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Abstract

Introduction Atrial Fibrillation (AF) is a common tachyarrhythmia affecting 33 million people worldwide. Hybrid AF
ablation utilises a surgical (epicardial) ablation followed by an endocardial catheter-based ablation. The aim of this
systematic review and meta-analysis is to summarize the literature reporting mid-term freedom from AF following
hybrid ablation.

Methods An electronic search of databases was performed to identify all relevant studies providing mid-term

(2 year) outcomes following hybrid ablation for AF. The primary study outcome was to assess the mid-term freedom
from AF following hybrid ablation, utilising the metaprop function on Stata® (Version 17.0, StataCorp, Texas, USA).
Subgroup analysis was performed to assess the impact of various operative characteristics on mid-term freedom from
AF.The secondary outcomes assessed mortality and procedural complication rate.

Results The search strategy identified 16 studies qualifying for inclusion in this meta-analysis, with 1242 patients

in total. The majority of papers were retrospective cohort studies (15) and one study was a randomized control trial
(RCT). The mean follow up was 31.5 + 8.4 months. Following hybrid ablation, the overall mid-term freedom from AF
was 74.6% and 65.4% for patients off antiarrhythmic drugs (AAD). Actuarial freedom from AF was 78.2%, 74.2% and
73.6% at 1, 2 and 3 years respectively. No significant differences in mid-term freedom from AF based epicardial lesion
set (box vs pulmonary vein isolation) or Left atrial appendage/Ganglionated Plexus/Ligament of Marshall ablation

or staged vs concomitant procedures. There were 12 deaths overall following the hybrid procedure with a pooled
complication rate of 5.53%.

Conclusion Hybrid AF ablation offers promising mid-term freedom from AF reported at a mean follow-up of
31.5 months. The overall complication rate remains low. Further analysis of high-quality studies with randomized data
and long-term follow up will help verify these results.
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Introduction

Atrial fibrillation (AF) is a common tachyarrhythmia,
affecting approximately 33 million people worldwide [1,
2], of which 70% of patients have persistent arrhythmia
[2]. Catheter ablation is the mainstay of management in
patients with paroxysmal atrial fibrillation (PAF) or per-
sistent atrial fibrillation (PersAF) who are intolerant to
class 1 or 3 antiarrhythmic medications and have indi-
cation for improved rhythm control (for the purpose of
reducing arrhythmia related symptoms or improving
left ventricular function) [3]. Repeat catheter ablation
procedures are often necessary for sinus rhythm (SR)
maintenance with; a systematic review demonstrating a
three-year freedom from AF of 53% after a single proce-
dure and 80% following multiple ablations, in a cohort of
studies that largely assessed paroxysmal AF [4]. Patients
with persistent and longstanding AF often have more
resistant substrates and may benefit from surgical abla-
tion [3].

Several surgical approaches to AF ablations have been
described of which the Cox-Maze 4 (CM4) has demon-
strated the most favourable long-term freedom from AF
(at 10 years), of 77% [5, 6]. A class-1 recommendation
therefore exists for the CM4 to be performed in the set-
ting of persistent AF or AF resistant to antiarrhythmic
drug therapy or failed catheter ablation as a standalone
procedure or in patients undergoing concurrent cardiac
surgery [3]. However, CM4 is significant undertaking
requiring cardiopulmonary bypass meaning standalone
CM4 procedures for AF are confined to specialised cen-
tres only [7]. With the advent of bipolar radiofrequency
clamps and linear ablation devices, a totally thorascopic
maze approach is available through a unilateral or bilat-
eral closed chest approach, with a one-year freedom from
AF of 82% [8, 9]. One of the major drawbacks of a totally
thorascopic approach is the inability to form transmural
lesions, which are essential for electrical isolation [9].

Hybrid AF surgery is an evolving field. It comprises of
an initial surgical epicardial ablation and second stage
transvenous endocardial catheter ablation. This strategy
seeks to combine the strengths of both approaches. The
epicardial component can be accessed through a thoras-
copy (unilateral or bilateral) or a laparoscopic subxiphoid
approach [10]. In this manner, an antral pulmonary vein
isolation lesion set can be applied, a posterior left atrial
isolation box lesion set can be deployed (aiming to iso-
late the left atrial posterior wall en bloc). Ablation of the
autonomic ganglionic plexi can be performed as well as
surgical division of the ligament of Marshall and exclu-
sion of the left atrial appendage [10]. With the advent
of electro-anatomical mapping, existing ablation lines
can be mapped, thus guiding the second stage endocar-
dial ablation [10]. This can be done in either a staged
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or concomitant setting [10]. The major strength of this
approach is the ability to create epicardial/endocardial
ablations which are effectively transmural [10].

Evidence demonstrates the efficacy of hybrid abla-
tion for AF. Varzaly et al. reported a freedom from AF of
79.4% and a complication rate of 6.5%, over a follow up of
19 months [10]. A meta-analysis by Van der Heijden et al.
reports a higher freedom from AF following hybrid abla-
tion in patients with longstanding AF, when compared
to catheter ablation alone [11]. Studies are now publish-
ing the mid- to long-term freedom from AF following
hybrid ablation. The primary outcome of this systematic
review and meta-analysis is to assess the mid-term free-
dom from AF following hybrid ablation for atrial fibrilla-
tion. The secondary outcome of this paper is to assess the
mortality and complication rate.

Materials and methods

Search strategy and study selection

This trial was registered with PROSPERO and was writ-
ten in accordance with Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) rec-
ommendations (CRD42022337086). An electronic lit-
erature search was performed utilising PubMed, Scopus
and EMBASE databases from January 2000 to June 2022.
The search strategy included a combination of keywords
and Medical Subject Headings (MeSH) including “Hybrid
Ablation” OR “Convergent Procedure” AND “Atrial
Fibrillation. A total of 228 abstracts were screened after
duplicates (8) were removed. Following application of
predefined inclusion and exclusion criteria 31 articles
remained for full text review. Two reviewers (A.E, A.W.S)
assessed the eligibility of the selected papers. Discrepan-
cies between the reviewers were adjudicated by the pri-
mary author (A.E). References of included articles were
crosschecked in search of potentially relevant studies. A
total of 16 studies were included in the systematic review
and meta-analysis. The search strategy is presented in
Additional file 1: Figure S1.

Definitions, Inclusion and exclusion criteria

Hybrid AF ablation was defined as a combined surgical
and endocardial catheter-based approach. The surgi-
cal ablation is typically performed with a thorascopy,
or a subxiphoid/transdiaphragmatic approach. Surgical
lesion sets were defined as any cut/sew lines, radiofre-
quency or cryoablation performed on the heart through
these approaches. Endocardial lesion sets followed the
surgical ablation (either concurrently performed or dur-
ing a staged procedure), and consisted of radiofrequency
or cryoablation sets performed via a catheter-based
approach. Mid-term was defined as two years or more,
and this was arbitrarily chosen as longer term (>5 year)
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follow up of hybrid ablation is yet to be reported, wheras
24 month follow up is now being uniformly reported. The
inclusion criteria for systematic analysis were (1) patients
undergoing hybrid ablation for atrial fibrillation (2) fol-
low up of at least 2 years or median or mean follow up
of at least 24 months (3) Freedom from AF reported (4)
Mortality and morbidity reported. Case reports, editori-
als, reviews and preexisting meta-analysis were excluded.

Primary and secondary endpoints, study quality appraisal

The primary endpoint for this systematic review was
mid-term (at least 2 year) freedom from AF regardless
of anti-arrhythmic drugs (AAD) status. The definition of
freedom from AF was derived from the individual stud-
ies definition. Subgroup analysis was performed assess-
ing freedom from AF off (AAD, by timing (staged vs
same sitting), by basic epicardial lesion set (pulmonary
vein isolation—PVI vs Box), and by additional ablations
(Left atrial appendage—LAA, Ganglionated Plexus—GP
and Ligament of Marshall-LoM). Secondary endpoints
were death and reported significant complications rates
post-procedurally, as defined by the study. These include
conversion to sternotomy, esophageal injury, pacemaker
implantation, phrenic nerve injury and pericardial effu-
sion, occurring within 30-days of the procedure. Study
quality of the included studies was assessed using the
Risk of Bias in Non-randomized Studies of Interventions
(ROBINS-I) tool for cohort studies, and the Risk of Bias 2
tool (RoB2) for randomized control trials (Fig. 1). [12, 13]

Data extraction and analysis

All data was extracted to pilot forms and entered into an
excel database. For baseline variables, nominal data was
recorded as the number of events (n) and expressed as a
percentage. Continuous variables were either expressed
as a mean and standard deviation (SD) or median and
interquartile ranges (IQR). For statistical analysis, medi-
ans and IQR were first converted to mean and stand-
ard deviation utilising the method outlined by Hozo
et al [14]. Baseline patient data is presented in Table 1,
and primary and secondary endpoints are presented in
Table 2. Statistical analysis was carried out using Stata®
(Version 17.0, StataCorp, Texas, USA). A meta-analysis
of proportions was performed using the metaprop func-
tion, with a Freeman-Tukey arcsine transformation. A
random effects model was utilised to account for varied
study design, experience of the surgeons, centre protocol
and population. Results were expressed as forest plots
were appropriate, with cumulative proportion expressed
as a single percentage. Subgroup analysis was performed
by using the metaprop, by(group) function, and P <0.05
denoted statistical significance for intergroup compari-
son. Heterogeneity was assessed using the I” test statistic.
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Low heterogeneity was denoted by I?><50%, moderate
heterogeneity by I> 50-74%, and high heterogenei.ty by
>>75%. Kaplan—Meier survival curves were digitized
where numbers at risk were presented, and an algorith-
mic computational tool was utilized to derive individual
patient data as outlined by Guyot et al [15]. Event and
censoring data were compiled for 3 years, and overall
survival curves were produced with Stata (Version 17.0,
StataCorp, Texas, USA) ©.

Assessment of bias and heterogeneity

Publication bias was assessed through visual inspection
of funnel plots and Begg’s rank correlation test in Stata®.
A trim and fill analysis was performed in instances
of publication bias. An influential study analysis with
adjusted effect sizes computed after the omission of each
study. In order to assess the impact of study age (publica-
tion year) on effect size, a meta regression was performed
comparing year of publication utilising a random effects
model. A coefficient n was calculated to assess correla-
tion and P value, with P<0.05 denoting significance.
These results are represented in Additional file 1: Figure
S2 and S3. Finally, A subgroup analysis was performed
based on the definition of recurrence. As the major-
ity of studies defined recurrence as AF duration greater
than 30 s, the groups were divided into “30 s” and “other”
(Additional file 1: Figure S4).

Results

Baseline study characteristics

The search strategy revealed a total of 235 studies with
8 duplicates, one additional reference was identified on
screening included study reference lists, thus a total of
228 studies were screened. After full review, 16 studies
with 1242 patients were included in the systematic review
[16-31]. The majority of papers were retrospective cohort
studies (15) and one study was a randomized control trial
(RCT). The cohort sizes ranged from 24 to 451 patients,
with the majority of studies reporting relatively small
cohort sizes (30-80 patients). The quality of included
studies ranged from poor to good as per the ROBINS-
I and RoB2 tools, with the majority (14) studies scoring
“moderate. The mean follow up was 31.5+ 8.4 months.
The pooled mean age of patients was 62.3+£9.7 years,
and the pooled BMI was 29.3+£5.4. A total of 346 (59%)
of patients had hypertension and 912 (73%) were male.
The mean left atrial (LA) diameter was 4.69+0.82 cm,
and mean LA volume was 66+ 34 ml. The mean dura-
tion of AF (since diagnosis) was 67.7 =72 months with a
mean LVEF of 55.4 4 11%. Five studies included patients
with paroxysmal AF, with the majority of studies review-
ing patients with persistent and long-standing AF [19, 23,
24, 26, 30].
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A. ROBINS |- Cohort and cross-sectional studies

Risk of bias domains

Study

Page 4 of 18

®© 000 o e e e oo e e oo e
L 20 A B B 2K 2K MOMOM M M M M 2 J
0000000060606 0C0606°°
L2 M M M JOMN MOMOMOM JOM M 2 J
0000000006006 0e
L M MOMOM 2 M M JMOMNOMOMN MOM 2 J
L M MOMOM M M MOMN JMOMOM M JMOMN J

Domains:
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D2: Bias due to selection of participants.
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D7: Bias in selection of the reported result.

B. RoB 2.0 - Randomized control trial

Study

Fig. 1 Risk of bias

D1

D2:
D3:

D4
D5

Risk of bias domains

Domains: Judgement

: Bias arising from the randomization process.

D1b: Bias arising from the timing of identification ‘= Some concerns

and recruitment of Individual participants in . Low
relation to timing of randomization.

Bias due to deviations from intended intervention.

Bias due to missing outcome data.

: Bias in measurement of the outcome.

: Bias in selection of the reported result.

§@00000.00000000

]

( I
§



Page 5 of 18

(2023) 18:155

Eranki et al. Journal of Cardiothoracic Surgery

I'6F 9 L'COFeeL (9001) 0 0 LO0F9Y SEFSoC 4N (%97) 8¢ 8F09 05 1c0C [[RSNRERVIET
CLFS09 (4OI/uelpaw) (6/-5'81) £ (%¥S) S (9%69v) 0€ YSOFSY 9YFE0E (W8I vy (%SL) 6 €8F 85 59 610¢ [0€] e 13 Jefod
EEFSCS (JOI/ueipsw) (0ve—/) 8'¢L (900 : 0 SS0F0S dN Gocy) SL O6Lp) LL 0L F€C9 9t cl0C [6¢] |e 19 ond1BUN

L'/F09 CLEFILS (%001) OF 0 O O0FoY SCF89C 4N (%S2) o€ Y6F¥19 o 1c0c TN EREREY
SLFYTS  (HOI/uRIpaW) (§'59-161) 8¢ (9%001) 67 0 (W)eoLFLEY SeEF6r  (WEW) LT (%06) v S8F LS 6y 1c0C [£2] e 13 1ubepy

9L FSS (OI/ueIpaw) (8€-C1) 65 (%eS) e (%LP) OF 7iF6¢€ LYFGOT (%889 vy (%L5) 9¢ 6F6S 79 810¢ [97] |2 18 Uasse

GLF0S 0€F9¢ (%001) €7 0 €90F LY N N (%) € LLF989 & 0C0¢ [Scl e 1o uespepy

dN dN (%+8) 89  (%9l) €l L90F¥Sv dN %cy) v (%66) 08 S8FVSS 18 1c0C [v2] e 12 Wiy

Gl'9F 959 wF oy 0 (%00l) ST (W) S8FVTE 6GF90E  (WSH)8L  (%/9) 9l €9+ 885 0Ss 8l0¢ [€c] jeas uer
SOF1'6S dN (%001) ¢£ 0 VIFIW6 LY 9CFEST  (%eP) LE  (%66) 1L  WBFIES ¢L 810¢ [c] |e 1o Buemy

CLFC6S dN dN dN SOF<LY dN dN dN - LOLF99S 9/ 910¢ [L7] 1819 esieny

98F9CS wFII8 (9%001) ¢ 0 8COFSLS SFS0E (%S9 SL  (%ee) T 68F 8¢9 vZ 910 [02] [e 15 uoLabp3

SOLFVLS CELFBOL (%86) LY (%2) 0 80F8Y 9FS0¢ 4N (%08) 19€ ¥8F 1L LSy 120 [61] €313 uobuluung
86F 89S 7'C9F €89 (%001) L 0 (W)ocF9L 6VF98C  (%69) SE  (%L9) vE 8F /£'S9 LS 6107 [8l][eI9sipunwsy oQ
8F 9 SEFELY (%001) 0 0 (WveFosL 9V F80E (W64 SS  (%0L) 6% 6'LF V9 0z /£10C [£1] e 32 eARING

LFE9S L'69F8'¢8 @ooo: 0 L60F LS %92 ¥€  (%eL) €€ 86F €9 S ¢l0C (9111212 1U3)SIg
(%) 43X1 (syauow) uoneing uesy % 4V JuS3sisiad %dvd  (wd)128welp ¥ (;w/6y) Ing % N1H %3le (siea)aby ozisioyod  uedp Apmis

sa|qenen uaned aulaseg L ajqel



Page 6 of 18

(2023) 18:155

Eranki et al. Journal of Cardiothoracic Surgery

05/9 0 0 0 0 (%0£) 05/5¢ (%02) 05/5¢ 0S 4 (uesw) ez LzoT [L€] 210 uep
S9/1 0 S9/1 0 0 dN (9£°£8) S9/15 59 0 sLauow z - 610¢ [o€] [e 13 Jefod
0 0 0 0 0 (WLL4)9¢/8C (%9'16) 9¢/€€ 9¢ aN (uesw) e 10T [6¢] [e 39 On2sRUNKY
0 0 0 0 0 dN (%58) Ov/ve or gel (uesw) 9z 1z0T [8c] 210 BN
6v/C 0 6v/C 6v/1 0 4N (%£9) 6v/€€ 6V 0 (leuy) vz 120z [£2] |e 13 1ubepy
€9/¢ 0 0 0 0 %LL) LS/ (%62) €9/0S 79 0 (leuy) syiuow 9 810¢ [9¢] e 13 usssey
€v/S 0 v/l €v/1 0 (%98 ev/vl (%1°89) €v/5¢C 134 eel (Uesw) g°0E 020 (STl e 38 uespepy
18/L 0 0 0 0 aN (%8°£9) 18/5S 18 0 (leuy) sypuow ¢ 120¢ [vc] 1R 3o Wiy
ve/e 0 0 v/l 0 (%€89) St/vL (992) S¢/61 0§ 69 (uesw) g0€ 810 [€c] 1@ 19 uer
0 0 0 0 0 dN (%v'04) 19/€¥ 4 CE=CL YOI (Uelpsw) 7762 810 [cl |e1s buemy
(%8'11) 9L/6 0 0 0 9/T (%69) 9€/5¢ (%v9) 8¢/81 9L 0 (leuy) syiuow gy 910¢ R4NERER ENED)
ve/S 4 v/l ¥¢/0 ve/e dN (%61) L/ 144 0 (leuy) vz 910¢ [07] |e 12 uouLbP]
(%1°9) 19¥/8¢C 4 SSY/9 SSv/y 19vW/L (%99) S¥1/96 (%CL) SyL/v0L 4 0 (euy)9e  1coz  [61]1p 19 D uCIBbUILUNG
(%81 1) 15/9 0 0 0 0 (%989 15/5€ (99'89) 15/5€ LS gLl (uesw) 6vC  610¢C [81] 1219 sipunwisy eQ
(%8'T1) 0L/6 0 oL/t 04/C 0 4N (%5°56) £9/%9 0/ 0 (euy) vz L10C [£1] 1612 eneing
0 0 0 0 0 aN (%6'88) S¥/0v 974 a (uesw)y'gz 10 CIINERERIENIE
£sjed avv Arepu
anJsu  Bujuadoas O 4y wouy sjuaned
suonediidwod iofely  aons Jlualyd  wuebiswg  yeaqg wopaald 4y Woij wopaaiy Jo# A9p pJiepuels uoneinp dnmojjo4 Jedp Apnis

SoJnseald 9U0DINO \Cmbcouwm pue \CGECQ g9ojqel



Eranki et al. Journal of Cardiothoracic Surgery (2023) 18:155

Characteristics of epicardial (surgical) ablation

The pooled epicardial (surgical) component data
showed a mean procedural time of 77-222 min. The
predominant lesion was a box lesion (12 studies), with 4
studies performing epicardial pulmonary vein isolation
[21, 23, 25, 26]. The majority of studies utilized bipolar
radiofrequency epicardial ablation, however four stud-
ies utilized unipolar energy [16] [20, 21, 29]. The most
common access was thorascopic (12 studies). Seven
studies utilised a bilateral thorascopic approach [17, 19,
22, 24, 26, 27, 30]. The convergent procedure was per-
formed in four studies via a subxiphoid laparoscopic
approach [20, 21, 23, 25]. Surgical Left atrial append-
age (LAA) exclusion was variably performed, performed
across all patients in 6 studies [18-20, 24, 28, 31]. Gan-
glionated plexus (GP) ablations were performed in 7
studies [17-19, 22, 24, 28, 31]. Ligament of Marshall
ligations were performed in 8 studies (with one study
performing it in 67 of 72 patients) [17-19, 22, 24, 28, 30,
31]. These results are summarised in Additional file 1:
Table S2.

Characteristics of catheter based (endocardial) ablation
Procedural data for the endocardial component are
summarised in Additional file 1: Table S3. Six stud-
ies conducted endocardial ablation in staged setting,
whereas two studies had mixed cohorts [16, 17, 19, 21,
22, 24, 25, 29, 30]. The remaining studies performed
endocardial ablation during the same procedure. Addi-
tional linear ablation lines were performed in 13 stud-
ies wheras three studies did not conduct any further
linear ablation [21, 23, 31]. Eleven studies performed
additional cavotricuspid isthmus (CTI) ablations,
five studies performed complex fractionated atrial
electrocardiograms (CFAE) ablation and seven stud-
ies performed a linear ablation to the mitral isthmus.
Additional ablations were performed in 11 studies for
recurrence [16, 18-21, 23, 25-29]. Twelve studies uti-
lised electro-anatomical mapping with the majority
utilising CARTO (Biosense Webster, Diamond Bar, CA,
USA), whereas the four studies did not specify their
technique of mapping. The most common modality of
post-procedural monitoring was Holter (ranging from
24 h to 7 days), whereas internal loop recorders (ILRs)
were utilised in 5 studies [16, 19, 21, 23, 29]. The defi-
nition of freedom from AF varied across studies, with
studies most commonly defining recurrence as “docu-
mented episodes of tachyarrhythmias lasting > 30 s” (12
studies). Most studies incorporated a blanking period
following endocardial ablation, however three did not
[16, 17, 29].
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Primary endpoint

The mid-term freedom from AF was 74.64% (95%CI
67.01-81.61). There was significant heterogeneity associ-
ated with the result, (I>=82.93%) (Fig. 2). A meta-regres-
sion analysis was conducted to assess the impact of left
ventricular ejection fraction (LVEF), LA size, duration
AF and BMI on freedom from AF to further explain the
potential sources of heterogeneity. None of these results
demonstrated a statistically significant association. The
corresponding mid-term freedom from AF off class 1
and 3 AAD was 65.38% (95%CI 55.88-74.33). This result
was associated with moderate heterogeneity (I* =73.96%)
(Fig. 3). Nine studies presented survival curves with
numbers at risk, appropriate for aggregation. The aggre-
gate AF free survival at time points 6, 12, 18, 24, 30 and
36 months was 82.2%, 78.2%, 75.7%, 74.2%, 74.2% and
73.6% respectively (Fig. 4).

Subgroup analysis

In terms of subgroups, the mid-term freedom from AF
of staged procedures was 81.63%, and same sitting pro-
cedures was 68.20% (Fig. 5). There were no significant
differences between the cohorts (P=0.195). The cor-
responding mid-term FFAF based on epicardial lesion
set was 75.97% and 64.87% for box and PVI respec-
tively (Fig. 6). This did not reach statistical significance
(P=0.100). One study performed predominantly a PVI
with a completion of a box lesion if AF was not termi-
nated [29]. The Mid-term freedom from AF based on
LAA exclusion, GP or LoM ablation did not demonstrate
a significant difference between the cohorts (71.32% vs
77.28%, 72.57% vs 76.54% and 70.16% vs 78.08% respec-
tively) (Fig. 7). The midterm freedom from AF based on
procedure access (thorascopic vs subxiphoid convergent)
demonstrated a statistically significant result, with a free-
dom from AF of 79.46% and 54.73% in the thorascopic
and convergent cohorts respectively (P =0.026) (Fig. 8).

Secondary endpoint

All studies reported secondary endpoints of mortality
and morbidity. The rate of post procedural complications
ranged from 0% to 20.8%, with a pooled complication
rate of 5.53% (95%CI 3.02—8.62%). There was moderate
heterogeneity in the results (I> =70.92%). (Fig. 9). Phrenic
nerve palsy was observed in 18 patients (1.44%). A total
of 4 (0.32%) patients sustained a postoperative stroke.
Nine patients (0.72%) required sternotomy for bleeding.
Three studies had reported mortalities, with a total of
12 deaths (0.97%) overall. Only four deaths were a direct
mechanical complication of the procedure (atrio-esoph-
ageal fistulae). Two patients died of a stroke. No patients
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Fig. 2 Mid-Term Freedom from AF

died as a result of bleeding or cardiac perforations. 10 of
the 12 deaths occurred within 30 days of the procedure
(Table 2).

Assessment of Bias

There was no evidence of publication bias on visual
inspection of funnel plots of both freedom from AF and
complications (Figs. 10 and 11). Beggs rank test pro-
duced a statistically insignificant result in both outcomes.
Meta regression analyses comparing year and study and
study size to freedom from AF did not demonstrate a
significant relationship between the two variables (coeff
n=— 0.16, P=0.194). A leave one out analysis high-
lighted the potential effects of two studies [17, 20]. As
such, the omission of Edgerton et al. demonstrated an
increased the mid-term freedom from AF to 76% (95%CI
69-83%), and the omission of Bulava et al. decreased the
mid-term freedom from AF to 73% (95%CI 66—80%).
Neither of these studies impacted the significance of the
effect size (P <0.01 pre and post omission). Finally, there
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was still significant heterogeneity despite categorizing
freedom from AF based on definition of recurrence.

Discussion

Hybrid approaches for AF ablation are an emerging
field and are now being offered to a wider patient pop-
ulation. Varzaly et al. systematically assessed hybrid
ablation and reported favorable short-term (19 month)
sinus rhythm maintenance (SRM) of 79% over 22 stud-
ies and 925 patients [10]. A number of cohort studies
and randomized control trials have been published
since, reporting mid-term results [18, 19, 23-25, 31].
This systematic review demonstrates four key findings.
Firstly, A mid-term (mean follow up of 31.5 months)
freedom from AF of 74.6% and 65.4% off AAD. Sec-
ondly, an actuarial freedom from AF of 78.2%, 74.2%
and 73.6% at 1, 2 and 3 years respectively. Thirdly,
there were oo significant differences in mid-term free-
dom from AF based epicardial lesion set (box vs PVI)
or LAA/GP/LoM ablation or staged vs concomitant
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Fig. 3 Mid-Term Freedom from AF off AAD
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1
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Fig.5 Mid-Term Freedom from AF by Staged/Same sitting procedure

procedures. Lastly, complication rate was low at 5.53%.
The long-term outcomes following ablation provides
practical information on the effectiveness of the proce-
dure. The CM4 procedure is the ‘gold standard’ for SR
maintenance, with a 5-year and 10-year freedom from
atrial tachyarrhythmia of 84% and 77% respectively [6].
Ganesan et al. report the 3-year freedom from AF in
a similar cohort of patients undergoing catheter abla-
tion at 41.6% and 77.8% following a single procedure
and multiple procedures respectively [4]. Five-year
outcomes follow catheter ablation have demonstrated
further attrition in freedom from AF [32]. As hybrid
ablation is an evolving field, long term follow up is not
yet available and future studies will provide further
insight into the effectiveness of the procedure.
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Hybrid ablation may result in superior freedom from
AF when compared to catheter ablation in the setting
of persistent AF substrates. Pulmonary vein isolation
through an endocardial approach remains the mainstay
of AF ablation in patients with paroxysmal AF, as the foci
of arrythmia remain the pulmonary veins and antrum. As
AF goes from paroxysmal to persistent, it becomes less
of a focal disease and more anatomically diffuse [33]. The
left atrium becomes heterogenous and infiltrated with
scar. Furthermore, the junction between the pulmonary
veins and left atrium is less of an initiator and the left
atrium becomes an independent source of arrythmias
[33]. The advantage of the hybrid approach is the abil-
ity to isolate the posterior left atrial wall, exclude the
appendage, map and validate lesions as well as perform
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Fig. 6 Mid-Term Freedom from AF by epicardial lesion set
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further linear ablations with precise electrophysiological
(EP) endpoints. This ensures transmural lesions, which
is potential limitation of thorascopic ablation or catheter
ablation in isolation [34]. Hybrid ablation has demon-
strated superior outcomes when compared to catheter
ablation in literature. Van der Heijden summarised 34
papers on hybrid and catheter ablation in patients with
longstanding AF, demonstrating a significantly higher
freedom from AF (70.7% vs 49.9%, P <0.001) [11]. Within
this systematic review, four papers compared hybrid
ablation to RFCA, three of which studied patients with
longstanding AF, one studied paroxysmal AF. Of the four,
three papers demonstrated a significantly higher mid-
term freedom from AF in the hybrid cohorts. The results
of future RCT’s comparing hybrid ablation to catheter

~
()]

100

ablation may further validate the role of hybrid ablation
in longstanding AF [35].

This study provides important technical insights.
Firstly, there were no significant differences in the mid-
term freedom from AF between studies that performed
a staged or same sitting procedure. Advantages of a
sequential approach is the immediate identification of
lesion gaps that can be corrected by catheter ablation and
shorter procedural times [10]. Advantages of a staged
approach is that it allows time for lesions to mature and
edema to regress, identifying definite lesions for further
endocardial ablation [10]. Logistical issues regarding
availability of cardiothoracic and cardiology teams also
influences the approach. Varzaly et al. performed a simi-
lar subgroup analysis in their meta-analysis, and also did
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Fig. 7 Mid-Term Freedom from AF
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Fig. 7 continued

not find a significant difference between the two cohorts
[10]. At this stage, there is no compelling argument
towards either approach.

Secondly, we report a lower mid-term freedom
from AF in patients undergoing the convergent proce-
dure, compared to a unilateral or bilateral thorascopic
approach. The convergent procedure was designed as
closed chest hybrid approach, utilising a subxiphoid inci-
sion to directly access the posterior left atrium. The latest
iteration of the procedure creates broad, epicardial linear
lesions with the intention to homogenize the posterior
LA wall [36]. A vacuum assisted RF ablation catheter is
used to suction atrial tissue into apposition with the RF
coil, ensuring that energy is delivered towards the pos-
terior LA wall and away from the esophagus [36]. This
is followed by an endocardial ablation to confirm lesion
integrity and supplement the epicardial procedure. One
explanation for the inferior freedom from AF is that pos-
terior LA ablation is limited in the subxiphoid approach
as it is confined within the boundaries of the oblique
sinus. Convergent ablation is also in its formative stages
and early studies are prone to operator bias. One such
study utilised unipolar radiofrequency devices and had
small operator numbers, potentially accounting for its
poor outcomes [20].

Thirdly, there were no significant differences in mid-
term freedom from AF based on LAA exclusion, GP
ablation or LOM ligation. This result is surprising, as
LAA exclusion potentially improves freedom from AF,
in light of recent evidence from systematic reviews and
randomized catheter ablation data [10, 37]. The caveat
of the BELIEF trial was that isolation was performed
electrically [37]. A further caveat of this study was that
approximately a third of patients undergoing standard
ablation alone underwent LAA ligation as they had AF
recurrence [37]. The aMAZE trial compared PVI alone
to LAA ligation and PVI utilising the Lariat device,
which is more akin to a surgical isolation [38]. This was
performed in a population of patients with longstand-
ing AF that failed AAD [38]. There was no significant
difference in AF recurrence between the groups [38].
Further research into the role of LAA exclusion in
hybrid surgery is required. GP ligation is more con-
tentious. Randomized data from thorascopic cohorts
do not demonstrate a benefit in persistent AF and are
associated with a potentially larger number of compli-
cations [39]. Animal studies demonstrate that despite
ablation, re-innervation occurs over time which may
explain its ineffectiveness [40].
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Fig. 8 Mid-Term Freedom from AF by access

A final technical consideration is the choice of epicar-
dial lesion sets. The majority of studies employed a box
or wide antral lesion set, with pulmonary vein isolation
and a roof/floor line connecting the pulmonary veins.
This study did not find a statistically significant differ-
ence between the two approaches. The main concern
of pulmonary vein isolation, especially in the setting of
persistent AF, is pulmonary vein reconnection [41]. This
is reflected in literature; studies assessing endocardial
lesion sets demonstrate a greater freedom from AF when
a wide antral or box lesion set is employed as opposed to
a pulmonary vein isolation alone [42]. The same lesion
sets assessed in surgical patients demonstrate a greater
freedom from AF when a biatrial maze is performed as
opposed to PVI alone, however these results are under-
powered [43]. High quality and randomized data of
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hybrid cohorts are well poised to address these all these
technical considerations.

The incidence of major complications was 5.53%, which
is similar to previous meta analysis [10, 44]. There was
a large degree of heterogeneity, perhaps reflective of the
experience of the variance centers. For instance, three
studies reported a complication rate of 0, whereas one
centre reported a complication rate of 20%. This par-
ticular centre had small patient numbers and reported
hybrid intervention as a “first’; thus the study being
prone to design bias. There were only 12 deaths over-
all, three of which were reported in the aforementioned
study. As Hybrid AF ablation is still a novel procedure,
the complication rate is expected to decrease with fur-
ther experience and iterations. For example, Bulava et al.
modified the surgical technique to minimize the rate of
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Fig.9 Complications

phrenic nerve palsy [17]. Furthermore, De Lurgio et al.
recommended prescribing NSAID therapy following
convergent ablation, to mitigate the risk of inflamma-
tory pericardial effusions [45]. The use of bipolar radi-
ofrequency devices have replaced monopolar devices are
more infrequent due to mitigate the risk of atrioesopha-
geal fistulae [10].

There are a number of important limitations. Firstly,
the absence of individual patient data limiting sub-
group analysis based on preoperative patient charac-
teristics. Variable preoperative left atrial sizes, duration
of AF and proportion of patients with longstanding
and persistent AF may have influenced the procedural
effectiveness. A second limitation was significant het-
erogeneity between centers within the study. There was
variable operator experience, epicardial and endocar-
dial lesion sets, different ablation devices varying rates
of follow up and different definitions of “freedom from
AF. We opted to quantify this by performing a subgroup
analysis based on the definition of recurrence, however
there was still significant resultant heterogeneity. Other
sources of heterogeneity include the different baseline

characteristics of patients and age of the study, whereby
older generation ablation catheters and mapping tech-
nology was used. Thirdly was a significant loss of fol-
low up over time, with some studies reporting more
than half being lost to follow up [19]. This introduces a
potential “healthy patient bias”. Fourthly, the mean age
of patients was 62 years old with largely longstanding
atrial fibrillation, and the extrapolation of this cohort
to the general population may be inaccurate. Lastly
the overall strength of evidence was average, with the
majority of studies being cohort designs. The introduc-
tion of cohort designs creates selection bias. For exam-
ple, Edgerton et al. demonstrated a significant deviation
in terms of complications and freedom from AF. The
study was designed such that patients who refused
hybrid ablation underwent catheter ablation, therefore
introducing a potential bias [20]. The recent CON-
VERGE trial sought to minimize these limitations by
randomizing patients to hybrid ablation in a 2:1 fashion
[45]. Future randomized studies such as the HARTCAP
-AF will better control for these limitations.
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Conclusion

Hybrid ablation demonstrates favorable mid-term free-
dom from AF with an overall low complication rate.
There are no significant differences in effectiveness based
on staging of procedure or removing/ablating the LAA,
LoM or GOP. A thorascopic hybrid approach may be
more effective than convergent ablation. Current out-
comes are limited to largely retrospective cohort studies
with some randomized data being recently published.
Further analysis of high-quality studies with randomised
data and long-term follow up will help verify these
results.
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