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Aims Hybrid atrial fibrillation (AF) ablation is a promising approach in non-paroxysmal AF. The aim of this study is to assess the
long-term outcomes of hybrid ablation in a large cohort of patients after both an initial and as a redo procedure.

Methods All consecutive patients undergoing hybrid AF ablation at UZ Brussel from 2010 to 2020 were retrospectively evaluated.
and results Hybrid AF ablation was performed in a one-step procedure: (i) thoracoscopic ablation followed by (i) endocardial mapping
and eventual ablation. All patients received PVI and posterior wall isolation. Additional lesions were performed based on
clinical indication and physician judgement. Primary endpoint was freedom from atrial tachyarrhythmias (ATas). A total
of 120 consecutive patients were included, 85 patients (70.8%) underwent hybrid AF ablation as first procedure (non-par-
oxysmal AF 100%), 20 patients (16.7%) as second procedure (non-paroxysmal AF 30%), and 15 patients (12.5%) as third
procedure (non-paroxysmal AF 33.3%). After a mean follow-up of 62.3 months + 20.3, a total of 63 patients (52.5%) ex-
perienced ATas recurrence. Complications occurred in 12.5% of patients. There was no difference in ATas between patients
undergoing hybrid as first vs. redo procedure (P = 0.53). Left atrial volume index and recurrence during blanking period were
independent predictors of ATas recurrence.

Conclusion In a large cohort of patients undergoing hybrid AF ablation, the survival from ATas recurrence was 47.5% at ~5 years follow-
up. There was no difference in clinical outcomes between patients undergoing hybrid AF ablation as first procedure or as a
redo.
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Graphical Abstract

Hybrid atrial fibrillation ablation: long-term outcomes from a single-center
10-year experience

on to hybrid AF ablation

No difference in long-term outcomes

m First procedure

m Redo procedure

What’s new?

® |nalarge cohort of patients, undergoing hybrid atrial fibrillation (AF)
ablation, the long-term free survival from atrial tachyarrhythmias
(ATas) was 47.5% at =5 years follow-up.

® There was no difference in the survival free from ATas between pa-
tients undergoing hybrid AF ablation as first procedure or as a redo.

® |eft atrial volume index and ATas recurrence during blanking period
were independent predictors of the recurrence endpoint.

Introduction

Electrical isolation of pulmonary veins (PVI) is the main invasive treat-
ment of atrial fibrillation (AF) since Haissaguerre et al." demonstrated
the role of atrial extrasystoles originating from the pulmonary veins
(PVs). In particular, endocardial catheter ablation with circumferential
PVI, by means of different sources of energy, has gained success because
of its safety and efficacy.”

However, in patients with persistent and long-term persistent AF,
the recurrence rate after an endocardial PVI-only procedure is higher,
and no additional ablation strategy has consistently demonstrated a sig-
nificant advantage in terms of clinical outcomes.***¢’ Furthermore,
another complex AF subset is represented by patients with AF recur-
rence and PVI confirmed at the second or third procedure.? This is not
a neglectable clinical issue, as & 20% of patients are found with isolated
PVs at redo.?

The suboptimal results of catheter ablation, especially in the persist-
ent/long-standing persistent AF subgroup, have led to a quest for novel
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techniques. Although showing good results, surgical ablation is limited
by the open chest approach.9

Hybrid AF ablation combines the advantages of both a thoracoscopic
surgical ablation (direct visualization of anatomical structures to be
spared and possibility to deliver epicardial lesions) and endocardial cath-
eter ablation (possibility to confirm PVI, to check line block and, if ne-
cessary, completing additional lesions from endocardium). The results
of hybrid AF ablation in clinical experience’®™"? and randomized trials
have been promising.14 However, long-term clinical follow-up data
are scarce. Furthermore, the role of hybrid AF ablation as redo proced-
ure is not clear.

The aim of this study is to assess the long-term outcomes of AF hy-
brid ablation in a large cohort of patients from a high-volume centre,
over 10 years; furthermore, the role of AF hybrid ablation as a second
or third procedure (re-do or re-re-do) is evaluated.

Methods
Study population

All consecutive patients diagnosed with AF who underwent a hybrid AF ab-
lation at UZ Brussel from 2010 to 2020 were retrospectively evaluated.
They were included in the current study if the following inclusion criteria
were fulfilled: (i) AF diagnosis following current guidelines'® and (ii) hybrid
AF ablation performed with PVI and left atrial posterior wall isolation
(LAPWI).

Exclusion criteria were the following: presence of intracavitary thrombus,
decompensated heart failure, presence of severe coronary artery disease,
and moderate or severe valvular disease.’®

The study cohort was divided in three groups as follows: (i) patients with
hybrid AF ablation as first procedure; (i) patients with hybrid AF ablation as
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second procedure; and (iii) patients with hybrid AF ablation as third
procedure.

The following data were collected: (i) clinical history including: demo-
graphic, race/ethnicity and biometric data; (i) clinical cardiovascular data:
renal function, cardiovascular risk factors, CHA2DS2-VASc score, echocar-
diographic data; and (jii) antiarrhythmic drugs (AADs).

The study complied with the Declaration of Helsinki as revised in 2013;
the ethic committee approved the study. All patients signed an informed
consent that had been approved by our institutional review board.

Hybrid atrial fibrillation ablation procedure

HybridmAF ablation procedure has been previously described in detail by our
group.

A transthoracic echocardiogram (TTE) was performed within 1 week
prior to the procedure to assess the left ventricular ejection fraction
(LVEF) and to rule out any significant structural and/or valvular disease.
On the day of the procedure, transoesophageal echocardiography (TOE)
was performed to rule out intracardiac thrombus. Pulmonary function test-
ing was also performed as pre-procedure routine.

Oral anticoagulation therapy (OAC) with vitamin K antagonists was inter-
rupted 2 days prior the procedure and replaced by low-molecular-weight
heparin (LMWH) therapy, based on INR values.

For patients on direct anticoagulants (DOAC), the management was as
follows: (i) the last dose of rivaroxaban or edoxaban was given in the morn-
ing 1 day prior to the procedure and (ii) the last dose of dabigatran or apix-
aban was given in the evening 1 day prior.

The hybrid AF ablation was performed in two times during a one-step
procedure: (i) thoracoscopic ablation followed by (ii) endocardial mapping
and eventual ablation. The procedure was performed in the electrophysi-
ology laboratory as previously described.’® General anaesthesia was admi-
nistered with a double-lumen endobronchial tube for selective lung
ventilation. In all patients, bilateral thoracoscopic access with 5 mm ports
was used. If hybrid AF ablation was performed as first (index) procedure,
antral isolation of both pairs of PVs was performed with four to six applica-
tions using a bipolar radiofrequency (RF) clamp (Atricure, Inc., West
Chester, OH, USA). After clamping, PVI was assessed by epicardial pacing
through a quadripolar catheter (exit block). For redo procedures, PVI
was assessed with epicardial pacing (exit block), and re-PVI was performed
if necessary. LAPWI was performed epicardially in all patients with two
lines: (i) a roof line (connecting both superior PVs) and (ii) inferior line (con-
necting both inferior PVs). A bipolar RF pen or a linear pen device (Isolator
Pen and Coolrail, Atricure Inc.) was used for LAPWI. Furthermore, if
deemed indicated by surgeon, two additional ablation lines were added epi-
cardially: one encircling the superior vena cava (SVC) using the bipolar RF
clamp and the other connecting cava veins using the pen or the RF clamp
(bicaval line). A posterior mitral line, connecting mitral annulus to left infer-
ior PV, could be performed epicardially, if deemed indicated. Left atrial ap-
pendage (LAA) clipping was performed in 91 patients (75.8%) with the
AtriClip device (AtriCure Inc.) (Figure 1).

Percutaneous endocardial mapping and ablation was performed via fem-
oral venous approach. A decapolar catheter (Biosense Webster, Inc,
Diamond Bar, CA, USA or EnSite EP System, Abbott, St. Paul, MN) was
placed in the coronary sinus under fluoroscopy, and a single or double
transseptal puncture was performed with a long sheath (SLO, St Jude
Medical) and BRK needle under TOE and fluoroscopy guidance. Right after
the first transseptal puncture, full heparinization (1000 U heparin per 10 kg
body weight) was given with targeted activated clotting time of 300s.
Electroanatomic map of the left atrium (LA) was performed with
(CARTO system; Biosense Webster, Inc.) using the circular mapping cath-
eter (Lasso, Biosense Webster, Inc.) and the open-irrigated 3.5-mm tip RF
ablation catheter (NaviStar ThermoCool; Biosense Webster, Inc.) until
2015. From 2015 to 2020, a high density LA map was obtained with
Pentaray mapping catheter (CARTO system; Biosense Webster, Inc.) or
with Advisor HD Grid Mapping Catheter, Sensor Enabled (Abbott,
St. Paul, MN). PVl and LAPWI were assessed by mapping (atrial bipolar volt-
age) and pacing manoeuvres (entrance and exit block). Re-PVI and/or re
LAPWI were performed with 3.5-mm tip RF ablation catheter (NaviStar
ThermoCool; Biosense Webster, Inc.), until 2015 and with ThermoCool
SmartTouch (Biosense Webster, Inc.) from 2016 to 2020 or with
TactiCath Contact Force Ablation Catheter, Sensor Enabled (Abbott,
St. Paul, MN) from 2019 to 2020. Additional lesions were performed

endocardially based on clinical indication and physician judgement, including
the following: (i) Cavotricuspid isthmus (CTI); (ii) anterior mitral line con-
necting mitral annulus to right superior PV; (iii) posterior mitral line, con-
necting mitral annulus to left inferior PV; and (iv) left and right
continuous fractionated atrial electrogram (CFAE) mapping and ablation.
In patients who did not convert to sinus rhythm during the ablation, elec-
trical cardioversion was performed. Bidirectional block was confirmed for
all ablation lines with pacing manoeuvres.

After the procedure, all patients underwent to continuous telemetric
monitoring until discharge from the hospital. Before discharge, TTE is per-
formed in all patients in order to exclude post-procedural pericardial effu-
sion. LMWH was started the same evening following the ablation, and on
the third postoperative day, OAC was reinitiated. Patients were restarted
with previous AADs within one week after ablation. Oral anticoagulation
and AADs were continued for at least 3 months. AADs were maintained
or stopped after 3 months, based on clinical judgement and following cur-
rent guidelines.!” Indication to hybrid AF ablation was analysed. Hybrid AF
ablation was considered as an alternative to endocardial ablation based on
the expected risk and benefit of the procedure and patient preference after
careful discussion following current guidelines.'®

Follow-up

After discharge, patients were scheduled for follow-up visits with baseline
electrocardiogram (ECG) and 24 h Holter recordings at 3, 6, 12 months,
and every 6 months after 1 year. Furthermore, a 7-day ECG Holter mon-
itoring was recorded at 3, 6, and 12 months for the first year and then every
6 months. Primary endpoint was recurrence of any atrial tachyarrhythmias
(ATas) defined as episodes >30 s after a 90-day post-ablation blanking per-
iod BP off AADs. Recurrence was assessed with standard ECG or 24 h ECG
Holter monitoring or with implantable loop recorders or implanted devices
interrogation if applicable. Moreover, a 24 h Holter monitoring was per-
formed if any symptom following ablation was deemed as prompting fur-
ther clinical investigation. ComPIications were adjudicated and analysed
following current AF guidelines."

Statistical analysis

The analysis was performed using R software version 3.6.2 (R Foundation
for Statistical Computing, Vienna, Austria).

All variables were tested for normality with Shapiro—Wilk test. Normally
distributed variables were described as mean =+ standard deviation and the
groups were compared through ANOVA, paired or unpaired t-test as ap-
propriate, while the non-normally distributed variables were described as
median (interquartile range) and compared by Mann—Whitney test or
Wilcoxon signed-rank test as appropriate. The categorical variables were
described as frequencies (percentages) and compared by y° test or
Fisher’s exact test as appropriate.

Kaplan—Meier’s curves were drawn to describe the patients’ freedom
from ATas during the follow-up period, and Log-Rank test or Pairwise
Log-Rank test was used.

Cox’s proportional hazard model was performed to identify risk factors
for ATas. The covariates entered in the univariate and multivariate Cox
model were chosen according to their clinical significance. Variables with
P < 0.10 were then entered in the multivariate model and selected with a
backward stepwise approach.

Survival analysis was performed with survival'® and survminer®® packages
on R software.

A P-value of less than 0.05 was considered statistically significant.

Results

Study population characteristics
A total of 120 consecutive patients were included in the study, 85 pa-
tients (70.8%) underwent hybrid AF ablation as first (index) procedure,
20 patients (16.7%) as second procedure (first redo), and 15 patients
(12.5%) as third procedure (second redo).

All 85 patients (100%) undergoing hybrid AF ablation as first proced-
ure had non-paroxysmal AF, 17 patients (20%) with persistent AF, and
68 patients (80%) with long-standing persistent AF. Paroxysmal AF was
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Left and right pulmonary veins
isolation

Figure 1 Epicardial thoracoscopic stage in hybrid atrial fibrillation ablation. Left and right pulmonary veins isolation and posterior wall isolation were
performed in all patients. Left atrial appendage closure and posterior mitral line epicardial ablation were performed if clinically indicated.

more frequent in patients with hybrid AF ablation as second or third
procedure compared with patients with an index hybrid AF ablation
[14 patients (70%) vs. 10 patients (66.7%) vs. O patients (0%) respect-
ively, P < 0.001].

The three cohorts had no significant differences for cardiovascular
risk factors, except for diabetes. CHA2DS2-VASc score was 2.2 +
5.8 and left atrial volume index (LAVI) was 42.4 mL/m? + 18.3.

Complete patient characteristics are summarized in Table 1.
Indication to hybrid AF ablation has been summarized in Table 2.

Procedural characteristics

Among 85 patients undergoing hybrid AF ablation as first procedure, all
patients had PVI+LAPWI. Additional CTI was performed in 11 pa-
tients (12.9%), an anterior mitral line was performed in 11 patients
(12.9%), a posterior mitral line in 8 patients (9.4%), and CFAE ablation
in 22 patients (25.9%) (Table 3). A redo procedure was performed in 22
patients (25.9%): PVs were isolated in 15 patients (68.2%), and LAPWI
was confirmed in 20 patients (90.9%).

Among 20 patients undergoing hybrid AF ablation as second proced-
ure, 15 patients (75.0%) had a previous PVI with cryoablation and 5 pa-
tients (25.0%) had a previous PVI with RF. PVs were isolated in 14
patients (70.0%). Hybrid re-PVI (if reconnected PVs) + LAPWI was per-
formed in all patients. Additional CTl was performed in three patients
(15.0%), an anterior mitral line was performed in two patients (10.0%),
a posterior mitral line in three patients (15.0%), and CFAE ablation in six
patients (30.0%) (Table 3).

Among 15 patients undergoing hybrid AF ablation as third proced-
ure, 12 patients (80.0%) had a previous PVI with cryoablation and 3 pa-
tients (20.0%) had a previous PVl with RF. PVs were isolated in 15
patients (100%). Hybrid LAPWI was performed in all patients.
Additional CTl was performed in two patients (13.3%), an anterior mi-
tral line was performed in three patients (20.0%), a posterior mitral line

in two patients (13.3%), and CFAE ablation in three patients (20.0%)
(Table 3).

Complications occurred in 15 patients (12.5%). There were no
procedure-related deaths. Three patients experienced left atrial perfor-
ation during the thoracoscopic stage. Two patients had a vein lesion
(right inferior and left superior, respectively) requiring conversion to
sternotomy. One patient had an intraprocedural perforation of the
left atrial appendage which was treated by clipping. One patient experi-
enced a late tamponade (7 days after the procedure) treated with peri-
cardial drainage and ECMO support.

Complications are summarized in Table 3.

Follow-up and predictors of the primary
endpoint

After a mean follow-up of 62.3 months +20.3 a total of 63 patients
(52.5%) experienced an ATas recurrence. A first ATas recurrence oc-
curred at a mean follow-up of 23.5 months + 20.5. ATas were adjudi-
cated as AF in 35 patients (55.5%) and atrial tachycardia in 28 patients
(44.4%). ATas free survival without AADs was as follows: 76.7% at 12
months, 67.5% at 24 months, 60.5% at 36 months, 53.6% at 48 months,
and 46.1% at 60 months (Figure 2). During follow-up, no patients ex-
perienced a stroke.

At survival analysis, there was no difference in ATas-free survival be-
tween patients with hybrid as first procedure and patients with hybrid
as second or third procedure (45.9% vs. 51.4%, Log-Rank P=0.53)
(Figure 3). There was no difference in ATas free survival between pa-
tients with paroxysmal AF and patients with persistent or long-standing
persistent AF (54.2% vs. 45.8%, Log-Rank P = 0.33).

At survival analysis stratified for hybrid timing, there was no differ-
ence in ATas-free survival between patients with hybrid as first proced-
ure and patients with hybrid as second procedure (45.9% vs. 55.0%,
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Table 1 Clinical characteristics of hybrid atrial fibrillation ablation patients

Hybrid first procedure Hybrid second procedure Hybrid third procedure Total P value
(N =85) (N=20) (N=15) (N=120)
Age at ablation (years) 65.0+85 620+ 6.6 603+77 640+82 0.063
Gender (male), n (%) 67 (78.8) 10 (50.0) 11 (733) 88 (73.3) 0.042
BMI (kg/m?) 286+4.2 299+59 282+50 287 +4.6 0.49
Race/ethnicity, n (%) 1.00
White/Caucasian, n (%) 84 (98.8) 20 (100.0) 5 (100.0) 119 (99.2)
Black/African, n (%) 1(1.2) 0 (0.0) 0(0.0) 1(0.0)
Asian, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0(0.8)
Paroxysmal AF, n (%) 0 (0.0) 14 (70.0) 10 (66.7) 24 (20.0) < 0.001
Persistent AF, n (%) 17 (20.0) 4 (20.0) 4(26.7) 25 (20.8) 0.78
Long-standing persistent 68 (80.0) 2 (10.0) 1(6.7) 71 (59.2) < 0.001
AF, n (%)
Dyslipidaemia, n (%) 15 (17.6) 6 (30.0) 6 (40.0) 27 (22.5) 0.11
Heart failure, n (%) 11(129) 0 (0.0) 0 (0.0) 109.2) 0.10
Hypertension, n (%) 43 (50.6) 9 (45.0) 8 (53.3) 60 (50.0) 092
Diabetes, n (%) 6(7.1) 6 (30.0) 1(6.7) 13 (10.8) 0.021
Stroke history, n (%) 3(35) 3 (15.0) 1(67) 7 (5.8) 0.09
Peripheral vascular disease, 2 (2.4) 0 (0.0 2 (13.3) 4(3.3) 0.12
n (%)
CHA2DS2-VASc score 25+68 17+14 1.7+14 22+58 0.81
LVEF (%) 537+120 59.0+45 60.0+0.0 554+ 106 0.025
LAVI (mL/m?) 428 +18.6 41.1+147 420+218 424+183 0.94
AADs, n (%) 50 (58.8) 13 (65.0) 12 (80.0) 75 (62.5) 0.30
Flecainide, n (%) 11 (129) 4 (20.0) 5(33.3) 20 (16.7) 0.12
Propafenone, n (%) 1(1.2) 1(5.0) 0 (0.0) 2(1.7) 0.50
Beta-blockers, n (%) 35(41.2) 7 (35.0) 3(20.0) 45 (37.5) 0.30
Sotalol, n (%) 10 (11.8) 6 (30.0) 8 (53.3) 24 (20.0) < 0.001
Amiodarone, n (%) 13 (15.3) 1(5.0) 0 (0.0) 14 (11.7) 0.23
Calcium channel blockers, 2 (2.4) 0 (0.0) 0 (0.0) 2(1.7) 1.00
n (%)
VKA, n (%) 6(7.1) 0 (0.0) 0 (0.0) 6 (5.0) 0.18
DOAC, n (%) 79 (92.9) 20 (100.0) 15 (100.0) 114 (95.0) 0.18

AADs, antiarrhythmic drugs; AF, atrial fibrillation; BMI, body mass index; DOAC, direct oral anticoagulant; LAVI, left atrium volume index; LVEF, left ventricular ejection fraction; VKA,
vitamin K antagonists.

Table 2 Indication to hybrid atrial fibrillation ablation

Hybrid first procedure Hybrid second Hybrid third Total
(N=85) procedure (N = 20) procedure (N = 15) (N=120)
Persistent or long-standing persistent 79 (92.9) 6 (30.0) 5(33.3) 90 (75.0)
AF and severely dilated LA, n (%)
LAA closure indication, n (%) 8 (94) 2 (10.0) 1(6.7) 11(9.2)
Failure of previous endocardial approach, n (%) 0 (0) 20 (100.0) 15 (100) 35(29.2)

Each patient could have more than one indication.

AF, atrial fibrillation; LA, left atrium; LAA, left atrial appendage.
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Table 3 Procedural characteristics and complications

Hybrid first procedure Hybrid second Hybrid third Total P value
(N=85) procedure (N = 20) procedure (N = 15) (N=120)
Procedure time (min) 2657 £ 622 2598727 2583+ 687 2624+ 652 0.87
Fluoroscopy time (min) 225+81 238+103 235+106 234 +10.1 0.90
First ablation cryoablation PVI, n (%) 0 (0.0) 15 (75.0) 12 (80.0) 27 (22.5) NA
First ablation RF PVI, n (%) 0 (0.0) 5(25.0) 3 (20) 8 (6.7) NA
First ablation hybrid PVI, n (%) 85 (100) 0 (0.0) 0 (0.0) 85 (70.8) NA
LAPWI (hybrid), n (%) 85 (100) 20 (100) 15 (100) 120 (100) NA
CTI performed (hybrid), n (%) 11 (129) 3(15.0) 2(13.3) 16 (13.3) 0.91
Anterior mitral line performed 11 (12.9) 2 (10.0) 3 (20.0) 16 (13.3) 0.90
(hybrid), n (%)
Posterior mitral line performed 8 (94) 3 (15.0) 2 (133) 13 (10.8) 0.84
(hybrid), n (%)
CFAE performed (hybrid), n (%) 22 (25.9) 6 (30.0) 3(20.0) 31 (25.8) 0.86
Complications 11 2 2 15 0.94
Left atrial perforation, n (%) 3 0 0 3
Cardiac tamponade 0 1 0 1
Post-operatory pericardial drainage, 2 0 0 2
n (%)
Pericarditis, n (%) 1 5
Pleuritis, n (%) 2 1 3
Pneumothorax requiring drainage, n 1 0 1

(%)

CFAE, continuous fractionated atrial electrogram; CTI, cavotricuspid isthmus; LAPWI, left atrium posterior wall isolation PVI, pulmonary vein isolation; RF, radiofrequency.

ATas free survival — Hybrid procedure (overall)
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Figure 2 Kaplan—Meier curves of survival free from any atrial tachyarrhythmias recurrence in the whole cohort. Kaplan—Meier curve of survival free
from any atrial tachyarrhythmias (ATas) occurrence in the whole (120-patient) cohort. After a mean follow-up of 62.3 months + 20.3, freedom from
ATas recurrence was obtained in 47.5% of patients.



Hybrid atrial fibrillation ablation

pairwise Log-Rank P = 0.60) or patients with hybrid as third procedure
(45.9% vs. 46.7%, Pairwise Log-Rank P=0.81).

At Cox multivariate analysis, independent predictors of ATas recur-
rence were the following: LAVI (HR =1.02, 95% Cl 1.01-1.03, P=
0.004) and recurrence during blanking period (HR=5.1, 95% ClI
2.12-10.23, P=0.001) (Table 4).

Discussion

The main findings of this study can be summarized as follows: (i) In a
large cohort of patients undergoing hybrid AF ablation, the long-term
free survival from ATas was 47.5%; (ii) There was no difference in
the survival free from ATas between patients undergoing hybrid AF ab-
lation as first procedure or as a redo; and (i) LAVl and ATas recurrence
during blanking period were independent predictors of the primary
endpoint.

Long-term outcomes of hybrid atrial

fibrillation ablation

Wolf et al?! reported the first patients treated with PVI by means of a
minimally invasive approach to. They described the feasibility of
video-assisted thoracoscopic PVI with a new promising minimally invasive
technique. Since the first report, minimally invasive surgery experience has
increased and hybrid procedure for AF ablation has been developed.
Mahapatra et al.** described their experience with a staged hybrid AF ab-
lation on 15 patients with non-paroxysmal AF and previous failed ablation.

A sequential epicardial surgical ablation, through bilateral thoracoscopic
approach, followed by endocardial catheter-based ablation, was used.
Freedom from ATas in the hybrid group vs. a matched catheter ablation
group at 20 months of follow-up was 87% vs. 53%, respectively.

The current study is the first evaluating the long-term outcomes
after hybrid one-step AF ablation. One-stage hybrid AF ablation has
the advantage to reduce hospitalizations while potentially enhancing
clinical outcomes.>** Indeed, in a pre-clinical model from our group,
simultaneous epi—endo ablation produced broader and deeper le-
sions.? Two-stages hybrid AF ablation might be associated with short-
er procedural time and the possibility to assess lesions after oedema
resolution.

Our study included a cohort of 120 patients, of whom the majority of
first-do hybrid procedures were performed for long-standing persist-
ent AF (80%). The long-term free survival from ATas was 47.5% at
~5 years follow-up. At 2 years follow-up freedom from ATas was
67.5%. This is consistent with previous literature from our group'®
and other groups.”® Pison et al. reported 87% of ATas free survival at
2 years follow-up."® However, 37.2% of patients had paroxysmal AF
compared with 20.0% in the current study. The hereby reported
ATas freedom at 3 years was 60.5%. The only study reporting 3 years
follow-up after hybrid AF ablation found ~80% ATas freedom in a co-
hort with 47% of paroxysmal AF patients."”

In the current study, freedom from ATas in patients with persistent
or long-standing persistent AF undergoing hybrid AF ablation after a
single procedure was 45.8%. This is higher than some studies on con-
ventional transcatheter AF ablation. Wynn et al.*” at a mean follow-up
of 46 months reported a 25% survival free from ATas after AF ablation
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Figure 3 Kaplan—Meier curves of survival free from any atrial tachyarrhythmias recurrence stratified by hybrid ablation timing: hybrid as first pro-
cedure vs. hybrid as second or third procedure. Kaplan—Meier curve of survival free from any atrial tachyarrhythmias (ATas) occurrence. There was no
difference in ATas free survival between patients with hybrid as first procedure (blue curve) and patients with hybrid as second or third procedure (red

curve), (45.9% vs. 51.4%, Log-Rank P =0.53).
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Table 4 Cox regression analysis

Cox univariate analysis
HR (95% Cl), P value

Cox multivariate analysis
HR (95% CI), P value

Age at ablation 1.01 (0.98-1.04), P=0.55 —
BMI 0.98 (0.93-1.04), P=0.66 —
Gender (male) 0.96 (0.55-1.67), P=0.87 —
Duration of symptoms 1.02 (1.01-1.04), P=0.02 —
Hypertension 1.21 (0.74-1.99), P=0.44 —
LAVI 1.03 (1.01-1.04), P = 0.002 1.02 (1.01-1.03), P = 0.004

Coronary artery disease
Blanking period recurrence

Persistent or long standing persistent AF

124 (0.49-3.1), P=0.64 —
5.2 (2.31-10.52), P < 0.001
1.39 (0.72-2.66), P=0.32 —

5.1 (2.12-10.23), P=0.001

AF, atrial fibrillation; BMI, body mass index; LAVI, left atrium volume index.

in patients with persistent AF. At 5 years follow-up, arrhythmia-free
survival rates were 29% from a large single-centre cohort of 100 pa-
tients and patients with long-standing persistent AF experienced a high-
er recurrence rate than those with paroxysmal or persistent AF.%8 In a
meta-analysis by Ganesan et al., for patients with non-paroxysmal AF,
single-procedure success was 50.8% at 1 year and 41.6% at 3 years.”’
More recently, Kawaji et al.>® reported a 5-year freedom from ATas
of 42.5% in persistent AF after first procedure and 70.8% after last pro-
cedure, with 14% of patients on AADs. The use of contact-force cathe-
ters was associated with improved outcomes and a 5-years freedom
from AF recurrence after first procedure of 52.0% and 37.0% in pa-
tients with persistent and long-standing persistent AF, respectively.’’

Redo hybrid ablation and safety outcomes

Hybrid ablation was performed as a redo procedure in 35 patients, of
whom 29 patients (82.8%) with isolated PVs. All paroxysmal AF pa-
tients were in the redo group. ATas free survival for redo procedures
was 55.0% at =5 years follow-up. Recurrence of AF after first PVI es-
pecially with isolated PVs represents a challenging scenario and no ab-
lation strategy has consistently demonstrated to improve clinical
outcomes.>? In a recent randomized trial, the addition of LAPWI to
re-PVI at first AF redo ablation did not improve clinical outcomes’; fur-
thermore ATas free survival in this population remained poor with
30.7% of survival free from ATas at 17 months follow-up (both with
or without LAPWI). The addition of SVC isolation at redo AF ablation
has also not consistently shown a net clinical benefit. In a study on 276
patients (31.5% paroxysmal AF), after 12 months, there was no signifi-
cant difference in ATas free survival between SVC isolation (73%) vs.
No-SVC isolation (74%, P = 0.85).3

A complication occurred in 15 patients (12.5%) in the current co-
hort. This is lower compared to our historical cohort'® (20.3%) and
might be explained by both the learning curve and an optimized medical
therapy workflow. In particular, the reduction in complication rate was
driven by a reduction in rate of pericarditis and pleuritis after the intro-
duction of a standard anti-inflammatory drugs regimen post hybrid ab-
lation in our centre. Our results are consistent with other previous

studies reporting a complication rate of 8-24% after hybrid AF abla-
tion, 133436

Strenghts and limitations

Limitations include referral bias due to the inclusion of patients from a
tertiary centre specialized in hybrid ablation. One single experienced

surgeon (M.L.M.) performed all the cases (thoracoscopic step). The
current study is a retrospective single-centre study. There is no com-
parison between single-step and staged hybrid AF ablation as a single-
step procedure is the standard in our centre. The three groups of
patients analysed are heterogenous, and this might hamper sub-group
analysis. However, the paper is intended as a real-world analysis of hy-
brid AF ablation outcomes in a wide patient population cohort.

Conclusions

In a large cohort of patients undergoing hybrid AF ablation, the long-
term free survival from ATas recurrence was 47.5%. Complications oc-
curred in 12.5% of patients. There was no difference in clinical out-
comes between patients undergoing hybrid AF ablation as first
procedure or as a redo, thus prompting further clinical evaluation for
hybrid ablation in this complex setting.
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