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ABSTRACT

Objective: The relationship between atrial fibrillation (AF) and heart failure with
depressed ejection fraction (EF) is complex. AF-related tachycardia-mediated car-
diomyopathy (TMC) can lead to worsening EF and clinical heart failure. We sought
to determine whether a hybrid team ablation approach (HA) can be performed
safely and restore normal sinus rhythm in patients with TMC and heart failure
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and to delineate the effect on heart failure.

Methods: We retrospectively analyzed patients with nonparoxysmal (ie, persistent
and long-standing persistent) AF-related TMC with depressed left ventricular EF
(LVEF <40%) and heart failure (New York Heart Association [NYHA] class >2)
who underwent HA between 2013 and 2018 and had at least 1 year of follow-up.
Pre-HA and post-HA echocardiograms were compared for LVEF and left atrial
(LA) size. Rhythm success was defined as <30 seconds in AF/atrial flutter/atrial
tachycardia without class | or Ill antiarrhythmic drugs. Results are expressed as
mean % SD and 95% confidence interval (Cl) of the mean.

Results: Forty patients met the criteria for inclusion in our analysis. The mean pa-
tient age was 67 £ 9.4 years. The majority of patients had long-standing persistent
AF (26 of 40; 65%), and the remainder had persistent AF (14 of 40; 35%). All pa-
tients had NYHA class Il or worse heart failure (NYHA class Il, 36 of 40 [90%];
NYHA class IlI, 4 of 40 [10%]). The mean time in AF pre-HA was 5.6 & 6.7 years.
All patients received both HA stages. No deaths or strokes occurred within

Hybrid ablation of atrial fibrillation with depressed
ejection fraction can lead to significant improve-
ment in ejection fraction.

CENTRAL MESSAGE

Selected patients with depressed
left ventricular ejection fraction
(LVEF) and atrial fibrillation (AF)
can respond to a hybrid team
ablation approach with improved
freedom from AF and LVEF and
improved New York Heart Asso-
ciation classification.

30 days. Three new permanent pacemakers (7.5%) were placed. Rhythm success
was achieved in >60% of patients during a mean 3.5 & 1.9 years of follow-up.
LVEF improved significantly by 12.0% =+ 125% (95% Cl, 7.85%-16.0%;
P < .0001), and mean LA size decreased significantly by o0.40 cm £ 0.85 cm
(95% Cl, 0.69-0.12 cm; P < .01), with a mean of 3.0 &£ 1.5 years between pre-HA
and post-HA echocardiography. NYHA class improved significantly after HA
(mean pre-HA NYHA class, 2.1 = 0.3 [95% Cl, 2.0-2.2]; mean post-HA NYHA class,
1.5 £ 0.6 [95% Cl, 1.3-1.7]; P < .0001).

Conclusions: Thoracoscopic HA of AF in selected patients with TMC heart failure is
safe and can result in rhythm success with structural heart changes, including im-

PERSPECTIVE
with
tachycardia-mediated
have depressed ejection fraction. Restoration of
normal sinus rhythm in these patients is feasible

Patients atrial ~ fibrillation  (AF) and

cardiomyopathy  often

via a hybrid ablation (HA) approach. Our single-
center experience found significant improve-
ments in left ventricular ejection fraction, left
atrial size, and New York Heart Association classi-
fication after a minimally invasive, beating-heart
HA approach.

provements in LVEF and LA size. (JTCVS Open 2022;12:137-46)

El Video clip is available online.
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The relationship between atrial fibrillation (AF) and heart
failure continues to be defined. Our electrophysiology col-
leagues have demonstrated in randomized control studies
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Abbreviations and Acronyms
AAD = antiarrhythmic drug
AF = atrial fibrillation
AT = atrial tachycardia
AFL = atrial flutter

CA = catheter ablation
HA = hybrid ablation
LA = left atrium/atrial

LVEF = left ventricular ejection fraction
NYHA = New York Heart Association

PV = pulmonary vein

TMC = tachycardia-mediated cardiomyopathy

that a rhythm control strategy with endocardial catheter
ablation (CA) in selected patients with heart failure can
improve clinical outcomes.'” Previous cardiac surgical
studies also have highlighted the synergistic effect of
surgical ablation for AF in patients with heart failure
undergoing concomitant cardiac surgery.” Damiano and
colleagues” recently published their results of Cox-Maze
IV surgical ablation in patients with AF and tachycardia-
induced heart failure and similarly found improved left ven-
tricular ejection fraction (LVEF) and New York Heart Asso-
ciation (NYHA) classification.

Hybrid ablation (HA), involving combined epicardial
surgical ablation and endocardial CA, has been reported
to provide promising early results in selected patients
with AF°; however, its role in the heart failure population
remains to be defined. The safety and effect of HA in the
AF heart failure population have yet to be described. In
the present study, we sought to determine whether HA
can be performed safely in a cohort of patients with
tachycardia-mediated cardiomyopathy (TMC) and heart
failure, to explore whether HA can restore normal sinus
rhythm, and to observe the effects of HA on heart failure.

METHODS
Study Design and Patient Selection

This study was a retrospective review of patients with TMC and heart
failure who underwent HA between 2013 and 2018. Study approval was
granted by the Adventist Health—St Helena Institutional Review Board
(January 21, 2020), in accordance with the requirements set forth in 45
CFR 46.110, Expedited Review Category 5. Owing to the retrospective na-
ture of this review, the need for patient consent was waived.

Baseline patient demographic data and clinical outcomes were obtained
from our institutional Society of Thoracic Surgeons database and our inter-
nal AF database. Patients were initially selected for evaluation in this study
if they met the following criteria: (1) presence of persistent or long-
standing persistent AF, (2) presence of LVEF <40% prior to HA, (3) pres-
ence of NYHA class >2 heart failure, and (4) completion of both stages of
HA, as described previously.® Patient charts were then reviewed to identify
other sources of irreversible depressed ejection fraction as defined by
Washington University’s clinical algorithm,” including but not limited to
left ventricular fibrosis, amyloidosis, alcohol-mediated cardiomyopathy,
and viral cardiomyopathy. Patients with “depressed” LVEF (defined as
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<40%) were further characterized as TMC or TMC with ischemia
(TCM-I), with the latter defined by the presence of (1) a history of coronary
artery disease necessitating intervention by percutaneous coronary inter-
vention or surgery, (2) reversible ischemic defect on a stress test, or (3) cor-
onary artery obstruction detected on angiography.

Thoracoscopic HA Procedure

During the surgical epicardial stage, 4 thoracoscopic ports were typically
used bilaterally to perform the procedure. Radiofrequency energy ablation
was used to create a lesion set that included bilateral pulmonary vein (PV)
isolation, interconnecting lesions between superior and inferior PVs, respec-
tively, a line from the base of the left atrial (LA) appendage to the left superior
PV, and a partial mitral isthmus line extending from the left inferior PV onto
the coronary sinus (Figure E1). All patients had the ligament of Marshall
divided and the LA appendage excluded and electrically isolated with an
epicardial clip (AtriClip; AtriCure).*'' During endocardial CA,
assessment of surgical integrity consisted of confirmation of PV isolation,
posterior box isolation, and complete mitral and tricuspid isthmus block.
All necessary touch-up ablations were performed using radiofrequency en-
ergy. Ablations to complete the mitral isthmus line were performed with
45W to 50W energy at the mitral annulus, 35W at the posterior wall, and
25W from within the coronary sinus.

Rhythm Success and LVEF and Left Atrial Size
Changes

The effectiveness of HA was determined by standard monitoring tech-
niques (electrocardiography, continuous ambulatory monitoring, implant-
able loop recording, 7- to 14-day ZioPatch, or pacemaker interrogation)
with at least 1 year of follow-up. Rhythm success was defined by the Heart
Rhythm Society criteria of <30 seconds of AF/atrial flutter (AFL)/atrial
tachycardia (AT) and off class I and III antiarrhythmic drugs (AADs)."”
Any additional direct-current cardioversions or CAs were described as
well. Pre-HA and post-HA echocardiograms were compared to determine
the effect of HA on LVEF and LA size. For post-HA assessment, we used
the echocardiogram that correlated with the latest rhythm monitoring
follow-up.

Statistical Analysis

Statistical analysis and creation of figures were performed using Prism
9.2.0 (GraphPad Software). Statistical significance for nonparametric vari-
ables was determined using the Wilcoxon matched-pair signed-rank test
with P <.05. All results are reported as mean & SD with 95% confidence
interval (CI) of the mean unless noted otherwise. Kaplan—-Meier estimates
were censored for AF recurrence.

Multivariable logistic regression and simple logistic regression analyses
were performed with the dependent outcome variable of 1-year rhythm suc-
cess and predictor variables including age at the procedure, sex, body mass
index, previous CA, NYHA class, time in AF, AF type (ie, persistent, long-
standing persistent), pre-HA LVEF, pre-HA LA size, and duration of
epicardial surgery.

RESULTS
Baseline Patient Characteristics

Forty patients met the analysis criteria, of whom 87.5%
(35 of 40) were male and 65% (26 of 40) had long-standing
persistent AF (Table 1). The mean time in AF prior to HA
was 5.6 £ 6.7 years. The mean LVEF was 34.5 + 5.9%
95% CI, 32.7%-36.4%), and mean LA size was
5.3 4+ 0.8 cm (95% CI, 4.9-5.5 cm). Prior to ablation,
90% of the patients (36 of 40) were in NYHA class II,
and 87.5% (35 of 40) were on oral anticoagulation therapy.
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TABLE 1. Baseline patient demographic data (N = 40)

TABLE 2. Procedural outcomes

Parameter Value Parameter Value

Age, y, mean = SD 66.7 £ 9.4 Epicardial surgical time, h, mean £ SD 23+ .6

BMI, kg/m?, mean + SD 312+ 6.6 Hospital length of stay following surgery, d, 3.03 = 1.10

Sex, males:females, n 35:5 mean + SD

Hypertension, n (%) 31 (78) Endocardial catheter time, h, mean &= SD 2.1+1.0

Diabetes mellitus, n (%) 6 (15) Time between first and second stages, d, mean £+ SD 58.7 £ 45.3

VHD, n (%) 12 (30) Patients with complete PVI after first stage, n (%) 35 (88)

NYHA classification, n (%) Patients with complete PVI after second stage, n (%) 40 (100)
Class 11 36 (90) Patients with complete left atrial “box” after first 26 (65)
Class III 4 (10) stage, n (%)

LVEF, %, mean £+ SD 345+59 Patients with complete left atrial “box” after second 38 (95)

Left atrial size, cm, mean £ SD 53+.8 stage, n (%)

AF type, n (%) Pacemaker implantation, n (%) 3(8)
Persistent 14 (35) Off oral anticoagulation at last follow-up, n (%) 23 (68)*
Longstanding persistent 26 (65) Off AADs at last follow-up, n (%) 28 (82)*

Time in AF, y, mean £ SD 5.6 +6.7 o

Deaths within 30 d, n 0

History, n (%) TIA/stroke within 30 d 0
Cardioversion 24 (60) stroke within 2
Catheter ablation 6 (15) Phrenic nerve palsy, n (%) 1(3)
Pacemaker 6 (15) Post-HA echocardiography findings, mean + SD
Heart surgery 4 (10) Time between pre-HA and post-HA 30+ 15
Oral anticoagulation 35 (88) echocardiography, y
TIA/stroke 6 (15) Time between HA and post- 28+ 1.5
Bleeding 4 (10) HA echocardiography, y

SD, Standard deviation; BMI, body mass index; VHD, valvular heart disease (moder- LVEEFE, % 465 + 12.8
ate mitral or tricuspid regurgitation); NYHA, New York Heart Association; LVEF, left Left atrial size, cm 4.8 + 1.0
ventricular ejection fraction; AF, atrial fibrillation; TIA, transient ischemic attack.
Rhythm success (<30 s AF/AFL/AT; off AAD)
Time between pre-HA and post-HA rhythm 35+19
monitoring, y, mean = SD

. . . At 1y, n (% 26 (65)F
Fifteen percent of the patients (6 of 40) had a history of tran- e i E E 0/0 ; b 27 1;1

. . . 5 0 A
sient ischemic attack or stroke. Pre-HA TMC and TMC-I A3y, n (%) 15 (63)5

were observed in 31 and 9 patients, respectively
(Figure E2).

HA Procedural Outcomes and Safety

The average time between the first-stage epicardial abla-
tion and second-stage endocardial ablation was
58.7 £ 45.3 days. At the time of the second-stage endocar-
dial ablation, endocardial mapping revealed bilateral PV
isolation in 87.5% of patients (35 of 40) and LA posterior
wall isolation in 65% (26 of 40) (Table 2). After the
second-stage endocardial CA, bilateral PVs were isolated
in 100% of the patients (40 of 40), LA posterior wall isola-
tion was observed in 95% (38 of 40), the mitral isthmus was
isolated in 95% (38 of 40), and the cavo-tricuspid isthmus
was isolated in all patients. Three patients (7.5%) required a
permanent pacemaker implantation because of sick sinus
syndrome. At 30 days postablation, no deaths or strokes
had occurred. One patient experienced right phrenic nerve
palsy between the epicardial and endocardial stage.

SD, Standard deviation; PVI, pulmonary vein isolation; AADs, antiarrhythmic drugs;
TIA, transient ischemic attack; HA, hybrid ablation; LVEF, left ventricular ejection
fraction; AF, atrial fibrillation; AFL, atrial flutter; A7, atrial tachycardia. *Out of 34
patients. tOut of 40 patients. $Out of 35 patients. ‘Out of 24 patients.

HA Rhythm Outcomes

The mean duration of follow-up for rhythm assessment
was 3.5 + 1.9 years. Rhythm success was achieved in
65% of the patients (26 of 40) at 1 year, in 71.4% (25 of
35) at 2 years, and in 62.5% (15 of 24) at 3 years
(Figure 1 and Video Abstract). Freedom from AF, as de-
tected by >24 hours of continuous ambulatory monitoring
or electrocardiography with or without the use of AADs
or additional interventions, was 85% (34 of 40) at 1 year,
88.6% (31 of 35) at 2 years, and 87.5% (21 of 24) at 3 years.
At last follow-up, 67.6% of patients (23 of 34) were off oral
anticoagulation, and 82.3% (28 of 34) were off AADs.
Kaplan—Meier freedom from AF recurrence (defined as
<30 seconds of AF/AFL/AT) for the entire follow-up period
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Rhythm Results at 1-3 year follow-up
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FIGURE 1. Rhythm results with hybrid ablation in patients with heart
failure at 1-, 2-, and 3-year follow-ups: <30 seconds of atrial fibrillation
(AF)/atrial flutter (AFL)/atrial tachycardia (AT) (dark green), electrocardi-
ography (ECG) in normal sinus rhythm (NSR) off antiarrhythmic drugs
(AADs) (light green), 0% AF burden but >30 seconds of AT (blue),
ECG in NSR with AAD (orange), paroxysmal AF (black and white
pattern), continuous AF/AFL/AT (black), and reintervention with direct-
current cardioversion (DCCV) or catheter ablation (CA) (white). DCCV,
Direct-current cardioversion; CA, catheter ablation; AF, atrial fibrillation;
AFL, atrial flutter; A7, atrial tachycardia; NSR, normal sinus rhythm;
AAD, antiarrhythmic drugs; EKG, electrocardiogram; CAM, continuous
ambulatory monitor.

is presented in Figure 2. Oral anticoagulation and AAD use
were deferred to the referring physician.

Multivariable logistic regression analysis found no sig-
nificant predictors of rhythm success at 1 year. Simple logis-
tic regression analysis similarly demonstrated no significant
predictors of rhythm. However, time in AF >8 years and LA
diameter >8 cm individually trended toward having an ef-
fect on rhythm success (Figure E3).

LVEF

The mean time between pre-HA echocardiography and
latest follow-up echocardiogram with rhythm monitoring
was 3.0 = 1.5 years. When all patients were considered,
there was a mean 12.0% increase in LVEF (pre-HA,
345 + 59% vs post-HA, 46.5 + 12.8%; 95% CI,
7.95%-16.0%; P < .001) (Figure 3). Fourteen patients
(35%) experienced full LVEF recovery to >55%. When
binned by follow-up time, mean LVEF improvements
were 8.4% at <2 years of follow-up, 16.4% at 2 to 3 years,
and 13.7% at >3 years. Independent comparisons of TMC
and TMC-I LVEF changes revealed improvements across
both populations (Figure E4).
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Four patients did not experience any increase in LVEF
despite significant improvement in freedom from AF. Two
of these patients had what appears to be end-stage dilated
cardiomyopathy, and the other 2 patients had significant
coronary artery disease that was not detected on their initial
ischemia evaluation. Five patients experienced improved
LVEF without strict rhythm control success. Two of these
patients experienced significant AF burden reduction,
which may have contributed to LVEF improvement. One
patient had a device upgrade to a cardiac resynchronization
therapy device post-HA. One patient experienced improved
rate control with an AAD post-HA (Figure E2).

LA Diameter and NYHA Classification

When all patients were analyzed together, a mean 0.4-cm
decrease in LA size was observed (pre-HA: 5.25 + .084 cm
[95% CI, 4.93-5.51 cm]; post-HA: 4.82 4+ 1.01 cm, [95%
CI, 4.48-5.16 cm]; difference, 0.40 £ 0.85 cm [95% CI,
0.69-0.12 cm]; P = .0078) (Figure 4). An independent com-
parison of TMC and TMC-I LA size effects revealed
improvement across the TMC population, but not the
TMC-I population (Figure E4). Following HA, the overall
distribution of NYHA classification was improved signifi-
cantly (pre-HA: 2.10 £ 0.3 [95% CI, 2.0-2.20]; post-HA:
1.45 £ 0.64 [95% CI, 1.25-1.65]; difference, 0.65 + 0.62
[95% CI, 0.85-0.45]; P <.0001) (Figure 5).

DISCUSSION

TCM due to uncontrolled AF can lead to reduced LVEF
and clinical heart failure but has been shown to respond
positively to a rhythm control strategy, whether by endocar-
dial CA'*" or open surgical Cox-Maze IV.*” According to
the most recent Society of Thoracic Surgeons data for
stand-alone AF, the use of off-pump surgical ablation pro-
cedures continues to increase compared with the gold stan-
dard on-pump Cox-Maze IV surgery.'*

The specific role of an HA approach in patients with heart
failure has not been described previously. In our single-
center heart failure cohort, patients experienced an average
12.0% improvement in LVEF and a 0.4-cm decrease in LA
size, and no patient experienced stroke or death with a HA
approach. We have demonstrated that in patients with
depressed LVEF fraction, an AF heart team HA approach
with combined thoracoscopic epicardial and endocardial
ablation can provide significant recovery of left ventricular
function, improved freedom from AF, and an acceptable
risk profile without the need for sternotomy, thoracotomy,
or cardiopulmonary bypass.

Damiano and colleagues at Washington University’
published the benchmark study for the effect of the
Cox-Maze IV surgery in patients with stand-alone AF and
tachycardia-mediated heart failure. They reported a
12-month freedom from AF off AADs of 89%, improve-
ment in LVEF from 32% at baseline to 55%, and significant
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Kaplan-Meier Freedom from AF recurrence
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FIGURE 2. Kaplan—Meier freedom from atrial fibrillation (AF) recurrence (red) with 95% confidence intervals. Freedom from AF recurrence is defined as
<30 seconds of AF, atrial flutter, or atrial tachycardia. AF, Atrial fibrillation.

improvement in NYHA classification with an average our HA cohort, 65% of the patients had 12-month freedom
follow-up of 22 months. Other studies have shown improve- from AF off AADs, and mean TCM LVEF improved from
ment in LVEF of 3% to 11% in patients following HA us- 35% to 47% with an average follow-up of nearly 3 years.
ing a subxiphoid or transdiaphragmatic approach.’”'® In ~ We also observed a significant improvement in NYHA clas-

sification; however, notably, our cohort had less severe
A12.0, P < .0001

80 -
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AO0.4, P=.0078
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FIGURE 3. Left ventricular ejection fraction (LVEF) in patients with FIGURE 4. Left atrial (LA) size (cm) in patients with tachycardia-
tachycardia-mediated cardiomyopathy (TMC) and heart failure pre- and mediated cardiomyopathy and heart failure pre- and post-hybrid ablation
post-hybrid ablation (HA) of atrial fibrillation (AF). EF, Ejection fraction. of atrial fibrillation. LA, Left atrial.
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FIGURE 5. New York Heart Association (NYHA) classification improve-
ment after hybrid ablation (HA). NYHA, New York Heart Association; HA,
hybrid ablation.

NYHA heart failure at baseline compared with the cohort at
Washington University. Interestingly, we also found that pa-
tients with >2 years of follow-up had greater improvement
in LVEF compared with those with <2 years of follow-up
(<2 years, 8.4% improvement; 2-3 years, 16.4% improve-
ment; >3 years, 13.7% improvement). This may suggest
that prolonged freedom from AF beyond 2 years may lead
to further gains in LVEF, but that ultimately the ceiling of
recovery might not increase beyond 3 years.

In addition to LVEF improvement, we observed a modest
yet significant decrease in mean LA size by 0.4 cm. We
speculate that the mechanism for this decrease in LA size
may involve increased atrial contractility from atrial syn-
chrony rather than atrial remodeling at the structural-
cellular level, although neither mechanism was evaluated
directly. It is well known that increased LA size is a predic-
tor of rhythm failure after surgical ablation.'’

Ad and colleagues™ previously demonstrated that in pa-
tients with a LA size >5.5 cm, the success rate of surgical abla-
tion with Cox-Maze IV in the concomitant setting (Cox-Maze
with CABG, AVR or MVR) is significantly lower but still ap-
proaches 80%.”" We identified a similar, although not statis-
tically significant, trend via simple logistic regression analysis
of 1-year thythm success and LA size (Figure E3). It appears
that even with LA size approaching 8 cm, the probability of
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achieving rhythm success exceeds that of not achieving
rhythm success and should be considered in patient selection.
Similarly, our cohort analysis suggests that time in AF,
although a known predictor of rhythm failure,”’ might not
eliminate the possibility of improving rhythm control. Even
with an average time in AF of >5 years pre-HA, we were still
able to achieve a significant reduction of AF burden in >80%
of our cohort. Again, simple logistic regression, although not
statistically significant, showed that patients with up to 8 years
of AF prior to HA still have a reasonable opportunity of
achieving rhythm control (Figure E3).

Finally, it is important to acknowledge that our HA
approach does not replicate the Cox-Maze IV lesion set.
The present study’s thoracoscopic HA approach leaves ab-
sent 4 lesions from the Cox-Maze IV: the coronary sinus
lesion, superior vena cava—inferior vena cava intercaval
line, the intracaval line to the tricuspid annulus (although
a cavo-tricuspid isthmus line is created at the time of endo-
cardial CA), and the lesion to the tip of the right atrial
appendage. Here we have reported our experience with a
bilateral thoracoscopic approach®; however, other cen-
ters”*”* may provide versions of a HA that are procedurally
different and have different lesion sets than that of the recent
CONVERGE trial.”>** The HA approach for managing
patients with heart failure described in the present
analysis is positioned between isolated endocardial
ablation and a complete Cox-Maze IV procedure. Defining
which patients may be best suited to respond to this
approach warrants further investigation.

In addition, the role of the totally thoracoscopic single-
stage procedure also requires evaluation, as selected pa-
tients might not require the second endocardial stage.”
The single-stage approach without a compulsory second
endocardial stage provides the advantage of omitting undue
risk of a second procedure if the patient remains in normal
sinus rhythm. Nonetheless, we support a 2-stage approach
for 2 specific reasons: (1) endocardial mapping at the sec-
ond stage provides critical feedback regarding the transmur-
ality of epicardial lesions and thus the opportunity for
iterative improvements in the epicardial technique while
also fostering important dialog within the AF heart team,
and (2) the endocardial stage allows for an ablation lesion
set that more closely approaches the Cox-Maze IV lesion,
and we are hopeful that this will confer a more durable
freedom from AF.

Limitations

Limitations of this study include its retrospective study
cohort with a sample size of only 40 patients. Our small
sample size limited our ability to model predictors of
rhythm success and to claim generalizability of our find-
ings, and is fraught with confounders that we were not
able to control for in our analysis. An inherent selection
bias might have biased our results toward more favorable



Kiankhooy et al

Adult: Arrhythmias

outcomes. A comparison of the effectiveness of an isolated
single-stage thoracoscopic approach and a 2-stage
epicardial-endocardial hybrid approach was not possible,
because all patients underwent both stages of the HA.
Finally, our study is limited in its follow-up. Although we
went to great lengths to ensure maximal follow-up, we pro-
vide care in a rural setting in northern California and most
of our patients travel >50 miles to receive care, which poses
challenges for follow-up. We acknowledge that over time,
rhythm control in most series evaluating freedom from
AF deteriorates, and we would expect to find the same trend
in this patient cohort if we were able to capture improved
follow-up.

CONCLUSIONS

HA in patients with tachycardia-mediated heart failure is
safe and provides freedom from AF in the majority of cases.
In our cohort, >60% of patients achieved rhythm success,
with an average absolute mean LVEF improvement of
12% and absolute mean LA size decrease of 0.4 cm, and
no patient experienced stroke or death.
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FIGURE El. Diagram of hybrid ablation. Red lines represent lesions
created during first-stage epicardial ablation (bilateral pulmonary vein
[PV] isolation, interconnecting lines [roof and floor]—left atrial [LA]
“box,” LA appendage to left superior PV [coumadin ridge], and mitral
isthmus). Green lines represent lesions created during the second-stage
endocardial ablation (completion of the mitral isthmus, cava-tricuspid
isthmus, and any additional ablation needed to complete the posterior
wall and PV isolation). Ganglionic plexi are also ablated during the epicar-

dial ablation. LA, Left atrial; SVC, superior vena cava; IVC, inferior vena
cava.
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FIGURE E2. Rhythm results with hybrid ablation in patients with tachycardia-mediated cardiomyopathy (TMC) and TMC-ischemia (TMC-I):
<30 seconds of atrial fibrillation (AF)/atrial flutter (AFL)/atrial tachycardia (AT) (dark green), electrocardiography (ECG) in normal sinus rhythm
(NSR) off antiarrhythmic drugs (AADs; light green), 0% AF burden but >30 seconds AT (blue), ECG in NSR with AAD (orange), paroxysmal AF (black
and white pattern), continuous AF/AFL/AT (black), and reintervention with direct-current cardioversion (DCCV) or catheter ablation (CA; asterisks). Red
boxes show patient numbers. CAM, continous ambulatory monitor; AF, atrial fibrillation; AFL, atrial flutter; A7, atrial tachycardia; AAD, antiarrhythmic
drugs; EKG, electrocardiogram; NSR, normal sinus rthythm; DCCYV, Direct-current cardioversion; CA, catheter ablation; TMC, tachycardia-mediated car-
diomyopathy; LVEF, left ventricular ejection fraction.
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FIGURE E4. Structural heart changes of hybrid ablation in patients with tachycardia-mediated cardiomyopathy (TMC) and TMC with ischemia (TMC-I).
LVEF, Left ventricular ejection fraction; LA, left atrial; TMC, tachycardia-mediated cardiomyopathy.
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FIGURE ES5. Patient Flow Diagram. LVEF, Left ventricular ejection fraction; ECHO, echocardiogram; F/u, follow up; NYHA, New York Heart
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