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Abstract

Background: Although concomitant pulmonary vein isolation (PVI) is used more frequently than the Cox-maze procedure,
which is currently the gold standard treatment for AF, data on the comparative effectiveness of the two procedures after
concomitant mitral valve (MV) surgery are still limited. Objective: We conducted a systematic review to identify randomized
controlled trials (RCT) and observational studies comparing the mid-term mortality and recurrence of atrial fibrillation (AF)
after concomitant Cox-Maze and PVI in patients with AF undergoing MV surgery based on 12-month follow-up. Methods:
Medline, EMBASE databases, and the Cochrane Library were searched from 1987 up to March 2022 for studies comparing
concomitant Cox-Maze and PVI. A meta-analysis of RCTs was performed to compare the mid-term clinical outcomes between
these two surgical ablation techniques. Results: Three RCTs and 3 observational studies meeting the inclusion criteria were
included with 790 patients in total (532 concomitant Cox-Maze and 258 PVI during MV surgery). Regarding AF recurrence,
estimate pooled across the 3 RCTs indicated large heterogeneity and high uncertainty. In the largest and highest quality RCT,
12-month AF recurrence was higher in the PVI arm (RR=1.58, 95%CI 0.91-2.73). In 2 out of 3 higher quality observational
studies, 12-month AF recurrence was higher in PVI than in Cox-Maze arm (estimated adjusted probabilities 11% vs. 8% and
35% vs. 17%, respectively). RCTs demonstrated comparable 12-month mortality between concomitant Cox-Maze and PVI,
while observational studies demonstrated survival benefit of Cox-Maze. Conclusions: Concomitant Cox-Maze in AF patients
undergoing MV surgery is associated with better mid-term freedom from AF when compared to PVI with comparable mid-term
survival. Large observational studies suggest that there might be a mid-term survival benefit among patients after concomitant
Cox-Maze. Further large RCTs with longer standardized follow-up are required in order to clarify benefits of concomitant

Cox-Maze in AF patients during MV surgery.

1. Introduction

Up to 50% of patients undergoing mitral valve (MV) surgery experience preoperative atrial fibrillation (AF)
. Incidence of stroke in patients with AF who are optimally anticoagulated remains between 2-5% per year,
depending on the individual risk factors?. Surgical ablation during MV surgery has now been clearly shown
to be associated with a reduced 30-day mortality and stroke and is recommended at the time of concomitant
mitral operations to restore sinus rhythm 36, The performance rate of concomitant surgical ablation in
patients with AF at the time of MV surgery has risen from 52% to 62% over the last decade”.

The first maze procedure (Cox-Maze I) was performed by James Cox on September 25, 1987 &. The procedure
evolved into the Cox-Maze III and became the gold standard surgical treatment of AF3?. In 2002, Damiano



and associates have modified the Cox-Maze III technique and replaced the majority of the incisions with a
combination of bipolar radiofrequency (RF) and cryothermal ablation lines in a procedure termed the Cox-
Magze IV, which has shortened and simplified the operation and has decreased morbidity and mortality'°.
The Cox-Maze IV is currently the gold standard surgical treatment for AF, with estimated freedom from AF
and from antiarrhythmic drugs (AAD) at 1 year postoperatively of 93% and 85%, respectively !!. However,
concomitant pulmonary vein isolation (PVI) is still being used more frequently than the Cox-Maze procedure
as it is the simplest and most rapidly completed set of ablation lesions '2. In addition, PVI can be performed
without cardiopulmonary bypass in coronary artery bypass graft surgery's.

In the attempt to evaluate mid-term efficacy and safety of concomitant Cox-Maze relative to PVI in patients
with AF undergoing MV surgery, we conducted a systematic review to critically evaluate randomized con-
trolled trials (RCTs) and non-randomized studies directly comparing the two procedures in this setting with
additional subgroup meta-analysis of RCTs.

2. Patients and Methods
2.1. Study Protocol

This systematic review was conducted in line with PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) and AMSTAR (Assessing the methodological quality of systematic reviews)
Guidelines. The study protocol was registered with the PROSPERO register of systematic reviews (PROS-
PERO ID: CRD42021250576) 1.

2.2. Literature Search and Study Selection

An initial scoping search and a systematic literature search were performed by a medical librarian to identify
RCTs and observational studies that compared concomitant Cox-Maze and PVT in patients who underwent
MYV surgery. Medline, EMBASE databases, and the Cochrane Library were searched from 1987 up to 15"
of March 2022 using the following search terms: Maze surgery, Maze procedure, Maze technique, maze or
Cox-Maze vs. pulmonary vein isolation, ablation surgery, ablation procedure, surgical ablation. Details of
the search strategy are provided in the Supplement.

We defined 12-month mortality and recurrence of AF postoperatively as outcomes of interest. We expected
that variety of outcomes illustrating efficacy /safety would be reported, but they were not reported consis-
tently over the studies.

After deduplication, study eligibility was assessed independently by two investigators. Any discrepancies
were resolved by discussion between the 3 investigators. The studies were selected through the following two
levels of screening: in the first step studies were independently screened based on titles and abstracts, and
in the second step, full-text reports were evaluated based on predefined criteria. Studies were eligible if they
compared outcomes in patients with AF undergoing MV surgery and concomitant Cox-Maze procedure or
PVI and met the following inclusion criteria:

1. Population: adults or adolescents (12 years or older)
2. Comparator: Cox-Maze vs PVI
3. Provided outcomes: death, recurrence of AF at 12-month follow-up

4. Design: RCT or non-randomized studies of interventions (NRSI) with at least 20 patients per treatment
of interest

5. Published in English language.

Studies were ineligible if they had follow-up shorter than 12 months and if they were duplicates. For studies
reported in more than one publication, or when institutions reported subsequent studies with accumulating
numbers of patients or increased lengths of follow-up, only the most complete reports (in terms of reported
outcomes and control of confounding) were included.



2.3. Risk of bias — study quality assessment

Risk of bias in individual studies was assessed independently by two investigators. Discrepancies were resolved
through discussion between three investigators. RCTs were assessed using the revised Cochrane collaboration
Risk of Bias tool 2 for randomized controlled trials (RoB2) ', and NRSI were assessed using Cochrane
collaboration Risk of bias in non-randomized studies of interventions (ROBINS-I) tool (see Supplement for
details) 16.

2.4. Data Extraction and Outcomes

We assessed and extracted data on study characteristics, patients’ baseline data and data regarding study
outcomes independently by two investigators with verification for accuracy by two other investigators. The
investigators looked for information on the sources of funding for individual studies included in the review,
but it was not required to be reported. Digitizing software was used to recover graphically presented data.
For RCTs, we extracted n/N data. For NRSI, we intended to extract adjusted effect measures; however,
out of the 3 identified studies, one provided no relevant quantitative data, while the other two reported
adjusted proportions (estimated probabilities from multivariate models). Where necessary, study authors
were contacted to obtain additional information.

The primary outcomes were recurrence of AF and mortality after 12-month follow-up. The secondary
outcomes included aortic cross-clamp time (XCT), cardiopulmonary bypass (CPB) time, rate of MV repair
and duration of preoperative AF.

2.5. Subgroup Meta-analysis

We intended to generate random-effects pooled effect estimates, separately for RCTs and NRSIs, but only 3
RCTs and 2 NRSIs with numerical data on primary outcomes were identified. Therefore: (i) we generated
frequentist (Mantel-Haenszel relative risk, Paul-Mandel for t2, Hartung-Knapp adjustment) and Bayesian
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Bevepit pop maTievTe LUVBERYOLVY covcopttavt 6&-Male mpocedupe, ahtnouyn Aopye wulticeviep PYT ape oA
veeded To0 aooEoS TNE Aovy-Tepl ouplod Bevepit o 6&-Male mpocedupe. LUCCECCPUA VTRAOTEQUTIE ABATIOV
0@ A mpoec ouTCopES aVd TNUEC TNE WEAA OTEPATIOV WOUAD coppect Botn M” 8opuvetiov avd Ad.

Etnicah annpoai: Not SipectAd onmhicoPAe Olvee TNIC I o PELEW OPTICAE.

Avutnop covreButiove: AX: coveentuahlatiov, QopuaA ovoAPoLS, WVECTLYOTIOV, HETNOS0ROYY, ahdoTiov,
PECOVPCES, WELTIVY — OpLYLVOh BpoPT, CELTICUA pElotov avd anmpoah o tne apTiche. “T, XI'P: covcentuahillatioy,
(POPUOA avahote, aMBATIOV, PECOVRCES, CUTERLOLOV, WELTVY — PELEWLVY ovD EBLTIVY, CELTICHA PELOLOV OVD OIIEOoh
o¢p e aptiche. OH: coveemtuohlatiov, poppok avardolg, ahbatiov, pecovpcec. MT: ahbdatiov, curepioloy,
WELTLVY — PELEWIVY VD EBLTLVY, CELTICUA PELCLOV OVD OTTEOUA 0@ TNE APTICAE.

Aota AcwAafBiiitd ItaTepevT:
Aotor aouhafBAe 0V pEYVECT BUE TO TPLACY /ETNICON PECTPICTIOVE.

Acxvowhedypevte @ Trne avtnope woukd hixe to tnavx Ilpogp. Ap. tvod Babdnwop (Acmaptuevt og
dpdoaccurap avd Tropocic Lupyepd, Qeot loyia Tviepoitd, Mopyoavtowy, 7, TEA) pop mpodivy ni¢ e€nept
OTIVIOV 0V COVO TPUCTIE PEEBBUCK IV LUTIPOLVY TNE OPTICAE.

PIT'YPE AETENAX

Puryvee 1. IIPIXMA (IIpegepped Penoptivy Itepc @op Edotepatic Peiewe avd Meto-avahdoes) gprow
Olarypord.
APBBeelotiov: P°T, pavboutled covipohhed Toloh.

Pryvee 2. Popest TAOT ONOWIVY TNE EPPECT 0@ TUAovap ewv toolatiov (IT'T) avd 6E-Male npocedupe pop
A® Bdupwvy e witpah oke oupyepd ov 12-povtn poptaitd avd pecuppevee 0@ AP v pavdoulled covtpohhed
TELIAC.

ABBeeatiove: A, atplar gBpidiatiov: I, covpdevee wvtepahs M-H, Mavtehd-Hoevolek otatotic: ITT, nuiyo-
vop eV looAaTIOV.

Tofre 1: Aetuhc 0@ 6TUdlEc vchLBED v o oo tepatic petew. Aata ape peavESD, count (%).

Characteristics Blackstone et al.?! Albrecht et al.??2 Srivastava et al.?2® Stulak e
Year 2019 2009 2008 2014
Country of origin USA Brazil India USA
Type of study RCT RCT RCT NRSI



Characteristics Blackstone et al.2! Albrecht et al.?2 Srivastava et al.?2?® Stulak ¢
Study period 2010-2013 1999-2004 2000-2005 1993-201
Follow-up, median, m 12 36 44 38
No. of patients

Cox-Maze 66 20 40 256
PVI 67 20 40 68
Age, mean+SD, y

Cox-Maze 68.2+10.4 51.7+12.4 37.1+11.1 62
PVI 71.3+10.3 55.1+9.2 40.9+11.4 68
Female gender (%)

Cox-Maze 42.4 75 52.5 NR
PVI 43.3 70 50 NR
Longstanding persistent AF (%)

Cox-Maze 54.6 100 100 55
PVI 50.8 100 100 19
XCT, mean+SD, min

Cox-Maze 107.4+44 78.5+15.9 NR 5945
PVI 98.4438.7 74.8+19.2 NR 65+6
CPB time, mean®+SD, min

Cox-Maze 152.4+60.8 123+21 NR 103+£7
PVI 143.34+65.9 99.9+23.8 NR 90+8
Rate of MV repair (%)

Cox-Maze 56.1 55 2.5 NR
PVI 62.7 60 7.5 NR
LAAO (%)

Cox-Maze 100 100 NR 100
PVI 100 100 NR 70
Recurrence of AF at 12 m (%)

Cox-Maze 23 15 20 13
PVI 36 10 12.5 30
Mortality at 12 m (%)

Cox-Maze 6.1 15 10 2
PVI 7.5 5 10 10
Stroke at 12 m (%)

Cox-Maze 1.5 NR NR 1
PVI 4.5 NR NR 1
Follow-up monitoring protocol Transtelephonic monitoring ECG ECG ECG

*median; Abbreviations: AF=atrial fibrillation, CPB=cardiopulmonary bypass, ECG=electrocardiogram,
LAAO=left atrial appendage occlusion, m=month, MV=mitral valve, NR=not reported,
NRSI=nonrandomized study, PVI=pulmonary vein isolation, RCT=randomized controlled trial, XCT=cross
clamp time

Table 2 . Randomized controlled trials: main characteristics and risk of bias assessment.

Srivastava 2008, India 23

General design
Patients
Postoperatively
Declared endpoints

Single-center, open-label, enrollment 2000-2005, 5-year follow-up with 3-month intervals; 4 treat
Age 12-60 years, undergoing MV surgery, no active CAD, no antiarrhythmics, LA [?]6 cm.

If NSR not achieved: DC or amiodarone.

Conversion to NSR, AF free survival at 1-year follow-up.



Srivastava 2008, India 23

Patient evaluation Clinical symptoms, ECG, echo.
Risk of bias
Randomization Some concern.

Treatment deviations  Some concern.
Missing outcome data Low risk.
Other RoB2 biases! Low risk.
Overall risk of bias Some concerns.

Abbreviations: AAD — antiarrhythmic drugs, AF — atrial fibrillation; CAD — coronary artery disease, DC —
direct cardioversion, ECG —electrocardiography, HF — heart failure, NYHA — New Your Heart Association,
LA — left atrium, LVEF — left ventricular ejection fraction, NSR — normal sinus rhythm, OR — operating
room

1Other RoB2 biases — measurement of outcomes; selection of reported results

Table 3 . Observational (non-randomized controlled) studies: main characteristics and risk of bias assess-
ment.

Gillinov 2006, USA 2¢

Declared objective Efficacy of treatment for paroxysmal AF with concomitant MV surgery: Cox-Maze III, PVI and P

Outcomes Prevalence of AF at 1, 3, 6, 12 months and yearly follow-up.

General design Retrospective analysis of a single center registry 1993-2004. Cox-Maze III (n=41), PVI (n=31)/PV
Risk of bias

Confounding Low-moderate risk. Adjustment: demographic characteristics, NYHA class, MV disease, AF durati
Selection bias Low risk.

Missing data bias Low-moderate risk.

Other biases?! Low risk.

Overall risk of bias Moderate risk.

Abbreviations: AAD — antiarrhythmic drugs, AF — atrial fibrillation, ECG — electrocardiography, LV — left
ventricle, NYHA — New York Heart association, MV — mitral valve, PS — propensity score, PVI —pulmonary
vein isolation, RCT — randomized controlled trial

LOther ROBINS-I biases: misclassification, deviation from intended treatments, measurement of outcomes,
selection of reported results
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] [ Identification ]

] [ Screening

Eligibility

PRISMA 2009 Flow Diagram

Records identified through database Additional records identified
searching through other sources
(n =409) (n=0)

[ Included ]

Records after duplicates removed
(n =280)

Records screened
(n=280)

Records excluded
(n=207)

!

Full-text articles assessed
for eligibility
(n=73)

Full-text articles excluded,
with reasons
(n=67)

Studies included inthe present review
(n=7)

3 RCTs in 4 publications (15, 23-25)
3 Non-randomized controlled studies (26-28)
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A 12-month mortality

Study PVI Cox-Maze M-H, random

Events N Events N Relative Risk RR 95%Cl/Crl Weight
Srivastava 2008 4 40 4 40 — 1.00 [0.27,3.72] 41.8%
Albrecht 2009 1 20 2 20 —— 0.50 [0.05,5.08] 13.4%
CTSN 2015/2019 5 67 4 66 — 1.23 [0.35,4.39] 44.8%
Total 10 127 10 126
Pooled effect —_— 1.00[0.41, 2.41] 100.0%
Prediction interval [0.07, 13.5]
12=0.0% (0.0-53.4),t2=0.0 (0.0-2.78)
Bayesian Pooled effect 0.97[0.29, 3.12]
Bayesian Prediction l [0.14; 6.29]
=043 (0.00-1.42) 002 01 0512 10 50

Favors PVI RR Favors Cox-Maze
B Recurrence of atrial fibrillation at 12 months
PVI Cox-Maze M-H, random

Events N Events N Relative Risk RR 95%Cl/ICrl  Weight
Srivastava 2008 5 40 8 40 t— 0.62 [0.22,1.75]  29.8%
Albrecht 2009 1 20 2 20 0.50 [0.05, 5.08] 7.4%
CTSN 2015/2019 24 67 15 66 e 1.58 [0.91,2.73] 62.8%
Total 30 127 25 126
Pooled effect ——— 1.10 [0.26, 4.62] 100.0%
Prediction interval [0.00, 372]
12=34.0% (0.0-78.4), 12 = 0.10 (0.00-14.12)
Bayesian Pooled effect 1.05 [0.30, 2.93]
Bayesian Prediction | [0.12, 7.08]
©=0.55 (0.00-1.53) 04102 05 1 2 5 10

Favors PVI RR Favors Cox-Maze
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