Received: 24 April 2023 | Revised: 14 September 2023

Accepted: 2 October 2023

DOI: 10.1002/joa3.12939

GUIDELINES

Sowmnal of 072:@//2 WILEY

2023 APHRS expert consensus statements on surgery for AF

Takashi Nitta MD, PhD?

| James Wong Woon Wai MD? | Seung Hyun Lee MD® |

Michael Yii MS, FRACS? | Suchart Chaiyaroj MD, FACS® | Chawannuch Ruaengsri MD® |
Tharumenthiran Ramanathan PhD, FRACS’ | Yosuke Ishii MD, PhD® | Dong Seop Jeong MD’ |
Jen-Ping Chang MD, FCCP!® | Arinto Bono Adji Hardjosworo Sp BTKV, MARS!! |
Katsuhiko Imai MD, PhD!? | Yongfeng Shao MD*?

INippon Medical School, Tokyo, Japan

2Cardiovascular Surgery, Mount Elizabeth Medical Centre, Singapore

3Cardiovascular Surgery, Yonsei University College of Medicine, Seoul, South Korea

“Cardiothoracic Surgery, Epworth Eastern Hospital, and St Vincent's Hospital Melbourne, University of Melbourne, Melbourne, Victoria, Australia

>Surgery, Ramathibodi Hospital, Mahidol University, Bangkok, Thailand
$Cardiothoracic Surgery, Stanford University, Stanford, California, USA
’Cardiothoracic Surgery, Auckland City Hospital, Auckland, New Zealand

8Cardiovascular Surgery, Nippon Medical School, Tokyo, Japan

“Thoracic and Cardiovascular Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, South Korea

OThoracic and Cardiovascular Surgery, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung, Taiwan

usurgery, University of Indonesia, National Cardiovascular Center Harapan Kita, Jakarta, Indonesia

2Heart Center of National Hospital Organization Kure Medical Center and Chugoku Cancer Center, Kure, Hiroshima, Japan

BCardiovascular Surgery, Jiangsu Province Hospital, Nanjing Medical University, Nanjing, China

Correspondence

Takashi Nitta, Nippon Medical School, Sendagi 1-1-5, Bunkyo-ku, Tokyo, 113-8602, Japan.

Email: nitta@nms.ac.jp

Keywords: atrial fibrillation, concomitant procedures, left atrial appendage closure, minimally invasive, surgery

1 | INTRODUCTION

A variety of surgical procedures for atrial fibrillation (AF) with dif-
ferent approaches have become available during the last quarter
century, starting with the Maze procedure to the minimally inva-
sive procedures. Asia-Pacific region is an active region in surgical
treatment of AF; however, there is a diversity in the region in terms
of health care and insurance systems, which can affect the indica-
tion and outcome of surgery for AF. The Asia Pacific Heart Rhythm
Society (APHRS) and the surgery subcommittee organized a task
force group to develop the APHRS Expert Consensus Statement on
Surgery for AF (hereafter Statement). The purpose of the Statement

is to describe the evidence and recommendation of various surgical
treatments for AF patients with or without structural heart disease.

Contents in each chapter include a brief outline of the proce-
dure, followed by a comparative outcome of the procedure based
on clinical evidence. The evidence includes freedom from AF, short-
and long-term survivals, and morbidities or complications. Freedom
from AF is a function of time after intervention. Clinical studies do
not necessarily come into the line align with guidelines in regard to
the timing and method for evaluation of postoperative arrhythmia,
which may influence the objective assessment of surgical proce-
dures.r™ A classified recommendation of the procedure is described
with a level of evidence. A recommended lesion set and a device is
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also described, if appropriate. Definitions of classes of recommen-

dations and levels of evidence are referred to the ESC Guidelines.”

2 | SURGICAL AF ABLATION WITH OTHER
CARDIOVASCULAR PROCEDURES

2.1 | Concomitant with left atrial (LA) open
procedures

e Impact of concomitant AF ablation with LA open procedures

Patients undergoing LA open procedures, such as mitral valve sur-
gery, frequently have atrial fibrillation (AF). Untreated AF has been
shown to increase the risk of morbidities, such as stroke, and affect
the long-term survival. Therefore, concomitant procedures for AF
have been recommended to improve the postoperative outcomes.®®

Meta-analyses of randomized controlled trials (RCT) and non-RCTs
showed concomitant AF surgery to be safe without increasing operative
mortality.l"”'23 The analyses of the United States (US) Society of Thoracic
Surgeons (STS) AF database®! with a propensity matching showed that
surgical ablation was associated with a reduction of 30-day mortality.

Previous studies,® %!

including several meta-analyses, RCT and
non-RCT clinical trials and the US STS AF database, on patients un-
dergoing surgical AF ablation concomitant with LA open procedures,
demonstrated a superior sinus rhythm restoration and maintenance
rates than those without undergoing AF ablation.

d¥2222 clinical trials and

A meta-analysis of several nonrandomize
one RCT? of concomitant surgical AF ablation in patients undergo-
ing LA open procedures showed a reduction of stroke rate at 5-year
postoperatively.

Although there has been no RCT examining the long-term
(>12months) outcome after concomitant surgical AF ablation,
several retrospective and propensity-matched studies®®?’ have
demonstrated the performance of surgical AF ablation concomitant
with other cardiac procedures, such as valve surgery or combined
valve surgery and CABG, were associated with improved long-term
survival. An LA open procedure was performed in the majority of
the patients in these studies, and two studies?>?¢ demonstrated not
only the improved survival in the treated AF group compared to the
untreated AF group without treating AF, but also showed similar sur-
vival to the group of patients without a history of AF.

Several studies have shown that the quality of life (QOL) in the
long term is also improved in the patients who restored sinus rhythm
postoperatively, especially in those who were symptomatic from AF

preoperatively.?8-3?

e Complications of surgical procedures for AF
Besides the common complications of cardiac surgical proce-

dures, there are two specific complications potentially related to
surgical procedures for AF: postoperative atrial tachycardia (AT) and

new permanent pacemaker (PPM) implantation. Inappropriate lesion
sets or surgical techniques, including inappropriate use of ablation
devices, have been shown to be the mechanism for a part of post-
operative AF recurrence and the majority of AT.%? Even in the origi-
nal cut-and-sew maze procedure, incomplete cryothermia at the CS
or the atrioventricular annulus lesions results in postoperative AT.
Conduction block between the LA and each PV can be tested by
PV pacing intraoperatively. Intraoperative verification of complete
conduction block created on the atria, the atrioventricular annuli,
and the coronary sinus is feasible,*** but not practical as a routine
procedure.

An increased incidence of new PPM implantation after the maze
procedure has been demonstrated in many studies.?**>~37 There are
nonsurgical and surgical factors for the PPM implantation after the
maze procedure. Nonsurgical factors for the PPM implantation include
preexisting dysfunction of the sinoatrial node (SAN) or postoperative
progressive dysfunction of SAN, and other electrophysiologic abnor-
malities of intra-atrial/ inter-atrial conduction or atrioventricular node
(AVN) conduction. SAN dysfunction requiring PPM implantation can
occur in up to 10% of patients after the maze procedure for nonpar-
oxysmal AF, and it is mainly caused by unmasking of preexisting sick
sinus syndrome.40 Mechanical or thermal injuries to the cardiac pulse
generating (SAN) or conduction system, such as the SAN, intra-atrial
conduction tracts and AVN, and interruption of the blood flow to the
above system are the most likely intraoperative reasons for postoper-
ative bradycardia and in-hospital PPM implantation.*! The evidence
that LA surgical ablation alone did not increase the incidence of PPM
implantation42 and the modified maze procedure with omission of an
ablation line adjacent to the SAN have reduced the incidence of PPM
implantation,*® suggesting that the ablation lines of the right atrium
(RA) may affect the SAN function. However, a retrospective study44
showed the incidence of PPM implantation for SAN dysfunction was
comparable between the biatrial and LA ablation. A recent study on ro-
botic Cox-Maze procedure demonstrated that an anatomically precise
placement of the posterolateral RA incision behind the SAN region
reduced the incidence of PPM implatation.*®

e Optimal lesion set for AF ablation in patients undergoing LA open

procedure

Although the electrophysiologic mechanism of AF is diverse and
not fully understood, the maze procedure, consisting of isolation of all
four pulmonary veins and the posterior LA to block the propagation
of the abnormal repetitive activations, and of the lines of conduction
block on the RA and LA to block all potential macro-reentrant circuits,
frequently converts AF back to sinus rhythm. Thus, the biatrial maze
procedure is the standard procedure for AF ablation in patients un-
dergoing LA open procedures. One randomized trial’” on nonparoxys-
mal AF patients undergoing mitral valve surgery reported equivalent
results of PVI to biatrial maze procedure. However, the assessment
method in this trial did not follow the guidelines and the follow-up
study with a more accurate method showed a lower prevalence of
postoperative atrial tachyarrhythmias after biatrial maze procedure
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compared with PV1.* The low rate of success of the biatrial maze pro-
cedure and a high incidence of PPM implantation in this study could
be attributed to either incorrectly performed surgery or inadequate
lesion sets.*” Incidences of postoperative atrial tachycardia or AF re-
currence because of inappropriate lesion set or incomplete surgical
technique in biatrial maze procedure might have masked the superi-
ority of biatrial maze procedure. Actual situations that the lesion set of
the procedures for AF is not uniform among institutions or surgeons
and each lesion is not necessarily performed properly should be kept
in mind when we interpreting the results of comparative studies, par-
ticularly of multicenter studies, of different procedures and discuss
the optimal lesion set of surgical AF ablation. Because the LA is al-
ready opened for intra-LA procedures, the additional ablation of the
mitral isthmus and the CS is technically easy and safe. In addition,
the patients undergoing LA open surgery frequently have mitral valve
disease with persistent or long-standing persistent AF, PVI alone may
not be adequate as an AF ablation procedure concomitant with LA
open surgery.*¢48

LA ablation without RA ablation can be indicated in patients
whose AF mechanism is strongly presumed to be confined within
the LA, and without RA dilatation or a need for tricuspid valve
surgery. There are conflicting conclusions regarding sinus rhythm
restoration rates between biatrial ablation and LA ablation, espe-
cially in patients with nonparoxysmal AF. Several meta-analyses of
small RCTs and retrospective trials described that biatrial ablation
were associated with increased freedom from AF compared with
LA ablation alone,®>3¢*’ but other studies suggested the risk of AF
recurrence was comparable between the two procedures.37*38'42
All are retrospective studies and there may be inherent weakness
because of unconfounded factors, biasness, and patient selection.
Most retrospective studies on biatrial ablation tend to include more
patients with a longer duration of AF, a larger LA diameter, and more
frequent association with tricuspid valve disease than those on LA
ablation onIy.42 No large-scale randomized trial between the biatrial
ablation and LA ablation has ever been done and may be difficult
because of the diverse nature of structural remodeling of the RA,
but should be encouraged.

Since clear scientific evidence does not exist yet, the following
factors should be considered and taken into account when selecting
the biatrial ablation or LA ablation as a concomitant AF ablative pro-
cedure in patients undergoing LA open procedures. It should also be
mentioned that the duration of AF or other factors are not clearly

recorded or recognized in many patients.

. patients' comorbidities and safety factors
. types of AF; paroxysmal, persistent, or long-standing persistent
. durations of AF

Q 0 T w

. hemodynamics and LA performance, such as viability and

compliance

o

. extent of RA enlargement, remodeling or cardiomyopathy

f. association of tricuspid regurgitation

o Recommendation of energy source used for AF ablation

Sowwnal of Ctviloglhmia

Energy sources used for surgical AF ablation should create
a transmural and continuous necrosis of the atrial tissue to block
abnormal activations to propagate and prevent reentrant activa-
tions while avoiding collateral damage to surrounding vessels and
other important structures. The only two currently available energy
sources or technologies that have been able to fulfill these require-
ments are the bipolar radiofrequency (RF) ablation and cryoablation.
Transmurality created by the devices using these energy sources has
been extensively examined and confirmed by experimental, histo-
logical and clinical studies.?*°">* The Cox-Maze IV using the bipo-
lar RF or cryoablation that creates transmural lesion set is the only
operation and technology with an FDA-approved indication for the
treatment of AF.

e Recommendation with Level of Evidence

a. Surgical AF ablation is recommended in patients with
AF undergoing a surgical procedure requiring an open-
ing of the left atrium, such as mitral valve surgery. (Class
I, Level of Evidence: B)

b. Education, training, and proctoring are recommended to
enhance uptake and improve outcomes. (Class I, Level of
Evidence: C)

The class of recommendation for surgical AF ablation is divided
between class | and class [la among the guidelines.??8>° Although a
statistically significant improvement of long-term survival after con-
comitant AF ablation has not been demonstrated by meta-analyses
or RCT, the analyses have demonstrated a significant improvement
of short-term survival and the analyses of non-RCT have demon-
strated a significant improvement of long-term survival. In addition,
one RCT has demonstrated a significant reduction in stroke risk after
surgical AF ablation.?* These evidence indicate that a concomitant
AF ablation with an LA open procedure is safe and effective in the
management of AF, and along with LAA resection or occlusion, im-
proves the patient outcomes. Education of patients, surgeons, and
physicians with training and proctoring of surgeons is desired to im-

prove outcomes of surgical AF ablation.!?2!

2.2 | Concomitant with nonatriotomy procedure

Less patients with AF undergoing a nonatriotomy cardiac procedure,
such as AVR or CABG, receive a concomitant ablation when compared
to those undergoing open-atriotomy procedures. Preoperative AF has
been shown to be associated with an increased risk of early and late mor-
tality and morbidity in AVR patients.>® While rapid and multiple PV or LA
focal activations with decremental and irregular conduction toward the
RA are the primary mechanism of AF determined by intraoperative map-
ping in patients with mitral valve disease,”’ the electrophysiology of AF
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in aortic valvular heart or coronary artery disease has not been examined
in detailed. Nonetheless, biatrial Cox-Maze procedure concomitant to
either atriotomy and nonatriotomy procedures yields similarly excellent
conversion rate to sinus rhythm, and successful ablation in either group

58-61 3nd has been proven to

predicts favorable early and late outcomes,
be safe.’”*? However, an addition of atriotomies for the biatrial ablation
in patients undergoing nonatriotomy procedures increases the cardiac
arrest and pulmonary bypass times and may increase the risks associ-
ated with atriotomies, such as bleeding. PV isolation (PVI) can be per-
formed without atriotomies, avoiding these risks. One has to trade the
decreased surgical risks in return for a lower possibility of sinus restora-
tion rate when performing a simplified ablation procedure such as PVI,
instead of biatrial Cox-Maze procedure that has been proven to result in
higher successful rate for AF.

The optimal AF ablative procedure concomitant with nonatriotomy
procedures; whether biatrial Cox-Maze procedure, PVI alone, or others
has been controversial. Heterogeneity of patient demographics, ablation
techniques and follow-up method have made it challenging to compare
the outcomes between the different procedures. Although biatrial maze
procedure should theoretically provide a superior rhythm outcome com-
pared to PVI alone, unbiased comparison of biatrial maze procedure and
PVI in patients may not be straightforward. PVI has been performed in
AF patients undergoing nonatriotomy procedures more often and this
may be driven by misleading data that points to equivocal results with
biatrial ablation.3® However, careful analysis of published data confirms
that biatrial ablation following the Maze principles yields better rhythm
restoration, particularly in the patients with a dilated LA, and is not an
independent predictor of higher PPM implantation.®”4863-65

Bipolar radiofrequency and cryoablation devices remain the only
proven energy sources other than cut-and-sew technique that can fulfil
the principles of the Maze procedure. A combined use of bipolar radiof-
requency and cryoablation compensates each device and may shorten
the time for completion of the Maze procedure.66 The perception that the
conduct of surgery must be altered to accommodate concomitant ablation
and the burden of adding time and complexity to an already challenging
operation may have deterred many surgeons from performing concomi-
tant ablation during nonatriotomy surgery. These issues can be overcome
with adequate training, education, and proctoring.! Cost-effective data

supporting concomitant AF ablation are still lacking but emerging‘67

e Recommendations with Level of Evidence

a. Surgical ablation for AF can be performed without addi-
tional risk of operative mortality or major morbidity and
is recommended to restore sinus rhythm and improve
patient outcome during nonatriotomy cardiac surgery.
(Class |, Level of Evidence: B)

b. Education, training, and proctoring are recommended to
enhance uptake and improve outcomes. (Class I, Level of
Evidence: C)

2.3 | Concomitant with off-pump procedures
Symptomatic AF patients who undergo cardiac surgical procedures
should be treated for AF at the same time, however, concomitant
surgical AF ablation in the patients undergoing surgical procedures
without using cardiopulmonary bypass and cardiac arrest, such as
off-pump CABG,%®% is challenging because of technical difficul-
ties of ensuring a transmural and continuous ablation on the atria,
coronary sinus, and atrioventricular annuli. AF ablation on a beating
heart may result in a nontransmural or noncontinuous atrial necrosis
because of heat sink effect by blood flow in the atria, and result-
ing in even a small gap in the ablation lesions line, can increasing
the likelihood of AF recurrence and emergence of reentrant atrial
tachycardia.”®

Bilateral PVI without ablation of the atrial free wall and coro-
nary sinus can be safely and effectively performed by using a clamp-
type bipolar radiofrequency device as an off-pump beating heart
procedure. Off-pump bilateral PVI is recommended in patients with
symptomatic AF and a small LA who have failed medical and percu-
taneous treatment,! as it has been shown to provide better freedom
from AF compared with percutaneous catheter ablation in stand-
alone AF patients.® However, the patients with severely symptom-
atic AF refractory to medical therapies should undergo standard
on-pump Maze procedure that may provide a higher success rate
for AF than PV1.”X

e Recommendation with Level of Evidence

a. Off-pump bilateral PVI should be considered in medi-
cally refractory symptomatic AF patients with a small
LA. (Class lla, Level of Evidence: B-R)

2.4 | Surgical AF ablation concomitant with
MICS procedures

Minimally invasive cardiac surgery (MICS) is an approach to per-
form a surgery by direct vision or using a thoracoscope through
small incisions, avoiding a full sternotomy, intending to reduce
wound pain and to lead a quicker recovery postoperatively. The
MICS approach has been increasingly applied in a variety of
procedures, such as CABG or valve surgeries.”? Revolution of
endoscopic technology, ablation technology, and surgical instru-
mentation enabled the maze procedure to be performed via the
MICS approach.

The selection of approaches for MICS should be based on the
concomitant cardiac pathology, patient-specific anatomy, and the
experience of the surgeon. A right mini-thoracotomy is a widely
used approach for MICS to perform the biatrial Cox-Maze IV pro-
cedure as a stand-alone AF ablation or as a concomitant proce-
dure with mitral or tricuspid valve surgery, as well as with most
aortic valve replacement and coronary artery bypass grafting.73
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Cox-Maze IlI/IV procedure by MICS demonstrated lesser bleed-
ing amount and blood transfusion, diminished postoperative pain,
lesser intubation time, a shorter hospital stay, compared to me-
dian sternotomy approach, while the early and late outcomes are

similar.”374

e Recommendation with Level of Evidence

a. Biatrial Cox-Maze procedure by experienced surgeons
should be recommended in surgical ablation of AF
concomitant with MICS procedures. (Class IIb, Level of
Evidence: B-NR)

3 | STAND-ALONE SURGICAL AF
ABLATION
3.1 | Thoracoscopic AF surgery
The maze procedure has been shown to result in a high conver-
sion rate of AF in patients with stand-alone AF. To reduce the in-
vasiveness of sternotomy and CPB, minimally invasive approaches
have been developed. The initial approach involved bilateral mini-
thoracotomies and has now evolved into a totally thoracoscopic
approach.”® Totally thoracoscopic surgery for AF includes bilateral
PVI and exclusion or removal of the LAA. Additional ablations may
include LA roof and floor lesions between the right and left PVI
lesions to isolate the LA posterior wall, a linear ablation extended
to the LAA line, a trigone line from the roof line, and ganglionated
plexus ablation. The trigone line is called a “Dallas lesion”, aiming to
block reentrant activations conducting around the mitral valve an-
nulus, which reentrant activations are blocked by the ablation of the
mitral isthmus and CS in the conventional maze procedure through a
median sternotomy.”®78

A meta-analysis of 1171 totally thoracoscopic maze patients,
largely for paroxysmal AF, evaluated in conformity with the HRS/
EHRA/ECAS expert consensus statement,® has demonstrated a
1year off antiarrhythmic drugs (AAD) success rate of 78% and a
1year on AAD success rate of 84%.77 Compared to catheter abla-
tion, patients with drug-refractory AF, a dilated LA or a previously
failed catheter ablation who underwent thoracoscopic maze proce-
dure had significantly higher freedom from LA arrhythmia without
antiarrhythmic drugs at 12months (65.6% vs. 36.5%).8%8 AF free
survival (single procedure success) 5years after thoracoscopic PVI
and LA ganglionic plexi ablation was 38% and AF free rate was 80%
with or without additional interventions including antiarrhythmic
drugs (31%), catheter ablation (21%), and electrical cardioversion
(19%).82

There has been a continuous refinement of the thoracoscopic
procedure with a progressive decrease of the procedure-related
complication rate during the past decade. A two-center random-
ized clinical trial demonstrated a significantly higher procedural
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adverse event rate of 23% after surgical bilateral PV isolation
using a video-assisted thoracoscopy compared to that after cath-
eter ablation of 3.2%.%° Actually, the surgical procedure examined
in this trial was a mini-thoracotomy procedure supported by a vid-
eo-assisted thoracoscopy that was widely performed in the early
days of minimally invasive cardiac procedures. The above-quoted
meta-analysis of 14 papers showed in-hospital complication rate
of 2.9%, no perioperative deaths, and in-hospital mortality of
0.26%.”° More recently, the review of the database of surgical ab-
lation for stand-alone AF using the Society of Thoracic Surgeons
Adult Cardiac Surgical Database (STS-ADCS) of the US demon-
strated an overall 30-day mortality of 0.8%.8' These incidences
are sufficiently lower than those of other cardiac procedures, in-
cluding the standard Cox-Maze IV procedure.

It is important to specify the appropriate patient population
indicated for the minimally invasive thoracoscopic procedure for
stand-alone AF. It has been shown that surgical ablation results
in a better rhythm outcome as compared to catheter ablation in
patients with failed prior catheter ablation.8%8384 patients with
a dilated left atrium with or without hypertension were also in-
cluded in the comparative study; however, no significant efficacy
of surgical ablation was demonstrated over catheter ablation.8°
Other comparative studies of the propensity score-matched pop-
ulation of thoracoscopic ablation or radiofrequency catheter abla-
tion performed for persistent atrial fibrillation as the first ablative
procedure have shown that there is no significant deference in the
long-term incidence of tachyarrhythmia recurrence between the
two procedures.?>"%7

Hybrid ablation approach, defined as a bilateral PVI with LAA
closure to be performed surgically combined with percutaneous
catheter-base endocardial ablation,® has been shown to provide bet-
ter results compared with percutaneous catheter ablation alone in
symptomatic AF patients who have failed medical and percutane-
ous treatment.®® The procedure may be indicated in a subgroup of
symptomatic paroxysmal AF patients with a small LA in whom phar-
macological therapy and percutaneous ablation have failed, while
the optimal ablation device and approach, the timing of catheter
ablation, and other factors are still controversial. Recently, minimally
invasive hybrid converge procedure was developed by combining
epicardial ablation and map-guided endocardial ablation.®? The pro-
cedure consists of epicardial ablation of the posterior LA and the
antrum around the right and left PVs by vacuum-assisted unipolar
radiofrequency device which is introduced through a transdiaphrag-
matic or subxiphoid port guided by a pericardioscope, followed by
endocardial catheter ablation to touch up a conduction gap through
the epicardial ablation lesions to complete the isolation of the pos-
terior LA and PVs. A multicenter randomized trial for persistent and
long-standing persistent AF demonstrated superior effectiveness
compared to catheter ablation alone.”® A heart-team hybrid ap-
proach using selected epicardial thoracoscopic surgical ablations
and completion endocardial ablations to replicate the Cox-maze IV
lesion set has been shown to provide promising results, particularly
in nonparoxysmal AF patients.”*
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e Recommendation with Level of Evidence

a. Stand-alone surgical ablation with minimally invasive
thoracoscopic approach should be considered in patients
who have failed one or more sessions of catheter ablation,
after careful consideration of relative safety and efficacy
of therapeutic options. (Class lla, Level of Evidence: B)

b. Stand-alone surgical ablation with minimally invasive
thoracoscopic approach may be considered in patients
with a dilated LA or intolerant or refractory to antiar-
rhythmic drug therapy and prefer a surgical approach,
after careful consideration of relative safety and efficacy
of therapeutic options. (Class llb, Level of Evidence: B)

c. Hybrid ablation consisting of surgical ablation with LAA
closure combined with catheter-based ablation should
be considered in symptomatic AF patients. (Class lla

Level of Evidence: B)

3.2 | Robotic Cox-Maze procedure

Robotic surgery is beneficial for patients with respect to smaller inci-
sions, resulting in reduced pain, discomfort, blood loss and transfu-
sions, and risk of infection, allowing faster recovery time and return to
normal activities, and shorter hospitalization. There are advantages also
for surgeons including greater visualization and precision, enhanced
dexterity, educative effect on training, and others. Robotic-assisted

F72 as well

Cox-Maze procedure has been undertaken for stand-alone A
as a concomitant procedure with other robotic-assisted cardiac pro-
cedures, such as mitral valve surgery.”® The procedure utilizes single
lung ventilation and a CPB with a femoral artery and peripheral venous
cannulation guided by transesophageal echocardiography. The surgical
procedures are performed through a single 3-5cm rib-sparing incision
on the right chest and with robotic ports inserted via stab incisions on
the chest. The ablation is performed on the arrested heart using cryo-
thermia or other ablation technologies.” The lesion set remains basi-
cally identical to the open chest Cox-Maze IV.

Recently, a longitudinal follow-up study on patients who underwent
a robotic-assisted maze procedure using cryothermia for nonparoxys-
mal AF, as a stand-alone procedure or concomitant with other cardiac
procedures, demonstrated an excellent rhythm control with satisfactory
surgical outcome.*® Robotic procedure is a minimally invasive surgical
approach with rapidly progressing technologies. Further studies, includ-
ing a comparative study with catheter ablation, are desired to determine
the optimal minimal and effective treatment for AF patients, particularly
with one or more history of failed catheter ablation.

e Recommendation with Level of Evidence
There exists only a limited number of published studies at the

time of writing of the Statement to draw a recommendation with
sufficient evidence.

4 | LAA CLOSURE

41 | Concomitant with other cardiovascular
procedures

e |mportance of LAA closure

Approximately 10%-20% of patients undergoing cardiovas-
cular surgery have AF and carry risks of associated morbidities
such as thromboembolic stroke, impaired long-term survival, and
others.®"®7> Maze procedure is a gold standard therapy for these
patients and the recommendation is supported by evidence of de-
creased incidence of thromboembolic stroke and improved long-
term survival, which effects may be attributed to prevention of
thrombus formation in the left atrial appendage (LAA) by resec-
tion of the LAA and restoration of atrial contraction by the maze
procedure.

Thrombi formed in the LAA have been shown to be the most frequent
source of ischemic stroke in AF patients. In patients with rheumatic
AF or nonrheumatic AF without anticoagulant therapy, 7% or 16%
of the patients have been shown to have thrombi in the LAA, re-
spectively.”® Vitamin K antagonist or direct oral anticoagulants ef-
fectively prevent thrombus formation in the LAA and subsequent
thromboembolism. However, a continuous anticoagulant therapy
does not necessarily prevent ischemic stroke and potentially in-
creases the risk of hemorrhagic complications in postoperative pa-
tients.”” From the early era of cardiac surgery, back in the 1950s,
closure of the LAA has been performed during cardiac procedures
to prevent stroke in AF patients.”® A retrospective cohort study
of Medicare patients with AF undergoing cardiac surgery demon-
strated that concomitant LAA occlusion significantly reduced the
risk of readmission for thromboembolism at 3 years postoperatively
(adjusted hazard ratio, 0.67).”” A multicenter RCT (LAAOS Ill) exam-
ined the impact of LAA occlusion during cardiac surgery in patients
with AF and a CHA2DS2-VASc score of at least 2 and demonstrated
the concomitant LAA occlusion reduced the incidence of ischemic
stroke by 33% as compared to no-LAA occlusion group during an

average follow-up of 3years.100

e Indication of LAA closure

LAA closure is indicated in patients in whom the maze procedure
or other rhythm-control procedures are not indicated or not strongly

recommended for various reasons as follows:

a. Patients who are assumed to retain AF after the maze
procedure.

Severely dilated LA, long duration of AF, or other parameters
have been shown as predictors for retained AF after the maze proce-
dure.?® Increased incidence of postoperative permanent pacemaker

implantation has also been demonstrated in these patients.>>%?
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b. Patients with severe comorbidities that may deter the maze

procedure to be safely performed.

Although concomitant maze procedure does not increase the
operative mortality in general,’°? the surgical risk may be increased
in very old patients, patients with pulmonary or renal dysfunction,

and/or other comorbidities.
c. Patients undergoing off-pump cardiovascular procedures.

Patients undergoing off-pump cardiovascular procedures, such
as off-pump coronary artery bypass graft (CABG), occasionally have
AF and carry a risk of postoperative ischemic stroke similar to those
undergoing on-pump cardiovascular procedures.'®?> Performing
Maze procedure without cardiopulmonary bypass is feasible but
technically challenging.®>1%* LAA closure is indicated in these pa-
tients and may reduce the risk of ischemic stroke and addition of PV
isolation may increase the chance of AF conversion.

Prophylactic LAA closure in non-AF patients during routine car-
diac surgery is not recommended, because there has been no suf-
ficient evidence to support it at the time of writing. While indeed,
some studies have demonstrated no reduction of stroke and, on the

contrary, increased incidence of postoperative AF,0>10¢

although
one RCT showed concomitant LAA closure reduced the risk of post-
operative ischemic brain injury regardless of a previous AF diagno-
sis.’%” More precise studies and discussion are needed to determine
the impact and indication of prophylactic LAA closure.
Postoperative closure of the LAA by a percutaneous LAA clo-

sure devicel0810?

is an optional strategy for AF patients undergoing
cardiovascular procedures. The incidence of device-related throm-
bus after percutaneous LAA closure with endovascular devices is
reportedly high, particularly in patients with predictors, such as hy-
percoagulability disorder, periprocedural pericardial effusion, renal
insufficiency, implantation depth >10mm from the pulmonary vein
limbus, and nonparoxysmal AF.1*® As patients undergoing cardiovas-
cular surgeries frequently have many of these predictors, concom-
itant LAA closure with cardiovascular procedures is recommended

rather than postoperative percutaneous LAA closure.
e Recommended techniques for LAA closure

Cut-and-sew technique, which has long been used for LAA clo-
sure from the early days of cardiac surgery and shown to be a reli-
able technique for prevention of ischemic stroke,” is recommended
in the on-pump setting with cardiac arrest procedures. Various
techniques alternative to cut-and-sew technique have been tested
for safety and reliability to be used in the off-pump setting or on
a beating heart. A simple ligation and external suture closure tech-
niques have been shown to frequently result in incomplete closure
of the LAA, followed by thrombus formation and thromboembolic

events 1117114

and thus these techniques are not recommended.
Stapling tools, which have been widely used in lung lobectomy,

gastrectomy, or colectomy, have been applied in LAA closure. A
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study with transesophageal echocardiography of patients after LAA
closure demonstrated the incidence of patent LAA was 29% after
staple exclusion, while no patients with patent LAA after staple
amputation.!*® A randomized comparison of internal ligation, sta-
pled excision, and surgical excision of LAA demonstrated high in-
cidences of incomplete closure after internal ligation (43%) and of
residual LAA stump after stapled excision (25%) or surgical excision
(50%) assessed by transesophageal echocardiography at a mean of
0.4years postoperatively and recommended intraoperative assess-
ment of the closed LAA by transesophageal echocardiography. An
endocardial longitudinal double-layer obliteration has been pro-
posed for the LAA closure based on the anatomical and pathological
considerations.**

An LAA exclusion clip made of titanium core frame and nitinol
springs was developed and a multicenter FDA trial with 3-month fol-
low-up with computed tomography angiography or transesophageal
echocardiography demonstrated greater than 95% success of LAA
closure.}*® LAA closure in minimally invasive cardiac surgery or off-
pump procedures has been a technical challenging procedure. The
LAA clip has enabled safe and successful closure of the LAA in these

procedures.117’118

e Recommendations with Level of Evidence

a. The LAA closure is recommended in patients with AF
undergoing on-pump cardiovascular procedures in
whom the maze procedure or other rhythm-control pro-
cedures are not indicated. (Class |, Level of Evidence: A)

b. The LAA closure is recommended in patients with AF un-
dergoing off-pump cardiovascular procedures in whom
the maze procedure or other rhythm-control procedures
are not indicated. (Class lla, Level of Evidence: B)

4.2 | Thoracoscopic LAA closure
Thoracoscopic LAA closure has been performed as a stand-alone
procedure in AF patients without structural heart diseases, aiming
at prevention of thromboembolic stroke caused by thrombi in the
LAA.109119120 Thoracoscopic LAA closure is a less invasive approach
that eliminates the risks related to open chest procedures and a use
of CPB, while effectively prevents thromboembolic events because
of AF.

The indication of thoracoscopic LAA closure should be deter-
mined by the comparisons of safety and effective prevention of
stroke with percutaneous endocardial or epicardial LAA closure

devices 109,120,121

and anticoagulant therapy. Clinical experience
with thoracoscopic LAA closure using stapler-and-loop technique
performed in AF patients at a high risk of cardiogenic thromboem-
bolism or bleeding complications because of anticoagulant therapy
without any hospital mortality and major complications, demon-

strated complete closure of the LAA confirmed by intraoperative
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transesophageal echocardiography and cardiogenic thromboem-
bolisms occurred in 0.25 patients per 100 patient-years during an
average follow-up period of 24 months without anticoagulant ther-
apy.122 The incidence of ischemic stroke was 0.78 patients per 100
patient-years after a total thoracoscopic ablation with LAA closure
using a stapler or a clip.??®

Criteria for discontinuation of anticoagulant therapy after thora-
coscopic LAA closure are not fully elucidated. In addition to history
of stroke, CHA,DS,-VASc score, LA size, and LVEF, the postopera-
tive assessment of the closed LAA whether any remnant or pouch
remains should be taken into account when anticoagulant medicines

are discontinued after LAA closure.!'#123

e Recommended techniques and approach for thoracoscopic LAA

closure

The current techniques for LAA exclusion include surgical
resection and suture closure, internal obliteration, epicardial clo-
sure using a stapler or a clip, and others. A recent randomized
trial of internal ligation, surgical excision, and stapled excision
reported that all these three techniques left either a stump or
a gap at least 50% of the time.!'* An external clip approved by
the FDA in 2011 is a promising device for occlusion of the LAA.
Excellent results of thoracoscopic epicardial closure of the LAA
using the clip have been reported in nonvalvular AF patients
with a high risk of thromboembolism or bleeding'?#!?> A heart-
team approach may be important for decision-making process
for percutaneous or thoracoscopic LAA occlusion in patients
who are contraindicated for oral anticoagulants and indicated
for LAA closure.?® Because the techniques and devices for the
thoracoscopic LAA closure are continuously being innovated and
improved, the procedure is recommended to be performed by

experienced surgeons.

e Recommendation with Level of Evidence

a. Thoracoscopic LAA closure is recommended in AF pa-
tients who are at a high risk of thromboembolism or
bleeding events despite optimal anticoagulation therapy
and not indicated for percutaneous LAA closure. The
procedure is recommended to be performed by expe-
rienced surgeons after a careful discussion by a heart

team. (Class lla, Level of Evidence: B)

5 | EDITOR'S POSTSCRIPT

It has been more than a quarter century since the first
patient underwent the maze procedure, the first in history
nonpharmacological rhythm-control therapy of AF that is invented
by Dr Cox and his research group of Washington University in St.
Louis, MO, USA. Since then, we have witnessed and experienced

rapid strides and advancements in surgery as well as in catheter
ablation. The advancements involve a variety of aspects in the
treatment of AF, from basic electrophysiology to minimally invasive
hybrid approaches.

A number of guidelines and consensus statements have been pub-
lished based on objective evidence and expertise to support the clin-
ical practice of surgery for AF. We have developed the APHRS expert
consensus statement on surgery for AF, in which indication or recom-
mendation of surgical procedures is tailored to regional specificity and
updated in response to the recent advancements in electrophysiology
and technology in AF treatment. Task force and internal reviewers are
applied from the APHRS surgery subcommittee members. External
reviewers are the expert cardiac surgeons in AF surgery and expert
cardiologists in AF ablation, nominated by other societies. | would ap-
preciate all the task force members for preparing the manuscript, and
internal and external reviewers for providing invaluable comments and
suggestions. We all hope these statements will help surgeons to per-
form an appropriate procedure on AF patients with a various condition
and improve outcome of patients.

Takashi Nitta, MD, PhD.
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