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Abstract

Introduction and Hypothesis Comparative effectiveness of surgical approaches to apical pelvic organ prolapse (POP) remains
uncertain, particularly regarding recurrence, reoperation and mesh-related outcomes over the available follow-up. The objec-
tive was to compare the effectiveness and safety of surgical treatments for primary apical pelvic organ prolapse (POP) using
a systematic review and network meta-analysis of randomised controlled trials (RCTs).

Methods Comprehensive searches were conducted in Web of Science, Scopus, Embase, Medline, Cochrane Library, WHO,
and ICTRP databases from inception to 30 June 2025. English-language RCTs comparing surgical interventions for apical
POP, alone or with other compartment repairs, were included if they reported anatomical recurrence after > 1-year follow-up.
Studies on non-surgical interventions were excluded. The primary outcome was anatomical recurrence; secondary outcomes
included subjective recurrence, reoperation rates and mesh complications. Risk of bias was assessed using the Cochrane tool,
and study integrity was evaluated with the Trustworthiness in Randomised Controlled Trials checklist. A random-effects
network meta-analysis (NMA; NMAstudio 2.0) was performed, grouping interventions by clinical similarity. Native tissue
repair (NTR) served as the reference.

Results Fifty-eight RCTs (6,846 participants) were included. Vaginal, abdominal and laparoscopic mesh repairs signifi-
cantly reduced anatomical recurrence versus NTR (relative risk 0.59-0.66). Vaginal mesh and laparoscopic sacrocolpopexy
with posterior plication lowered subjective recurrence (relative risk 0.22-0.51). Abdominal sacrocolpopexy was associated
with fewer recurrence-related reoperations (relative risk 0.40), whereas vaginal mesh had higher mesh-related reoperations
(relative risk 5.19).

Conclusions Mesh-augmented vaginal, laparoscopic and abdominal repairs reduce prolapse recurrence compared with NTR
but carry increased mesh-related risks. Sacrocolpopexy was associated with favourable anatomical durability for apical POP.

Keywords Apical prolapse - Native tissue repair - Network meta-analysis - Pelvic organ prolapse surgery - Sacrocolpopexy -
Transvaginal mesh
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Introduction

Apical prolapse is vaginal apex descent, which is particu-
larly more common in women post-hysterectomy. Abdomi-
nal sacrocolpopexy (ASC) is considered the gold standard
for surgical management owing to its great effectiveness
and durability in preventing recurrence [1-6]. Note that
ASC involves suspending the vaginal apex to the anterior
longitudinal ligament overlying the sacrum with synthetic
mesh, autologous or biologic graft, which has shown long-
term success rates between 78 and 100% [1, 7]. Minimally
invasive techniques are increasingly preferred to optimise
patient outcomes, offering reduced postoperative pain and
faster recovery while maintaining surgical efficacy. With
advances in technology and surgical expertise, laparo-
scopic and robotics-assisted approaches have become the
favoured methods for performing ASC. However, abdominal
approaches are more invasive and technically demanding
than vaginal techniques, such as sacrospinous ligament fixa-
tion (SSLF) and uterosacral ligament suspension (USLS),
which are associated with shorter recovery times and fewer
complications [8, 9].

Recent systematic reviews provide a nuanced comparison
of these techniques. Maher et al. analysed randomised con-
trolled trials (RCTs) and found that vaginal approaches, such
as SSLF and USLS, offer benefits in reduced recovery time
and cost-effectiveness but have a higher risk of recurrence of
prolapse than ASC [10]. Although these vaginal procedures
are less invasive, they may have higher recurrence rates in
some cases, gluteal pain in 15% and other side effects [11,
12]. Selecting the appropriate surgical technique depends on
individual patient anatomy and goals [9, 11].

Surgical materials, such as sutures and mesh, have also
contributed to advancements in apical prolapse surgery.
There has been a shift from permanent to absorbable sutures,
such as Vicryl (polyglycolic acid) and polydioxanone (PDS),
which reduce complications but may not provide the same
long-term support [2, 13, 14]. Yeung et al. [15] evaluated
transvaginal mesh (TVM) versus native tissue repair (NTR)
and found that although mesh-based procedures may lower
recurrence rates, they pose a greater risk of mesh exposure
and revision surgery, necessitating cautious selection.

Considering the wide range of available surgical tech-
niques for apical prolapse repair, previous systematic
reviews and pairwise meta-analyses have primarily focused
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on selected head-to-head comparisons, limiting comprehen-
sive evaluation across all available interventions [10, 15,
16]. Our study expands on this evidence by using a network
meta-analysis (NMA), which integrates direct and indirect
evidence to enable simultaneous comparison of multiple
surgical approaches within a single analytical framework,
including interventions that have not been directly compared
in randomised trials.

This is a systematic review and NMA of RCTs evaluating
the effectiveness and safety of surgical treatment modali-
ties for primary apical prolapse, including anatomical and
subjective recurrence, Pelvic Organ Prolapse Quantification
(POP-Q) measurements, reoperation rates and mesh-related
complications at 1-3 years of follow-up. Using NMA, direct
and indirect comparisons were performed across a network
of RCTs, enabling comparisons between interventions that
had not been evaluated in head-to-head trials.

Materials and Methods

This study was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines for NMA [17]. The study protocol was registered
in the International Prospective Register of Systematic
Reviews (CRD42024467290).

Study Inclusion Criteria

We included RCTs published in English full text that
involved surgical interventions for pelvic organ prolapse
(POP) in a general population of women. NTR was defined
as apical suspension procedures performed without syn-
thetic mesh or biologic graft augmentation, including SSLF,
USLS, hysteropexy, Manchester procedures, and related
suture-based reconstructive techniques. The control groups
were required to include alternative surgical procedures
addressing the same condition. The primary outcome was
the rate of anatomical recurrence at 1-3 years post-surgery.

Secondary outcomes included subjective recurrence,
reoperation rates (for prolapse recurrence and mesh erosion),
and mesh complications.

The studies included focused on apical prolapse, whether
alone or in combination with other prolapse compartments.
We excluded studies focusing on non-surgical interventions.
In cases where the same study was reported across multiple
publications, particularly for different follow-up periods, we
treated them as a single study (Tables 1, 2).

Systematic Search Strategy

A comprehensive systematic search was conducted up to
June 2025 using a predefined combination of keywords.
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Table 1 Characteristics of the randomised controlled trials (RCTs) included

Reference Year Country Longest Intervention (popula-  Control (population)  Age at interven-  Age of con-
follow-up tion) tion, mean (+ trol, mean (+
(years) SD) SD)
Benson et al. [18] 1996 USA 1 AS_Syn_Mesh (38) Vag_NTR (42) 66.2 (£9.7) 63.6 (£9.3)
Lo and Wang [19] 1998 China 1 AS_Syn_Mesh (52) Vag_NTR (66) 63.1 (+£9.1) 60.1 (£9.9)
Mabher et al. [20] 2004 Australia 2 AS_Syn_Mesh (46) Vag_NTR (42) 63.4 (+=10.3) 62.9 (+10.3)
Roovers et al. [21] 2004 Netherlands 1 AS_Syn_Mesh (41) Vag_NTR (41) 57.9 (£8.8) 56.4 (+10.9)
Culligan et al. [22] 2005 USA 1 AS_Bio_Mesh (44) AS_Syn_Mesh (45) 57.5(x10.8) 60.4 (+10.1)
Dietz et al. [23] 2010 Netherlands 1 Vag_NTR_Hpxy (34) Vag_NTR (31) 61.5(£9.6) 63.7 (£9.0)
Lopes et al. [24] 2010 Brazil 1 Vag_Syn_Mesh (14) Vag_NTR (16) 65.5 63.1
Natale et al. [25] 2010 Italy 1 Vag_Syn_Mesh_M Vag_Syn_Mesh (113) 65.2 63.7
(116)
Mabher et al. [26] 2011 Australia 2 Vag_Syn_Mesh (55) LS_Syn_Mesh (53) 63.0 (+8.8) 63.0 (=8.1)
Paraiso et al. [27] 2011 USA 1 RS_Syn_Mesh (26)  LS_Syn_Mesh (23)  61.0 (+9.0) 60.0 (x11.0)
Detollenaere et al. 2011 Netherlands Vag_NTR_Hpxy Vag_NTR (100) 62.7 61.9
[28] (102)
Halaska et al. [29] 2012 Czech Republic 1 Vag_Syn_Mesh (79) Vag_NTR (72) 63.4 (+10.1) 66.4 (+9.6)
Sokol et al. [30] 2012 USA 3 Vag_Syn_Mesh (32) Vag_NTR (33) 64.4 (+10.8) 63.5 (+8.9)
Ray et al. [31] 2013 India 2 Vag_NTR_PDS (80) Vag_NTR (82) 48.2 (+10.9) 49.5 (£10.6)
Nygaard et al. [3] 2013 USA 7 AS_Syn_Mesh_ AS_Syn_Mesh (76) 61.9 (+10.0) 61.9 (+10.0)
Burch (69)
Culligan et al. [32] 2013 USA 1 AS_Bio_Mesh (57) AS_Syn_Mesh (50)  57.7 (+8.3) 56.2 (£8.5)
Barber et al. [33] 2014 USA 2 Vag_ NTR_USLF Vag_NTR (149) 57.2 57.3
(155)
Noé et al. [34] 2014 Germany 3 LS_Syn_Mesh_P (41) LS_Syn_Mesh (41)  62.1 61.1
Da Silveira et al. [35] 2020 Brazil 5 Vag_Syn_Mesh (94) Vag_NTR (90) 66.3 (£7.0) 64.9 (£7.5)
Svabik et al. [36] 2014 Czech Republic 1 Vag_Syn_Mesh (36) Vag_NTR (34) 63.4 (£8.6) 62.5 (£10.8)
Tan-Kim et al. [37] 2015 USA 1 LS_Syn_Mesh_ LS_Syn_Mesh (26)  57.7 (£9.1) 59.8 (£9.7)
Barbed (28)
Costantini et al. [38] 2013 Ttaly 2 LS_Syn_Mesh (60) AS_Syn_Mesh (60)  60.6 (+8.2) 61.3 (£10.5)
El-agwany et al. [39] 2015 Egypt 1 LS_Syn_Mesh (15) AS_Syn_Mesh (15)  56.6 (+9.4) 48.8 (£8.34)
Damiani et al. [40] 2016 Italy 1 Vag_Syn_Mesh (28)  Vag_NTR (30) 56.9 (+4.4) 55.6 (£8.6)
Rondini et al. [41] 2015 Chile 1 AS_Syn_Mesh (56)  Vag_NTR (54) 57.1(£10.4) 57.3 (+10.1)
Kenton et al. [42] 2016 USA 1 RS_Syn_Mesh (33) LS_Syn_Mesh (33) 58.5 (x=10.5) 60.6 (+9.2)
Coolen et al. [6] 2017 Netherlands 1 LS_Syn_Mesh (29) AS_Syn_Mesh (29) 65.2 66.7
Van Oudheusden et al. 2023 Netherlands 1 LS_Syn_Mesh (31) Vag_NTR (30) 61.7 (£9.7) 66.0 (+11.8)
(4]
Ow et al. [43] 2018 Australia 4 Vag_Syn_Mesh (39) AS_Syn_Mesh (43) 65.3(x7.9) 66.5 (+7.4)
Nager et al. [44] 2019 USA 5 Vag_Syn_Mesh (87) Vag_NTR (85) 65.5 (+7.3) 66.2 (+7.4)
Steures et al. [45] 2019 Netherlands 2 Vag_Syn_Mesh (71)  Vag_NTR (69) 65.0 (10.5) 65.4 (£8.5)
Illiano et al. [46] 2019 Italy 1 RS_Syn_Mesh (49)  LS_Syn_Mesh (51)  60.2 (+10.3) 60.3 (+8.6)
De Castro et al. [47] 2019 Brazil 1 Vag_Syn_Mesh (35) AS_Syn_Mesh (36)  64.1 (+4.8) 64.8 (4.8)
Enklaar et al. [48] 2023 Netherlands 2 Vag_NTR_Manch Vag_NTR_Hpxy 63.0 61.0
(195) (196)
Galad et al. [49] 2020 Slovakia 3 Vag_Syn_Mesh (52) Vag_NTR (50) 63.1 (£8.7) 63.6 (£8.7)
Kowalski et al. [50] 2021 USA 1 Vag_NTR_Perm (22) Vag_NTR (22) 62.1 (£13.7) 63.6 (+£10.2)
Matthews et al. [51] 2020 USA 1 AS_Syn_Mesh_Perm AS_Syn_Mesh (87) 59.7 (+£10.7) 59.7 (£10.2)
95)
Hemming et al. [52] 2020 UK 1 Vag_NTR_Hpxy Vag_NTR (283) 63.4 (£10.2) 66.4 (+9.6)
(280)
Hemming et al. [52] 2020 UK 1 AS_Syn_Mesh (104) Vag_NTR (104) 64.4 (+10.8) 63.5 (£8.9)
Van [Jsselmuiden 2020 Netherlands 1 LS_Syn_Mesh (55) Vag_NTR_Hpxy (58) 61.1 (+£9.8) 60.8 (+10.7)

et al. [53]
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Table 1 (continued)

Reference Year Country Longest Intervention (popula- Control (population)  Age at interven- Age of con-
follow-up tion) tion, mean (+ trol, mean (%
(years) SD) SD)
Baser et al. [54] 2020 Turkey 2 Vag_NTR (73) Vag_NTR_NoApical 53.8 (+9.7) 51.9 (+8.8)
(C0))
Berger et al. [55] 2020 USA 1 LS_Syn_Mesh_ LS_Syn_Mesh (25)  62.1 (+8.6) 59.3 (£8.9)
Anchor (21)
Obut et al. [56] 2021 Turkey 1 LS_Syn_Mesh_P (32) LS_Syn_Mesh (30) 41.3(x£9.2) 42.5 (£8.1)
Ferrando and Paraiso 2021 USA 2 LS_Syn_Mesh_Flat ~ LS_Syn_Mesh (20)  62.4 (+8.1) 60.3 (+7.3)
[57] (24)
Cengiz et al. [58] 2021 Turkey 1 LS_Syn_Mesh (15) Vag_NTR (19) 56.3 (+0.6) 57.8 (+0.6)
Castro et al. [59] 2021 Brazil 1 Vag_NTR_Perm (49) Vag_NTR (40) 63.0 (8.0) 64.0 (+8.0)
Tagliaferri et al. [60] 2021 Italy 1 LS_Syn_Mesh_Abs  LS_Syn_Mesh (75)  59.0 (+8.0) 58.0 (£6.0)
(75)
Gamal et al. [61] 2022 Egypt 1 AS_Bio_Mesh (15) AS_Syn_Mesh (15)  32.1 (+4.0) 33.7(£3.7)
Isenlik et al. [62] 2022 Turkey 1 LS_Syn_Mesh_LS LS_Syn_Mesh (40)  59.4 (+8.6) 59.4 (£8.8)
(40)
Karadag et al. [63] 2023 Turkey 1 LS_Syn_Mesh (33) Vag_NTR (35) 62.1 (=7.7) 65.2 (£9.1)
Daneshpajooh et al. 2022 Iran 1 LS_Syn_Mesh (16) Vag_NTR (16) 63.1 65.4
[64]
De Tayrac et al. [65] 2022 France 1 Vag_Syn_Mesh (20) LS_Syn_Mesh (19) 61.0 65.0
Morciano et al. [66] 2022 Italy 1 LS_Syn_Mesh_CLS LS_Syn_Mesh (37) 62.0 64.0
(38)
Chen et al. [67] 2022 China 1 Vag_Syn_Mesh_Self- Vag_Syn_Mesh (167) 63.8 (£5.8) 62.8 (£5.9)
cut (169)
Morciano et al. [68] 2023 Italy 1 LS_Syn_Mesh_PP LS_Syn_Mesh (60) 66.0 65.0
(62)
Hwang et al. [69] 2024 Japan 1 LS_Syn_Mesh (55) Vag_NTR_USLF 68.1 (+6.4) 69.7 (£7.1)
(57)
Menefee et al. [70] 2024 USA 3 LS_Syn_Mesh (113) Vag_NTR (122) 65.4 (+8.6) 66.4 (+8.5)
Di Biasi et al. [71] 2025 Italy 1 LS_Syn_Mesh_NoP- LS_Syn_Mesh (60) 62.4 60.9

ost (60)

Abs absorbable suture, AS abdominal surgery, Bio biologic graft, CLS continuous locked suture, Hpxy Hysteropexy, LS laparoscopic surgery,
Manch Manchester, NTR native tissue repair, P pectopexy, PDS polydioxanone, Perm permanent suture, PP posterior plication, RS robotic sur-
gery, Syn synthetic mesh, USLF uterosacral ligament fixation, Vag vaginal mesh

Databases searched included Web of Science, Scopus,
Embase, Medline, Cochrane Library, World Health Organi-
zation, and the International Clinical Trial Registry. We also
manually checked the references of the studies included to
identify additional relevant studies. All references were
imported into Covidence and were independently screened
by at least two reviewers. Any disagreements were resolved
through consensus by at least three reviewers.

Data Extraction

The data extraction was performed in Covidence. Variables
covering study characteristics, details of the intervention and
control arms, primary and secondary outcomes, and follow-up
periods beyond. Data extraction was performed by at least two
reviewers, with any inconsistencies resolved by a third reviewer.
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Risk of Bias Assessment

The risk-of-bias (RoB) assessment for the studies included
was evaluated using the Cochrane evidence quality tool [73].

Integrity Screening

The Trustworthiness in Randomized Controlled Trials
(TRACT) tool [74] was used to screen RCTs for data integ-
rity. The TRACT tool evaluates seven domains: governance,
author group, plausibility of intervention usage, timeframe,
drop-out rates, baseline characteristics and outcomes, to
determine whether an RCT raises concerns regarding data
integrity. Two reviewers independently screened all RCTs
and categorised them as having “no concerns”,

cerns” or “major concerns”. Studies with “no concerns”

were indicated to be low risk, “some concerns’ indicated a

some con-
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Table 2 Recurrence rate of prolapse after primary prolapse surgery

Reference Intervention (Int) Control (Ctrl) 1- to 3-year recurrence rate, 1- to 3-year recurrence rate,
intervention group, N/popula- control group, N/population
tion (%) (%)

Benson et al.* [18] AS_Syn_Mesh Vag_NTR 6/38 (15.8%) 14/42 (33.3%)

Lo and Wang* [19] AS_Syn_Mesh Vag_NTR 3/52 (5.8%) 13/66 (19.7%)

Maher et al.** [26] AS_Syn_Mesh Vag_NTR 11/46 (23.9%) 13/42 (31.0%)

Roovers et al.* [21] AS_Syn_Mesh Vag_NTR 2/41 (4.9%) 2/41 (4.9%)

Culligan et al.* [22] AS_Bio_Mesh AS_Syn_Mesh 14/44 (31.8%) 4/45 (8.9%)

Dietz et al.* [23] Vag_NTR_Hpxy Vag_NTR 7/34 (20.6%) 1/31 (3.2%%)

Lopes et al.* [24] Vag_Syn_Mesh Vag_NTR 8/14 (57.1%) 7/16 (43.8%)

Natale et al.* [25] Vag_Syn_Mesh_M Vag_Syn_Mesh 4/116 (3.4%) 2/113 (1.8%)

Mabher et al.** [20] Vag_Syn_Mesh LS_Syn_Mesh 22/55 (40.0%) 12/53 (22.6%)

Paraiso et al.* [27] RS_Syn_Mesh LS_Syn_Mesh 3/26 (11.5%) 2/23 (8.7%)

Detollenaere et al.** [28] Vag_NTR_Hpxy Vag_NTR 2/102 (2.0%) 7/100 (7.0%)

Halaska et al.* [29] Vag_Syn_Mesh Vag_NTR 13/79 (16.5%) 28/72 (38.9%)

Sokol et al.**[30] Vag_Syn_Mesh Vag_NTR 20/32 (62.5%) 23/33 (69.7%)

Freeman et al.**[72] LS_Syn_Mesh AS_Syn_Mesh 0/33 4/34 (11.8%)

Ray et al.** [31] Vag_NTR_PDS Vag_NTR 5/80 (6.2%) 4/82 (4.9%)

Nygaard et al.** [3] AS_Syn_Mesh_Burch ~ AS_Syn_Mesh 5/69 (7.2%) 8/76 (10.5%)

Culligan et al.* [32] AS_Bio_Mesh AS_Syn_Mesh 11/57 (19.3%) 8/50 (16.0%)

Barber et al.** [33] Vag_NTR_USLF Vag_NTR 55/155 (35.5%) 55/149 (36.9%)

Noé et al.** [34] LS_Syn_Mesh_P LS_Syn_Mesh 1/41 (2.4%) 4/41 (9.8%)

Da Silveira et al.** [35] Vag_Syn_Mesh Vag_NTR 7194 (7.4%) 16/90 (17.8%)

Svabik et al.* [36] Vag_Syn_Mesh Vag_NTR 1/36 (2.8%) 22/34 (64.7%)

Tan-Kim et al.*[37] LS_Syn_Mesh_Barbed LS_Syn_Mesh 3/28 (10.7%) 2/26 (7.7%)

Costantini et al. [38] LS_Syn_Mesh AS_Syn_Mesh 0/60 0/60

El-agwany et al.* [39] LS_Syn_Mesh AS_Syn_Mesh 0/15 0/15

Damiani et al.* [40] Vag_Syn_Mesh Vag_NTR 1/28 (3.6%) 15/59 (25.4%)

Vag_Bio_Mesh

Rondini et al.* [41] AS_Syn_Mesh Vag_ NTR 0/56 10/54 (18.5%)

Kenton et al.* [42] RS_Syn_Mesh LS_Syn_Mesh 0/33 1/33 (3.0%)

Coolen et al.* [6] LS_Syn_Mesh AS_Syn_Mesh 9/29 (31.0%) 10/29 (34.5%)

Van Oudheusden et al.* [4]  LS_Syn_Mesh Vag_NTR 14/31 (45.2%) 19/30 (63.3%)

Ow et al.** [43] Vag_Syn_Mesh AS_Syn_Mesh 16/39 (41.0%) 16/43 (37.2%)

Nager et al.** [44] Vag_Syn_Mesh Vag_NTR 10/87 (11.5%) 20/85 (23.5%)

Steures et al.**[45] Vag_Syn_Mesh Vag_NTR 39/71 (54.9%) 47/69 (68.1%)

Illiano et al.* [46] RS_Syn_Mesh LS_Syn_Mesh 2/49 (4.1%) 7151 (13.7%)

De Castro et al.* [47] Vag_Syn_Mesh AS_Syn_Mesh 0/35 1/36 (2.8%)

Enklaar et al.** [48] Vag_NTR_Manch Vag_NTR_Hpxy 1/195 (0.5%) 6/196 (3.1%)

Galad et al.** [49] Vag_Syn_Mesh Vag_NTR 4/52 (7.7%) 15/50 (30.0%)

Kowalski et al.* [50] Vag_NTR_Perm Vag_NTR 4/22 (18.2%) 2/22 (9.1%)

Matthews et al.* [51] AS_Syn_Mesh_Perm AS_Syn_Mesh 20/95 (21.1%) 17/87 (19.5%)

Hemming et al.* [52] Vag_NTR_Hpxy Vag_NTR 74/233 (31.8%) 78/229 (34.1%)

Hemming et al.* [52] AS_Syn_Mesh Vag_NTR 28/86 (32.6%) 38/81 (46.9%)

Van IJsselmuiden et al.* [53] LS_Syn_Mesh Vag_NTR_Hpxy 35/55 (63.6%) 36/58 (62.1%)

Bager et al.** [54] Vag_NTR Vag_NTR_NoApical 1/73 (1.4%) 5177 (6.5%)

Berger et al.* [55] LS_Syn_Mesh_Anchor LS_Syn_Mesh 1/21 (4.8%) 1/25 (4.0%)

Obut et al.* [56] LS_Syn_Mesh_P LS_Syn_Mesh 1/32 (3.1%) 0/30

Ferrando and Paraiso** [57] LS_Syn_Mesh_Flat LS_Syn_Mesh 4/24 (16.7%) 5720 (25.0%)

Cengiz et al.*[58] LS_Syn_Mesh Vag_NTR 0/15 0/19

Castro et al.* [59] Vag_NTR_Perm Vag_NTR 5/49 (10.2%) 8/40 (20.0%)
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Table 2 (continued)

Reference Intervention (Int) Control (Ctrl) 1- to 3-year recurrence rate, 1- to 3-year recurrence rate,
intervention group, N/popula- control group, N/population
tion (%) (%)

Tagliaferri et al.* [60] LS_Syn_Mesh_Abs LS_Syn_Mesh 0/75 0/75

Gamal et al.* [61] AS_Bio_Mesh AS_Syn_Mesh 1/15 (6.7%) 0/15

Isenlik et al.* [62] LS_Syn_Mesh_LS LS_Syn_Mesh 3/40 (7.5%) 0/40

Karadag et al.* [63] LS_Syn_Mesh Vag_NTR 3/33 (9.1%) 12/35 (34.3%)

Daneshpajooh et al.* [64] LS_Syn_Mesh Vag_NTR 1/16 (6.3%) 1/16 (6.3%)

De Tayrac et al.* [65] Vag_Syn_Mesh LS_Syn_Mesh 3/20 (15.0%) 10/19 (52.6%)

Morciano et al.* [66] LS_Syn_Mesh_CLS LS_Syn_Mesh 1/38 (2.6%) 2/37 (5.4%)

Chen et al.* [67] Vag_Syn_Mesh_Selfcut Vag_Syn_Mesh 6/169 (3.6%) 13/167 (7.8%)

Morciano et al.* [68] LS_Syn_Mesh_PP LS_Syn_Mesh 1/62 (1.6%) 3/60 (5.0%)

Hwang et al.*[69] LS_Syn_Mesh Vag_NTR_USLS 9/55 (16.4%) 9/57 (15.8%)

Menefee et al.***[70] LS_Syn_Mesh Vag_NTR 35/113 (31.0%) 54/122 (44.3%)

Vag_Syn_Mesh
Di Biasi et al.*[71] LS_Syn_Mesh_NoPost LS_Syn_Mesh 5/60 (8.3%) 5/60 (8.3%)

Abs absorbable suture, AS abdominal surgery, Bio biologic graft, CLS continuous locked suture, Hpxy Hysteropexy, LS laparoscopic surgery,
M myorrhaphy, Manch Manchester, NTR native tissue repair, P pectopexy, Perm permanent suture, PDS polydioxanone, PP posterior plication,
RS robotic surgery, Syn synthetic mesh, USLF uterosacral ligament fixation, Vag vaginal mesh

]-year follow-up
®2-year follow-up
3-year follow-up

moderate risk and “major concerns” indicated a high risk.
All categorisations were confirmed by a third reviewer. We
planned to exclude from the analysis studies judged to raise
major concerns.

Data Synthesis and Analysis

Data from the studies on apical POP included were summa-
rised descriptively. Given the variety of surgical approaches
reported, we opted for an NMA, which allows for the simul-
taneous comparison of multiple interventions. The NMA
was conducted using the NMAstudio 2.0 [75]. For the NMA
to be valid, all the studies included must be interconnected,
ensuring that no intervention is isolated without a compara-
tor. NMAstudio 2.0 [75] software had constraints of two-
arm studies only. Hence, for three-arm RCTs, only one main
intervention versus the control group was included in the
analysis. Sensitivity analyses were subsequently conducted
using the alternative intervention arms to evaluate the poten-
tial influence of this selection on the network estimates.

To standardise the analysis, interventions with similar
surgical approaches were grouped under the same label
based on consensus. The largest sample size and prevalence
were set as a control group in the studies.

The network plot was visualised using nodes and edges,
where the size of the nodes represented the sample size for
each treatment, and the colour coding reflected the RoB.
Edge thickness indicated the number of studies comparing

@ Springer

the two connected treatments. In addition to the main net-
work plot, we performed head-to-head comparisons for
each intervention versus control, focusing on studies with
the same intervention type and control group. We con-
ducted NMA for all four outcomes and individual com-
parisons for all treatment pairs.

Network consistency was assessed separately for each
outcome using both global and local approaches. Global
inconsistency was evaluated with the design-by-treat-
ment interaction model, whereas local inconsistency was
assessed using the node-splitting method, which separates
direct and indirect evidence for each eligible treatment
comparison and tests for differences between the result-
ing estimates. Consistency assessments were restricted to
comparisons informed by both direct and indirect evidence
and supported by at least two trials contributing to the
direct comparison. Statistical inconsistency was consid-
ered present when the corresponding p value was < 0.05.

Statistical Analysis

Effect estimates for anatomical recurrence, subjective
recurrence, reoperation and mesh complication rates
were reported as risk ratios with 95% confidence intervals
(CIs). POP-Q measurements were analysed using mean
differences with standard deviations between treatment
groups. Heterogeneity was assessed using the I? statistic,
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where values below 40% were considered to indicate low
or insignificant heterogeneity.

Results

In this review, 102 studies were selected from an initial pool
of 5,254. Of these, 59 reports evaluated apical prolapse sur-
gery. One report by Hemming et al. [52] contained data from
two independent RCTs; therefore, 58 RCTs involving 6,846
participants were included in the NMA (Fig. 1). These RCTs
were published between 1996 and 2025, encompassing a
total population of 6,846 individuals. The studies originated
from the USA (15 studies), the Netherlands (8), Italy (8),
Turkey (5), Brazil (4), the UK (2), Australia (3), the Czech
Republic (2), Egypt (2), China (2), France, Germany, India,
Iran, Slovakia, Chile and Japan (1 each). All studies had
follow-up for at least 1 year. Nine studies followed patients
for at least 3 years, with four extending the follow-up to 5
years or more. Additionally, 28 studies were multicentric.
Also, RCT characteristics are presented in Tables 1 and 2.
Two of the studies included had three arms [40, 70]. Because
the NMA could only allow two-arm comparisons, one arm
from each study was excluded from the analysis: the vaginal
biological mesh group (n=30) in Damiani et al. [40] and
the vaginal synthetic mesh group (n=110) in Menefee et al.
[70]. These excluded groups were replaced with the primary
intervention versus control comparison. Sensitivity analyses
using the excluded arms yielded similar results and did not
alter the main findings of the NMA.

Of the 58 included RCTs, two came from a single publi-
cation that reported two independent trials. Of the 58 stud-
ies included, 54 (93.1%) defined anatomical recurrence as
POP-Q >stage 2, whereas the remaining four (6.9%) did not
specify the POP-Q definition and used alternative criteria
[18, 24, 61, 72]. Note that POP-Q measurements and sec-
ondary outcomes were not consistently reported across all
studies. Among the 58 RCTs, 26 (44.8%) reported postop-
erative POP-Q assessments, 23 (39.7%) assessed subjective
recurrence rates, 31 (53.4%) reported mesh complication
rates, 15 (25.9%) reported reoperation for mesh compli-
cations and 29 (50.0%) reported reoperation for prolapse
recurrence.

Risk of Bias

The RoB assessment was evaluated using the Cochrane evi-
dence quality tool [73] and presented in Fig. 2. In the NMA
coding scheme, the overall RoB was classified as low if all
seven categories were rated low.

Integrity Screening

In general, no major concerns were identified. Although
many studies showed no concerns in governance or author-
ship, some inconsistencies were noted in other domains, par-
ticularly regarding the plausibility of methods and reported
results. Several studies demonstrated discrepancies in p val-
ues, questionable baseline imbalances, incomplete reporting
(e.g. missing CONSORT diagrams) or issues with registra-
tion, many being retrospectively registered or not registered
at all (Table 3).

Network Meta Analysis

The network presented in Fig. 3 comprised 24 interventions
evaluated across 58 studies, including 6,846 participants.
Of these, 1,253 experienced anatomical prolapse recur-
rence within 1-3 years post-surgery, corresponding to an
overall anatomical recurrence rate of 18.3%, with rates
of 24.1% for NTR, 14.0% for vaginal mesh (VM), 12.5%
for laparoscopic sacrocolpopexy/cervicopexy (LSC) and
13.5% for ASC.

Vaginal NTR was used as the reference treatment because
it contributed the largest sample size and served as the most
frequent comparator arm across the trials included, making
it the most connected node in the treatment network. This
provided a statistically stable baseline for estimating rela-
tive risks.

Primary Outcomes

Anatomical Recurrence Rate After 1-3 Years The primary
forest plot (Fig. 4), using vaginal NTR as the reference, indi-
cated that three interventions were associated with a signifi-
cantly lower risk of anatomical recurrence after 1-3 years
of follow-up. In the NMA, indirect relative risks reflected
estimates derived from network interactions, whereas direct
relative risks were based on head-to-head comparisons from
the studies included:

a) Vaginal synthetic mesh: indirect relative risk=0.59
[0.44-0.79] (Fig. 4); direct relative risk from nine stud-
ies with 1,001 participants =0.54 [0.45, 0.65] (Fig. 5a).

b) Abdominal synthetic mesh: indirect relative risk=0.59
[0.40-0.87] (Fig. 4); direct relative risk from six studies
with 645 participants =0.55 [0.41, 0.74] (Fig. 5b).

c¢) Laparoscopic synthetic mesh: indirect relative
risk=0.66 [0.47-0.94] (Fig. 4); direct relative risk from
four studies with 396 participants =0.65 [0.49, 0.85]
(Fig. 5¢).
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) flow diagram illustrating the study selection pro-
cess, including the number of records identified, screened, assessed
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Fig.2 Risk of bias (RoB)
assessment for the 58 studies
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Vaginal synthetic mesh using the self-cut approach, com-
pared with NTR, demonstrated significant effectiveness in
indirect analysis (relative risk =0.27; 95% CI, 0.08-0.88),
although no direct comparative study was available. Other
interventions did not show statistically significant differ-
ences when compared with vaginal NTR.

POP-Q Mean Differences 1-3 Years After Surgery Between
Interventions Twenty-six studies, encompassing 12 treatment
modalities, reported POP-Q outcomes 1-3 years following
surgery. Indirect network comparisons of mean differences
(MDs) did not demonstrate statistically significant differences
in POP-Q measurements between treatments (Fig. 6). Direct
pairwise analyses demonstrated clinically meaningful effects.
A single study comparing abdominal synthetic mesh with
NTR reported a significant difference favouring the abdomi-
nal approach for improved POP-Q measurements (MD =1.00
[0.24-1.76]) [52]. Abdominal synthetic mesh with perma-
nent sutures was associated with improved POP-Q outcomes
compared with absorbable sutures using the same approach
(MD=0.50[0.27-0.73]) [51]. Another significant direct com-
parison was observed between laparoscopic synthetic mesh
with lateral suspension and standard laparoscopic synthetic
mesh, favouring the lateral suspension technique (MD =1.00
[0.02, 1.98]) [62].

Secondary Outcomes

Subjective Recurrence Rate After 1-3 Years Twenty-three
studies, comprising 17 different interventions, reported
subjective recurrence rates during follow-up. Across 3,589
participants, there were 792 cases of subjective recurrence,
corresponding to an overall rate of 22.1%, with rates of
34.1% for NTR, 6.2% for TVM, 9.3% for LSC and 26.1%
for ASC.

In indirect NMA comparisons, vaginal synthetic mesh
was associated with a significantly lower risk of subjective
recurrence than NTR (relative risk =0.51 [0.28-0.92]). Con-
sistent results were observed in direct meta-analysis compar-
ing vaginal synthetic mesh with NTR from four randomised
studies [30, 35, 44, 45] yielding a pooled risk ratio of 0.49
[0.26-0.92] favouring VM.

Further indirect network estimates indicated that both
laparoscopic synthetic mesh with posterior plication and
vaginal synthetic mesh with the self-cut approach were
associated with significantly lower risks of subjective recur-
rence than NTR (relative risk=0.22 [0.06-0.75] and rela-
tive risk=0.25 [0.09-0.73] respectively). No direct head-
to-head studies were available to evaluate these treatment
pairs.

In direct comparisons, Morciano et al. (66) reported
a statistically significant finding where laparoscopic
synthetic mesh with posterior plication demonstrated a
lower risk of subjective recurrence than conventional
laparoscopic synthetic mesh surgery (relative risk=2.51
[1.12-5.62]).

Mesh Complications After 1-3 Years Thirty-one studies
including 3,509 participants reported complications asso-
ciated with mesh implantation. Among these, 11 studies
included a control arm without mesh; therefore, mesh
complication rates were calculated only from arms with
mesh, yielding 150 events among 2,883 mesh surger-
ies (overall 5.2%; TVM 8.4%, ASC 7.1%, LSC 1.5%).
Table 4 presents both direct and indirect comparisons of
mesh surgeries versus NTR, with respect to mesh-related
complications. The results indicate which procedures
were associated with a significantly higher incidence of
mesh-related events.

Comparing vaginal synthetic mesh with other types of
mesh surgeries did not reveal any significant differences in
the occurrence rates of mesh complications.

Reoperation Rate Owing to Recurrence After 1-3 Years A
total of 4,265 participants across 29 studies reported
reoperation for recurrence. The NMA showed a signifi-
cant difference between ASC and vaginal NTR hyster-
opexy (relative risk =0.40, 95% CI 0.17-0.94), favouring
ASC.

Reoperation for mesh complications was reported in 15
studies involving 1,823 participants; the NMA showed a
significantly higher reoperation rate for vaginal synthetic
mesh than NTR (relative risk=5.19, 95% CI 1.71-15.75),
favouring NTR.
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Table 3 Integrity screening outcome of the randomised controlled trials (RCTs) included

Reference

Governance

Author group

Plausibility of
methods

Timeframe

Drop-out rates

Baseline charac-
teristics

Outcomes

Benson et al. [18]
Lo and Wang [19]

Mabher et al. [20]

Roovers et al. [21]
Culligan et al. [22]

Dietz et al. [23]
Lopes et al. [24]
Natale et al. [25]

Detollenaere et al.

[28]
Maher et al. [26]

Paraiso et al. [27]
Halaska et al. [29]

Sokol et al. [30]

Costantini et al.
[38]

Culligan et al. [32]
Nygaard et al. [3]

Ray et al. [31]

Barber et al. [33]

Svabik et al. [36]

El-agwany et al.
[39]

Noé et al. [34]

Rondini et al. [41]

Tan-Kim et al.
[37]

Damiani et al. [40]
Kenton et al. [42]

Coolen et al. [6]
Ow et al. [43]

Illiano et al. [46]
Nager et al. [44]

Steures et al. [45]

Baser et al. [54]

Berger et al. [55]

Da Silveira et al.
[35]

De Castro et al.
[47]

Galad et al. [49]

Hemming et al.
[52]

Hemming et al.
[52]

Matthews et al.
[51]

Van IJsselmuiden

et al. [53]
Castro et al. [59]

Cengiz et al. [58]

No concerns
Some concerns
No concerns
No concerns
No concerns
Some concerns
No concerns
Some concerns
No concerns

No concerns
No concerns
No concerns
No concerns

No concerns

Some concerns
Some concerns
No concerns
No concerns
No concerns

Some concerns

Some concerns
No concerns
No concerns

Some concerns
No concerns
No concerns
Some concerns
No concerns
No concerns
No concerns
No concerns
No concerns

No concerns

Some concerns

Some concerns

No concerns

No concerns

No concerns

No concerns

No concerns
Some concerns

No concerns
Some concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns

No concerns
No concerns
No concerns
No concerns

No concerns

No concerns
Some concerns
No concerns
No concerns
No concerns

No concerns

Some concerns
No concerns
No concerns

No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
Some concerns
No concerns

No concerns

No concerns

Some concerns

No concerns

No concerns

No concerns

No concerns

No concerns
No concerns

No concerns
Some concerns
No concerns
No concerns
No concerns
No concerns
Some concerns
Some concerns
No concerns

No concerns
No concerns
No concerns
No concerns

No concerns

Some concerns
Some concerns
No concerns
No concerns
Some concerns

Some concerns

Some concerns
No concerns
No concerns

Some concerns
No concerns
No concerns
Some concerns
No concerns
No concerns
No concerns
No concerns
No concerns

No concerns

No concerns

Some concerns

No concerns

No concerns

No concerns

No concerns

No concerns
Some concerns

No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
Some concerns
No concerns

No concerns
No concerns
No concerns
No concerns

No concerns

No concerns
No concerns
No concerns
No concerns
No concerns

Some concerns

No concerns
No concerns
No concerns

No concerns
No concerns
No concerns
No concerns
Some concerns
No concerns
No concerns
Some concerns
No concerns

No concerns

No concerns

Some concerns

No concerns

No concerns

No concerns

No concerns

No concerns

No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns

No concerns
No concerns
No concerns
No concerns

No concerns

No concerns
No concerns
No concerns
No concerns
No concerns

No concerns

No concerns
No concerns
No concerns

No concerns
No concerns
No concerns
Some concerns
No concerns
No concerns
No concerns
Some concerns
No concerns

No concerns

No concerns

No concerns

No concerns

No concerns

No concerns

No concerns

No concerns

No concerns
Some concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns
No concerns

No concerns
No concerns
No concerns
No concerns

No concerns

No concerns
No concerns
No concerns
No concerns
No concerns

No concerns

Some concerns
Some concerns
No concerns

No concerns
No concerns
No concerns
Some concerns
No concerns
No concerns
No concerns
No concerns
Some concerns

No concerns

Some concerns

No concerns

No concerns

No concerns

No concerns

No concerns

Some concerns

Some concerns Some concerns No concerns

Some concerns
Some concerns
No concerns
No concerns
Some concerns
Some concerns
Some concerns
No concerns
No concerns

No concerns
No concerns
Some concerns
Some concerns

No concerns

No concerns
No concerns
No concerns
No concerns
Some concerns

Some concerns

Some concerns
Some concerns
No concerns

Some concerns
No concerns
No concerns
No concerns
Some concerns
No concerns
No concerns
No concerns
No concerns

No concerns

Some concerns

Some concerns

No concerns

No concerns

No concerns

No concerns

No concerns
No concerns
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Table 3 (continued)

Reference Governance Author group  Plausibility of

methods

Baseline charac-  Outcomes

teristics

Timeframe Drop-out rates

Ferrando and No concerns Some concerns No concerns

Paraiso [57]
Kowalski et al.
(50]
Obut et al. [56]
Tagliaferri et al.

No concerns No concerns No concerns

Some concerns Some concerns Some concerns

No concerns No concerns No concerns

[60]

Chen et al. [67] No concerns No concerns No concerns

Daneshpajooh No concerns ~ No concerns Some concerns
et al. [64]

De Tayrac et al. Some concerns No concerns No concerns
[65]

Gamal et al. [61]

Morciano et al.
[66]

Enklaar et al. [48]

Isenlik et al. [62]

Karadag et al. [63] Some concerns No concerns

No concerns No concerns No concerns

No concerns No concerns No concerns

No concerns No concerns No concerns

No concerns No concerns Some concerns

Some concerns
No concerns No concerns

Morciano et al. No concerns

[68]
Van Oudheusden
et al. [4]

Hwang et al. [69]

Menefee et al.
[70]
Di Biasi et al. [71] No concerns

No concerns No concerns No concerns

No concerns No concerns No concerns

No concerns No concerns No concerns

No concerns No concerns

No concerns No concerns No concerns No concerns

No concerns No concerns No concerns No concerns

No concerns No concerns No concerns Some concerns

No concerns No concerns No concerns No concerns

No concerns No concerns No concerns No concerns

Some concerns No concerns No concerns No concerns

No concerns No concerns No concerns No concerns

Some concerns No concerns No concerns No concerns

Some concerns No concerns No concerns No concerns

No concerns No concerns No concerns Some concerns

Some concerns No concerns No concerns No concerns

Some concerns No concerns No concerns Some concerns

Some concerns No concerns No concerns No concerns

No concerns No concerns No concerns No concerns

No concerns No concerns No concerns No concerns

No concerns No concerns No concerns No concerns

No concerns No concerns No concerns No concerns

Assessment of Network Consistency For anatomical
recurrence, subjective recurrence, mesh complications,
reoperation owing to recurrence, and reoperation owing
to mesh complications, the global inconsistency tests
demonstrated no evidence of inconsistency across the
treatment networks (all p > 0.05). Furthermore, node-
splitting analyses showed no statistically significant dif-
ferences between direct and indirect estimates for any
eligible treatment comparison (all p > 0.05), supporting
the assumption of consistency and indicating agreement
between sources of evidence.

In contrast, for POP-Q mean difference at 1-3 years
after surgery, the global inconsistency test identified sig-
nificant inconsistency within the network (Q=21.57,
df=3, p<0.0001). Local inconsistency assessment further
revealed a statistically significant discrepancy between
direct and indirect evidence of the comparison of ASC
with synthetic mesh versus native tissue vaginal repair
(p=0.036). All other node-splitting comparisons for this
outcome were non-significant. These findings suggest that
inconsistency within the POP-Q network was primarily
driven by this specific treatment comparison and should be

considered when interpreting the corresponding network
estimates (Table 5).

All indirect and direct comparisons are provided in the
Supplementary material.

Discussion
Main Findings

There were 58 studies in the NMA including 24 different
interventions for 6,846 participants. This NMA demon-
strated that VM repair (relative risk =0.59 [0.44-0.79]),
abdominal mesh sacrocolpopexy (relative risk=0.59
[0.40-0.87]) and laparoscopic mesh sacrocolpopexy (rela-
tive risk=0.66 [0.47-0.94]) were associated with signifi-
cantly lower anatomical recurrence rates than NTR. These
findings support the role of sacrocolpopexy as an established
surgical option for apical prolapse repair, with published
studies reporting high cure rates (85%—100%) and favourable
durability [10, 15, 16].
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Fig.3 Network diagram for the
network meta-analysis, illustrat-
ing the comparative connections
between 24 different interven-
tions derived from 58 studies. Vag_Syn_Mestit )
Each node represents an inter- ‘ L
vention, and each line represents ;

one or more direct comparisons

between interventions. Node Vag_NTR_USLF

colour in the network indicates il
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size reflects the sample size for
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CLS continuous locked suture,
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scopic surgery, M myorrhaphy,
Manch Manchester, NTR native
tissue repair, P pectopexy, Perm \
permanent suture, PDS polydi- 4
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The NMA findings for POP-Q measurements did not
identify significant differences between interventions,
in contrast to the findings for anatomical recurrence.
Although most of the studies included defined anatomi-
cal failure using POP-Q criteria, fewer than half (26
studies) reported continuous POP-Q point C data, poten-
tially limiting the generalisability of these findings. An
important consideration is the relationship between ana-
tomical and symptomatic recurrence, particularly in the
apical compartment. Observational data suggest that the
symptomatic threshold for apical descent may differ from
that of anterior compartment prolapse, with symptoms
of vaginal bulge and pressure occurring even when point
C remains above the hymen. Consequently, POP-Q and
anatomical recurrence outcomes should be interpreted
alongside validated patient-reported outcome measures,
as the absence of vaginal bulge symptoms and improve-
ment in condition-specific quality-of-life scores correlate
more strongly with patient-perceived treatment success
than strict anatomical definitions alone. Furthermore,
consistency assessment demonstrated significant global
inconsistency within the POP-Q network (Q=21.57,
df=3, p<0.0001). Local node-splitting analysis indicated
statistically significant inconsistency for the comparison
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between ASC with synthetic mesh and vaginal NTR
(p=0.036), suggesting disagreement between direct and
indirect evidence for this outcome. A similar pattern
was noted in the Cochrane review by Maher et al. [10],
where fewer than half of the studies included reported
quantitative POP-Q C data. However, unlike our NMA,
their meta-analysis (two studies, n=142) indicated that
sacrocolpopexy resulted in significantly better point C
outcomes at 1 year than vaginal procedures. In our analy-
sis, only the direct comparison from Hemming et al. [52]
supported a statistically significant difference consistent
with that finding.

In the NMA of subjective recurrence rates, vaginal
synthetic mesh, laparoscopic synthetic mesh with poste-
rior plication and vaginal synthetic mesh with a self-cut
approach demonstrated significantly higher success rates
than NTR. Although our findings align with those of
Yeung et al. [15] (17 studies, n =2,932), they differ from
Mabher et al. [10] (four studies, n =346), who reported
ASC to be significantly superior to all vaginal procedures
for subjective recurrence, and from Larouche et al. [16]
(eight studies, n=1,363), who found no significant dif-
ferences in subjective outcomes between approaches. The
discrepancy may stem from methodological differences.
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Treatment RR 95% CI
Vag_NTR_Manch (N=195) I — 0.13 (0.01,1.28)
LS_Syn_Mesh_PP (N=62) I — 0.21 (0.02, 2.25)

Vag_Syn_Mesh_Selfcut (N=169) e 0.27 (0.08, 0.88)
LS_Syn_Mesh_CLS (N=38) k - 1 0.32 (0.03,3.82)
RS_Syn_Mesh (N=108) ; - | 0.36 (0.11,1.20)
LS_Syn_Mesh_P (N=73) g 0.36 (0.06, 2.38)
AS_Syn_Mesh_Burch (N=69) g 0.41 (0.11,1.52)
LS_Syn_Mesh_Flat (N=24) — 0.44 (0.11,1.77)
Vag_Syn_Mesh (N=922) —— 0.59 (0.44,0.79)
AS_Syn_Mesh (N=775) —e— 0.59 (0.40, 0.87)
AS_Syn_Mesh_Perm (N=95) —— 0.64 (0.25, 1.66)
LS_Syn_Mesh_NoPost (N=60) — { 0.66 (0.16, 2.69)
LS_Syn_Mesh (N=1015) —— 0.66 (0.47,0.94)
LS_Syn_Mesh_Anchor (N=21) k L i 0.79 (0.05, 13.09)
Vag_NTR_Hpxy (N=623) — 0.79 (0.48,1.30)
Vag NTR_Perm (N=71) _— 0.81 (0.30,2.20)
Vag_NTR_USLF (N=212) —— 0.85 (0.46, 1.56)
LS_Syn_Mesh_Barbed (N=28) , &t i 0.92 (0.14,5.94)
Vag_Syn_Mesh_M (N=116) — | 1.15 (0.19,7.13)
AS_Bio_Mesh (N=116) —— 1.17 (0.49, 2.78)
Vag_NTR_PDS (N=80) & 1 1.28 (0.30, 5.40)
LS_Syn_Mesh_LS (N=40) I - 1  4.63 (0.22,95.27)
Vag_NTR_NoApical (N=77) - 4,74 (0.51, 43.78)
RE model:T°=0.11 — T T T T T T T T T T T
0.0 0.0 0.0 0.1 02 10.0 20.0 50.0 100.0

<

05 1.0 20 5.0
RR

Favours treatment

Fig.4 Forest plot of the network meta-analysis comparing anatomi-
cal recurrence rates at 1-3 years of follow-up, using vaginal native
tissue repair (NTR) as the reference treatment. AS abdominal surgery,

Our NMA categorised interventions based on specific
surgical techniques, providing a more granular compari-
son. Furthermore, unlike conventional meta-analyses that
rely solely on direct comparisons, an NMA incorporates
both direct and indirect evidence, which can lead to dif-
ferences in estimated comparative effects [76].

The NMA showed a significant difference between
ASC and NTR hysteropexy, favouring ASC with less pro-
lapse recurrence. Reoperation for mesh complications
in the NMA showed a significantly higher reoperation
rate for vaginal synthetic mesh than NTR. These findings
partly align with those of previous systematic reviews.
Mabher et al. [10] (six studies, n =497) similarly reported
fewer repeat surgeries after sacrocolpopexy compared
with vaginal procedures. Yeung et al. [15] (27 stud-
ies, n=3,916) also found higher rates of repeat surgery
in the VM group than NTR, consistent with our mesh
reoperation results. In contrast, Larouche et al. [16] (18
studies, n=11,850) found no significant differences in
reoperation rates across apical surgical approaches. The

Favours Vag_NTR (N=1782)

LS laparoscopic surgery, NTR native tissue repair, PDS polydiox-
anone, Perm permanent suture, Syn synthetic mesh, USLF uterosa-
cral ligament fixation, Vag vaginal mesh

discrepancies among these studies may be explained by
variations in inclusion criteria and definitions of repeat
surgery.

The mesh erosion rate across the studies included in
this review was 5.2%, which aligns with the previously
reported range of 0.5% to 5% [16]. In this NMA, there
were significantly more mesh complications in syn-
thetic mesh procedures across laparoscopic, abdominal
and vaginal approaches than with non-mesh NTR sur-
gery. However, direct head-to-head analyses only con-
firmed a statistically significant difference for vaginal
synthetic mesh, consistent with Maher et al.’s findings
(five studies, n =499), which also demonstrated a higher
risk of mesh exposure in the VM group than NTR [10].
As the direct comparisons did not confirm a significant
difference for the abdominal and laparoscopic mesh
approaches, the observed overall significance in the
NMA likely reflects the influence of indirect compari-
sons. Therefore, these NMA findings should be inter-
preted with caution.
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Fig.5 Pairwise meta-analyses comparing recurrence rates among dif- participants comparing abdominal mesh sacrocolpopexy with NTR.

ferent surgical interventions. Forest plots showing the direct estimates ¢ Four studies with 396 women comparing laparoscopic mesh sacro-
for all pairwise comparisons are provided in the Supplementary mate- colpopexy with NTR. AS abdominal surgery, LS laparoscopic surgery,
rial. a Nine studies involving 1,001 women comparing vaginal syn- M-H mantel-haenszel, Syn synthetic mesh, Vag vaginal mesh

thetic mesh with native tissue repair (NTR). b Six studies with 645
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Fig.6 Comparison of postop-
erative pelvic organ prolapse
quantification outcomes across
12 treatments, based on data
from 26 studies reporting results
1-3 years postoperatively. Abs
absorbable suture, AS abdomi-
nal surgery, Hpxy Hysteropexy,
LS laparoscopic surgery, MD
mean difference, Perm, NTR
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Table 4 Mesh complications compared with native tissue repair

-4.0 -2.0 0.0 2.0 4.0

MD

—>
Favours Vag_NTR (N=798) Favours treatment

Mesh surgeries

Indirect NMA relative Indirect NMA 95% CI

Direct relative risk (no. of studies) Direct 95% CI

risk
AS_Bio_Mesh 12.47 0.39-404.00 NA NA
AS_Syn_Mesh 4.73 1.15-19.43 2.74 (1) 35] 0.11-65.51
LS_Syn_Mesh 5.24 1.26-21.77 5.64 (2) [36, 37] 0.6648.04
RS_Syn_Mesh 5.84 0.73-46.40 NA NA
Vag_Syn_Mesh 9.65 3.63-25.70 10.10 (7) [25, 30, 32, 33, 38-40] 3.39-30.07

AS abdominal surgery, LS laparoscopic surgery, NMA network meta-analysis, RS robotic surgery, Syn synthetic mesh, Vag vaginal mesh

Entries are in italics whenever the 95% CI excludes 1, which means the result is statistically significant

Strengths

To our knowledge, this study is the first NMA on apical
prolapse surgical management, allowing both direct and
indirect comparisons across multiple surgical approaches.
The inclusion of 58 RCTs provides a comprehensive and
generalisable evidence base, with methodological quality
assessed to ensure result validity. By integrating anatomical
and subjective success, and rates of repeat surgery due to
recurrence or mesh complications, this study offers a com-
prehensive evaluation of short- to mid-term surgical effec-
tiveness that reflects outcomes most relevant to patients and
clinical practice [77].

Limitations

Despite its strengths, this study has several limitations.
The main challenge is the heterogeneity of the surgical
techniques; differences in approach (abdominal, vaginal,
laparoscopic or robotic), uterine preservation, suture
material, implant type (synthetic or biologic), concur-
rent procedures and novel methods introduce significant

variability, complicating direct comparisons [5]. A key
limitation of the NMA is the assumption of transitiv-
ity, requiring comparable populations, interventions and
contexts across studies; any violation may compromise
the validity of pooled estimates [78]. Although NMA
offers advantages of pooling data and synthesises a
broader assessment of available treatments to inform
clinical decisions, it relies on the assumption of transi-
tivity, meaning that patients across trials are sufficiently
similar for indirect comparisons to be valid.

A further limitation is the short follow-up duration
reported in 40 of the 58 studies included (69.0%), with
most reporting outcomes only 1 year post-intervention.
This may underestimate late recurrences and mesh com-
plications, which can appear several years after surgery
[79]. Accordingly, conclusions regarding long-term
durability should be interpreted cautiously, as relatively
few studies reported follow-up beyond 3 years. Although
VM has shown favourable anatomical outcomes, its with-
drawal owing to safety concerns, and subsequent restric-
tion or ban in many countries, reduces its relevance to
current clinical practice.
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Table 5 Global and local consistency assessment of the network meta-analysis across primary and secondary outcomes

Treatment comparison ~ Anatomi- POP-Q Subjective  Mesh complications (p Reoperation owing to Reoperation owing to
(node-splitting analysis) cal recur-  mean dif- recurrence value) recurrence (p value) mesh complications (p
rence (p ference (p  (p value) value)
value) value)
AS_Syn_Mesh vs 0.627 0.423 0911 0.237 0.353 NA
LS_Syn_Mesh
AS_Syn_Mesh vs 0.769 0.036 0.856 0.706 0.534 0.473
Vag_NTR
AS_Syn_Mesh vs Vag_  0.942 0.291 0.726 0.191 0.962 0.473
Syn_Mesh
LS_Syn_Mesh vs 0.749 0.322 0.619 0.929 0.524 NA
Vag_NTR
LS_Syn_Mesh vs Vag_  0.416 NA NA NA 0.961 NA
NTR_Hpxy
LS_Syn_Mesh vs Vag_  0.519 NA 0.289 NA NA NA
NTR_USLF
LS_Syn_Mesh vs Vag_  0.731 0.951 NA 0.243 NA NA
Syn_Mesh
Vag_NTR_Hpxy vs 0.416 NA NA NA 0.961 NA
Vag_NTR
Vag_NTR_USLF vs 0.519 NA 0.289 NA NA NA
Vag_NTR
Vag_Syn_Mesh vs 0.741 0.338 0.726 0.852 0.962 0.473
Vag_NTR
Global inconsistency 0=3.68, Q=2157, Q0=126, (Q0=223,4df=3, 0=0.89, df=3, 0=0.51,df=1,p=0473
test (design-by- df=5, df=3, df=3, p=0.527 p=0.827
treatment interaction p=0.597 p<0.0001 p=0.738

model)

Node-splitting analyses were only feasible for comparisons informed by both direct and indirect evidence and supported by at least two studies in
the direct comparison

AS abdominal surgery, dfdegrees of freedom, Hpxy Hysteropexy, LS laparoscopic surgery, NAnot applicable (indicating that node-splitting
assessment could not be performed because insufficient direct evidence was available, NTR native tissue repair, POP-Q Pelvic Organ Prolapse
Quantification, Q Cochrane's Q statistic for inconsistency (quantifies the amount of disagreement between direct and indirect evidence in the net-

work), Syn synthetic mesh, USLF uterosacral ligament fixation, Vag vaginal mesh

Statistically significant inconsistency is highlighted in italics (p <0.05)

Clinical Implications

Based on the findings of this NMA, abdominal and
laparoscopic sacrocolpopexy with mesh, as well as VM
repair, were associated with significantly lower anatomi-
cal recurrence rates than NTR. Subjective success rates
were also higher with several mesh-based techniques,
indicating a potential balance between anatomical dura-
bility and patient satisfaction. However, mesh complica-
tions were more frequent in synthetic mesh procedures,
particularly with the vaginal approach; a finding consist-
ent with previous studies that ultimately led to the with-
drawal or restriction of vaginal synthetic mesh in several
countries [15, 80]. These results support sacrocolpopexy
as an important surgical option for apical prolapse repair,
with improved anatomical outcomes over the available
follow-up, while underscoring the need for individual-
ised surgical decision making [81]. They also highlight

@ Springer

the ongoing need for developing surgical materials or
techniques that can provide the durability of mesh repairs
without the associated complication risks.

Conclusion

Apical-prolapse procedures using synthetic mesh (vaginal,
laparoscopic, abdominal) showed lower anatomical recur-
rence than NTR, suggesting improved anatomical durabil-
ity during the available follow-up. This NMA showed lower
recurrence-related reoperation rates with ASC than with vagi-
nal NTR hysteropexy, but higher mesh-related reoperations
with vaginal synthetic mesh than with NTR. Overall, these
findings highlight the continued value of sacrocolpopexy as
the gold standard for apical repair while underscoring the need
for innovation in safer materials and techniques that maintain
anatomical success without increasing adverse events.
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