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Abstract

Catheter ablation is an effective treatment for atrial fibrillation (AF). However, over long-term follow-up, it is becoming clear that AF often
recurs and repeat ablation is required. With the goal of improving efficacy, particularly in those patients with risk factors for poor outcomes
using a standard endocardial ablation technique, surgical epicardial ablation has emerged as an alternative methodology. Since its advent in
the 1980s, surgical ablation techniques have continued to evolve. New ablation tools make a minimally invasive surgical approach possible.
And most recently, we have seen the development of a hybrid (epicardial and endocardial) approach to AF ablation, which can draw upon

the advantages of both options.

Introduction

Atrial fibrillation (AF) is the most common clinical arrhythmia and
associated with significant morbidity and mortality. The incidence of
AF continues to rise, likely attributable to the aging of the patient
population and the rising prevalence of chronic cardiac disease. As
the overall prevalence of AF rises, it continues to be a great burden
on the healthcare system.

Since its advent in the late 1990s, radiofrequency (RF) endocardial
catheter ablation has emerged as a tool for the management of
symptomatic AF. The improved efficacy of endocardial catheter
ablation over antiarrhythmic drug therapy has been established in
several randomized controlled trials. However, longer-term data have
proved to be less encouraging.”? When followed over several years,
it is clear that recurrence of AF after endocardial catheter ablation is
relentless, often warranting repeat ablation procedures.

With the goal of improving efficacy, particularly in those patients
with risk factors for poor outcomes using a standard endocardial
ablation technique, surgical epicardial ablation has emerged as an
alternative technique. In this article, we review the development of
epicardial approaches to AF ablation, beginning with open heart
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techniques developed in the 1980s and culminating in hybrid
(combined endocardial and epicardial ablation) techniques.
Epicardial surgical ablation can be performed concomitantly
with other cardiothoracic surgical procedures or as a stand-alone
operation. Stand-alone epicardial AF ablation can be an open
chest or minimally invasive procedure. Epicardial AF ablation can
be combined electively with an endocardial catheter ablation done
either at the time of epicardial surgery, or delayed days or weeks
after an initial epicardial procedure. A general problem with the
assessment of success rates of catheter and surgical based procedures
for AF is lack of standardization in how outcomes were measured.
The Heart Rhythm Society guidelines recommend no more than 30
seconds of AF be the criteria a successful procedure. But in many
studies only symptomatic recurrences proven by ECG were counted
as failures, and in many others only 24 or 48 hour Holter monitors
were required. The closest to a gold standard currently available is
an implantable looping event recorder, but few large studies have

employed this technology.

Open Heart Surgical Techniques For AF

Surgical techniques for rhythm control of AF emerged in the
1980s. The “Corridor” procedure was described by Guiraudon et al in
1985.% With this surgery, a portion of atrium including the sinoatrial
and atrioventricular node were isolated from the remaining atrium.
Unfortunately, success rates were low and the atria outside of the
corridor continued to fibrillate, minimizing atrial transport function
and leaving patients with a continued risk for thromboembolism.

James Cox developed the Maze procedure in the late 1980s.* By
dividing the atria into smaller segments with a cut-and-sew technique,
fewer re-entrant circuits could be maintained. Incisions encircled
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the pulmonary veins with connecting lesions to the mitral annulus
and the left atrial appendage. Initial surgeries were associated with
significant sinus node dysfunction. However, modifications to the
lesion set culminated in the Cox-Maze III operation.” Modifications
included eliminating incisions around the sinus node, moving the
left atrial roof incision more posteriorly, and excising the left atrial
appendage. The Cox-Maze III surgery became the gold standard for
surgical treatment of AF with long-term success rates of >90% as
assessed by symptom guidance alone.® However, the surgery never
gained popularity given its complexity and significant morbidity.

Modifications to the Cox-Maze III were made to simplify the
surgery while maintaining its efficacy. The Cox-Maze IV developed
by Damiano and others replaces cut-and-sew lines with ablation
using technologies such as radiofrequency, cryothermy, or microwave
energy ablation.” Khargi et al compared the efficacy of alternative
energy sources (cyroablation, radiofrequency, high-intensity focused
ultrasound, laser, microwave) to cut-and-sew techniques.® Post-
operative freedom from AF using an alternative energy source
is comparable to the cut-and-sew technique but reduces cross
clamp times.The Cox-Maze IV can be performed through a mini-
thoracotomy but still requires cardiopulmonary bypass, largely due
to an inability to created consistently transmural lesions on a beating
heart. Because contiguous and transmural lesions are difficult to
create on the beating epicardial surface, numerous epicardial patterns
have been described in the literature, each incorporating different
lesions and different ablation energy sources.

AF Surgery with Concomitant Heart Surgery

Simplifications to the Maze procedure with alternative energy
sources make it easier to combine the Maze procedure with
concomitant cardiac surgery. The prevalence of AF, particularly in
those with mitral valve surgery, is estimated to be 40-60%. Moreover,
AF in patients with valve disease is associated with decreased survival.
With direct access to the left atrium, concomitant heart surgery
represents a prime opportunity for surgical ablation, yet only 62% of
patients undergoing mitral valve surgery undergo concomitant AF
surgery.'

Several studies have demonstrated a significant increase in AF
free survival in those undergoing concomitant Maze surgery. Kong
et al performed a meta-analysis of 9 randomized controlled trials
comparing the efficacy of surgical maze concomitantly with cardiac
surgery versus pharmacologic therapy for treatment of AF. When
compiling a total of 472 patients, surgical maze increased the odds
of freedom from AF at 12 months after cardiac surgery over 5-fold
(OR 5.22). There was no corresponding increased in hospital stay,
peri-operative complications, or mortality.!

Success rates are lower in those with structural heart disease like
rheumatic or ischemic heart disease and in those with persistent AF.
Typically left atrial ablation alone is recommended in those with
paroxysmal AF, whereas biatrial ablation may be preferred in those
with persistent AF and those with enlarged right atria.'>*

Several approaches for AF surgery when performed with
concomitant cardiac surgery have been studied. The majority of
studies have utilized cryoablation although radiofrequency ablation
and cut-and-sew procedures have been utilized as well. At a
minimum, lesion sets consist of pulmonary vein isolation with some
including ancillary linear ablation between the pulmonary veins to
isolate the posterior left atrium. Generally, studies have been small

but consistently outcomes are adequate with pulmonary vein isolation
alone in those with paroxysmal AF but additional linear ablation is
beneficial in those with persistent AF.

Camm et al compiled data evaluating the utility of cryoablation
specifically with concomitant cardiac surgery compared with no
treatment, catheter based therapy, or other sources of energy in
maintaining sinus rhythm in those with AF. From 291 studies,” were
identified which provided the best evidence although high quality
data was lacking. The authors conclude that because complication
rates are low and success rates at 12-months are reasonable (60-
82%), the practice of AF surgery with concomitant heart surgery is
an acceptable approach.'

Standalone Minimally Invasive Surgery for AF

Although the Cox-Maze surgery is highly effective, its complexity
and associated morbidity have limited its adoption as a widespread
standalone treatment for AF. More recently, alternative minimally
invasive techniques have been developed for surgical treatment of AF
in those not requiring concomitant cardiac surgery.

Epicardial off-pump pulmonary vein isolation can be performed
either through a thoracoscopic or mini-thoracotomy approach.
Initial results with bilateral video-assisted thoracoscopic epicardial
PVI wusing a bipolar non-irrigated RF clamp (Atricure, Inc,
Cincinnati, OH) were promising with 91% free of AF at follow-up.”
Management of stroke risk by way of left atrial appendage (LAA)
removal is an added benefit.

As the role of ganglionated plexi (GP) in the initiation and
maintenance of AF has become apparent, ganglionated plexi ablation
has emerged as a potential ancillary strategy for surgical AF ablation.
Several studies have evaluated the benefit of standalone epicardial
pulmonary vein isolation with ganglionated plexi ablation on the
maintenance of sinus rhythm. Edgerton et al reported outcomes in
52 patients with symptomatic paroxysmal AF.'® Patients underwent
bilateral minithoracotomies with GPs identified by vagal response
to high-frequency stimulation. Bipolar radiofrequency clamp
pulmonary vein antral isolation with GP ablation was performed.
LAA was excised or stapled in 88%. Patients were followed with
24-hour Holter or 2 week monitoring at 6 and 12 months. Average
hospital length of stay was 5 days. Three patients required post-
operative pacemaker implantation. At 12-months follow-up, 80% of
patients were in sinus rhythm.

However, the majority of patients in these initial studies had
paroxysmal AF. Follow-up studies demonstrated that pulmonary
vein isolation alone is insufficient for the treatment of persistent
AF. Additionally, the particular role of ganglionated plexi ablation
is unclear as no randomized studies have specifically evaluated its
benefit.

Because endocardial catheter ablation can be highly effective for
paroxysmal AF and is a much less invasive procedure, standalone
epicardial ablation for paroxysmal AF has never gained widespread
acceptance.

In those with persistent AF, adding linear ablation to pulmonary
vein isolation appears to be beneficial. Edgerton et al developed a
beating-heart approach replicating the lesions of the Cox maze
procedure using minimally invasive techniques known as the “Dallas”
lesion set (Figure 1).7” In 30 patients (10 persistent, 20 long-standing
persistent), Edgerton et al described the use of bilateral PV antral
isolation using a bipolar RF clamp (Atricure, inc) with GP ablation.
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The “Pallas’: epicard.ial lesion se.t. Bll.le I.ines indic?te e.picardial

ablation lesions (Atricure). Red lines indicate surgical lines.
Subsequent linear ablation included a left atrial roof line, a line
between the roof and the left fibrous trigone (anterior trigone line),
and a line to the base of the resected left atrial appendage. Conduction
block across the roof and anterior trigone lines was verified by pacing
techniques. Patients were followed for 6 months with ECG and 14-21
day auto-triggered monitors. Pacemaker implantation was required
in 3 (10%) patients. At 6 months, overall success rate was 58% off
anti arrhythmic drugs and 80% with or without antiarrhythmic drugs
as assessed by long-term (14-21 day) event monitoring.

A larger study of 89 patients with paroxysmal (35%), persistent
(24%), or long-standing persistent (42%) AF undergoing the
“Dallas” epicardial lesion set was reported by Weimar et al.’® Mean
hospital length of stay was 8 days. One patient required conversion
to extracorporeal circulation. Freedom from AF and antiarrhythmic
drug therapy was 71%, 82%, and 90% at 6, 12, and 24 months,
respectively with no difference in those with paroxysmal or persistent
AF. However, 5% of patients required subsequent catheter ablation
for recurrent AF or atrial flutter.

Nasso et al described the use of an alternative surgical technique
for pulmonary vein isolation through a right minithoractomy in 104
patients (Figure 2).” A linear vacuum-assisted unipolar RF ablation
catheter (Estech, San Ramon, CA) was looped around the pulmonary
veins by way of the transverse and oblique pericardial sinuses using
a magnet tipped introducer. Patients were followed with 24-hour
Holter monitoring. Periprocedural complications including 1 case of
intraoperative LA rupture requiring sternotomy for repair, 1 case of
hemorrhagic stroke 4 days post-op, and 1 transient ischemic attack
in the early post-operative period. At an average 17 months follow-
up, 89% were free of AF (96% with paroxysmal AF and 80% with
persistent AF).

Finally, Boersma et al compared the efficacy and safety of catheter
ablation and minimally invasive surgical ablation in 124 patients with
drug-refractory AF, left atrial dilatation (> 4cm), and hypertension
in the FAST study.® AF was paroxysmal (67%), persistent (33%),
or long-standing persistent (8%). The surgical ablation consisted of
the “Dallas” lesion set as described by Edgerton. Catheter ablation
consisted of wide-area linear antrum ablation with PV isolation
guided by circular mapping catheter. Additional lines were made at
the discretion of the operator. Patients were followed with ECG and
7-day Holter monitoring at 6 and 12 months. Median length of stay
was 5.5 days vs 2 days for surgical or catheter ablation, respectively.
In the surgical group, complications included 1 patient requiring
convertion to median sternotomy, 1 patient requiring pacemaker
implantation, 6 patients with pneumothorax, 1 with hemothorax, 1
with stroke, 1 tamponade, and 1 rib fracture. In the catheter group,
complications included 1 transient ischemic attack and 4 groin
hematomas. However, at 12 months, freedom from AF > 30 sec in
the absence of antiarrhythmic drugs was 66% in the surgical group vs
37% in the catheter group (p=.0022).

Hybrid Surgery for AF

Hybrid (combined endocardial and epicardial ablation) is an
intriguing option, which can take advantage of the strengths of
surgical and catheter-based ablation. Fundamentally, catheter based
ablation has the advantage of mapping techniques for ensuring
bidirectional electrical isolation of pulmonary veins or other linear
ablation. In addition, certain areas of the atria (e.g mitral isthmus,
cavotricuspid isthmus) are more accessible from an endocardial
approach. Catheter ablation techniques also offer the opportunity for
detailed mapping of atypical flutters or atrial tachycardia. However,
point-by-point ablation can be cumbersome and may not be durable.
Surgical ablation offers an anatomic approach with direct visual
guidance but no electrophysiologic guidance. There are significant

Epicardial lesion set. Blue lines indicate epicardial ablation
lesions (Estech). Hashed area indicates isolated myocardium.
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challenges to a hybrid ablation procedure including multidisciplinary
team availability, requirement of a hybrid laboratory, sequence of
the procedure, and anticoagulation strategy. However, the potential
benefits of a hybrid approach can outweigh these challenges,
particularly in patients whose outcomes may be more limited with a
traditional catheter-based procedure.

Mahapatra et al reported their experience with a hybrid epicardial
and endocardial ablation in 15 patients with persistent or long-
standing persistent AF who had failed at least one attempt at
endocardial ablation and antiarrhythmic drug therapy?' Patients
were excluded if they had another indication for cardiac surgery or
a prior history of cardiac surgery. Bilateral thoracoscopic off-pump
epicardial ablation (Atricure, Westchester, OH) was performed using
the Dallas Lesion set (pulmonary vein isolation, SVC isolation,
roof and mitral line, elimination of ganglia response, ligament of
Marschall ablation, and left atrial appendage exclusion). Patients
were cardioverted and PV and SVC isolation was confirmed by an
electrophysiologist in the operating room. Endocardial ablation
was performed an average of 4 days later. During endocardial
ablation, SVC isolation was confirmed, a cavotricuspid isthmus line
was created, and PV isolation and block across the roof and mitral
line were confirmed. Finally, high dose isoproterenol was used for
induction. Any atrial flutter induced was mapped and ablated. If
AF was induced, additional complex fractionated atrial electrogram
ablation was performed. All patients were treated with amiodarone
or dofetilide for 3 months post-procedure. Routine 7-day or 24-hour
continuous monitoring was performed. Outcomes were compared to
a matched catheter ablation alone control group. Overall, hospital
length of stay in the hybrid group was longer but otherwise there were
no acute complications in either group aside from a tamponade in the
catheter-alone group. At 20 months of follow-up, more patients in
the hybrid group were free of atrial arrhythmias off antiarrhythmic
drugs (87% vs 53%, p=.04).

LaMeir et al reported their experience comparing a hybrid
epicardial and endocardial ablation in 35 patients with epicardial
only ablation in 28 patients (45-50% paroxysmal, 18-23% persistent,
31-32% long-standing persistent).”?  Bilaterial thoracoscopic
epicardial ablation (Atricure, Westchester, OH) included pulmonary
vein isolation, roof and inferior LA ablation targeting a posterior
“box”, and GP ablation. Entrance and exit block across the PV and
posterior box lines were checked. In the hybrid group of patients,
PV isolation and block across the lines were checked endocardially.
Induction of AF was performed during endocardial ablation with
rapid pacing and/or isoproterenol infusion. In the case of persistent
AF, a mitral line was created. Additional SVC isolation was added
in those with persistent or long-standing persistent AF. And cavo-

tricuspid isthmus ablation was performed in those with a history
of typical right atrial flutter or if it became apparent during the
procedure. Finally, left atrial appendage exclusion was performed in
those with an LAA tachycardia or those with CHADS, score >= 1.
Patients were followed with 7-day continuous monitoring at 3, 6, and
12 months post-procedure. There were no complications including
mortality, stroke, or reoperation for bleeding in the two groups.
Median length of hospital stay was 3-4 days. At 1-year follow-up,
success rates free of atrial arrhythmia > 30 seconds off antiarrhythmic
drug therapy were higher in those undergoing hybrid ablation
compared to epicardial alone (91% vs 82%, p=.07), particularly in
those with persistent or long-standing persistent AF.

Pison et al reported their experience in 26 patients undergoing
hybrid thoracoscopic and transvenous ablation for AF in patients
who had either failed prior catheter ablation, had an enlarged left
atrial volume (>= 29 ml/m2), or had persistent or long-standing
persistent AF. % Similar to the studies of Mahapatra and LaMeir, the
pulmonary veins were isolated at the antra using a bipolar RF clamp
(Atricure, Westchester, OH). Isolation was confirmed endocardially.
In those with persistent AF, a roof line and posterior LA line
(box lesion), SVC isolation, and intercaval lines were created. An
epicardial and endocardial mitral line was created. A cavotricuspid
isthmus line was made in those with a prior history of atrial flutter
or flutter during the procedure. Finally, the left atrial appendage was
excluded in a subset. Patients underwent 7-day continuous monitors
at 3, 6, 9, and 12 months post-procedure and antiarrhythmics were
discontinued at 6 months. Ten of 26 patients had persistent AF, 1
had long-standing persistent AF, and the remainder had paroxysmal
AF. Mean hospital length of stay was 7 days. There were no major
complications. At 1-year follow-up, success rate (no atrial arrhythmia
> 30 seconds without antiarrhythmic drugs) was 93% in those with
paroxysmal AF and 90% in those with persistent AF with 2 patients
requiring redo catheter ablation after the hybrid procedure.

Zembala et al reported their outcomes in Poland using a hybrid
ablation technique in 27 patients with persistent (5) or long-
standing persistent® AF and a left atrium less than 6 cm diameter.
24 The epicardial portion of the procedure was performed by way
of subxyphoid pericardioscopic access through the diaphragm. An
irrigated, unipolar, vacuum-assisted RF linear ablation catheter was
utilized through a pericardioscopic access cannula (nContact Surgical,
Morrisville, NC). The epicardial lesion set included a posterior box
(roof and low posterior LA lines), antral PV ablation, and connecting
lesions to the coronary sinus. Endocardial ablation was performed 15-
20 days later. The endocardial lesion set included completion of antral
PV isolation, mitral isthmus ablation, and cavotricuspid isthmus
ablation. Patients were maintained on antiarrhythmic drug therapy

‘ Summary of hybrid (combined endocardial and epicardial) ablation studies for treatment of atrial fibrillation.
Author N (hybrid)  AF type (hybrid) Epicardial Ablation Tool Control Group Complication Rate Success Rate
Mahapatra et al17 15 Pers (60%), LSP (40%) Atricure Endocardial alone 0% 87% (hybrid), 53% (endocardial)
LaMeir et al18 35 Parox (46%), Pers (23%), LSP (31%) Atricure Epicardial alone 0% 91% (hybrid), 82% (epicardial)
Pison et al19 26 Parox (58%), Pers (38%), LSP (4%) Atricure None 0% 92%
Zembala et al20 27 Pers (19%), LSP (81%) nContact None 11% 80%
Gehi et al21 101 Parox (16%), Pers (47%), LSP (37%) nContact None 6% 73%
Gersak et al22 73 Pers (30%), LSP (70%) nContact None 8% 73%
Civillo et al23 104 Parox (27%), Pers (30%), LSP (43%) nContact None 5% 73%

N = number of patients; Parox = paroxysmal AF; Pers = persistent AF; LSP = long-standing persistent AF
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for 3 months post-ablation. Twenty-four hour Holter monitoring
was performed at 6 and 12 month postoperatively. Complications
included one patient with tamponade, a second patient requiring
sternotomy due to bleeding from an inferior vena cava laceration, and
a third patient who died 27 days after discharge of unclear cause. At
6 months post-procedure 72% of patients were in sinus rhythm, 67%
without antiarrhythmic drug therapy. At 1-year post-procedure 80%
of patients were in sinus rhythm and off antiarrythmic drug therapy.

Gehi et al reported their experience in a cohort of 101 patients
undergoing simultaneous hybrid epicardial-endocardial ablation also
using a pericardioscopic technique. * The majority of patients had
persistent (47%) or long-standing persistent (37%) AF. Patients with
paroxysmal AF had failed at least 1 attempt at endocardial ablation
alone. Epicardial ablation was performed through a subxyphoid
pericardioscopic technique using an irrigated, unipolar RF linear
ablation device (nContact Surgical). The epicardial lesion set included
antral PV ablation, posterior LA box ablation, and connecting lesions
to the coronary sinus. The posterior LA was mapped during the
epicardial portion of ablation to ensure electrical silence. Immediately
following epicardial ablation, endocardial ablation was performed to
complete antral PV isolation and mitral isthmus ablation. Additional
complex fractional atrial electrogram ablation, superior vena cava
ablation, and cavotricuspid isthmus ablation was left to the discretion
of the elecrophysiologist. (Figure 3) Any atrial flutter or atrial
tachycardia was mapped and ablated. Patients were followed by 3, 6,

=

&

messm Epicardial Ablation Line (nContact)

Endocardial Ablation Line

m Hybrid pericardioscopic lesion set (adapted From Gehi et al21)

Epicardial and endocardial ablation lines performed by the surgeon (blue) and by the
electrophysiologist (green). 1=Cephalad Posterior Left Atrium; 1a=Caudal Posterior Left Atrium;
2=Left Posterior Left Atrium; 2a=Left Inferior Pulmonary Vein to Coronary Sinus; 2b=Left Inferior
Pulmonary Vein to Mitral Annulus; 3=Right Posterior Left Atrium; 3a=Right Inferior Pulmonary Vein
to Inferior Vena Cava; 4=Right Inferior Pulmonary Vein to Right Atrium; 5=Right Anterior Pulmonary
Veins; 6=Waterston’s Groove and Right Atrium; 7=Left Anterior Pulmonary Veins; 7a=Left Atrial
Roof; 8=Connection ablation at Left Superior Pulmonary Vein; 9=Connection ablation at Right
Superior Pulmonary Vein; 10= Connection ablation at Right Inferior Pulmonary Vein; 11=Cavo-
Tricuspid Isthmus; 12=Left Atrial Cononary Sinus; 12a=Internal Coronary Sinus

and 12-month 24-hour Holter monitoring or implantable looping
monitor (Reveal, Medtronic, Minneapolis, MN). Complications
included 2 patients with tamponade, 2 patients with bleeding (1
requiring surgical intervention), and 2 deaths (1 atrialesophageal
fistula and 1 sudden, unexplained with unrevealing autopsy). Repeat
endocardial ablation was performed in 6% of patients. Including
repeat ablation, 12-month arrhythmia free survival was 73% without
concomitant antiarrhythmic drug therapy.

Gersak et al compiled the experience of 4 European centers
performing the combined epicardial and endocardial ablation via the
pericardioscopic approach in 73 consecutive patients. % All patients
had persistent or long-standing persistent AF with an average AF
duration of >4 years. Using a similar lesion set to that of Gehi et
al, epicardial ablation included antral PV ablation and posterior LA
box ablation. Immediately following epicardial ablation, endocardial
ablation included confirming isolation of the PVs and the posterior
atria. Patients were followed with regular 24-hour Holter monitoring
or an implantable loop recorder. Adverse events included 1 stroke,
1 tamponade, 2 with bleeding requiring transfusion, and 2 with
bleeding requiring conversion to sternotomy. Over 1-year follow-up,
4% require repeat endocardial ablation and arrhythmia free survival
was 73%.

Civello et al reported their single-center experience in 104 patients
(27% paroxysmal, 30% persistent, 43% long-standing persistent)
undergoing hybrid ablation using a transdiaphragmatic approach
(nContact).?” Patients were followed with 72-hour Holter at 6 and 12
months post-procedure. Complications included 1 cerebrovascular
accident, 1 pericardial effusion, 2 pleural effusions, and 1 pulmonary
vein stenosis requiring stenting. Repeat procedures were performed
in 5% of patients. At 12 months post-procedure, 73% were in sinus
rhythm without antiarrhythmic drug therapy and 89% with or
without antiarrhythmic drug therapy.

Advantages / Disadvantages of Epicardial Ablation for AF

There are several potential advantages and disadvantages to
epicardial ablation techniques for AF. Epicardial ablation offers
the opportunity for direct visualization of the atrium and ablation
lesions. Even though endocardial ablation technological advances
may improve the likelihood of robust antral isolation (e.g. balloon
ablation), linear epicardial ablation, particularly in the atrial body,
may be more consistent and result in long-standing, transmural,
high quality lesions. Ablation from the direction of epicardium to
the endocardium allows one to avoid injury to the esophagus when
performing ablation on the posterior LA, a potentially critical
region for the maintenance of AF. The left atrial appendage can be
managed to mitigate stroke risk if necessary. However, approaches
using a standalone minimally invasive epicardial approach have their
limitations. There are significant anatomic considerations. Beating
heart epicardial ablation does not consistently create lesions that
extend to the mitral or tricuspid annulus, leaving an opportunity for
iatrogenic circuits causing recurrent AF or flutter. Detailed mapping
of ablation lines including antral PVI lines and other left or right
atrial lines can be challenging in the operating room but are critical
to improving success rates. Surgical risk with epicardial ablation is
sufficiently higher than endocardial ablation approaches, with the
potential for catastrophic complications.

Hybrid (epicardial and endocardial) ablation, either in a

simultaneous or staged manner offers significant improvements
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to a standalone epicardial approach. Following epicardial with
endocardial ablation offers the opportunity to verify epicardial lesions
and approach territories that are inaccessible epicardially. Similar to
performing endocardial ablation, there are often gaps in epicardial
ablation lines no matter the tool used to create these (e.g. Atricure,
nContact, Estech). Endocardial mapping following epicardial
ablation allows for gaps in epicardial ablation lines to be identified
and completed. Endocardial “touch up” of epicardial ablation lines
is typically easier and likely more durable after epicardial ablation
than after endocardial ablation. Thus, hybrid ablation offers the
potential for more robust linear ablation and a lower likelihood of
iatrogenic flutter. In addition, the electrophysiologist is ready to
map and ablate arrhythmias encountered during ablation including
atrial flutter or atrial tachycardia. Additional complex fractionated
electrogram ablation is possible with endocardial ablation. As
demonstrated in the studies outlined above, a hybrid approach has
demonstrated improved efficacy compared with either an endocardial
alone or epicardial alone approach. However, no study to date has
compared a hybrid approach with multiple endocardial ablations
with a randomized controlled design. It is likely that multiple, staged
endocardial ablations will also improve outcomes. This is highlighted
by the fact that staged endocardial ablation reveals a high likelihood
of pulmonary vein reconnection.”® ‘The only study approaching
this comparison is the study of Mahapatra et al comparing redo
endocardial ablation with simultaneous hybrid ablation in those who
had failed prior endocardial ablation.?! As discussed previously, those
undergoing hybrid ablation had better outcomes. In addition, no cost
effectiveness study has yet been performed to justify the significant
additive cost of the hybrid procedure.

There are, however, several factors which must be considered when
building a hybrid ablation program. The approach for epicardial
ablation needs to be decided upon and mastered. Several tools
have been developed (Atricure, nContact, Estech), each with their
advantages and disadvantages. There may be surgical approaches
that must be individualized to the patient based on prior surgeries
or other anatomic considerations. Ultimately the comfort level and
skill of the cardiac surgeon is the most important factor in choosing
an epicardial ablation tool. Hybrid AF ablation changes the working
relationship between the electrophysiologist, the cardiac surgeon, and
the patient. A multidisciplinary approach benefits all those involved
but can be a significant change to the current working environment.
Performing hybrid ablation requires significant changes to the system
of patient care. Considerations include: the location for the ablation
procedure (hybrid surgical suite or staged operating room then EP
laboratory), personnel involved during the epicardial and endocardial
portions of the procedure (single dedicated team or multiple teams),
anesthesia care (dedicated cardiac anesthesia or not), and post-
operative care team (cardiac surgery team, electrophysiology team,
or a combination). The potential for complications, particularly
during the epicardial portion of the procedure, must be considered
and a clear plan must be in place to intervene quickly. In addition,
communication and planning is critical to pre-operative, peri-
operative, and post-operative care. This includes issues regarding
antiarrhythmic drug use, anticoagulant use, and management of any
post-operative arrhythmia.

Conclusions:
Epicardial AF ablation has come a long way since the initial

techniques developed by James Cox. Although the development of
epicardial and endocardial ablation techniques had largely occurred
in parallel, we are seeing a merging of approaches that offers the
potential for significant synergistic benefits. Given the potential
risk of epicardial ablation, currently its role is best suited to those
in whom endocardial ablation alone may have more limited benefit.
'This includes those with persistent or long-standing persistent AF,
those with significant structural cardiac disease, or those with prior
failed attempts at endocardial ablation. But in these populations,
hybrid ablation in particular offers distinct advantages, which make
it an exciting and promising approach.

References:

1. Tzou WS, Marchlinski FE, Zado ES, Lin D, Dixit S, Callans DJ, Cooper JM, Bala
R, Garcia F, Hutchinson MD, Riley MP, Verdino R, Gerstenfeld EP. Long-term
outcome after successful catheter ablation of atrial fibrillation. Circ Arrhythm
Electrophysiol. 2010; 3: 237-242.

2. Weerasooriya R, Khairy P, Litalien J, Macle L, Hocini M, Sacher F, Lellouche N,
Knecht S, Wright M, Nault I, Miyazaki S, Scavee C, Clementy J, Haissaguerre M,
Jais P. Catheter ablation for atrial fibrillation: are results maintained at 5 years of
follow-up? ] Am Coll Cardiol. 2011; 57: 160-166.

3. Leitch JW, Klein G, Yee R, Guiraudon G. Sinus node-atrioventricular node
isolation: long-term results with the “corridor” operation for atrial fibrillation. J
Am Coll Cardiol. 1991; 17: 970-975.

4. Cox JL. The surgical treatment of atrial fibrillation. IV. Surgical technique. J
Thorac Cardiovasc Surg. 1991; 101: 584-592.

5. Cox JL, Jaquiss RD, Schuessler RB, Boineau JP. Modification of the maze
procedure for atrial flutter and atrial fibrillation. II. Surgical technique of the maze
IIT procedure. ] Thorac Cardiovasc Surg. 1995; 110: 485-495.

6. Damiano RJ,Jr, Gaynor SL, Bailey M, Prasad S, Cox JL, Boineau JP, Schuessler
RP. The long-term outcome of patients with coronary disease and atrial fibrillation
undergoing the Cox maze procedure. ] Thorac Cardiovasc Surg. 2003; 126: 2016~
2021.

7. Gaynor SL,Diodato MD, Prasad SM, Ishii Y, Schuessler RB, Bailey MS, Damiano
NR, Bloch JB, Moon MR, Damiano RJ,Jr. A prospective, single-center clinical
trial of a modified Cox maze procedure with bipolar radiofrequency ablation. ]
Thorac Cardiovasc Surg. 2004; 128: 535-542.

8. Khargi K, Keyhan-Falsafi A, Hutten BA, Ramanna H, Lemke B, Deneke T.
Surgical treatment of atrial fibrillation : a systematic review. Herzschrittmacherther
Elektrophysiol. 2007; 18: 68-76.

9. CuiYQ,SunLB,LiY,Xu CL,Han J,Li H, Meng X. Intraoperative modified Cox
mini-maze procedure for long-standing persistent atrial fibrillation. Ann Thorac
Surg. 2008; 85: 1283-1289.

10. Ad N, Suri RM, Gammie JS, Sheng S, O'Brien SM, Henry L. Surgical ablation
of atrial fibrillation trends and outcomes in North America. ] Thorac Cardiovasc
Surg. 2012; 144: 1051-1060.

11. Kong MH, Lopes RD, Piccini JP, Hasselblad V, Bahnson TD, Al-Khatib SM.
Surgical Maze procedure as a treatment for atrial fibrillation: a meta-analysis of
randomized controlled trials. Cardiovasc Ther. 2010; 28: 311-326.

12. Rostock T, Steven D, Hoffmann B, Servatius H, Drewitz I, Sydow K, Mullerleile
K, Ventura R, Wegscheider K, Meinertz T, Willems S. Chronic atrial fibrillation
is a biatrial arrhythmia: data from catheter ablation of chronic atrial fibrillation
aiming arrhythmia termination using a sequential ablation approach. Circ
Arrhythm Electrophysiol. 2008; 1: 344-353.

13. Barnett SD, Ad N. Surgical ablation as treatment for the elimination of atrial
fibrillation: a meta-analysis. ] Thorac Cardiovasc Surg. 2006; 131: 1029-1035.

14. Camm CF, Nagendran M, Xiu PY, Maruthappu M. How effective is cryoablation

for atrial fibrillation during concomitant cardiac surgery? Interact Cardiovasc

www jafib.com Feb-Mar, 2014 | Vol-6 | Issue-5




76 Journal of Atrial Fibrillation Featured Review

Thorac Surg. 2011; 13: 410-414.
15. Wolf RK, Schneeberger EW, Osterday R, Miller D, Merrill W, Flege JB,Jr,

Gillinov AM. Video-assisted bilateral pulmonary vein isolation and left atrial

appendage exclusion for atrial fibrillation. ] Thorac Cardiovasc Surg. 2005; 130:
797-802.

16. Edgerton JR, Brinkman WT, Weaver T, Prince SL, Culica D, Herbert MA, Mack
M]J. Pulmonary vein isolation and autonomic denervation for the management of
paroxysmal atrial fibrillation by a minimally invasive surgical approach. ] Thorac
Cardiovasc Surg. 2010; 140: 823-828.

17. Edgerton JR, Jackman WM, Mahoney C, Mack M]J. Totally thorascopic surgical
ablation of persistent AF and long-standing persistent atrial fibrillation using the
“Dallas” lesion set. Heart Rhythm. 2009; 6: S64-70.

18. Weimar T, Vosseler M, Czesla M, Boscheinen M, Hemmer WB, Doll KN.
Approaching a paradigm shift: endoscopic ablation of lone atrial fibrillation on
the beating heart. Ann Thorac Surg. 2012; 94: 1886-1892.

19. Nasso G, Bonifazi R, Del Prete A, Del Prete G, Lopriore V, Bartolomucci F,
Calafiore AM, Speziale G. Long-term results of ablation for isolated atrial
fibrillation through a right minithoracotomy: toward a rational revision of
treatment protocols. ] Thorac Cardiovasc Surg. 2011; 142: e41-6.

20. Boersma LV, Castella M, van Boven W, Berruezo A, Yilmaz A, Nadal M, Sandoval
E, Calvo N, Brugada J, Kelder J, Wijffels M, Mont L. Atrial fibrillation catheter
ablation versus surgical ablation treatment (FAST): a 2-center randomized clinical
trial. Circulation. 2012; 125: 23-30.

21. Mahapatra S, LaPar DJ, Kamath S, Payne J, Bilchick KC, Mangrum JM, Ailawadi
G. Initial experience of sequential surgical epicardial-catheter endocardial
ablation for persistent and long-standing persistent atrial fibrillation with long-
term follow-up. Ann Thorac Surg. 2011; 91: 1890-1898.

22. La Meir M, Gelsomino S, Luca F, Pison L, Parise O, Colella A, Gensini GF,
Crijns H, Wellens F, Maessen JG. Minimally invasive surgical treatment of lone
atrial fibrillation: Early results of hybrid versus standard minimally invasive
approach employing radiofrequency sources. Int ] Cardiol. 2013; 167: 1469-1475.

23. Pison L, La Meir M, van Opstal ], Blaauw Y, Maessen ], Crijns HJ. Hybrid
thoracoscopic surgical and transvenous catheter ablation of atrial fibrillation. ] Am
Coll Cardiol. 2012; 60: 54-61.

24. Zembala M, Filipiak K, Kowalski O, Boidol J, Sokal A, Lenarczyk R, Niklewski T,
Garbacz M, Nadziakiewicz P, Kalarus Z, Zembala M. Minimally invasive hybrid
ablation procedure for the treatment of persistent atrial fibrillation: one year
results. Kardiol Pol. 2012; 70: 819-828.

25. Gehi AK, Mounsey JP, Pursell I, Landers M, Boyce K, Chung EH, Schwartz ],
Walker TJ, Guise K, Kiser AC. Hybrid epicardial-endocardial ablation using a
pericardioscopic technique for the treatment of atrial fibrillation. Heart Rhythm.
2013; 10: 22-28.

26. Gersak B, Zembala MO, Muller D, Folliguet T, Jan M, Kowalski O, Erler S,
Bars C, Robic B, Filipiak K, Wimmer-Greinecker G. European experience of
the convergent atrial fibrillation procedure: Multicenter outcomes in consecutive
patients. ] Thorac Cardiovasc Surg. 2013; .

27. Civello KC, Smith CA, Boedefeld W. J Innov Card Rhythm Mgmt. 2013; 4, 9:
1367.

28. Neuzil P, Reddy VY, Kautzner ], Petru J, Wichterle D, Shah D, Lambert H,
Yulzari A, Wissner E, Kuck KH. Electrical reconnection after pulmonary vein
isolation is contingent on contact force during initial treatment: results from the
EFFICAS I study. Circ Arrhythm Electrophysiol. 2013; 6(2): 327-33.

www jafib.com Feb-Mar, 2014 | Vol-6 | Issue-5




