial maze (n ¼ 66).

CTSN investigators designed the trial, which was approved by institu-

tional review boards at each participating center, and all patients provided

written informed consent. A data coordinating center, an independent

events adjudication committee, and a data and safety monitoring board ap-

pointed by the NIH oversaw trial progress. Because devices were not

approved for AF treatment, the trial was conducted under an investigational

device exemption.

Patients
Patients were generally elderly, with a high prevalence of diabetes; most

were taking anticoagulants; and concomitant coronary artery bypass graft-

ing was performed in 20%, a tricuspid valve procedure in 38%, and aortic

valve replacement in 13% (Table E1).

End Points
The end point for this analysis was AF/AFL/AT lasting� 30 seconds on

weekly postdischarge TTM recordings.3 During the index hospitalization,

patients were given a TTM device (Medicomp, Melbourne, Fla) capable of

recording 90-second rhythm strips, and instructed to transmit telephoni-

cally to the Medicomp central monitoring facility 1 strip weekly for

12 months. To ensure the monitoring schedule was independent of con-

founders, patients were instructed to transmit the strip on a specified day

and time. In addition, patients with symptoms suggestive of an arrhythmia

were instructed to transmit a rhythm strip. TTM recordings were submitted

by 228 patients (88%); 547 of 8496 recordings (6.4%) were not evaluable

because of missing or poor quality transmissions, or indeterminate atrial

rhythms (Figure E2). Medicomp, the data coordinating center, and site in-

vestigators interacted with patients to encourage compliance. Medicomp

analyzed the TTM recordings, blinded to randomization group, to assess

atrial rhythm.

Medicomp classified rhythms as 1 or more of AF, AFL, AT, sinus

rhythm, junctional rhythm, heart block, atrial pacing, or atrioventricular
rdiovascular Surgery c Volume 157, Number 1 235
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sequential pacing. An electrocardiogram core laboratory overread 20% of

rhythm strips. Of the 7949 recordings evaluated (Figure E3 and Appendix

E3), 3668 showedAF, 235 AFL, 290 AF andAFL, and 21AT; 3655 showed

sinus rhythm, 63 junctional rhythm, and 17 heart block. Both scheduled and

unscheduled TTMs were included for all analyses.

Analysis End Point Definitions
Freedom fromAF/AFL/AT is defined as no AF/AFL/AT detected on any

TTM transmission after a 3-month blanking period. The 3-month blanking

period may be called the therapy stabilization period4,5 based on the

assumption that temporary inflammatory processes following an ablation

or surgical procedure may cause AF/AFL/AT independent of the ablation

procedure effectiveness.

AF/AFL/AT load is defined as the proportion of each patient’s TTM

recordings documenting AF/AFL/AT after a 3-month blanking period.6

AF/AFL/AT prevalence is defined as the proportion of patients in a

group that is in AF/AFL/AT at any given timepoint.6-13
Data Analysis
Two complementary analytical methods were used: a 2-part zero-

inflated negative binomial model to estimate freedom from AF/AFL/AT

and AF/AFL/AT load, and a temporal decomposition parametric nonlinear

mixed-effects model to estimate AF/AFL/AT prevalence. The zero-inflated

negative binomial model provided a broad picture of AF/AFL/AT occur-

rence and load from 3 to 12 months after surgery, whereas the temporal

decomposition model added finer details to the overall temporal pattern

of prevalence of AF/AFL/AT from surgery to 12 months, incorporating

procedure- and time-specific features. Analyses used SAS version 9.4

(SAS Inc, Cary, NC) and R version 3.3.1 (R Foundation for Statistical

Computing, Vienna, Austria).

Freedom fromAF/AFL/ATand AF/AFL/AT load. After a

3-month blanking period, 6127 TTMs from 191 patients (95 MVS alone,

50 MVS þ PVI, and 46 MVS þ biatrial maze) were available to assess

AF/AFL/AT load. A zero-inflated negative binomial model was used to

account for the large frequency of zeros (29%), meaning no documented

AF/AFL/AT on any TTM rhythm strip (freedom from AF/AFL/AT), and

the substantial heterogeneity of AF/AFL/ATamong the remaining patients.

The 2-part modeling of the zero-inflated negative binomial regression pro-

vided the effect of randomized assignment on freedom from AF/AFL/AT

and the relative frequency of AF/AFL/AT occurrence over time among

those who developed it. Logistic regression was used to model the proba-

bility of being free of AF/AFL/AT; negative binomial regression was used

to model mean number of TTM recordings documenting AF/AFL/AT from

3 through 12 months. In both regression models, randomized assignment

was evaluated. The negative binomial model also included a covariate

for the (log) number of TTM strips each patient transmitted to account

for variation in number of interpretable TTM transmissions submitted.

The regression coefficient of this covariate—an offset—was set to 1.0.

AF/AFL/AT prevalence. A nonlinear logistic mixed-model

temporal decomposition model was used to resolve a number of temporal

phases (or periods) in the odds domain and estimate the shaping parameters

for each (Appendix E4). Each phase was modulated by a function of time

and a patient-specific random effect, along with a log-linear model of

randomization group.7 It was implemented using PROC NLMIXED

(in SAS). Prevalence of AF/AFL/ATover time was estimated by averaging

individual patient-specific profiles generated by the resulting model.

To illustrate the method, Figure E4 shows 2 temporal components

making up the temporal decomposition model for AF/AFL/AT. The first

is a peaking phase representing early occurrence of AF/AFL/AT after

surgery. The second appears later after surgery and reaches a plateau.

Figure E5 shows modeled AF/AFL/AT profiles for each patient. Notice

the grouping of profiles near 100% (continuous AF/AFL/AT) and 0%

(no AF/AFL/AT), with many profiles in between. The ensemble average
236 The Journal of Thoracic and Cardiovascular Surg
of these individual profiles reveals a peaking period over the first few

months, after which prevalence stabilizes at a constant value (Figure E6).

RESULTS
Freedom From AF/AFL/AT

After a 3-month blanking period, more patients in the
ablation group were free from AF/AFL/AT on any TTM
recording during months 3 through 12 after surgery than
in the MVS-alone group (43% vs 16%, respectively;
odds ratio [OR], 4.04; 95% confidence interval [CI],
1.89-8.64; P < .001) (Table 1 and Figure 1, A). When
compared with MVS alone, patients after either PVI
(34%) or a biatrial maze (52%) were more likely to be
free from AF/AFL/AT (PVI vs MVS alone: OR, 2.64;
95% CI, 1.07-6.51; P ¼ .04; biatrial maze vs MVS alone:
OR, 6.11; 95% CI, 2.56-14.61; P < .001) (Table 1 and
Figure 1, B). Freedom from AF/AFL/AT trended higher
among patients randomized to a biatrial maze than those
randomized to PVI (OR, 2.31; 95%CI, 0.95-5.65; P¼ .07).

AF/AFL/AT Load
After the 3-month blanking period, the proportion of

TTM recordings documenting AF/AFL/AT (ie, AF/AFL/
AT load) was lower in the ablation groups than in the
MVS-alone group (average percentage of recordings with
AF/AFL/AT among patients with detected AF/AFL/AT
recurrence 56% vs 77%, respectively; rate ratio [RR],
0.71; 95% CI, 0.53-0.95; P ¼ .02) (Table 1). The PVI
and biatrial maze groups also had a lower proportion of
TTM recordings exhibiting AF/AFL/AT than those
undergoing MVS alone (PVI vs MVS alone: RR, 0.74;
95% CI, 0.52-1.03; P ¼ .08; biatrial maze vs MVS alone:
RR, 0.66; 95% CI, 0.44-0.99; P ¼ .05). However, the
proportion of TTM recordings with AF/AFL/AT was
similar between the 2 lesion-set groups (OR, 0.90; 95%
CI, 0.57-1.43; P ¼ .6).

Prevalence of AF/AFL/AT
In both the MVS-alone and ablation procedure groups,

estimated prevalence of AF/AFL/AT peaked within 2 weeks
of surgery, declined for several months, then stabilized
(Figure 2, A and Figure E7, A). This pattern was evident
in the raw frequency data that did not account for repeated
measurements in a given patient. Estimated prevalence was
lower in the ablation group at months 3 (34% vs 67%), 6
(31% vs 59%), 9 (30% vs 58%), and 12 (29% vs 58%)
compared with the MVS-alone group (Table 2 and
Appendix E4). This prevalence pattern was also seen in
the 2 lesion sets (Figure 2, B and Figure E7, B), with an
estimated prevalence of AF/AFL/AT in the PVI group that
was higher than that in the biatrial maze group at months
3 (41% vs 28%), 6 (37% vs 24%), 9 (36% vs 23%),
and 12 (36% vs 23%) (Table 2 and Appendix E4), as was
also apparent in the raw frequency data.
ery c January 2019



TABLE 1. Effect of surgical ablation on prevalence of atrial

fibrillation, flutter, or atrial tachycardia: Zero-inflated and negative

binomial models

Model Result P value

Analysis of surgical ablation vs no ablation

Zero-inflated*

Surgical ablation vs MVS

alone

4.04 (1.89-8.64) <.001

Negative binomialy
Surgical ablation vs MVS

alone

0.71 (0.53-0.95) .02

Analysis of type of surgical ablation and no ablation

Zero-inflated*

PVI vs MVS alone 2.64 (1.07-6.51) .04

Biatrial vs MVS alone 6.11 (2.56-14.61) <.001

Biatrial vs PVI 2.31 (0.95-5.65) .07

Negative binomialy
PVI vs MVS alone 0.74 (0.52-1.03) .08

Biatrial vs MVS alone 0.66 (0.44-0.99) .05

Biatrial vs PVI 0.90 (0.57-1.43) .7

Values for the zero-inflated model are presented as odds ratio (95% confidence

interval), whereas values for the negative binomial model are presented as rate ratio

(95% confidence interval). MVS, Mitral valve surgery with concomitant left atrial

appendage closure alone; PVI, pulmonary vein isolation. *The zero-inflated model

is a logistic regression that models the probability of freedom from atrial

fibrillation/atrial flutter/atrial tachycardia. yThe negative binomial model is a negative

binomial regression that models the mean count of transtelephonic monitoring

recordings that show atrial fibrillation/atrial flutter/atrial tachycardia. The model

includes an offset for the (log) number of transtelephonic monitoring recordings

submitted by each patient.
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In the early peaking period of estimated AF/AFL/AT
prevalence, surgical ablation by either lesion set was
superior to no ablation, although PVI appeared less
effective than a biatrial maze (Table 2). In the later plateau
period, prevalence of AF/AFL/ATafter PVI was lower than
after no ablation (P ¼ .01) and the biatrial maze was
superior to PVI (P ¼ .02) (Table 2).
DISCUSSION
Principal Findings

Statistical modeling of weekly TTM recordings in MVS
patients with persistent or long-standing persistent AF
suggests that when compared to PVI, a biatrial maze
procedure may be associated with greater freedom from
AF/AFL/AT and a lower estimated prevalence of
AF/AFL/AT during the first 12 months after surgery.
However, there was no statistically significant difference
between the 2 lesion sets with respect to freedom from
AF/AFL/AT or AF/AFL/AT load.
AF in MVS Patients
AF is present in 30% to 50% of patients who present for

MVS.14 Left untreated, the arrhythmia is associated with
reduced long-term survival and increased risk of stroke.15

Randomized clinical trials have shown that surgical
ablation at the time of MVS reduces the likelihood of AF
The Journal of Thoracic and Ca
persisting by 50% or more.16-30 In addition, observational
studies suggest that restoration of sinus rhythm in these
patients improves long-term survival and quality of life
while reducing the risk of late stroke.31 For these reasons,
multiple guidelines and expert consensus reports
recommend the addition of surgical ablation to MVS in
patients with coexisting AF.32-34

The use of surgical ablation in such MVS patients varies
widely.35 Many of these patients receive neither ablation
nor management of their left atrial appendage during
MVS surgery. Furthermore, when ablation is performed,
choice of lesion set is variable. Results presented herein
may inform that choice within the context of this statistical
modeling of weekly TTM data.

The CTSN Trial
The CTSN trial of surgical ablation for AF during MVS

randomized 260 patients with persistent or long-standing
persistent AF requiring MVS to undergo either surgical
ablation or no ablation.2 The largest randomized clinical
trial in MVS patients with AF, the trial employed the
2012 Heart Rhythm Society definitions of persistent and
long-standing persistent AF in place at the time of trial
design.1,36 The majority of patients had long-standing
persistent AF and would be classified as such according to
the revised 2017 multisociety definitions.3

The Food and Drug Administration–specified primary
end point of the trial was freedom from AF or AF/AFL at
both 6 and 12 months as assessed by 72-hour Holter
monitoring. Patients who died before the 12-month
assessment, were too ill to undergo heart-rhythm
assessment, or underwent subsequent ablation therapy for
AFwere considered treatment failures. A greater proportion
of patients in the ablation group than in the MVS-alone
group were free of AF or AF/AFL at both 6 and 12 months
(63% vs 29%; P < .001), confirming the early-term
effectiveness of surgical ablation for (long-standing)
persistent AF.2

Nested within this trial was a comparison of 2 lesion sets:
PVI and biatrial maze.1 The trial was not powered to detect
a difference between these lesion sets using the primary,
Holter-monitor–based end point. In fact, analysis of Holter
results revealed no apparent difference between the lesion
sets. Analysis of weekly TTM recordings enabled an
additional comparison of the 2 lesion sets and potential
identification of differences in heart rhythm outcomes that
might emerge if more events were identified with
alternative rhythm monitoring.37,38

Monitoring After Surgical Ablation
Participants in the CTSN trial were given a TTM device

and instructed to transmit weekly rhythm recordings and
additional information when they experienced symptoms
that might be attributable to a heart rhythm abnormality.
rdiovascular Surgery c Volume 157, Number 1 237
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The NIH provided support to develop novel statistical meth-
odology to analyze TTM data and apply this methodology
to the data acquired from the trial. Need for this type of
methodology was noted in a 2002 opinion piece8 and in
the 2007 surgical ablation guidelines6 extant at the
inception of the trial.

Comparison of Analytical Methods
The analyses presented in this article illustrate 2

approaches to a binary (AF/AFL/AT, yes-no) outcome
assessed multiple times over the trial period. The first is
simpler, consisting of counting TTM recordings showing
AF/AFL/AT. Particularly in a randomized trial, with
patients monitored over the same time span, and with
adherence to TTM transmission frequency, its results are
intuitive. The complex modeling of prevalence is less
intuitive in that it is estimated continuously in time. Its
advantage is that it accounts for actual time of each
transmission, thereby using more of the information, is
relatively insensitive to occasional dropouts, and in a real
world setting accommodates data on patients monitored
for unequal durations, unequal frequencies, and irregular
intervals.7-13 In this study, prevalence of AF/AFL/AT
based on crude frequency counts across time closely
mirrored the formal parametric estimates.
238 The Journal of Thoracic and Cardiovascular Surg
Comparison of Monitoring Strategies
Analysis of TTM data using the statistical methods

reported herein confirmed that surgical ablation reduced
the estimated prevalence of AF when compared with no
ablation, and also suggested that by some estimates a
biatrial maze procedure may be associated with less
postoperative AF in the 12 months after surgery.

These results do not contradict the original report of the
CTSN trial, which focused on 72-hour Holter monitor
results at 6 and 12 months.1 The Holter recordings were
used to determine prevalence of AF at these 2 discrete
time points. In contrast, weekly rhythm on short rhythm
strips by TTM provided brief snapshots of rhythm at
frequent intervals. At the time the trial was designed, it
was well established that more intensive monitoring detects
more atrial arrhythmias, because much of the AF/AFL/AT
is paroxysmal and may not be detected by assessing rhythm
for a 72-hour period only at 6 and 12 months.37,38 Because
effective sample size of a binary (yes-no) outcome is the
number of events, we hypothesized that there would be
added statistical power in frequent, though intermittent,
monitoring. The application of this newly developed
statistical methodology to analyze thousands of heart
rhythm data-points obtained at given, but somewhat
irregular, time points with occasional dropout created the
ery c January 2019
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data without regard to repeated measurements as a crude verification of

model fit. A, MVS alone versus MVS þ an ablation procedure. B, MVS

alone versus MVSþ ablation via pulmonary vein isolation (PVI) or biatrial

maze.
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opportunity, we hypothesized, to detect differences between
ablation lesion sets with smaller sample size.

Although 2017 practice guidelines suggest that long-term
monitoring at 1 year should be among the benchmarks for
assessing success of AF ablation, there is no scientific
certainty that this—or any—strategy represents the optimal
means of judging the success of ablation.3 Implantable
loop recorders and permanent pacemakers can detect
asymptomatic AF (or high-rate atrial activity) in many
patients who have undergone apparently successful
ablation. However, it is not clear whether brief bursts of
asymptomatic AF in such patients should be considered a
treatment failure. In addition, loop recorders have
limitations. By their nature, they overwrite data when
memory is full, and they loop. Limited-memory devices
may instead store daily AF/AFL/AT burden by cumulating
The Journal of Thoracic and Ca
number of hours each day the patient is in an atrial
arrhythmia (Appendix E5). In this case, accuracy will
depend on the algorithm used to detect the arrhythmia and
its duration.

Limitations
Although the CTSN study of surgical ablation for AF

during MVS is the largest randomized clinical trial
examining heart rhythm outcomes in these patients,2 and
application of both Holter monitoring and TTM to assess
heart rhythm informs a discussion of monitoring strategies
after ablation,1 this trial has several limitations. It was
designed in 2010, and technology has advanced. Thus,
specific ablation techniques were not uniform across
the multiple Network centers, based on knowledge,
methods of ablation, and energy sources available then
compared with current recommendations.34 PVI was
achieved by either two separate pulmonary-vein–encircling
lesions or a box lesion in the posterior left atrium. In
addition, energy sources varied and included cryothermy,
unipolar radiofrequency, and bipolar radiofrequency. It is
possible that these variations could have influenced
results.34

Specific limitations of the present study are that although
7949 TTM recordings were available for analysis, few
patients submitted exactly the 50 weekly measurements
specified by the protocol at the same time of day, and 32
patients had no rhythm data. Other studies confirm that
compliance with electronic heart rhythm transmission
schedules presents a challenge to patients3,37,39; given the
large volume of data obtained, it is unlikely that
additional recordings would have altered the results. No
attempt was made to fill in these gaps. In the zero-inflated
binomial model, an offset term was incorporated to adjust
for variation in number of strips transmitted (number of
opportunities for an AF/AFL/AT event to be detected).
However, this does not directly address the problem of
occasional missing TTM data, including transmitted, but
uninterpretable, rhythm strips. For the parametric
prevalence model, gaps were addressed as in any regression
analysis that effectively interpolates a continuous estimate
across time.
TTM was not conducted during the 6- and 12-month

72-hour Holter recordings; thus, we cannot compare TTM
and Holter detection of atrial arrhythmias. We do not
have data at each weekly interval on the use of
antiarrhythmic medications, only snapshots of anti-
arrhythmic medications at 3, 6, 9, and 12 months after
surgery, so cannot contrast rhythm on and off these
medications. The well-established zero-inflated binomial
model does not utilize the additional information provided
by timing of the events. Information may be added by
considering both zero-inflated values and 1-inflated values,
representing both no AF/AFL/AT and persistent AF/AFL/
rdiovascular Surgery c Volume 157, Number 1 239



TABLE 2. Effect of surgical ablation on prevalence of atrial

fibrillation, flutter, or atrial tachycardia: Longitudinal temporal

decomposition model (Appendix E4)

Factor

Estimate ± standard

error P value

Analysis of surgical ablation vs no ablation

Early peaking period

Surgical ablation vs

MVS alone

–2.2 � 0.30 <.0001

Later plateau period

Surgical ablation vs

MVS alone

–6.6 � 1.7 .0001

Analysis of type of surgical ablation and no ablation

Early peaking period

PVI vs MVS alone –1.5 � 0.39 .0002

Biatrial vs MVS alone –2.9 � 0.40 <.0001

Biatrial vs PVI –1.9 � 0.40 <.0001

Later plateau period

PVI vs MVS alone –5.4 � 2.2 .01

Biatrial vs MVS alone –7.5 � 2.2 .0007

Biatrial vs PVI –5.2 � 2.3 .02

MVS, Mitral valve surgery with concomitant left atrial appendage closure alone; PVI,

pulmonary vein isolation.
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AT.40 The model of prevalence takes into account the time
of each rhythm recording and provides an overview—an
ensemble average—of the prevalence of AF/AFL/AT
existing in the group of patients, but does not
predict whether a given patient will or will not be in
AF/AFL/AT. At the present time, software for comprehen-
sive analysis of longitudinal data remains incompletely
developed.

CONCLUSIONS
The variability in the estimates of AF/AFL/AT recurrence

after surgical ablation in the CTSN trial suggests the need to
reassess current definitions of success, optimal methods for
rhythm monitoring, and best practices for statistical
analysis of such data. Intensity of atrial rhythm monitoring
affects estimates of AF/AFL/AT occurrence, load, and
prevalence—the more one assesses rhythm, the more
arrhythmias one is likely to observe.37,38 This gives rise to
inherent differences between twice-yearly Holter
monitoring and weekly (plus symptom-driven) TTM
assessments that underlie different interpretations of lesion
set efficacy. Novel statistical approaches suggest that by
some measures, a biatrial maze procedure may be more
effective than PVI in reducing AF/AFL/AT during the
12 months after surgery, as is also suggested by raw
frequency data across time. There is need for a confirmatory
randomized clinical trial of these alternative lesion sets. In
the meantime, work continues on this and additional new
analytic approaches that may increase the efficiency of
such a trial.
240 The Journal of Thoracic and Cardiovascular Surg
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Discussion
Dr James Edgerton (Dallas, Tex). Dr
Gillinov, congratulations to you and
your co-investigators on an eloquent
study. Dr Gillinov and I have been
friends for more than 15 years. I hold
the utmost respect for him as an inno-
vative researcher of high integrity. It
is from that base of mutual respect

that I am going to ask him 2 very pointed questions.
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publication online did not list the comparison of pulmonary
vein isolation and biatrial maze as either a primary or a sec-
ondary outcome of the study. In fact, in the Discussion you
specifically state that the study was inadequately powered
to compare different ablation sets. Furthermore, 20% of pa-
tients had missing data points that were imputed. I under-
stand that no new patient data were added to the set
before the subsequent analysis of transtelephonic moni-
toring, and that 12% of your patients failed to submit
even 1 transtelephonic strip. So my question is, how can
the conclusions in this follow-up study be any more valid
than the conclusions in the index work when both were
drawn from a data set that was inadequately powered to sup-
port them?

Dr A. Marc Gillinov (Cleveland,
Ohio). The index study asked a slightly
different question from this study, so let
me explain. The index study asked the
question, Does ablation provide better
rhythm control than no ablation? So
the ablation groups were grouped
together as a single group—ablation—

and that study was well powered to compare ablation to no
242 The Jour
ablation and found ablation gives better rhythm control.
The study I presented today does include the same patients

who had the procedures indicated, but it includes a large vol-
ume of new data—7949 new rhythm assessments. So, this
study has new data and new methods of rhythm assessment
that resulted in new insights into the procedure and lesion
sets because we had far more power with this much data to
compare lesion sets. We didn’t know if it would be enough
power, but it turns out, based on these analyses, we do get
some preliminary answers about the effectiveness of the
lesion sets.

Dr Edgerton. Thank you. The fundamental problem, of
course, is that we have yet to determine a clinical definition
of what constitutes success andmust discuss success in terms
of whatever monitoring modality is available or in vogue at
that particular time. The modality with which I have the least
experience is intermittent transtelephonic monitoring. Your
work with sophisticated statistical analysis helps define the
information obtainable from transtelephonic monitoring.
But my question goes beyond that and involves whether
this modality can ever have a clinical application. You and
I both have seen published studies claiming success by
remote telephonic monitoring, yet when we closely examine
the data in those studies, 100% of patients at 1 time or
another are experiencing atrial fibrillation. So although au-
thors often claim success by transtelephonic monitoring,
there are no patients who are free from atrial fibrillation.

You have chosen to study prevalence rather than incidence
of atrial fibrillation in this particular work, but when a physi-
cian faces an individual patient in his or her office, the first
nal of Thoracic and Cardiovascular Surg
branch point in decisionmaking is usually binary: my patient
has atrial fibrillation or my patient does not have atrial fibril-
lation. So tell me, is there a clinical application we can derive
to help guide clinicians? It is okay if there isn’t a clinical
application, because your article has made other significant
contributions to understanding what can be obtained from
transtelephonic monitoring.

Dr Gillinov. Let’s focus on what this means to you and
me—the surgeons—and to our patients. Based on my inter-
pretation of these data, I favor biatrial maze for patients who
have mitral valve disease and atrial fibrillation, but the evi-
dence base is not definitive. So I think it’s going to help me
to do the right operation. As to the question of how we
should monitor patients after surgical ablation, for example,
implant a loop recorder or have the patient come back for
Holter monitors at 6 months and 12 months, that part I
cannot answer because, as you point out, the more we
look for atrial fibrillation, the more we are likely to find
it. If a patient has had 31 seconds of atrial fibrillation over
the course of a year, what is his risk? Does he need warfarin
or an antiarrhythmic medication? Or should we simply
ignore this brief bout of atrial fibrillation? Those questions
remain unanswered at this point.

Dr Vinay Badhwar (Morgantown,
WVa). Before we ask Dr Damiano for
a comment, would it be safe to say
that this study is not truly answering
the age-old question of the modality
of measurement to discuss burden, but
just making a statement about lesion
set?
ery c January 2019
Dr Gillinov. Yes, I think it does make a statement about
lesion set based on clinical inference and it reminds us, as
Jimmy just said, that how often you look and the way you
look provide different answers to questions concerning suc-
cess of surgical ablation.

Dr Ralph Damiano (St Louis, Mo).
Marc, congratulations on a great study.
Jim, I thought those were fantastic
questions. Dr Lee and I did a prospec-
tive study of whether continuous moni-
toring with a Reveal added anything to
just intermittent Holter monitoring as
recommended in the guidelines. The

answer was absolutely not, and I think it depends on your

success rate of whatever procedure you are doing. We did
not look at pulmonary vein isolation or other potentially
less successful procedures.

But I would first remind everyone that there is an end
point for what success is after an ablation procedure, and
Dr Edgerton has been part of the guidelines each time.
And from the last set of published guidelines, the definition
of success is freedom from all atrial tachyarrhythmias at 12
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months and off antiarrhythmic drugs, and any recurrence is
defined as any atrial fibrillation lasting more than 30 sec-
onds. Now, we can disagree with that and I don’t think
it’s great, but that’s what has been decided. If we are respon-
sible in how we report results, we have to report results
consistent with what has been universally accepted. That’s
the definition. In your first article you didn’t report it that
way, but in the reanalysis, if you did look at success off
drugs and any atrial fibrillation lasting longer than 30 sec-
onds, would you have reached the same conclusion because
theway you were looking at it really hasn’t been accepted as
an appropriate method, and it’s very hard to compare with
previously published literature.

Dr Gillinov.We did not reanalyze it according to the Heart
Rhythm Society’s agreed-upon definitions. But I think the
point here is that we should not just say, all right, that’s the
way it’s going to be forever; let’s accept those definitions.
We need to keep studying how we analyze rhythm, and over
time we will come up with definitions that are more useful.

Dr Damiano. I agree. Although just in terms of publish-
ing stuff, that’s what we have and we have to keep consis-
tent, because if I decide what my success is and you
decide independently a totally different criterion, we will
never be able to compare.
The Journal of Thoracic and Ca
Dr Gillinov. I certainly agree with that. Our initial end
point for the bigger study was based on Food and Drug
Administration requirements—there was no room for
negotiation.
Dr Damiano. I would love in this article at least to

include that in there just to see how it would compare to
your other methods. To develop a new method you have
to compare it to the accepted method that has been accepted
by every single electrophysiologist and surgical society
around the world.
The final thing is, if all the lesion sets were perfectly

performed, this would be a good comparison. But as I
remember from your original work, about 40% of the
lesions were done with unipolar radio frequency, which
has been abandoned for inefficacy. Is it really even a fair
comparison? It would be a good comparison if you really
were doing a pulmonary vein isolation exactly the same
way and comparing it to a biatrial maze procedure. I wonder
if you could just comment on the effect of ablation
technology on your results.
Dr Gillinov. You’re right, it would be better if we all did

it exactly the same way so that we would have consistency
in the literature, but this trial—conducted in a broad group
of cardiac surgery centers—offers greater generalizability.
rdiovascular Surgery c Volume 157, Number 1 243
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Wendy C. Taddei-Peters, Dennis Buxton, Amy Connolly,
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Research (Ilana Kogan Gombos, and Jennifer Ralph). The
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Gardner [chair-emeritus]); Brigham and Women’s Hospital
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Clinical site investigators include Baylor Research Insti-
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Jenny Adams, William Ryan, Robert L. Smith, and Paul
Grayburn); Brigham and Women’s Hospital (Frederick Y.
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Welsh); East Carolina Heart Institute (T. Bruce Ferguson
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Brenda Akers, and Allison O’Neal); Emory University
(John D. Puskas [PI], Vinod H. Thourani, Robert Guyton,
Jefferson Baer, Kim Baio, and Alexis A. Neill); Hôpital
Laval (Pierre Voisine [PI], Mario Senechal, François Dage-
nais, Kim O’Connor, Gladys Dussault, Tatiana Ballivian,
and Suzanne Keilani); Montefiore-Einstein Heart Center
(Robert E. Michler [PI], David A. D’Alessandro, Joseph

J. DeRose Jr, Daniel J. Goldstein, Ricardo Bello, William
Jakobleff, Mario Garcia, Cynthia Taub, Daniel Spevack,
Roger Swayze, and Nadia Sookraj); Montreal Heart Insti-
tute (Louis P. Perrault [PI], Ars�ene-Joseph Basmadjian, De-
nis Bouchard, Michel Carrier, Raymond Cartier, Michel
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Andr�e Denault, Jonathan Lacharit�e, and Sophie Robi-
chaud); Mount Sinai Medical Center (David H. Adams
[PI], Robin Varghese, and Yael Mandel-Portnoy); NIH
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Murphy, Margaret Iraola, and Ann Greenberg); Ohio State
UniversityMedical Center (Chittoor Sai-Sudhakar [PI], Ay-
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land (James S. Gammie [PI], Christopher R. DeFilippi,
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Collins); University of Michigan (Steven F. Bolling [PI],
Francis D. Pagani, and Cathie Bloem); University of Penn-
sylvania (Michael A. Acker [PI], Y. Joseph Woo, Mary Lou
Mayer, Joseph E. Bavaria, Wilson Y. Szeto, Kenneth Mar-
gulies, Martin Keane, Helene Glassberg, Dinesh Jagasia,
and James Kirkpatrick); University of Virginia Health Sys-
tem (Irving L. Kron [PI], Gorav Ailawadi, Karen Johnston,
John M. Dent, John Kern, Jessica Keim, Sandra Burks, and
KimGahring); and Yale NewHaven Hospital (Abeel Mangi
[PI], Joseph Akar, David Yuh, and Lynn Wilson).

Protocol ReviewCommittee: David A. Bull (chair), Patrice
Desvigne-Nickens (executive secretary), Dennis O. Dixon,
MarkHaigney,RichardHolubkov,Alice Jacobs, FrankMiller,
John M. Murkin, John Spertus, and Andrew S. Wechsler.

Data and Safety Monitoring Board: Frank Sellke (chair),
Cheryl L. McDonald (executive secretary), Robert Bying-
ton, Neal Dickert, Dennis O. Dixon, John S. Ikonomidis,
David O. Williams, Clyde W. Yancy, and John M. Canty Jr.

Medical Monitors: James C. Fang, Nadia Giannetti, and
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Overall Event Adjudication Committee: Vivek Rao
(chair), Karen L. Furie, Rachel Miller, Sean Pinney, Wil-
liam C. Roberts, and Mary N. Walsh.
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Hung and Xin Zeng).

Electrophysiology Core Lab: University of Rochester
Medical Center (Jean-Philippe Couderc).

TTM Core Lab: Medicomp, Inc (Dan Balda, Wayne Bo-
wen, Mauri Wilson, and Anne Schering).

APPENDIX E2. PROTOCOL-PRESCRIBED LESION
SETS FOR SURGICAL ABLATION FOR ATRIAL
FIBRILLATIONE1

We provide the following narrative of lesion sets from the
trial protocol to describe the state of the art in 2010 when the
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trial of surgical ablation for (long-standing) persistent atrial
fibrillation was designed.

Pulmonary Vein Isolation Alone or With Biatrial
Maze Lesion Set Using Bipolar Energy Source

Bipolar energy sources are preferred for pulmonary vein
isolation (PVI) alone and for the PVI component of the
biatrial maze lesion set. For patients randomized to PVI
alone, 2 separate encircling lesions will be made around
the left and right pulmonary veins (Figure E1, A). For pa-
tients randomized to the biatrial maze lesion set, the left
atrial lesions will include the 2 encircling lesions as well
as connecting lesions to the pulmonary veins, from the
pulmonary veins to the mitral valve anulus, and from the
pulmonary veins to the left atrial appendage (LAA)
(Figure E1, B). The right pulmonary veins will be isolated
first. Isolation will be confirmed by pacing the pulmonary
veins at the previously identified threshold for capture. If
no atrial capture is noted, it will be inferred that the right
pulmonary veins were isolated. If atrial capture is noted,
additional ablations on the atrial cuff will be performed
until isolation is confirmed. This protocol will be repeated
on the left pulmonary veins.

Pulmonary Vein Isolation Alone or With Biatrial
Maze Lesion Set Using Unipolar Energy Source

PVI should be achieved with a bipolar ablation device.
However, if patient anatomy, a minimally invasive
approach, or surgeon preference dictates use of a unipolar
device, such device may be employed to create a box
lesion to encircle the pulmonary veins and other connect-
ing lesions (Figure E1, C). If the patient is randomized to
the PVI-alone or biatrial maze lesion set and a unipolar
energy source is employed to create an epicardial box
lesion, ablation will be performed on the arrested heart
from the endocardial aspect. A box lesion will be created
around all 4 pulmonary veins on the arrested heart from
the endocardial aspect. The connecting lesions from the
pulmonary veins to the mitral valve anulus, and from the
pulmonary veins to the LAA will be made next. It is rec-
ommended that the Estech Cooled Cobra device (Atri-
Cure, Mason, Ohio) be used for this lesion, as its
conformation ensures that this larger lesion can be made
linearly and contiguously. If a unipolar energy source is
used as noted above, the surgeon will attempt to confirm
conduction block at the pulmonary vein level after reper-
fusing the heart but before separation from bypass. If the
surgical approach is minimally invasive via the right chest,
the pacing protocol will be followed for the right pulmo-
nary veins. If the surgical approach is sternotomy, the pac-
ing protocol will be followed for the right pulmonary
veins and then for the left pulmonary veins. In confirming
conduction block, pacing from the pulmonary veins will

be attempted at a rate 20 bpm greater than the intrinsic
heart rate at outputs of 5, 10, 15, and 20 MA.

Remaining Lesions
After PVI, the heart will be arrested and LAA excised or

excluded.The remainder of theprocedure for patients random-
ized to the biatrial maze lesion set will be performed at a point
in the operation dictated by the surgeon’s standard practice.
Components of this biatrial maze lesion set will include:

� Left atriotomy: The left atriumwill be opened adjacent to
the interatrial groove, anterior to the right pulmonary veins.

� Connecting lesions from right to left pulmonary veins:
This applies to patients in whom a bipolar energy source
was used for PVI. A bipolar device will be used to create
separate lesions between superior pulmonary veins and
between inferior pulmonary veins.

� Connecting lesion to mitral anulus: A cryosurgical de-
vice or unipolar heat-based device will be used to create a
connection from the box lesion to the mitral anulus. This
lesion will be directed toward the P3 segment of the
mitral valve.

� Connecting lesion to left atrial appendage: After
excising or excluding the appendage, a unipolar or bipo-
lar energy source will be used to create a connecting
lesion from its orifice to the box lesion.

� Right atrial lesions: A vertical right atriotomy will be
made beginning from the atrioventricular groove and
extending toward the fossa ovalis. A unipolar energy
source will be used to connect this lesion to the tricuspid
anulus at the 2 o’clock position as viewed by the surgeon
(part A of Figure E1, D). A unipolar or bipolar energy
source will be used to connect the posterior aspect of
this atriotomy to the superior and inferior vena cavae
(part B of Figure E1, D). An incision will be created
in the body of the right atrial appendage and a unipolar
energy source used to connect the incision to the
tricuspid anulus at the 10 o’clock position as viewed
by the surgeon (part C of Figure E1,D). At the discretion
of the surgeon, patients with a history of atrial flutter are
candidates for the right atrial isthmus lesion.

APPENDIX E3. ADHERENCE TO
TRANSTELEPHONIC MONITORING (TTM)
Patients in the biatrial maze group submitted fewer TTM

rhythm strips (median, 29) than patients in either the mitral
valve surgery (MVS) alone group (median, 44) or pulmo-
nary vein isolation (PVI) group (median, 45); however, 61
out of 66 patients (92%) in the biatrial maze group submit-
ted at least 1 strip, as did 108 out of 127 patients (85%) in
theMVS-alone group and 59 out of 67 patients (88%) in the
PVI group. Further, only 64% of patients (39 out of 61) in
the biatrial group transmitted strips for at least 10 months,
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compared with 80% of patients (86 out of 108) in the MVS-
alone group and 78% of patients (46 out of 59) in the PVI
group.

A concern is that patients submitting more TTM record-
ings may have done so in response to being in atrial fibril-
lation, flutter, or atrial tachycardia (AF/AFL/AT). If this
were true, the proportion of TTM strips indicating AF/
AFL/ATwould be an increasing fraction of the total number
of TTMs transmitted. Figure E3, B, does not support this.

APPENDIX E4. TEMPORAL DECOMPOSITION
MODEL FOR POSTOPERATIVE ATRIAL RHYTHM
BASED ON TRANSTELEPHONIC MONITORING
Model 1: Analysis of Surgical Ablation Versus No
Ablation

where bpij is estimated probability of atrial arrhythmia end
point at time tij and ui is the patient-specific random effect.
f(b; X) is a linear vector of variables (X) modulating the
prevalence of the arrhythmia, each weighted by correspond-
ing coefficients (b) in Table 2, top.

Model 2: Analysis of Type of Surgical Ablation and
No Ablation

bpij
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i
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Where bpij is estimated probability of atrial arrhythmia
end point at time tij and ui is the patient-specific random
effect. f(b; X) is a linear vector of variables (X) modu-
lating the prevalence of the arrhythmia, each weighted
by corresponding coefficients (b) in Table 2, bottom.

APPENDIX E5. TWELVE-MONTH ATRIAL
FIBRILLATION/ATRIAL FLUTTER/ATRIAL
TACHYCARDIA (AF/AFL/AT) BURDEN

Just as the area beneath a survival curve depicts mean
survival across time, integrating the area beneath each
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patient’s AF/AFL/AT profile (Figures E6 and E7) yields
mean time spent in AF/AFL/AT—AF/AFL/AT burden.
We limited the estimates of time spent in AF/AFL/AT to
12 months, the duration of monitoring, and this is known
as ‘‘restricted mean survival time (RMST).’’E2,E3 In this
case, RMST is time spent in AF/AFL/AT. Integration
was performed using the trapezoid rule and 1000
estimates across 12 months per patient. Median value of
mean time in AF/AFL/AT at 12 months was calculated
and compared using the Wilcoxon rank-sum test.

Patients in the mitral valve surgery (MVS) alone group
were estimated to be in AF/AFL/ATa median of 9.7 months
(15th and 85th percentiles, 1.3 months and 12 months,
respectively) of the 12 months after surgery, compared
with 1.6 months (15th and 85th percentiles, 0.3 months

and 12 months, respectively) for the ablation group
(P<.0001). Within the ablation group, those receiving pul-
monary vein isolation (PVI) were estimated to be in AF/
AFL/AT 2.0 months (15th and 85th percentiles, 0.34 and
12months, respectively) of the 12months, and in the biatrial
maze group 1.2 months (15th and 85th percentiles, 0.19
months and 9.5months, respectively).P value for difference
between PVI and biatrial maze ¼ .05 (see Figure E8).
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FIGURE E1. Illustration of ablation lesion sets. A, Interior of left atrium showing pulmonary vein isolation with a bipolar device. B, Interior of left atrium

showing left atrial component of a biatrial lesion set with a bipolar device; connecting lesions to mitral valve are created with cryothermy. C, Interior of left

atrium showing box lesion around pulmonary veins with connecting lesions to mitral valve and left atrial appendage. D, Right atrial lesion set.
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FIGURE E2. Individual rhythm profiles of 54 randomly selected patients ordered by date of telephonic rhythm transmission. Each symbol is a

transmission: 3 denotes atrial fibrillation, flutter, or atrial tachycardia, and o denotes regular sinus rhythm. Gaps denote lack of weekly transmissions.

Gaps clustered at 6 and 12 months represent weeks when 72-hour Holter monitoring occurred, during which patients were instructed not to transmit their

rhythm. Other gaps were in part due to uninterpretable rhythm data.
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not to transmit rhythm simultaneous with 72-hour Holter monitoring at the 12-month point. Thus these few patients represent transmissions just at or beyond
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transmitted after mitral valve surgery alone versus with a concomitant biatrial maze or pulmonary vein isolation ablation procedure. One patient in the mitral

valve surgery–alone group submitted more than 150 TTM recordings and was excluded from the plot. Expected maximum number is 50. AF/AFL/AT, Atrial
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FIGURE E6. Temporal trend of prevalence of atrial fibrillation, flutter, or

atrial tachycardia (AF/AFL/AT) in the overall group. Solid line represents

parametric estimates of percentage of patients in AF/AFL/AT at each

moment after surgery. Circles represent data grouped (without regard to

repeated measurements) within time frames to provide a crude verification

of model fit.
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FIGURE E7. Individual patient profiles of prevalence of atrial fibrillation, flutter, or atrial tachycardia (AF/AFL/AT) across time, stratified by mitral valve

surgery (MVS) alone versus a concomitant ablation procedure. Thick lines are ensemble averages. A, MVS alone versus a concomitant ablation procedure.

Blue lines depictMVS alone and green lines the concomitant ablation group. B,MVS alone (blue lines) versus pulmonary vein isolation (dark green lines) or

biatrial maze (light green lines). PVI, Pulmonary vein isolation.

243.e7 The Journal of Thoracic and Cardiovascular Surgery c January 2019

Adult: Arrhythmias Blackstone et alA
D
U
L
T



12

11

10

9

B
u

rd
en

 o
f 

A
F

/A
F

L
/A

T
 (

m
o

n
th

s)

8

7

6

5

3

1

4

2

0
0 1 2 3 4 5 6

Months after Surgery
7 8 9 10

MVS alone

MVS + PVI

MVS +
biatrial maze

11 12

FIGURE E8. Individual patient profiles of cumulative atrial fibrillation,

flutter, or atrial tachycardia (AF/AFL/AT) burden across time in months,

stratified by mitral valve surgery (MVS) alone versus ablation by pulmo-

nary vein isolation (PVI) or a biatrial maze procedure. A patient always

in AF/AFL/AT will be depicted by a diagonal line from 0 to 12 months.

Thick lines are ensemble averages.

The Journal of Thoracic and Cardiovascular Surgery c Volume 157, Number 1 243.e8

Blackstone et al Adult: Arrhythmias

A
D
U
L
T



TABLE E1. Patient characteristics and procedure details for treatment groups

Characteristic

Mitral valve

surgery alone

(n ¼ 127)

Mitral valve

surgery þ PVI

(n ¼ 67)

Mitral valve surgery þ
biatrial maze

(n ¼ 66)

Female 63 (50) 29 (43) 28 (42)

Age (y) 69 � 10 71 � 10 68 � 10

White race 112 (88) 55 (82) 61 (92)

Hispanic ethnic group 8 (6.3) 3 (4.5) 7 (11)

Diabetes 28 (22) 14 (21) 16 (24)

Renal insufficiency 5 (3.9) 5 (7.5) 3 (4.5)

Previous CABG 4 (3.1) 2 (3.0) 5 (7.6)

Previous PCI 11 (8.7) 9 (13) 11 (17)

Cerebrovascular disease 13 (10) 10 (15) 12 (18)

Use of anticoagulant 97 (76) 55 (82) 50 (76)

Use of class III antiarrhythmic 15 (12) 7 (10) 7 (11)

NYHA class III or IV 62/126 (49) 31/67 (46) 25/66 (38)

Atrial fibrillation status

Longstanding persistent 71 (56) 34 (51) 36 (55)

Persistent 56 (44) 33 (49) 30 (45)

Occurrence of atrial fibrillation at least once daily* 89/111 (80) 40/60 (67) 45/57 (79)

Short Form-12 physical-function score 38 � 8.8 38 � 8.5 39 � 7.5

Cause of mitral valve disease

Organic disease 73 (57) 38 (57) 37 (56)

Functional nonischemic mitral regurgitation 48 (38) 24 (36) 19 (29)

Ischemic mitral regurgitation 6 (4.7) 5 (7.5) 10 (15)

Left ventricular ejection fraction (%) 56 � 7.7 56 � 8.0 55 � 7.2

Left atrial volume during early diastole (mL) 140 � 111 124 � 66 130 � 72

Mitral valve surgeryy
Valve replacement 61/126 (48) 25/67 (37) 29/66 (44)

Valve repair 65/126 (52) 42/67 (63) 37/66 (56)

Left atrial appendage management 114/126 (90) 65/67 (97) 65/66 (98)

Suture closure 43 (38) 21 (32) 27 (42)

Excised 54 (47) 32 (49) 28 (43)

Clip closure 17 (15) 12 (18) 10 (15)

Concomitant procedurey
Surgical management of tricuspid regurgitation 48/126 (38) 26/67 (39) 24/66 (36)

Aortic valve replacement 20/126 (16) 8/67 (12) 6/66 (9.1)

CABG 25/126 (20) 8/67 (12) 19/66 (29)

Other 11/126 (8.7) 10/67 (15) 6/66 (9.1)

CPB time (min)y 132 � 51 143 � 66 152 � 61

Aortic clamp time (min)z 96 � 36 98 � 39 107 � 44

Values are presented as n (%) or mean � standard deviation. PVI, Pulmonary vein isolation; CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention;

NYHA, New York Heart Association; CPB, cardiopulmonary bypass. *Atrial Fibrillation Severity Scale. yOne patient withdrew consent before the index surgery. zThirteen pa-

tients did not have the aorta clamped and were excluded from calculations. One patient withdrew consent before the index surgery.
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