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ABSTRACT

Background: Both catheter and surgical ablation strategies offer effective
treatments of atrial fibrillation (AF). The hybrid (joint surgical and catheter) ablation
for AF is an emerging rhythm control strategy. We sought to determine the efficacy
and safety of hybrid ablation of AF.

Methods: Systematic review and meta-analysis interrogating PubMed, EMBASE,
and Cochrane databases from January 1, 1991, to November 30, 2017, using the
following search terms: “Cox-maze,” “mini-maze,” “ablation methods (including
radiofrequency, cryoablation, cryomaze),” and “surgery.” Included studies required
ablation procedures to be hybrid and report rhythm follow-up.

Results: We included 925 patients with AF (38% persistent, 51% longstanding
persistent) from 22 single-center studies (mean follow-up of 19 months). The
surgical lesion set consisted of pulmonary vein isolation (n ¼ 11) or box lesion
(n ¼ 11) with variable additional linear ablation. This was followed by sequential
(n ¼ 9), staged (n ¼ 9), or combination (n ¼ 4) catheter-based ablation to ensure
isolation of pulmonary veins and to facilitate additional ablation or consolidation of
surgically ablated lines. Overall, sinus rhythm maintenance was 79.4% (95%
confidence interval [CI], 72.4-85.7] and 70.7% (95% CI, 62.2-78.7) with and without
antiarrhythmic drugs, respectively at 19 � 25 (range, 6-128) months. The use of the
bipolar AtriCure Synergy system and left atrial appendage exclusion conferred
superior rhythm outcome without antiarrhythmic drugs (P � .01). The overall
complication rate was 6.5% (95% CI, 3.4-10.2): mortality 0.2% (95% CI, 0-0.9);
stroke 0.3% (95% CI, 0-1.1); reoperation for bleeding 1.6% (95% CI, 0.6-3.0);
permanent pacing ~0% (95% CI, 0-0.5); conversion to sternotomy 0.3% (95%
CI, 0-1.1); atrioesophageal fistula ~0% (95% CI, 0-0.5); and phrenic nerve injury
0.3% (95% CI, 0-1.1).

Conclusions: Hybrid ablation therapy for AF demonstrates favorable rhythm
outcome with acceptable complication rates. (JTCVS Open 2021;7:141-54)
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CENTRAL MESSAGE

The hybrid ablation procedure
for atrial fibrillation (AF) shows
favorable outcomes with low
complication rates and is worth
increasing consideration in the
management of symptomatic AF.
PERSPECTIVE
This analysis provides a current understanding of
the efficacy and safety of the hybrid ablation of
atrial fibrillation. Through this understanding, the
patients most suited for this type of therapy
may better be identified and the focus of future
studies to enhance our understanding of this
treatment will be brought to light.

See Commentaries on pages 155 and 156.
n persistent and longstanding persistent
3

Atrial fibrillation (AF) remains a significant public health
burden.1 Catheter ablation has been demonstrated to be
superior to medical therapy for symptoms, with reduced
mortality and hospitalizations also shown in those with
concomitant heart failure.2 However, the success rates of
catheter ablation i
AF have been limited despite greater amount of ablation.
In addition, reports suggest a gradual attrition following
initial successful catheter ablation. In comparison, the rates
of freedom from AF with the surgical Cox-maze III and
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Abbreviations and Acronyms
AAD ¼ antiarrhythmic drug
AF ¼ atrial fibrillation
CI ¼ confidence interval
LAA ¼ left atrial appendage
PVI ¼ pulmonary vein isolation
RF ¼ radiofrequency
SRM ¼ sinus rhythm maintenance
VATS ¼ video-assisted thoracoscopic surgery

Adult: Arrhythmias Varzaly et al
Cox-maze IV procedures were reported at 96% and 91%
with antiarrhythmic drugs (AAD), or 83% and 78%
without AAD, at up to 5.4 years of follow-up.4,5 These
apparent superior results may be due to the ability to obtain
direct or videoscopic visualization, better stabilization, and
confirmation of lesion transmurality, particularly when the
lesions are cut and sewn. However, the invasiveness of the
surgical approach is also accompanied by greater
perioperative morbidity and potential major complications
including death, bleeding, and stroke.5

The hybrid approach comprising initial surgical
epicardial ablation with concurrent or sequential
endocardial catheter-based ablation has emerged, with
initial studies showing promising rates of freedom from
AF.6 This strategy seeks to combine the strengths and
minimize the drawbacks of the individual approaches by
balancing invasiveness and duration of ablation procedure
with improved delivery of ablative lesions sets followed
by endocardial electrophysiologic evaluation and additional
consolidative ablation if required. Therefore, we undertook
a systematic literature review and meta-analysis to evaluate
the efficacy and safety of this hybrid approach at sinus
rhythm maintenance (SRM) in patients with AF.
METHODS
This study was registered with the PROSPERO International

prospective register of systematic reviews website (Registration Number

CRD42017059106). We followed the MOOSE (Meta-analysis of

Observational Studies in Epidemiology.) guidelines for meta-analyses

and systematic reviews of observational studies. A search of electronic

databases including PubMed, Embase, and Cochrane database of

systematic reviews was carried out using the following search terms:

“AF AND ablation techniques (Maze, Cryo, radiofrequency [RF]) AND

Surgery” and “hybrid AND AF AND ablation (Catheter or Surgical)”

(Figure E1). The search was conducted from January 1, 1991, to November

30, 2017. No written consent from patients was obtained due to the study

being a meta-analysis with no direct patient involvement.

Definitions
We defined hybrid AF ablation as a combined surgical and endocardial

catheter-based approach, regardless of surgical access, to encompass any

combined ablation approach. This is consistent with the 2017 Heart

Rhythm Society/European Heart Rhythm Association/European Cardiac

Arrhythmia Society expert consensus statement on catheter and surgical

ablation for AF that has broadly defined “hybrid” procedures for the
142 JTCVS Open c September 2021
ablation of AF as those combine surgical and catheter ablation.7 Typically,

the catheter-based procedure either follows the surgical ablation. The aim

is to confirm the integrity of the surgically placed ablation lines with

endocardial mapping, consolidate these ablation lesion sets as required,

and perform additional substrate-based ablation. The surgical ablation is

usually performed via sternotomy, thoracotomy, video-assisted thoraco-

scopic surgery (VATS), or subxiphoid/laparoscopic transdiaphragmatic

approach. Surgical lesions were defined as any series of lesions placed

on the heart (cut and sew/RF/cryothermy/microwave) for the management

of AF. The surgical lesions were categorized into box or pulmonary vein

isolation, whereas all other ablations were also specified. We also analyzed

the role of surgical exclusion of the left atrial appendage (LAA). Efficacy

outcomes assessed were SRM with and without AAD. Safety outcomes

assessed were the reporting of mortality, cerebrovascular accident,

reoperation for bleeding, phrenic nerve injury, atrioesophageal fistula,

conversion to open procedure, postoperative pacemaker implantation,

and length of stay. The classification of AF was according to 2017 Heart

Rhythm Society/European Heart Rhythm Association/European Cardiac

Arrhythmia expert consensus statement on catheter and surgical ablation

for AF.7

Statistical Analysis
Meta-analyses were conducted using the meta packages of the R

statistical software (version 3.6; The R Foundation for Statistical

Computing, Vienna, Austria). Specifically, calculation of a pooled

proportion from studies reporting single proportions was carried out using

the ‘metaprop’ function using the Freeman–Turkey Double arcsine

transformation. Mean and standard deviation of continuous variables and

exact binomial lower and upper confidence limits of categorical variables

were pooled across studies and analyzed using a random effects

meta-analysis model. Statistical heterogeneity was assessed using the I2

statistic. Metaregression was performed using the ‘Metafor’ package. All

metaregression analyses were performed using univariate random-effects

models with heterogeneity assessed using the restricted maximum

likelihood estimator. Meta-regression analysis was done to evaluate

associations between outcomes of SRM and complications in each paper

versus ablation method, lesions set used, exclusion of LAA, and use of

randomized control trial, weighting for number of patients who completed

follow-up. Assumptions of a linear model were upheld throughout.

RESULTS
Our literature search (Figure E1) yielded 4636

references. Review of the abstracts resulted in 141
potentially relevant articles. In total, 102 references were
excluded, as the “hybrid” ablation approach did not meet
our definition of combined surgical and catheter-based
procedures. A further 17 were excluded following
secondary review of full-text articles (n¼ 9 review articles,
n ¼ 2 duplicates, n¼ 3 sample size<15 and n¼ 3 failed to
meet definition of hybrid ablation). A total of 22 studies
were included (Table 1).6,8-28

Surgical Ablation Procedures
Both surgical access and ablation lesion sets varied

among the studies, with interpretation of the lesion set
from published figures required in one study (Table 2).8

Surgical access was via unilateral or bilateral VATS
(n ¼ 13),6,9-20 subxiphoid/transdiaphragmatic laparoscopy
(n ¼ 6),8,21-25 sternotomy (n ¼ 2),26,27 and mini-
thoracotomy (n ¼ 1).28 Ablation lesion sets included



TABLE 1. Baseline study characteristics

Authors Year

Cohort

size

Mean

age, y

Male,

n (%)

PAF,

n (%)

PersAF,

n (%)

Long-

standing

PersAF,

n (%)

Mean AF

duration,

y

HT,

%

DM,

%

BMI,

kg/m2

Mean

LA

size,

mm

Mean

LVEF,

%

Bisleri et al9 2013 45 62 � 10 33 (73) 0 0 45 (100) 7 � 5.8 76 31 17* 51 � 10 56 � 7

Bulava et al10 2015 50 62 � 7 32 (64) 0 0 50 (100) 3.5 � 2.9 64 0 31 � 5 48 � 5 63 � 8

de Asmundis

et al11
2017 64 60 � 9 56 (88) 0 21 (33) 43 (67) 5.2 � 3.7 52 9 28 � 4 50 � 7 53 � 11

Edgerton et al21 2016 24 64 � 9 22 (92) 0 0 24 (100) 6.8 � 3.5 63 4 31 � 5 – 53 � 9

Eisenberger

et al27
2015 35 71 � 6 23 (66) 0 9 (26) 26 (74) 4.3 � 0.9 83 23 29 � 5 50 � 5 63 � 7

Gaita et al26 2013 33 58 � 13 15 (45) 0 0 33 (100) 2.4 � 2.6 – – – 51 � 6 53 � 11

Gehi et al22 2013 101 63 � 10 79 (78) 17 (17) 47 (47) 37 (37) 5.9 � 5.5 61 19 59* 51 � 1 50 � 11

Gersak et al8 2012 50 56 � 11 42 (84) 3 (6) 8 (16) 39 (78) 5 � 4.7 74 4 29 � 4 48 � 5 59 � 11

Kiser et al23 2010 28 – – 0 5 (18) 23 (82) 8 – – – 53 -

Krul et al19 2011 31 57 � 7 25 (81) 16 (52) 13 (42) 2 (6) 8y 32 3 29 � 4 47 � 7 -

Kumar et al12 2015 38 62 � 7 34 (89) 14 (37) 19 (50) 15 (13) 6.8 � 4.4 42 13 28 � 3 – 52 � 14

Kurfirst et al13 2014 30 61 � 8 20 (67) 0 4 (13) 26 (87) 2.8 � 2.3 67 – 30 � 5 48 � 5 62 � 8

La Meir et al14 2012 19 61 � 9 16 (84) 5 (26) 4 (21) 10 (53) 5 37 – 28 � 5 50 � 1 -

La Meir et al15 2013 35 57 � 10 24 (69) 16 (46) 8 (23) 11 (31) 5 43 3 27 � 4 52 � 1 -

Lee et al28 2011 25 61 � 11 19 (76) 16 (64) 5 (20) 4 (16) 3y 52 12 29 � 6 – 57 � 9

Mahapatra et al16 2011 15 60 � 2 8 (53) 0 9 (60) 6 (40) 5.4 � 0.6 47 20 – 52 � 10 47 � 3

Muneretto et al6 2012 36 62 � 10 17 (47) 0 8 (22) 28 (78) 6.1 42 19 – 50 � 6 53 � 3

Osmancik et al20 2016 33 60 � 11.6 24 (73) 0 22 (73) 8 (27) 2.5 � 2.7 – – 33 � 5 47 � 9 54 � 12

Pison et al17 2012 26 57 � 9 18 (69) 15 (58) 11 (42) 0 5.6 � 3.6 46 – 27 � 4 43 � 6 59 � 7

Richardson et al18 2016 83 63y 68 (82) 1 (1) 82 (99) 0 – – – 49y 55y
Toplisek et al24 2016 37 54 � 11 32 (86) 0 37 (100) 0 4y 59 5 29 � 4 47 � 6 59 � 11

Zembala et al25 2017 90 55 � 10 70 (78) 0 39 (43) 51 (57) 4.5 � 3.7 69 13 29 � 4 45 � 6 49 � 10

Mean 42.1 60.5 74% 12% 38% 51% 5.1 59.3 12.1 29 59.1 54.8%

Underline indicates the mean value has included a study that reported a median value. PAF, Paroxysmal, PersAF, persistent; AF, atrial fibrillation;HT, hypertension;DM, diabetes

mellitus; BMI, body mass index; LA, left atrium; LVEF, left ventricular ejection fraction. *Number with obesity. yMedian.

Varzaly et al Adult: Arrhythmias
pulmonary vein isolation (PVI) in 11,8,13,15-17,19,22-24,26,28

and box isolation in 116,9-12,14,18,20,21,25,27; additional
lesions are detailed in Table 2: roof line, floor line, mitral
isthmus line, ganglionated plexi ablation, ligament of
Marshall ablation, between the right inferior pulmonary
vein and inferior vena cava, superior vena cava, inferior
vena cava, bicaval line, cavotricuspid isthmus, between
the right inferior pulmonary vein and Thebesian valve,
oblique sinus, Waterson’s groove line, and complete
posterior wall ablation. The LAA was surgically managed
in 11 (n ¼ 296 patients, 30.7%); stapled
(n ¼ 5),12,16,17,19,28 clipped (n ¼ 3),10,11,13 combination of
stapled or clipped (n ¼ 2),15,18 and unspecified (n ¼ 1).27

Additional concomitant procedures included removal of
the fat along Waterson’s groove to facilitate disruption of
the ganglionic plexi6; valve replacement in 19 patients,
coronary artery bypass grafts in 7 patients, and combination
of these procedures in 8 patients27; and minimally invasive
mitral valve repair in 1 patient.23 In the study by Pison and
colleagues,17 the lesions were placed in a stepwise fashion
with additional lines only added when sustained AF
remained inducible with isoproterenol. The commonly
employed surgical lesions are depicted in Figures 1-3.
Twenty-studies used RF for surgical ablation,6,8-25,28

whereas 2 used cryothermy.26,27 RF devices for surgical
ablation included the monopolar Cobra Adhere XL device
(Estech, San Ramon, Calif; n ¼ 3),6,9,14 bipolar Cobra
Fusion 150 (Estech; n ¼ 1),20 bipolar AtriCure Synergy
clamp with or without rail device (Coolrail; AtriCure,
West Chester, Ohio; n ¼ 9),10-13,15-19 nContact (nContact
Surgical, Morrisville, NC; n ¼ 6),8,21-25,29 and Gemini-X
(10%; Medtronic, Minneapolis, Minn; n ¼ 1; 10% of the
cases with the AtriCure).28 Of the 2 studies using
cryo-energy; 1 used the Frigitronics cryothermy
(Frigitronics, Cooper Surgical, Shelton, CT),26 and 1 the
CryoFlex (Medtronic).27
JTCVS Open c Volume 7, Number C 143



TABLE 2. Surgical procedural characteristics

Study Access Device

Energy

source

Basic

lesion

Additional linear

ablation GP

LAA

closure

Procedural

duration, min

Surgical Total

Bisleri et al9 VATS (unilateral R) Cobra Unipolar RF Box N N N 85 � 9 –

Bulava et al10 VATS (bilateral) AtriCure Bipolar RF Box LOM, Trigone Y Y (42/50) 190 � 30

de Asmundis

et al11
VATS (bilateral) AtriCure Bipolar RF Box SVC (34 [53%]) þ

caval line (if RA

dilated) þML

(4 [6%])

N Y (47/64) – 268 � 71

Edgerton et al21 Laparoscopic nContact Unipolar RF Box LOM, RA line N N – 277 � 64

Eisenberger

et al27
Sternotomy Medtronic Cryoablation Box LOM, mitral isthmus,

cavotricuspid isthmus

N Y – –

Gaita et al26 Sternotomy Frigitronics Cryoablation PVI Roof line, mitral isthmus N Y – –

Gehi et al22 Laparoscopic nContact Unipolar RF PVI LOM, roof line (90/101),

Floor line, mitral

isthmus (84/101),

RIPV-IVC, WG

N N – –

Gersak et al8 Laparoscopic nContact Unipolar RF PVI LOM, roof line,

RIPV-IVC

Y N – 313 � 94

Kiser et al23 Laparoscopic nContact Unipolar RF PVI LOM, roof line, mitral

isthmus, RIPV-IVC,

RIPV-Thebesian valve,

oblique sinus, WG

N N 102 –

Krul et al19 VATS (bilateral) AtriCure Bipolar RF PVI LOM þ/– (RL þ FL þ
Trigone in LSP and

P patients)

Y Y – 205*

Kumar et al12 VATS (bilateral) AtriCure Bipolar RF Box N N – 223 � 57

Kurfirst et al13 VATS (bilateral) AtriCure Bi/Unipolar RF PVI LOM (29/30), roof þ
floor lines (29/30),

mitral isthmus (26/30)

Y Y (19/30) – 201 � 30

La Meir et al14 VATS (bilateral) Cobra Unipolar RF Box N Y N – 216*

La Meir et al15 VATS (bilateral) AtriCure Bi/Unipolar RF PVI Roof line (32/35),

floor line (31/35),

mitral isthmus (7/35)

Y Y (15/35) – 268*

Lee et al28 Mini thoracotomy Gemini-X Bipolar RF PVI N Y Y – –

Mahapatra

et al16
VATS (unilateral R) AtriCure Bipolar RF PVI SVC, roof line, mitral

isthmus, LOM

Y Y – 450 � 20

Muneretto et al6 VATS (unilateral R) Cobra Unipolar RF Box N N N 80 � 7 –

Osmancik et al20 VATS (unilateral R) Cobra Bi/Unipolar RF Box N N Y (8/30) 115 � 30 –

Pison et al17 VATS (bi/unilateral R) AtriCure Bipolar RF PVI/Box Mitral isthmus (3/26),

bicaval line (9/26),

SVC (7/26),

IVC (3/26),

roof line (1/26)

N Y – 280 � 84

Richardson et al18 VATS (bilateral) AtriCure Bipolar RF Box SVC þ IVC þ LOM Y Y – –

Toplisek et al24 Laparoscopic nContact Unipolar RF PVI LOM, RL, inferior

RPV / IVC

Y N – –

Zembala et al25 Laparoscopic nContact Unipolar RF PVI LOM, RA line þ/–

complete posterior

wall

N N 141 � 25 –

GP, Ganglionated plexi; LAA, left atrial appendage; VATS, video-assisted thoracoscopic surgery; R, right; RF, radiofrequency; N, no; LOM, ligament of Marshall; Y, yes;

SVC, superior vena cava; RA, right atrium;ML, mitral line; PVI, pulmonary vein isolation; RIPV, right inferior pulmonary vein; IVC, inferior vena cava;WG, Waterson’s grove;

FL, floor line; LSP, long standing persistent; P, persistent. *Denotes median value.
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87.6%

81.5%
76.8%
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55.8%

68.6%

55.7%
52.2%

100%

Cobra Medtronic

Device

Success Rate in Sinus Rhythm – Subgroup Analysis

BlockLeft Atrial
Appendage Excluded

nContact Cryo Yes No 100% < 100%

P < .01 P = NS

Sinus Rhythm Sinus Rhythm off Anti-Arrhythmic Drugs

FIGURE 1. Ablation devices, ablations lines and success rate in SRM. Common surgical devices and ablation lines placed are shown. The subgroup

analysis of these different devices, the exclusion of the left atrial appendage, and the achievement of conduction block on the SRM at final follow-up is

displayed. The only statistically significant comparators were AtriCure versus nContact and left atrial appendage exclusion on SRM without AAD. Left

(from top to bottom), The RF devices used in the studies: Medtronic Gemini, nContact system, AtriCure Synergy and Estech Cobra. Middle, Commonly

placed surgical lines of PVI (blue), box lesion (green), roof line (purple), mitral line (yellow), RIPV to right atrium line (orange), LAA exclusion (red).

Right, Procedural success in obtaining SRM at final follow-up related to device used and left atrial appendage exclusion. Image sources: (top to bottom).

Medtronic: http://www.medtronic.com/us-en/healthcare-professionals/products/cardiovascular/ablation-surgical/cardioblate-gemini-irrigated-rf-surgical-

ablation-system.html. nContact: Provided by nContact for reproduction in publication. AtriCure: Provided by nStenning sales representative. Estech:

http://www.axle-international.com/manufacturers/right_estech/left_surgical-ablation.html. NS, Not significant.
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Only 10 reported on amount of RF energy delivered per
lesion, which ranged from at least 1 minute18 to variable
number of applications (at least 2,6 3,15,19,28 4-6,11,17

3-7,16 and at least 5 applications10,13). One of the 2
cryoablation studies reported 2-minutes of ablation time
FIGURE 2. Common ablation lines placed.
per lesion.27 The end point of the surgical procedure was
conduction block in 12,6,8-10,13,15,16,18-20,22,28 with 5 of
those being confirmed endocardially by the electrophysio-
logist,6,9,16,20,22 completion of the planned lesion set in
9,11,12,14,17,21,24-27 and visual confirmation of contiguity of
ablation lines in 1.23 Ten studies reported total procedural
time (218 � 88 minutes),8,9,11,12,14-17,19,21 whereas 6
reported surgical time (119 � 45 minutes).6,10,13,20,23,25
Catheter-Based Ablation Procedures
Details of catheter-based procedures are listed in Table 3.

Nine-studies undertook immediate follow on catheter-
based ablation in a hybrid theater,11,12,14,15,17,19,21-23

whereas 9 used a staged approach with a variable interval
period ranging from 4 to 167 days before the endocardial
procedure,6,9,10,13,16,20,26-28 and 4 used a combination of
both sequential or staged approaches.8,18,24,25 Of note,
Lee and colleagues28 only performed catheter-based
procedures in patients with recurrent AF more than
3 months after the initial surgical procedure. In this study,
only 23 of 25 underwent further electrophysiologic study
and ablation, with 2 patients declining further intervention
given symptomatic improvement.28 Further, the study of
Gersak and colleagues8 had 5 patients who declined the
endocardial ablation stage of the procedure.
Seventeen-studies used RF energy for catheter

ablation (n ¼ 13, Thermocool; Biosense Webster, Irvine,
Calif8-11,13-16,18,24-27; n ¼ 2 Thermocool SmartTouch,
Biosense Webster12,20; n ¼ 1 Thermocool or irrigated
JTCVS Open c Volume 7, Number C 145

http://www.medtronic.com/us-en/healthcare-professionals/products/cardiovascular/ablation-surgical/cardioblate-gemini-irrigated-rf-surgical-ablation-system.html
http://www.medtronic.com/us-en/healthcare-professionals/products/cardiovascular/ablation-surgical/cardioblate-gemini-irrigated-rf-surgical-ablation-system.html
http://www.axle-international.com/manufacturers/right_estech/left_surgical-ablation.html


Hybrid Ablation for Atrial Fibrillation: A systematic Review and Meta-Analysis

A meta-analysis was
performed to determine the
efficacy of Hybrid Ablation

procedures for atrial
fibrillation at achieving sinus

rhythm maintenance

Methods:
Data was collated from:

- 22 Studies
- 925 Patients with

predominant long-standing
atrial fibrillation

- 19 month mean follow-up

- 79.4% with anti-arrhythmic
   drugs
- 70.7% without anti-
   arrhythmic drugs

Results:
Overall Sinus Rhythm

Maintenance:

Implications:
The literature suggests

favourable rhythm outcomes
with Hybrid Ablation of Atrial

Fibrillation

FIGURE 3. Core findings of our meta-analysis.

Adult: Arrhythmias Varzaly et al
Blazer II [Boston Scientific, Boston, Mass],22 and n ¼ 1
combination of Thermocool and cryo-balloon technology
[Arctic Front; CryoCath, Montreal, Quebec, Canada]).17

Five studies did not state the device employed for the
catheter procedure (Table 3).6,19,21,23,28 Fourteen studies
reported the use of 3-dimensional electroanatomical
mapping system (n ¼ 12 CARTO)6,9-13,18,20,23,25-27 and
n ¼ 2 CARTO or NavX.16,22 Eight-studies did not
specify the mapping system.8,14,15,17,19,21,24,28 Catheter
ablation strategy differed among the studies beyond PVI
(Table 3) with addition of cavo-tricuspid isthmus line
(n ¼ 11),10-15,17,18,20,22,23 mitral isthmus line
(n ¼ 6),10,11,14,18,24,28 coronary sinus ablation
(n ¼ 4),16,21,22,25 roof-line (n ¼ 3),8,24,28 superior/inferior
venous cava ablation (n ¼ 4),8,15,16,24 ganglionated plexi
ablation (n ¼ 1),20 and complex fractionated atrial
electrogram ablation (n ¼ 6).11,12,16,18,21,22 Five
studies did not perform additional lines of ablation other
than consolidating the surgically placed lines as
required.6,9,19,26,27 Two studies did not provide a specific
written description of catheter ablation lines, necessitating
interpretation from diagrams in the respective studies.8,29

At the beginning of the procedure, 16 reported
checking for conduction block from the surgical
ablation with variable results in gap free lesions (range,
0%-91.1%).6,9-18,20,21,26-28 Conduction block following
catheter ablation was described in all studies although
only 11 reported this in detail.8-11,13-15,20,22,26,27 Further
testing with AF induction was performed using pacing
maneuvers in 46,9,13,28 and isoproterenol challenge in 4
studies.15-17,23 Only 5 studies reported rhythm status of
their patients at the end of the procedure.9,17,20,22,23 The
procedural time for the catheter-based component was not
146 JTCVS Open c September 2021
uniformly reported, with 13 not reporting any procedural
time indices.8,9,13-15,17-19,22,24-26,28 Seven studies
reported time of fluoroscopy of 18.3 minutes (range,
7.3-36.2)10-12,16,20,21,27 and 5 reported procedure time of
112.3 minutes (range, 18-216).6,10,20,23,27 The study by
Gaita and colleagues26 reported that no fluoroscopy was
used.

Postprocedural Follow-up
Postablation follow-up included the use primarily of

implantable loop recorders in 5,6,8,9,18,24 Holter monitoring
(1-7 day) in 16,10-17,19-23,25-27 and 12-lead ECG in 1.28

However, the follow-up frequency was variable as detailed
in Table 4. The overall follow-up duration was 19 months
(range, 6-128.4) after initial surgical procedure with
follow-up completed by 93.3%. Definition of recurrent
arrhythmia varied across studies with 13 studies defining
AF recurrence as any atrial tachyarrhythmia lasting
>30 seconds10-13,15-19,21,22,25,27 and 3 studies as monthly
AF burden>0.5%.6,9,24 AF recurrence was not defined in
the remaining 6 studies.8,14,20,23,26,28

Outcomes
Overall SRM at final follow-up was 79.4% (95%

confidence interval [CI], 72.4-85.7) with and 70.7%
(95% CI, 62.2-78.7) without AAD (Figure 4). Of note
SRM off AAD was not reported in 2 studies.9,22 There
was evidence of statistical heterogeneity in the analysis of
SRM both with (I2 ¼ 81.3%, P<.001) and without AAD
(I2 ¼ 82.1%, P< .001). To explore the potential sources
of heterogeneity, univariate analyses were conducted across
the variables of age, AF type, left atrial diameter, AF
duration, and follow-up length, with none shown to be



TABLE 3. Electrophysiologic procedural characteristics

Study Interval, d

Additional

ablation (n)

Ablation

source 3D system

Procedure

end point

Block check

Procedural

duration,

min

Preablation Postablation

Fluoro

time Total

Bisleri et al9 30- 45 PV (3), CFAE (20),

CTI (11)

RF Carto Block, AF

stimulation test

Y (Bi: 91%) Y (Bi: 100%) – –

Bulava et al10 42-56 CTI þ ML RF Carto Block, AF

stimulation test

(pacing induced)

Y (37 [74%]) Y (100) 8 � 4 137 � 41

de Asmundis et al11 Sequential CTI þML þ CFAE RF Carto Block/isolation Y (47 [73%]) Y (100%) 22 � 9 –

Edgerton et al21 Sequential CS þ/– LAA þ/–

CFAE

RF NS SR, Block, Isopren

challenge

Y (#NS) Y (#NS) 36 � 15 –

Eisenberger et al27 90 – NS Carto Block, AF

stimulation test

(pacing induced)

Y (0% gap

free lesions)

Y (31 [89%]) 7* 130*

Gaita et al26 90 – RF Carto Block/isolation Y (58%) Y (79%) – –

Gehi et al22 Sequential CS þ CTI (99),

CS (73),

þCFAE (29)

RF NavX/

Carto

Block/isolation – Y (97) – –

Gersak et al8 Combined cohort - RF NS Block/isolation – Y (100%y) – –

Kiser et al23 Sequential CS þ CTI NS Carto SR, Isopren

challenge,

Block (line

confirmed)

– Y (#NS) – 85

Krul et al19 Sequential - NS NS Block – Y (#NS) – –

Kumar et al12 Sequential CTI þ CFAE RF Carto Block, AF

stimulation

test with pacing

Y (26 [65%]) Y (#NS) 19 � 9 –

Kurfirst et al13 90 CTI (if in SR) þ
ML

RF Carto Block. Test with

atrial tachy

pacing

(300 bpm)

Y (33%) Y (100%) – –

La Meir et al14 Sequential ML þ/– CTI RF NS Block Y (Bi:0) Y (Bi:0) – –

La Meir et al15 Sequential SVC-IVC (10),

SVC (8), IVC (3),

CTI (3)

RF NS Block þ widely

separated

double potentials.

Stim test

(pacing þ iso)

Y (#NS) Y (Bi:100%) – –

Lee et al28 167 � 89 RL þ ML NS NS Block, AF

stimulation test

Y (0%) Y (#NS) – –

Mahapatra et al16 4 � 1 CSþCTI, CFAE (2) RF NavX/

Carto

SR, Block, Iso

challenge

Y (46.7%) Y (#NS) – –

Muneretto et al6 33 � 2 CTI (21), CFAE (6) NS Carto Block, AF

stimulation test

Y (Bi: 83.3) Y (#NS) 18 � 3 –

Osmancik et al20 96 � 73 GP þ CTI RF Carto SR, Block Y (40%) Y (88.8%) 19 � 7 216 � 64

Pison et al17 Sequential CTI RF/Cryo NS SR, Block, Iso

challenge

Y (#NS) Y (#NS) – –

Richardson et al18 Combined CTI þML þ CFAE RF Carto Block/isolation Y (38 [45.8%]) Y (#NS) – –

Toplisek et al24 Combined RL þ SVC þ IVC RF NS Block/isolation – Y (#NS) – –

Zembala et al25 Combined CS þ CTI RF Carto Block – Y (#NS) – –

3D, 3-Dimensional; PV, pulmonary vein; CFAE, complex fractionated atrial electrogram; CTI, cavotricuspid isthmus line; RF, radiofrequency; AF, atrial fibrillation; Y, yes;

ML, mitral line; CS, coronary sinus line; LAA, left atrial appendage; NS, not stated; SR, sinus rhythm; SVC-IVC, superior vena cava/inferior vena cava; GP, ganglionated plexi.

*Denotes median value. yOnly tested in if still in AF.
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TABLE 4. Follow-up and results

Study

Method

Mean

F/U, mo

Number

complete

F/U (%)

SR with

AAD (%)

SR without

AAD (%)

Need for

further catheter

ablationECG 1 d 7 d ILR

Bisleri et al9 – – – Y 28.4 � 2 45/45 (100) 40/45 (89) – –

Bulava et al10 – – 3, 6, 9, 12 – 12 50/50 (100) 47/50 (94) 43/50 (86) 2

de Asmundis et al11 – 6, 12 – – 23.1 � 14 64/64 (100) 43/64 (67) 43/64 (67) 14

Edgerton et al21 – – 3, 6, 9, 12 – 24* 21/24 (88) 4/21 (19) 3/21 (14) –

Eisenberger et al27 – – 3, 6, 12 – 12 35/35 (100) 32/35 (91) 30/35 (86) 1

Gaita et al26 3, 6, 12 3, 6, 12 – – 128.4 � 37 33/33 (100) 24/33 (73) 16/33 (48) 4

Gehi et al22 3, 6, 12 3, 6, 12 Y 12* 101/101 (100) 66/101 (65) – 6

Gersak et al8 6, 12, 18, 24 – – Y 12* 32/50 (64) 28/32 (88) 24/32 (75) 1

Kiser et al23 – 3 6 – 6* 25/28 (89) 21/25 (84) 19/25 (76) –

Krul et al19 3/12 3/12 – – 12.5y 22/31 (71) 19/22 (86) 19/22 (86) –

Kumar et al12 – – 3, 6, 9, 12 – 11.2 � 2 38/38 (100) 35/38 (92) 31/38 (82) 3

Kurfirst et al13 – – 3, 6, 12 – 6.93 30/30 (100) 28/30 (93) 27/30 (90) 1

La Meir et al14 – – 3, 6, 12 – 12* 19/19 (100) 12/19 (63) 7/19 (37) –

La Meir et al15 3,6, 12 – 3, 6, 12 – 12 35/35 (100) 32/35 (91) 32/35 (91) –

Lee et al28 3,6,24 – – – 14 23/25 (92) 21/23 (91) 12/23 (52) 2

Mahapatra et al16 1,3,6,9,12 9, 18, 24 3, 6, 12 – 20.7 15/15 (100) 13/15 (86) 14/15 (93) –

Muneretto et al6 – – – Y 30 36/36 (100) 33/36 (92) 28/36 (77) –

Osmancik et al20 – 3, 6, 9, 12 6, 12 – 9.7 � 3.6 30/30 (100) 24/30 (80) 21/30 (70) 2

Pison et al17 – if 7 d NA 3, 6, 9, 12 – 15.6 � 5 24/26 (92) 22/24 (92) 22/24 (92) 2

Richardson et al18 – – – Y 12 79/83 (95) 56/79 (71) 45/79 (57) –

Toplisek et al24 12 – – Y 12 37/37 (100) 19/37 (51) 18/37 (49) –

Zembala et al25 – 3 6, 12 Y 12 69/90 (77) 58/69 (84) 43/69 (62) 1

ECG, Electrocardiogram; 1d, 24-hour Holter monitor; 7d, 7-day Holter monitor; ILR, implantable loop recorder; F/U, follow-up; SR, sinus rhythm; AAD, antiarrhythmic drugs;

Y, yes, NA, not applicable. *50% of cohort. yMedian.
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statistically significant in predicting SRM. There were no
significant differences in SRM outcome with or without
AAD between the studies using the sequential or staged
or a combination of both approaches (all P ¼ NS).
Similarly, no significant differences in SRM outcome with
or without AAD were found between studies using
fundamental surgical lesion sets of box or PVI (all
P ¼ NS). Although no significant difference in SRM with
AAD existed between the groups who underwent LAA
exclusion as opposed to those who did not, a superior result
in SRMwithout AADwas seen in the LAA exclusion group
(79.5% [95% CI, 71.2-86.8] vs 55.8% [95% CI,
41.4-69.8], P < .001). In addition, we did not find any
statistically significant differences in SRM outcome
according to surgical access or ablation energy source
used (all P ¼ NS).

Specific to the endocardial catheter-based component,
there were no statistically significant differences in SRM
outcome with or without AAD whether conduction block
was achieved across all lesion sets (all P ¼ NS). Likewise,
ablation targeting ganglionated plexi did not afford addi-
tional benefits in SRMwith or without AAD. No differences
148 JTCVS Open c September 2021
in SRM outcomes were seen between studies utilizing
different catheter type (irrigated, nonirrigated, or contact
force sensing). AAD usage was found to be highly variable
between studies, with n ¼ 6 initiating an unspecified AAD
postoperatively,6,14,15,22,23,26 n ¼ 6 using amiodarone
postoperatively but with varying protocols,8,13,16,20,24,25

n ¼ 4 initiating an AAD patients preoperatively,11,12,17,21

n ¼ 2 discharging patients without any AAD
postoperatively,10,27 and n ¼ 1 continuing whichever
AAD the patient was on throughout the admission.19 Three
studies did not state their AAD usage protocol.9,18,28

Procedural Complications
Table 5 outlines the various procedural complications

from the 22 studies. Ten studies reported postoperative length
of stay of 5 days (range, 3.4-7.6).6,9-11,13,16,17,20,22,28 Of note,
5 studies reported a median length of stay,14,15,18,19,21 and 7
did not report this parameter.8,13,23-27 The total
complication rate across the studies was 6.5% (95% CI,
3.4-10.2, I2 ¼ 69.8%, P<.001) comprising: mortality rate
of 0.2% (95% CI, 0-0.9, I2 ¼ 0%, P ¼ .9), stroke rate of
0.3% (95% CI, 0-1.1, I2 ¼ 10.1%, P ¼ .3), reoperation
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FIGURE 4. Sinus rhythm maintenance (SRM) forest plots. A, SRM achieved across studies with antiarrhythmic drugs (AAD) and B, without AAD.
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for bleeding rate of 1.6% (95% CI, 0.6-3.0, I2 ¼ 19.9%,
P ¼ .2), conversion to sternotomy rate of 0.3% (95% CI,
0-1.1, I2 ¼ 0.8%, P ¼ .5), and phrenic nerve injury
(temporary or permanent) of 0.3% (95% CI, 0-1.1,
I2 ¼ 0%, P ¼ .7). Six patients (0.6%) required a
permanent pacemaker implant, and there were 4 cases
(0.4%) of atrioesophageal fistula. Of note, all
atrioesophageal fistula occurred in studies that used
JTCVS Open c Volume 7, Number C 149



TABLE 5. Complications

Study

Mean

LOS, d

30-d

mortality,

n (%)

Stroke,

n (%)

Reoperation for

bleeding/

effusion,

n (%)

Phrenic

nerve

injury,

n (%)

AO

fistula,

n (%)

Conversion

to open

procedure,

n (%)

Postoperative

PPM, n (%) Total, N

Bisleri et al9 3.9 � 1.4 0 0 0 0 0 0 0 0

Bulava et al10 4.1 � 1.1 0 0 1 (2) 4 (8) 0 2 (4) 0 7

de Asmundis et al11 6 � 3 0 0 4 (6) 0 0 2 (3) 0 6

Edgerton et al21 5* 3 (13) 2 (8) 1 (4) 1 (4) 1 (4) 0 0 8

Eisenberger et al27 – 0 0 4 (11) 2 (6) 0 – 0 6

Gaita et al26 – 0 4 0 0 0 – 5 (15) 9

Gehi et al22 4.4 2 (2) 0 2 0 1 (1) 0 0 7

Gersak et al8 – 1 (2) 1 0 0 2 (4) 0 0 5

Kiser et al23 – 0 0 0 0 0 0 2

Krul et al19 6* 0 0 0 0 0 3 (10) 0 3

Kumar et al12 – 0 0 0 0 0 0 0 0

Kurfirst et al13 4.5 � 3 0 0 0 0 0 2 (7) 0 3

La Meir et al14 3.6* 0 0 0 0 0 0 0 0

La Meir et al15 3.4* 0 0 0 0 0 0 0 0

Lee et al28 5 0 0 0 0 0 0 0 0

Mahapatra et al16 4.1 � 0.1 0 0 0 0 0 0 0 0

Muneretto et al6 4 � 1.8 0 0 0 0 0 0 0 0

Osmancik et al20 7.6 � 5.3 0 1 (3) 0 1 (3) 0 0 0 2

Pison et al17 7 � 2 0 0 1 (4) 0 0 0 0 1

Richardson et al18 6* 1 (1) 0 0 1 (1) 0 0 1 (1) 3

Toplisek et al24 – 0 1 (3) 2 (5) 0 0 0 0 3

Zembala et al25 – 1 (1) 2 (2) 3 (3) 1 (1) 0 1 0 8

Median [CI] 5.0 0.2 [0–0.9] 0.3 [0–1.1] 1.6 [0.6–3.0] 0.3 [0–1.1] ~0 [0–0.5] 0.3 [0–1.1] ~0 [0–0.5] 6.5 [3.4–10.2]

LOS, Length of stay; AO, atrioesophageal; PPM, permanent pacemaker; CI, confidence interval. *Median
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mono-polar RF device. Mortality was considered in the first
30 days of either surgical or catheter procedure with 8 deaths
in total: 3 atrioesophageal fistula, 1 bleeding and cardiac
tamponade, 1 sudden cardiac death, 1 stroke, and 2 undeter-
mined. Comparison across the studies did not reveal any
statistically significant predictors of major complications.
DISCUSSION
Hybrid (joint surgical and catheter-based) ablation for

AF is an emerging technique purporting to improve rhythm
control outcomes in patients with more persistent forms of
AF. This systematic review and meta-analysis on the hybrid
ablation approach in an overall cohort of 925 (89% nonpar-
oxysmal AF; 38% persistent and 51% longstanding persis-
tent) subjects demonstrates the following key findings:

1. Favorable overall SRM of 79% and 71% with and
without AAD at mean follow-up of 19 months;

2. Complication rates of approximately 6.5%, which
represent comparable figures to earlier catheter-based
ablation series;
150 JTCVS Open c September 2021
3. There was no difference in rhythm outcome whether the
catheter ablation was performed immediately following
or staged for a later date; and

4. Studies that reported exclusion of LAAwere associated
with greater SRM outcome off AAD.

Whilst in its infancy, the hybrid approach demonstrates
adequate safety and efficacy when compared to catheter
ablation alone. This approach has the potential to improve
the longer-term durability of ablation lesions and reduce
the need for multiple procedures. This would result in
significant cost savings to the health care system, with a
recent study showing that a 1% reduction in repeat ablation
procedures could save 30 million US dollars to the US
health care system.30

Outcomes and Complications of Hybrid Ablation
The overall SRM of 79% and 71%with or without AAD

at a mean 19-month follow-up with the hybrid ablation
approach in largely patients with nonparoxysmal AF
(89% of overall cohort) appears to be favorable in
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comparison with other established catheter-based
approaches, although the heterogeneity of the included
studies must also be taken into consideration. Outcomes
of catheter ablation approach have demonstrated SRM at
2-year follow-up to be 60% after single ablation procedure
and 80% following multiple procedures. Further, the single
procedural catheter ablation outcome for those with
nonparoxysmal AF was only 42% at 2-year follow-up.
However, it must be pointed out that the follow-up methods
in these studies were variable. Importantly, the overall
complication rate with the hybrid approach was similar to
earlier catheter ablation series at 6.5%.31 With increasing
experience, this figure is likely to improve akin to the
catheter ablation data whereby complication rates were
found to reduce by approximately one-third over a
decade.32 Further, this study did not find any statistically
significant differences in complications according to
ablation energy source, device, lesion set, or procedure
type from the overall low number of reported
complications. However, further study is required to tease
out why all incidences of atrioesophageal fistula occurred
with the use of nContact unipolar RF device.

The hybrid procedure offers the advantage of surgical
epicardial ablation whereby broad, continuous lesions can
be applied to isolate the pulmonary veins with additional
linear lines and LAA exclusion in a relatively quick time
frame of 80 to 200 minutes. The endocardial catheter-
based component allows mapping to confirm conduction
block and further targeted endocardial ablation to ensure
lesion contiguity and electrical isolation. In the study by
Muneretto and colleagues,6 this combined approach
resulted in reduced procedure time with the surgical
procedure taking 80 � 7 minutes, the endocardial mapping
taking 18 � 2 minutes, and additional endocardial ablation
taking 25� 4 minutes. However, the length of hospital stay
of 5 days with the hybrid approach was longer than the
typical 1 to 2 day stays with the catheter-based approach.
Further refinement of the hybrid approach to optimize
outcomes while minimizing invasiveness and
complications would help to consolidate the role of this
emerging technique.

Lessons From Early Experience
The move to a hybrid procedure from a surgical

standpoint represents the potential for a less-invasive
surgical procedure than that of the traditional Cox-maze
procedure while potentially offering equivalent results
without cardiopulmonary bypass and median sternotomy.
Although advances in surgical techniques have
allowed the Cox-maze procedure to be completed via
mini-thoracotomy or VATS approach, the hybrid procedure
allows an additional dimension through endocardial
mapping to guide more targeted ablation to complete the
lesion sets.33,34 This review identified several important
technical considerations with this novel hybrid ablation
technique. First, there was no statistically significant
difference in outcome when the hybrid procedure was
performed with the endocardial component performed
sequentially in the same setting or staged with an interval
of weeks to months. There are potential advantages offered
in each procedure type. Sequential procedures offer the
potential for immediate identification of lesion gaps that
can be treated at the same time with greater probability of
achieving sinus rhythm at the outset and greater chance
for reverse remodeling. In contrast, the staged approach
affords time for complete lesion maturation and regression
of edema such that lesion gaps can be more definitely
identified for endocardial ablation. Further, scheduling of
the staged approach would be easier, as it does not require
the hybrid theater and cross-discipline expertise to be
available at the same time. Second, we were unable to
identify a superior outcome related to lesion set application.
In our consideration of this point, we sought to determine
whether other variables in the procedure could have bearing
on the procedural outcome in terms of SRM. While no sig-
nificant difference was identified between devices in terms
of SR with AAD, on further statistical analysis when
comparing devices types, the use of the AtriCure Synergy
system was found to be superior to the nContact system
in SRM without AAD (AtriCure: 82% [95% CI, 72.5-90]
vs nContact: 68.6% [95% CI, 29.4-96.9], P ¼ .01)
(Figure 1). Given that all atrioesophageal fistulae occurred
with the use of the nContact unipolar RF devices, the use
of bipolar RF devices may be protective against this serious
complication. However, this statistical difference may
become attenuated as further experience is added to the
literature. Last, the potential merits of LAA exclusion
seen in this review requires further investigation in light
of recent randomized catheter ablation data showing
improved long-term freedom from atrial arrhythmias
following empirical electrical isolation of the LAA in
patients with longstanding persistent AF.35

Clinical Implications
The hybrid ablation approach for AF appears promising,

with this systemic review and meta-analysis demonstrating
favorable outcomes without significant additional
procedural-related complications. This novel technique
may fill the gap in our current armamentarium of ablating
patients with more persistent form of AF, given that the
optimal catheter ablation approach for this subgroup of
patients remains unclear.3 The invasiveness and complexity
of the Cox-maze III procedure might have limited its uptake
despite excellent SRM results.5 In contrast, the hybrid
ablation procedure is less invasive, does not require cardio-
pulmonary bypass, and allows for shorter hospitalization.
The hybrid ablation approach can potentially be extended
to patients with AF undergoing concomitant valvular or
JTCVS Open c Volume 7, Number C 151
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coronary artery bypass graft surgery in place of a traditional
Cox-maze procedure, to reduce cardiopulmonary bypass
time and associated complications. As with all novel
techniques, there remains room for improvement with
further reduction in complication rates following greater
experience, improvement in ablation devices, and ablation
techniques. Concurrent aggressive targeting of AF risk
factors may further improve SRM with the novel hybrid
ablation approach.36

Study Limitations
The overall number of patients included is relatively

small and is a function of the emerging nature of this pro-
cedure. We are unable to detail the specific hybrid ablation
outcomes according to types of AF (paroxysmal vs
nonparoxysmal), given the lack of available patient-level
data provided and thus interpretation of results must be
considered in light of this. We recognize the limitations of
the individual included studies may affect the robustness
of this review and meta-analysis. First, the average number
of subjects in most of the included studies is low. Second, all
the available studies on hybrid ablation were
nonrandomized, single-center cohort series. Third, there is
significant heterogeneity of the hybrid ablation approach
with variable epicardial and endocardial lesion sets,
different ablation devices, and surgical access employed.
Last, there is a lack of reporting standard in the included
studies with variable follow-up methodology and time
points. Nevertheless, these limitations serve to highlight
areas of focus for future studies. The upcoming
CONVERGE trial (Convergence Of Epicardial And
Endocardial Radiofrequency [RF] Ablation For The
Treatment Of Symptomatic Persistent AF) is one such study
that is randomizing patients between a hybrid ablation
procedure and standalone endocardial catheter ablation
that should provide greater insight into the relative efficacy
of these approaches.

CONCLUSIONS
The hybrid ablation procedure for AF shows favorable

outcome with complication rates that are comparable with
the early catheter-based ablation approach. Early results
suggest a potential role for this novel strategy in selected
patients with AF, given the suboptimal results of
catheter-based approach in those with a more persistent
form of the arrhythmia. Further studies are needed to
determine the optimal hybrid ablation technique and
longer-term outcome results.
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Search Strategy:
- Atrial Fibrillation AND Ablation techniques (Maze, Cryo, RF) AND Surgery
- Hybrid AND Atrial Fibrillation AND Ablation (Catheter or Surgical)

Databases Searched: Pubmed, EMBASE, Cochrane Database of
Systematic Reviews

Search Date: January 1991 to November 2017

4686 References
imported into Endnote

143 References for review

41 References for
secondary review

22 References included
in systematic review and
meta-analysis

Search within imported Endnote database
for “hybrid” or “sequential”. 4495
References excluded.

102 References excluded as different
definition of hybrid ablation (i.e.
catheter ablation + AAD, cryo + RF, etc)

Articles read in full. 17 Discarded
- 11 Review articles
- 3 hybrid definition difference
- 2 same author with same device
  (larger series taken)
- 3 Sample size < 15

FIGURE E1. Search strategy utilised for article inclusion.
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