
Heart, Lung and Circulation (2023) 32, 1386–1393
1443-9506/23/$36.00
https://doi.org/10.1016/j.hlc.2023.09.009

ORIGINAL ARTICLE
Left Atrium Volume Reduction Procedure
Concomitant With Cox-Maze Ablation in
Patients Undergoing Mitral Valve Surgery:
A Meta-Analysis of Clinical and Rhythm
Outcomes
Massimo Baudo, MD*, Fabrizio Rosati, MD , Lorenzo Di Bacco, MD ,
Michele D’Alonzo, MD , Stefano Benussi MD, PhD ,
Claudio Muneretto, MD

Division of Cardiac Surgery, Spedali Civili di Brescia, University of Brescia, Brescia, Italy
Received 13 February 2023; received in revised form 11 July 2023; accepted 10 September 2023; online published-ahead-of-print 9 October 2023
Background T
*Corresponding author at:

Twitter: @Takotsubo91

� 2023 Australian and Ne

Published by Elsevier B.V.
he management of an enlarged left atrium (LA) in mitral valve (MV) disease with atrial fibrillation (AF) is
still being debated. It has been postulated that a reduction in LA size may improve patient outcomes. This
meta-analysis aimed to assess rhythm and clinical outcomes of combined surgical AF treatment with or
without LA volume reduction (LAVR) in patients undergoing MV surgery.
Methods A
 systematic review was performed and all available literature to May 2022 was included. The primary
endpoint was analysis of early and late mortality and rhythm outcomes. Secondary outcomes included
early and late cerebrovascular accident (CVA) and permanent pacemaker implantation.
Results T
he search strategy yielded 2,808 potentially relevant articles, and 19 papers were eventually included. The
pooled estimated rate of 30-day mortality was 3.76% (95% CI 2.52–5.56). The incidence rate of late mortality
and late cardiac-related mortality was 1.75%/year (95% CI 0.63–4.84) and 1.04%/year (95% CI 0.31–3.53),
respectively. At subgroup analysis when comparing the surgical procedure with and without AF ablation,
the ablation subgroup showed a significantly lower rate of postoperative CVA (p,0.0001) and higher
restoration to sinus rhythm at discharge (p=0.0124), with only a trend of lower AF recurrence at 1 year
(p=0.0608). At univariable meta-regression, reintervention was significantly associated with higher late
mortality (p=0.0033).
Conclusion In
 enlarged LA undergoing MV surgery, LAVR combined with AF ablation showed a trend of improved
rhythm outcomes when compared with AF ablation without LAVR. Each LAVR technique has its ad-
vantages and disadvantages, which must be managed accordingly.
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Introduction
Atrial fibrillation (AF) is frequently associated with mitral
valve (MV) dysfunction. Significant MV regurgitation or ste-
nosis may lead to a volume/pressure overload, causing left
atrial (LA) remodelling, dilation, and fibrosis. However, AF
itself may induce LA enlargement, leading to MV annular
dilation and worsening regurgitation. As coexisting and self-
sustaining pathologies, AF that is not addressed during MV
surgery has been identified as an independent predictor of late
stroke and cardiovascular mortality [1]. Furthermore, a
severely dilated LA is considered a predictor of AF recurrence
and a risk factor for early mortality and thromboembolic
events [2] in patients who receive concomitant ablation
treatment. Although successful MV disease correction reduces
LA pressure, fibrosis with an enlarged LA is considered irre-
versible as time passes [3]. Therefore, it has been postulated
that a reduction in LA size may improve patient outcomes [4].
Simultaneous management of a severely dilated LA in

patients with AF undergoing concomitant MV surgery and
AF ablation is still being debated [5–7]. Several studies have
shown that LA volume reduction (LAVR) procedures
concomitant with AF ablation significantly increases the
incidence of sinus rhythm (SR) restoration [8]; however, most
of these studies were limited by retrospective design, small
cohorts, and short follow-up. The current meta-analysis
aimed to assess rhythm and clinical outcomes of combined
LAVR with or without surgical AF treatment in patients
scheduled for MV surgery.
Methods
Literature Search Strategy
This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [9], as shown in the PRISMA
flow diagram in Figure 1. A search of PubMed, ScienceDirect,
Ovid MEDLINE, SciELO, and Cochrane Library databases
was performed. Available literature to May 2022 was
included, with publications reporting the clinical and rhythm
outcomes of patients with AF and severely dilated LA un-
dergoing MV surgery concomitant with LAVR with or
without concomitant Cox-Maze AF ablation. The search
strategy can be found in Supplementary Table S1. Bibliogra-
phies of the included studies and previous reviews were
screened to identify further potentially relevant papers (i.e.,
“backward snowballing”). Studies were independently
screened for inclusion by two authors (MB andMD). In case of
disagreement, a consensus was reached with the aid of a third
author (CM). This review was registered with the PROSPERO
register of systematic reviews (ID: CRD42022345226).

Selection Criteria
The included studies analysed patients with dilated LA and
AF who underwent MV surgery and LAVR with or without
concomitant surgical Cox-Maze AF ablation. Only articles
written in English language were included. Exclusion criteria
were: studies with a description of hybrid procedures,
transcatheter procedures, MV surgery without LAVR sur-
gery; studies with ,10 patients; case reports, reviews, ab-
stracts, letters, and comments. If there were multiple papers
from the same institution, the study period was assessed; if
the study period overlapped, the paper with the largest
sample size was considered.

Data Extraction and Critical Appraisal
Data extraction was performed with the aid of Microsoft
Office 365 Excel software (Microsoft, Redmond, Washing-
ton, USA). Categorical variables were reported as numbers,
while continuous variables were expressed as mean
6standard deviation. Data on study period, study centre,
country, sample size, and type of cohort grouping were
retrieved. The following patient characteristics were
extracted: mean age, sex, mean body mass index, AF, cut-off
of LA diameter for study inclusion, mean LA diameter, left
ventricular ejection fraction, and reintervention status. Data
regarding intraoperative, early and late surgical, and
rhythm outcomes were recorded. The Newcastle-Ottawa
Quality Assessment Scale for Cohort Studies was used for
critical appraisal of the quality of included non-randomised
studies [10], while the Cochrane Collaboration’s Risk of Bias
Tool was adopted for randomised controlled trials (RCTs)
[11]. The certainty of the conclusions drawn from compar-
ison meta-analyses was assessed using the Grading of
Recommendations Assessment, Development, and Evalua-
tion (GRADE) tool [12].

Statistical Analysis
The primary endpoint was analysis of early and late mor-
tality and rhythm outcomes. Secondary outcomes included
early and late cerebrovascular accident (CVA) and perma-
nent pacemaker implantation. Poisson regression modelling
was used for late outcomes, to account for differences in
follow-up times, assuming a constant event rate. The total
number of events and mean follow-up time were used to
calculate the total person-time of follow-up in years. The
pooled event rates (PER) and pooled event means were used
for the early outcomes, while a log transformation to model
the overall incidence rate (IR) and incidence rate ratio were
used for late outcomes. All results were calculated with a
95% Confidence Interval (CI).

Subgroup analyses were performed considering whether
surgical AF ablation was performed or not, and the tech-
nique of LA reduction surgery (plication or resection). In all
analyses, studies were weighted by the inverse of the vari-
ance of the estimate for that study, and between-study
variance was estimated with DerSimonian-Laird method
with random effects model. Studies with double zeros were
included in the meta-analysis and treatment arm continuity
correction was applied in studies with zero cell frequencies.
Univariate meta-regression was performed to explore the
relation between early and late mortality and patient’s



Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) of included studies.
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characteristics. The results were reported as regression co-
efficient (i.e., beta), standard error, and p-value.
Heterogeneity was based on the Cochran’s Q test, with I2

values. In case of heterogeneity (I2.50%), individual study
inference analysis was performed through a “leave-one-out”
sensitivity analysis. Funnel plots by graphical inspection and
Egger’s test, when feasible, were used for assessment of
publication bias. In case of asymmetry positivity, visual
assessment and Duval and Tweedie’s trim and fill methods
were used for further assessment.
Hypothesis testing for equivalence was set at the two-

tailed 0.05 level. All statistical analyses were performed us-
ing R, version 4.2.0 (R Project for Statistical Computing,
Wien, Austria) and RStudio version 2022.02.3. Build 492,
using the “meta” and “metafor” packages.
Results
The search strategy yielded 2,808 potentially relevant arti-
cles, with five additional articles included through backward
snowballing. Exclusion of duplicated articles kept 1,226 ar-
ticles for screening. After evaluation of titles and abstracts, 29
studies were considered for full-text screening. Nineteen
studies [13–32] met the meta-analysis inclusion criteria with
a total of 1,658 patients. Publication year ranged 1988–2021,
and sample size ranged 11–876 patients. Details of the indi-
vidual studies are shown in Supplementary Table S2. Among
the included studies there were four RCTs, two prospective
studies, one inverse probability treatment weighting study,
and 12 retrospective studies. The demographics of the
included studies are summarised in Supplementary Table S3.
Of note, different LA diameter cut-offs were adopted by the
included studies, with a mean cut-off of 61.3 mm. The actual
mean LA diameter of the patients was 72.4 mm. A critical
appraisal of the non-randomised and randomised studies is
shown in Supplementary Tables S4 and S5.

Meta-analysis of the Outcomes
The PER of 30-day mortality was 3.76% (95% CI 2.52–5.56).
The IR of late mortality and late cardiac-related mortality



Table 1 Meta-analysis of the outcomes.

Outcome Studies, n Estimate (95% CI) Heterogeneity (I2, P-Value) Egger’s test Bias-adjusted* estimate

Early outcomes

LAA exclusion 18 96.92% (91.73–98.89) 90.1%, p,0.0001 p,0.0001 74.71% (53.75–88.25)

CPB time 14 135.60 min (107.98–170.28) 99.3%, p,0.0001 p=0.0002 91.75 min (73.49–114.56)

CXC time 14 93.83 min (72.92–120.72) 99.1%, p,0.0001 p=0.0223 61.18 min (46.56–80.39)

Postop atrial diameter 10 47.21 mm (41.96–53.13) 99.5%, p,0.0001 p=0.7080 –

Postop CVA 9 3.16% (1.10–8.73) 78.4%, p,0.0001 NA –

Postop bleeding 12 6.84% (5.53–8.44) 0%, p=0.5334 p=0.0182 7.23% (5.13–10.10)

Postop PPM 11 4.24% (2.36–7.49) 50.0%, p=0.0293 p=0.5214 –

Discharged with SR 10 70.18% (47.54–85.94) 91.1%, p,0.0001 p=0.2103 –

30-day mortality 18 3.76% (2.52–5.56) 22.7%, p=0.1848 p=0.7889 –

Late outcomes

Follow-up 17 2.24 years (1.72–2.92) 99.1%, p,0.0001 p=0.2578 –

Late death 14 1.75%/year (0.63–4.84) 90.3%, p,0.0001 p=0.5658 –

Late cardiac death 11 1.04%/year (0.31–3.53) 83.3%, p,0.0001 p=0.4434 –

AF at 1 year 14 30.16% (16.23–49.05) 89.2%, p,0.0001 p=0.5794 –

Late CVA 10 1.26%/year (0.65–2.43) 26.9%, p=0.1965 p=0.2715 –

Late atrial diameter 10 47.14 mm (44.22–50.25) 97.7%, p,0.0001 p=0.1694 –

*Estimate were adjusted according to publication bias from Egger’s test.
Abbreviations: AF, atrial fibrillation; CPB, cardiopulmonary bypass; CVA, cerebrovascular accident; CXC, cross-clamp; LAA, left atrial appendage; NA, not
applicable; PPM, permanent pacemaker; SR, sinus rhythm.
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was 1.75%/year (95% CI 0.63–4.84) and 1.04%/year (95% CI
0.31–3.53), respectively. The IR of AF at 1-year follow-up was
30.16% (95% CI 16.23–49.05). Of note, the LAA was closed
with a PER of 96.92% (95% CI 91.73–98.89) and the IR of late
CVA was 1.26%/year (95% CI 0.65–2.43). The results of the
meta-analysis can be seen in Table 1. The GRADE evaluation
of the outcomes can be seen in Supplementary Table S6.
The subgroup analysis showed a significantly lower rate of

postoperative CVA (1.56%, 95% CI 0.96–2.51 vs 12.42%, 95%
CI 6.13–23.54; subgroup difference p,0.0001) and a higher
incidence of SR restoration at discharge (83.40%, 95% CI
60.56–94.26 vs 34.63%, 95% CI 12.55–66.15; subgroup dif-
ference p=0.0124) in patients who received MV surgery
concomitant with LAVR and AF ablation when compared
with a no concomitant ablation strategy, respectively. There
was only a non-significant trend of lower AF recurrence at 1
year between the ablation and no ablation subgroups
(23.49%, 95% CI 10.40–44.82 vs 53.46%, 95% CI 30.17–75.34;
subgroup difference p=0.0608) (Table 2).
The subgroup analysis between the LA reduction tech-

niques showed a trend of lower rate of postoperative
bleeding in favour of plication (3.19%, 95% CI 1.39–7.16 vs
7.24%, 95% CI 5.81–8.99; subgroup difference p=0.0551), and
a significantly lower IR of late CVA in favour of resection
(2.56%/year, 95% CI 0.99–6.65 vs 0.80%/year, 95% CI
0.58–1.11; subgroup difference p=0.0240) Table 3.

Meta-analysis of the Outcomes in RCTs
The outcomes were further evaluated by analysing only the
RCTs. Of note, the RCTs only performed plication as a
surgical technique; therefore, no data regarding the resection
technique were available in this subset of studies. The PER of
30-day mortality was 3.11% (95% CI 0.94–9.81). The IR of late
mortality and late cardiac-related mortality was 0.35%/year
(95% CI 0.03–4.95) and 0.33%/year (95% CI 0.02–5.49),
respectively. The PER of AF at 1 year was 30.16% (95% CI
16.23–49.05). The results are summarised in Table 4.

Meta-regression
At univariable meta-regression, reintervention was signifi-
cantly associated with higher late mortality and late cardiac-
related mortality (p=0.0033 and p=0.0290, respectively).
Moreover, age was significantly and positively associated
with late mortality (i.e., older age was associated with higher
late mortality). Interestingly, the type of reduction technique
was not associated with early and late mortality. There was a
trend between higher rates of AF ablation and lower 30-day
mortality (p=0.0766). The meta-regression results are sum-
marised in Table 5.
Discussion
This study analysed rhythm and clinical outcomes of com-
bined LAVR in AF patients undergoing MV surgery with or
without surgical AF treatment. The results showed: 1) satis-
factory postoperative clinical outcomes (CVA PER: 3.16%,
permanent pacemaker PER: 4.24%, bleeding PER: 6.84%, and
30-day mortality PER: 3.76%); 2) satisfactory early and late
rhythm outcomes (SR at discharge: 70.18%, SR at 1-year



Table 2 Subgroup analysis by atrial fibrillation ablation.

Outcome Subgroup Studies, n Estimate (95% CI) Subgroup difference P-Value

Early outcomes

Postop CVA Ablation 6 1.56% (0.96–2.51) p,0.0001

No Ablation 3 12.42% (6.13–23.54)

Postop bleeding Ablation 9 6.84% (5.49–8.50) p=0.7502

No Ablation 3 5.71% (1.86–16.23)
Postop PPM Ablation 9 4.54% (2.37–8.53) p=0.3633

No Ablation 2 2.07% (0.42–9.36)

Discharged with SR Ablation 7 83.40% (60.56–94.26) p=0.0124

No Ablation 3 34.63% (12.55–66.15)

30-day mortality Ablation 12 3.08% (2.27–4.17) p=0.4931

No Ablation 6 4.45% (1.62–11.67)

Late outcomes

Late death Ablation 10 1.44%/year (0.47–4.43) p=0.6537
No Ablation 4 2.62%/year (0.25–27.57)

Late cardiac death Ablation 7 0.72%/year (0.16–3.19) p=0.4916

No Ablation 4 1.81%/year (0.21–15.58)

AF at 1 year Ablation 11 23.49% (10.40–44.82) p=0.0608

No Ablation 3 53.46% (30.17–75.34)

Late CVA Ablation 6 0.90%/year (0.58–1.39) p=0.3343

No Ablation 4 1.80%/year (0.47–6.99)

Bold values denote statistical significance at the p,0.05 level.

Abbreviations: AF, atrial fibrillation; CVA, cerebrovascular accident; PPM, permanent pacemaker; SR, sinus rhythm.

Table 3 Subgroup analysis by surgical technique.

Outcome Subgroup Studies, n Estimate (95% CI) Subgroup difference P-Value

Early outcomes

Postop CVA Plication 3 1.63% (0.33–7.73) p=0.6642

Resection 5 2.59% (0.67–9.52)

Postop bleeding Plication 5 3.19% (1.39–7.16) p=0.0551

Resection 7 7.24% (5.81–8.99)

Postop new PM Plication 5 4.27% (2.15–8.31) p=0.8895
Resection 6 3.92% (1.45–10.16)

Discharged with SR Plication 7 69.14% (41.95–87.41) p=0.2279

Resection 2 91.14% (53.15–98.94)

30-day mortality Plication 11 3.98% (2.01–7.70) p=0.4342

Resection 7 2.94% (2.08–4.14)

Late outcomes

Late death Plication 8 1.35%/year (0.26–6.94) p=0.4835

Resection 6 2.67%/year (1.01–7.02)
Late cardiac death Plication 8 1.06%/year (0.22–5.12) p=0.9083

Resection 3 0.93%/year (0.23–3.73)

AF at 1 year Plication 8 30.31% (15.76–50.29) p=0.5344

Resection 5 16.61% (1.93–66.84)

Late CVA Plication 6 2.56%/year (0.99–6.65) p=0.0240

Resection 4 0.80%/year (0.58–1.11)

Bold value denotes statistical significance at the p,0.05 level.

Abbreviations: AF, atrial fibrillation; CVA, cerebrovascular accident; PPM, permanent pacemaker; SR, sinus rhythm.

1390 M. Baudo et al.



Table 4 Meta-analysis of the outcomes in randomised controlled studies only.

Outcome Studies, n Estimate (95% CI) Heterogeneity (I2, P-Value)

Early outcomes

LAA exclusion 4 97.54% (94.79–98.86) 0%, p=0.7600

CPB time 3 133.79 min (110.39–162.15) 93.5%, p,0.0001

CXC time 3 96.64 min (86.01–112.51) 88.7%, p=0.0001

Postop atrial diameter 2 54.57 mm (47.86–62.21) 98.1%, p,0.0001
Postop CVA 2 1.03% (0.15–6.96) 0%, p=0.7002

Postop bleeding 1 4.29% (1.39–12.46) NA

Postop PPM 1 5.71% (2.16–14.26) NA

Discharged with SR 3 82.32% (52.62–95.12) 84.8%, p=0.0014

30-day mortality 4 3.11% (0.94–9.81) 56.5%, p=0.0754

Late outcomes

Follow-up 4 1.49 years (1.16–1.92) 95.1%, p,0.0001

Late death 3 0.35%/year (0.03–4.95) 81.4%, p=0.0046
Late cardiac death 3 0.33%/year (0.02–5.49) 83.0%, p=0.0028

AF at 1 year 4 17.87% (6.74–39.59) 88.0%, p,0.0001

Late CVA 2 2.81%/year (0.57–12.82) 0%, p=0.5856

Late atrial diameter 4 47.45 mm (41.31–54.51) 98.2%, p,0.0001

Abbreviations: AF, atrial fibrillation; CPB, cardiopulmonary bypass; CVA, cerebrovascular accident; CXC, cross-clamp; LAA, left atrial appendage; NA, not

applicable; PPM, permanent pacemaker; SR, sinus rhythm.
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follow-up: 69.84%); 3) AF ablation concomitant with LAVR
and MV surgery significantly reduced the incidence of
postoperative CVA and postoperative AF recurrence when
compared with the no concomitant AF ablation group
(p,0.0001 and p=0.0124, respectively); 4) the LA resection
technique was associated with lower CVA at follow-up and a
trend of higher postoperative bleeding compared with the
plication technique (p=0.0240 and p=0.0551, respectively); 5)
advanced age and reintervention were associated with
higher incidence of mortality at follow-up (p=0.0071 and
p=0.033, respectively).
Patients with MV disease are at higher risk of either new-

onset or recurrences of AF, particularly those patients with
Table 5 Meta-regression analysis.

Outcome 30-Day Mortality

Beta6SE P-value

Age (mean) 0.028960.0211 0.1725

Male sex (%) 0.003560.0239 0.8826

History of CVA (%) 0.015460.0536 0.7735

EF (mean) 0.091760.0513 0.0737

Reintervention (%) 0.000560.0343 0.9875

Cut-off value LA diameter (mm) –0.006760.0196 0.7327

Mean LA diameter (mm) 0.009460.0211 0.6572
AF ablation (yes/no) –0.744760.4206 0.0766

Type of LAR (plication/resection) –0.442760.3989 0.2671

Bold values denote statistical significance at the p,0.05 level.

Abbreviations: AF, atrial fibrillation; CVA, cerebrovascular accident; EF, ejection fr
larger LA. A dilated LA has increased atrial wall stress,
potentially causing metabolic changes and myocardial
fibrosis, leading to electrical dishomogeneity sustaining pri-
mary foci or re-entrant circuits triggering AF [33,34]. More-
over, the duration of AF plays a major role in the
mechanisms sustaining LA remodelling and fibrosis, thereby
lowering the efficacy of LA ablation because of an unfav-
ourable anatomical substrate with complex electrical dish-
omogeneity [35]. In mildly dilated LA, rhythm outcomes of
the Cox-Maze procedure have been reported for up to 92%
and 77% freedom from AF at 1 and 10 years of follow-up,
respectively [36]. The present meta-analysis only consid-
ered severely dilated LA, usually associated with higher
Late Mortality Late Cardiac Death

Beta6SE P-value Beta6SE P-value

0.137160.0510 0.0071 0.107160.0761 0.1592

0.044860.0544 0.4107 0.024660.0614 0.6882

–0.040060.1358 0.7681 –0.180660.1498 0.2281

–0.079960.1598 0.6172 –0.123260.1974 0.5327

0.388860.1322 0.0033 0.386560.1770 0.0290

–0.012560.0375 0.7389 0.002160.0417 0.9589

–0.018760.0432 0.6652 0.001460.0488 0.9769
–0.690161.1702 0.5554 –0.930061.2876 0.4701

0.560261.0638 0.5985 –0.013861.4763 0.9925

action; LA, left atrium; LAR, left atrial reduction; SE, standard error.
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incidence of AF recurrences at follow-up, and found an
overall freedom from AF of 70% at 1 year.
It is well known that patients undergoing correction of MV

lesions concomitant with arrhythmia surgery have higher
potential for postoperative maintenance of stable SR and
reverse LA remodelling [37], as the Maze procedure by itself
does not influence atrial size [38]. The concomitant addition
of LAVR to AF ablation may improve SR restoration by
eliminating a potential substrate for the development and
perpetuation of AF [8]. However, a limited number of studies
have directly compared LAVR with and without AF ablation
in patients with dilated LA undergoing MV surgery
[16,29–31]. These studies reported a significant advantage of
reducing the LA size during AF ablation when compared
with AF ablation alone. Nevertheless, recent guidelines and
an expert consensus paper do not mention LA reduction
procedures in patients with MV disease and dilated LA
[5,7,39]. In the current meta-analysis, there was a trend of
higher freedom from AF at 1 year in patients with severe LA
dilation undergoing MV surgery and LAVR concomitantly
with AF ablation when compared with the non-ablation
group (p=0.0608). Long-term advantages of ablation sur-
gery together with concomitant LAVR and MV surgery
could not be demonstrated, even if AF recurrences at 1 year
of follow-up occurred in ,50% compared with the non-
ablation group. Lack of significance was probably due to
the limited available data of the non-ablation group, as most
of the included studies performed LAVR with concomitant
AF ablation. The advantages of performing AF ablation
concomitantly with LAVR and MV surgery can also be seen
in the postoperative hospital stay. The ablation group
showed a significant reduction in postoperative CVA
(p,0.0001) and an increased number of patients discharged
in SR (p=0.0124) compared with the non-ablation group.
The available techniques to reduce LA volume can be

divided into two categories: plication and resection. The
possible disadvantages of the plication techniques include
the risk of thrombosis in the plicated portion, injury to pos-
terior structures, and only a modest reduction of the LA. The
present study has shown how the plication technique was
associated with worse CVA rates at follow-up compared
with resection (2.56%/year vs 0.80%/year, respectively;
p=0.0240). However, this technique is faster and has a
reduced risk of postoperative bleeding compared with
resection (3.19% vs 7.24%, respectively; p=0.0551). The main
advantage of the resection technique is that the surgeon has
direct vision to free any adhesions and avoid injury behind
the posterior wall, but haemostasis may be more challenging.
Despite not being significant, a lower recurrence of AF was
found at 1 year when compared with the plication technique
(16.61% vs. 30.31%; p=0.5344). The higher incidence of SR
restoration in the resection group might be explained by the
resemblance to the original “cut and sew” lesions of the Cox-
Maze III. However, the lack of individual patient data did
not allow conclusions to be drawn in this regard.
Interestingly, at meta-regression, older age and reinter-

vention were associated with increased late mortality, but AF
ablation and type of atrial volume reduction technique were
not. This means that each technique has its own specific
complication that the surgeon must manage accordingly, but
no survival differences can be seen so far between the two.
Limitations
This meta-analysis had some limitations. First, non-
randomised trials were included in the analysis, thus add-
ing potential risk of bias due to confounding and selection of
data for the analysis. Therefore, a selective analysis of the
included RCTs was performed, which eventually confirmed
the results. There were considerable differences in the sur-
gical strategies among the analysed studies, with a tendency
of each institution or surgeon to approach this condition by
means of a personalised volume reduction technique. The
lack of a standardisation may affect the reliability and gen-
eralisability of the comparison between the two main tech-
niques. Some studies performed ablation through a Cox-
Maze III approach, while others through a Cox-Maze IV
approach. In addition, a different cut-off of LA diameter was
used in the included studies. All of these could be a possible
source of bias. Despite the higher relevance of LA volume
rather than LA diameter to evaluate the left atrium, few of
the included studies reported it, thus restricting such anal-
ysis. The rhythm follow-up of the included studies was
generally very limited, and this significantly limited the final
analysis, especially at long-term.

Conclusions
Clinical and rhythm outcomes of LAVR surgery concomitant
with MV surgery and AF ablation in patients with severely
dilated LA are encouraging. The combination of LAVR
techniques with AF ablation strategies may improve rhythm
outcomes in patients with unfavourable LA anatomy other-
wise at high risk of arrhythmia recurrences. Further studies
are warranted to investigate the outcomes of this meta-
analysis.
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