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Abstract

Introduction and hypothesis OASI complicates approximately 6% of vaginal deliveries. This risk is increased with operative
vaginal deliveries (OVDs), particularly forceps. However, there is conflicting evidence supporting the use of mediolateral/
lateral episiotomy (MLE/LE) with OVD. The aim of this study was to assess whether MLE/LE affects the incidence of
OASI in OVD.

Methods Electronic searches were performed in OVID Medline, Embase and the Cochrane Library. Randomised and non-
randomised observational studies investigating the risk of OASI in OVD with/without MLE/LE were eligible for inclusion.
Pooled odds ratios (OR) were calculated using Revman 5.3. Risk of bias of was assessed using the Cochrane RoB2 and
ROBINS-I tool. The quality of evidence was assessed using Grading of Recommendations Assessment, Development and
Evaluation (GRADE).

Results A total of 703,977 patients from 31 studies were pooled for meta-analysis. MLE/LE significantly reduced the rate
of OASI in OVD (OR 0.60 [95% CI 0.42—0.84]). On sub-group analysis, MLE/LE significantly reduced the rate in nullipa-
rous ventouse (OR 0.51 [95% CI 0.42-0.84]) and forceps deliveries (OR 0.32 [95% CI 0.29-0.61]). In multiparous women,
although the incidence of OASI was lower when a ventouse or forceps delivery was performed with an MLE/LE, this was
not statistically significant. Heterogeneity remained significant across all studies (I* > 50). The quality of all evidence was
downgraded to “very low” because of the critical risk of bias across many studies.

Conclusions MLE/LE may reduce the incidence of OASI in OVDs, particularly in nulliparous ventouse or forceps deliveries.
This information will be useful in aiding clinical decision-making and counselling in the antenatal period and during labour.

Keywords Mediolateral episiotomy - Lateral episiotomy - Obstetric anal sphincter injury - Operative vaginal delivery

Introduction delivery is the method of delivery in 12% of women [2].

A worldwide survey of operative vaginal delivery prac-
Operative vaginal delivery with either ventouse or forceps  tice in the 1990s demonstrated that forceps were widely
is used to facilitate delivery for a number of maternal  used in English-speaking countries such as the USA, UK,
and foetal indications [1]. In the UK, operative vaginal Ireland, New Zealand, Canada and Australia. However,
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ventouse deliveries were widely used in countries within
Northern Europe, Africa, the Middle East and Far East
countries including China, Hong Kong, Japan, Korea and
Thailand [3]. There has been a reduction in forceps use
in a number of countries such as the USA, which reduced
their rate from 5.1% to 0.6% (1990-2015) [4]. Moreover,
in Sweden and Austria, the rate of forceps use has reduced
from 1% to 0% (2005-2016) [5]. However, in units in the
UK, the incidence of forceps is increasing [6]. Obstetric
anal sphincter injury (OASI) occurs in approximately 6%
of first vaginal births [7]. This risk is increased further
with operative vaginal deliveries, in particular forceps-
assisted deliveries.

OASI is a significant risk factor in the development of
anal incontinence, with significant implications for the
quality of life. Therefore, identification of modifiable risk
factors to prevent OASI is important [8, 9]. An episiot-
omy can be used to increase the dimensions of the vaginal
outlet and to create a controlled incision in the perineal
body away from the anal sphincter [10]. Regarding OASI
incidence, lateral episiotomy (LE), which begins 1-2 cm
away from the midline, has been shown to not differ sig-
nificantly from a mediolateral episiotomy (MLE) [10, 11].
The Royal College of Obstetricians and Gynaecologists
(RCOG) Green Top Guideline for assisted vaginal birth
[1] acknowledges that the evidence to date supporting
the use of MLE at operative vaginal delivery, in terms
of preventing OASI, is stronger for nulliparous women
and for birth via forceps. However, it is stated that in
the absence of robust evidence to support either routine
or restrictive use of episiotomy at assisted vaginal birth,
the decision should be tailored to the circumstances at
the time and the preferences of the woman [1]. Yet, the
RCOG Green Top Guideline for the management of OASI
[12] advises that MLE should be considered with assisted
vaginal birth. This lack of clarity has caused confusion
amongst professional [13] and patient groups [14]. To
date no meta-analysis has been performed to investigate
the effect of MLE/LE with forceps deliveries and OASI
incidence. Two meta-analyses have evaluated MLE/
LE use with ventouse deliveries [15, 16]. However, the
results of these reviews were conflicting [15, 16]. Sagi-
Dain et al. [16] found a non-significant decrease in the
incidence of OASI with MLE and suggested that MLE
may be harmful in parous women, whilst Lund et al. [15]
demonstrated a significant reduction in the incidence of
OASI with MLE. In addition, neither review evaluated
the effect of MLE/LE with forceps deliveries on OASI
incidence. Therefore, up-to-date evidence is required to
address these inconsistent findings.

The aim of this study was to investigate the effect of
MLE/LE use with operative vaginal delivery on the risk
of OASI.

@ Springer

Materials and methods

This systematic review of the literature was conducted in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[17]. Meta-analysis of Observational Studies in Epidemi-
ology (MOOSE) guidelines for reporting meta-analyses
of observational studies were also followed (Appendix
S1) [18]. A protocol was developed and can be reviewed
in the international prospective register of systematic
reviews (PROSPERO) register (CRD 42020196579) [19].
Our primary research question was: “Does MLE/LE use
with operative vaginal delivery reduce the risk of obstetric
anal sphincter injury in comparison to no episiotomy?”’. A
PICO approach was followed:

Population: Nulliparous and multiparous women
undergoing operative vaginal delivery

Intervention: MLE/LE

Comparator: No episiotomy

Outcome: OASI

OVID Medline, Embase and the Cochrane Library
from inception to June 2020 were searched using the
terms “anal sphincter injury”, “episiotomy”, “instrumen-
tal”, “forceps” and “vacuum”, including medical subject
headings (meSH) terms, with no restriction on language
or year of publication. A manual search of references from
identified studies was also conducted to identify other rel-
evant studies. Studies were included if the episiotomy was
a MLE or LE. Studies reporting the use of MLE/LE with
spontaneous vaginal births or midline episiotomy were
excluded. Other relevant systematic reviews of MLE/LE
with operative vaginal delivery and the reference lists of
the eligible studies were also searched [15, 16]. A full
search strategy can be found in the electronic supplemen-
tary material (Appendix S1). Results were exported to
Zotero reference management system and de-duplicated.
Randomised controlled trials (RCTs), non-randomised
controlled trials, prospective and retrospective observa-
tional studies analysing the risk of OASI in women under-
going operative vaginal delivery with and without MLE/
LE were eligible for inclusion. Case reports, case series,
narrative reviews and conference abstracts were excluded.
A full list of excluded studies is given in Table S1.

Two authors (N.A.O., K.W.W.) independently screened
the titles and abstracts of all retrieved studies to obtain
studies for full-text assessment. Any disagreements sur-
rounding eligibility for full-text assessment were resolved
by the senior reviewers or through consensus-based dis-
cussion. Full-text articles which met the inclusion criteria
were then assessed by the two authors. Following this, the
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authors independently collected data from eligible stud-
ies, using a standardised electronic data extraction form.
This included data regarding operative vaginal delivery,
study characteristics, parity, type of operative vaginal
delivery, type of episiotomy and rate of OASI. Transla-
tions were sought for any study not in English. Authors of
included studies were contacted if the full text could not be
retrieved and if the data reported were incomplete, unclear
or published in a manner that was not extractable. If the
author did not respond, unpublished data provided by the
same author from the previously published systematic

review of the risk of OASI with MLE/LE and ventouse
delivery were used [15].

Review Manager 5.3 (The Cochrane Collaboration) and
Meta-Essentials (version 1.5) [20] were used to analyse
data. Data were reported as odds ratios (OR) and their
corresponding 95% confidence interval (95% CI) bounds.
The heterogeneity amongst studies was calculated using
the 1% statistic. An I > 50 % was considered as signifi-
cant heterogeneity and 1> > 80 was considered as very
significant heterogeneity. Meta-analysis was performed
if each outcome was represented in at least two studies,

.§ Records identified through Additional records identified
S database searching through other sources
E (n =2829) (n=4)
€
B
7 v v
PR Records after duplicates removed
(n=1269)
£
c
:
n Records screened Records excluded after
(n=1269) reading title and/or
) abstract
(n=1180)
e\
Full-text articles assessed
F for eligibility » Full-text articles excluded;
3 (n=89) Reasons= full text
%" unavailable, did not meet
inclusion criteria, study
data not presented in an
) Studies included in extractable format (n = 58)
qualitative synthesis
) (n=31)
°
3
S Studies included in
£ quantitative synthesis
(meta-analysis)
(n=31)
~—

Fig.1 PRISMA flow diagram of the study selection process

@ Springer



1396

International Urogynecology Journal (2022) 33:1393-1405

Table 1 Overview of included studies

Authors (year) Study type Episiotomy type Episi- Parity Instrument type OASI OR
otomy incidence [95% CI]
incidence (%)
(%)
Ampt et al. [54] Retrospective case MLE 55.2 All- separated Both-separated 7.2 1.07 [1.02, 1.14]
(2013) control
Aukee et al. [34] Retrospective case MLE 84.0 All- pooled Ventouse 3.8 0.36 [0.13, 0.98]
(2006) control
Baghurst et al. [35] Retrospective cohort MLE 55.0 All- separated Both-separated 7.5 1.12[0.96, 1.31]
(2012)
Bodner-Adler et al. Retrospective cohort MLE 65.0 Nulliparous ~ Ventouse 6.8 0.60 [0.31, 1.16]
[36] (2018)
Boujenah et al. [37]  Retrospective cohort MLE 76.9 Nulliparous ~ Both-separated 2.8 0.38 [0.20, 0.74]
(2019)
D'Souza et al. [38] Retrospective cohort MLE 81.9 Multiparous  Both-separated 6.0 0.08 [0.01, 0.51]
(2020)
De Leeuw et al. [39]  Retrospective cohort MLE 82.2 All- separated Both-separated 3.4 0.14 [0.12, 0.16]
(2008)
De Parades et al. [28] Prospective cohort MLE 95.7 Nulliparous ~ Forceps 12.9 0.42 [0.04, 4.43]
(2004)
De Vogel et al. [40] Retrospective cohort MLE 81.0 All- separated Both-separated 5.7 0.18 [0.13, 0.25]
(2012)
Gachon et al. [41] Retrospective cohort MLE 40.3 All- separated Both-separated 7.4 0.38 [0.26, 0.55]
(2019)
Gurol-Urganci et al.  Retrospective cohort MLE 76.1 Nulliparous ~ Both-separated 7.1 0.49[0.48,0.51]
[33] (2014)
Hamouda et al. [27] Prospective cohort MLE 58.2 All- pooled Both-separated 3.9 1.08 [0.38, 3.10]
(2017)
Jango et al. [42] Retrospective cohort MLE 28.7 Nulliparous ~ Both-separated* 13.7 0.67 [0.63, 0.72]
(2014)
Levin et al. [43] Retrospective cohort MLE 78.0 Nulliparous ~ Ventouse 2.3 0.56 [0.35, 0.91]
(2020)
Macleod et al. [29] Prospective cohort MLE 78.4 Nulliparous Both-separated 9.9 1.44 [0.88, 2.34]
(2008)
Marschalek et al. [44] Retrospective cohort MLE 72.5 Nulliparous Both-separated 5.2 0.68 [0.60, 0.76]
(2018)
Meyer et al. [53] Retrospective cohort MLE 74.1 All- separated Forceps 2.5 1.80 [0.52, 6.26]
(2020)
Murphy et al. [25] RCT MLE 72.0 Nulliparous Both-separated{ 10.9 4.7910.22, 105.30]
(2009)
Parnell et al. [30] Prospective case MLE 53.0 Nulliparous ~ Ventouse 21.0 0.74 [0.41, 1.34]
(2001) control
Riisédnen et al. [45] Retrospective cohort LE 84.9 All- separated Ventouse 3.0 0.47 [0.35, 0.64]
(2012)
Riisdnen et al. [46] Retrospective cohort LE 90.0 All- separated Both-separatedf 1.5 1.09 [0.87, 1.36]
(2009)
Rognant et al. [47] Retrospective cohort MLE 85.0 All- pooled Ventouse 2.2 1.97 [0.60, 6.48]
(2012)
Rygh et al. [31] Prospective cohort MLE/LE 55.0 Nulliparous ~ Both-pooled 11.0 0.72 [0.60, 0.87]
(2014)
Sagi-Dain [26] (2020) RCT MLE 49.6 Nulliparous ~ Ventouse 3.7 0.67 [0.11-4.12]
Schmitz et al. [44] Retrospective case MLE 66.5 All- separated Both-separatedf 2.1 0.04 [0.00, 0.79]
(2014) control
Shmueli et al. [49] Retrospective cohort MLE 66.0 All- separated Ventouse 1.5 1.73 [0.99, 3.04]

(2017)

@ Springer
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Table 1 (continued)

Authors (year) Study type Episiotomy type Episi- Parity Instrument type OASI OR
otomy incidence [95% CI]
incidence (%)
(%)
Van Bavel et al. [S0]  Retrospective cohort MLE 89.6 All- separated Both-separated 4.2 0.19 [0.18, 0.19]
(2018)
Van Roon et al. [32]  Prospective cohort MLE 90.0 Nulliparous ~ Both-pooled 54 3.18 [1.39, 7.27]
(2015)
Vathanan et al. Retrospective cohort MLE 8.7 All-pooled Both-separated 9.2 0.18 [0.13-0.25]
[55] (2014)
Yamasato et al. [51] Retrospective cohort MLE 3.7 All- pooled Both-separated 21.7 0.65 [0.14, 3.09]
(2016)
Youssef et al. Retrospective cohort MLE 71.2 All- pooled Both-separated 8.7 0.99 [0.54, 1.81]

[52] (2005)

RCT: randomised controlled trial
MLE: mediolateral episiotomy
L/E: lateral episiotomy

*Only data for ventouse deliveries reported, unable to retrieve crude data for forceps-assisted deliveries from authors

"Data not extractable, data retrieved from previous systematic reviews [14, 15] as unable to retrieve crude data from authors

using the fixed-effects (Mantel-Haenszel) or the random-
effects (DerSimonian and Laird) model. The random-
effects model was used if heterogeneity was significant
(I* > 50 %). Sensitivity analysis for the primary outcome
was conducted by removing high/critical bias studies to
assess for methodological heterogeneity. Subgroup analy-
ses were then performed to determine potential sources of
clinical heterogeneity by separating participant data into
sub-groups deemed to be categorical predictors, such as
parity and instrument type. A p-value < 0.05 was consid-
ered statistically significant. Presence of publication bias
was assessed using a funnel plot and Egger’s regression
analysis.

Risk of bias assessment of RCTs was conducted using
the Cochrane risk-of-bias tool for randomized trials (RoB
2) [21]. Non-randomised studies, including observational
studies, were assessed using the Risk Of Bias in Non-
randomized Studies-of Interventions (ROBINS-I) tool
[22]. Risk of bias was assessed at an outcome level (not
individual study level). Two reviewers independently
assessed the overall quality of the evidence using crite-
ria recommended by the Grading of Recommendations
Assessment, Development and Evaluation working group
(GRADE) [23]. Any disagreements surrounding eligibil-
ity for overall study quality were resolved by the senior
reviewers or through consensus-based discussion. From
the GRADE table, the difference between the anticipated
absolute effect and 95% CI was used to calculate the num-
ber needed to treat (NNT) with its 95% CI [24]. No fund-
ing was required to complete this review.

Results

Of the 1269 articles initially identified by the search, 89
were selected for full-text review. Thirty-one studies were
eligible for inclusion and included in the meta-analysis
(Fig. 1). Table 1 presents a detailed overview of the studies
included in the meta-analysis. Two RCTs were identified
[25, 26]. Other studies included six prospective observa-
tional studies [27-32] and 23 retrospective observational
studies [33-55]. Overall risk of bias for the two RCTs
[25, 26] was high. In 24 of the observational studies [28,
32-36, 38-55], overall risk of bias was critical. In one
observational study, overall risk of bias was serious [37],
and in the remaining four observational studies, overall
risk of bias was moderate (Table S2, S3) [27, 29-31] .

Based on the inclusion criteria, 703,977 patients from
31 studies were included in this review for meta-analysis.
MLE/LE was performed in an average of 69.0% (range
3.7-95.7%) of operative vaginal deliveries and OASI was
diagnosed on average in 6.9% (range 1.5-21.7%) of cases.
The meta-analysis showed a significant reduction in the
OASI rate when operative vaginal deliveries were com-
pleted with an MLE/LE compared to deliveries without
(OR 0.60 [95% CI 0.45-0.79]) (Fig. 2). The NNT was 26
(95% CI 18.2-50.0). On sensitivity analysis, there was no
significant reduction in OASI rates (OR 0.90 [0.62—-1.32])
in studies of low/moderate risk of bias. There was no
strong evidence that the study risk of bias had an effect
on the rate of OASI with or without MLE/LE (p = 0.05).
Also, heterogeneity remained significant (low/moderate
risk: 12 = 58%; high/critical risk: 12 = 99%).

@ Springer
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Sub-group analysis was completed for instrument type
and parity. Data for ventouse deliveries were identified
from 25 studies, forceps from 15 studies and 2 studies
pooled all operative vaginal deliveries together. Of the
703,977 women, 74.2% (n = 522,410) had a ventouse
delivery and 25.0% (n = 175,803) had a forceps delivery.
MLE/LE was performed in an average of 64.4 % (range
4.3-90.0%) of ventouse deliveries and 77.3% (range
2.9-95.8%) of forceps deliveries. Meta-analysis showed
a significant reduction in the rate of OASI when a ven-
touse (OR 0.57 [95% CI 0.41-0.79]) or forceps (OR 0.37
[95% CI 0.25-0.53]) was completed with an MLE/LE,
compared to deliveries without (Fig. 3). The NNT for a
ventouse delivery was 28 (95% CI 20.4-58.8), and for a
forceps delivery it was 8 (95% CI 6.5-11.2). No statis-
tically significant subgroup effect was found (p = 0.08)

and heterogeneity remained very significant within each
sub-group.

Regarding parity, 633,089 (86.3%) women were nul-
liparous and 60,406 (7.8%) women were multiparous. Six
studies pooled data from all women (n = 10,482) irre-
spective of parity undergoing operative vaginal delivery.
In nulliparous women, the rate of OASI was significantly
reduced when an MLE/LE was performed during a ven-
touse (OR 0.51 [95% CI 0.35-0.73]) or forceps (OR 0.32
[95% CI 0.22-0.46]) delivery (Figs. 4 and 5). In these
women the NNT was 23 (95% CI 17.5-43.5) and 8 (95% CI
6.4-9.7) for a ventouse and forceps delivery respectively.
However, in multiparous women, although the incidence
of OASI was lower when an MLE/LE was performed with
a ventouse or forceps delivery, this reduction did not reach
statistical significance . The test for sub-group differences

Episiotomy No Episiotomy Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
1.3.1 Low/Moderate ROB
Hamouda 2017 9 224 6 161 2.7% 1.08 [0.38, 3.10] —pe—
Macleod 2008 106 1066 21 294 3.8% 1.44 [0.88, 2.34) T
Parnell 2001 26 140 29 123 3.6% 0.74 [0.41, 1.34) I
Rygh 2014 232 2274 271 1986 4.2% 0.72 [0.60, 0.87] -
Subtotal (95% CI) 3704 2564 14.2% 0.90 [0.62, 1.32] L 2
Total events 373 327
Heterogeneity: Tau® = 0.08; Chi* = 7.15, df = 3 (P = 0.07); I’ = 58%
Test for overall effect: Z = 0.52 (P = 0.60)
1.3.2 High/Critical ROB
Ampt 2013 3154 42667 2396 34663 4.3% 1.07 [1.02, 1.14] r
Aukee 2006 12 400 6 75 2.7% 0.36 [0.13, 0.98] — ]
Baghurst 2012 416 5276 307 4328 4.2% 1.12 [0.96, 1.31) u
Bodner-Adler 2018 21 372 18 200 3.5% 0.60 [0.31, 1.16]) -7
Boujenah 2019 21 1031 16 311 3.4% 0.38 [0.20, 0.74) —_—
D'Souza 2020 2 68 4 15 1.5% 0.08 [0.01, 0.51) —_——
De Leeuw 2008 401 23437 567 5079 4.2% 0.14[0.12, 0.16] -~
De Parades 2004 11 89 1 4 1.1% 0.42 [0.04, 4.43) e
de Vogel 2012 74 2289 84 543 4.0% 0.18 [0.13, 0.25) =
Gachon 2019 37 950 137 1407 4.0% 0.38 [0.26, 0.55] =
I Gurol-Urganci 2013 12609 217404 7579 68327 4.3% 0.49 [0.48, 0.51) .
Jango 2014 1180 11178 4143 27810 4.3% 0.67 [0.63, 0.72] -
Levin 2020 47 2427 27 795 3.8% 0.56 [0.35, 0.91] =
Marschalek 2018 896 19504 491 7398 4.2% 0.68 [0.60, 0.76) b
Meyer 2020 16 566 3 189 2.3% 1.80 [0.52, 6.26] -1
Murphy 2008 2 25 0 22 0.7% 4.79 [0.22, 105.30]
Raisanen 2009 242 17564 56 1955 4.1% 0.47 [0.35, 0.64) ===
Raisanen 2012 378 12363 96 3403 4.2% 1.09 [0.87, 1.36) ™
Rognant 2012 33 1665 3 296 2.4% 1.97 [0.60, 6.48] ==
Sagi-Dain 2020 2 67 3 68 1.5% 0.67 [0.11, 4.12] ——
Schmitz 2014 0 157 5 79 0.8% 0.04 [0.00, 0.79]
Shmueli 2017 53 3078 16 1597 3.6% 1.73 [0.99, 3.04) e
Van Bavel 2018 3598 144539 3201 26430 4.3% 0.19 [0.18, 0.19] .
Van Roon 2015 12 233 2 26 1.8% 0.65 [0.14, 3.09] —_—T
Vathanan 2014 77 1416 88 367 4.0% 0.18 [0.13, 0.25) ==
Yamasato 2016 14 65 298 1371 3.6% 0.99 [0.54, 1.81) =t
Youssef 2005 141 1880 6 241 3.1% 3.18 [1.39, 7.27] o
Subtotal (95% CI) 510710 186999 85.8% 0.56 [0.41, 0.75] <&
Total events 23449 19553
Heterogeneity: Tau® = 0.48; Chi? = 3040.12, df = 26 (P < 0.00001); I* = 99%
Test for overall effect: Z = 3.80 (P = 0.0001)
Total (95% CI) 514414 189563 100.0% 0.60 [0.45, 0.79] ¢
Total events 23822 19880

. o 2 _ % 2 _ =r T L I 1 1

Heterogeneity: Tau’ = 0.47; Chi* = 3082.93, df = 30 (P < 0.00001); I* = 99% 0.001 o1 To 1000

Test for overall effect: Z = 3.61 (P = 0.0003)
Test for subgroup differences: Chi* = 3.85, df = 1 (P = 0.05), I’ = 74.1%

Fig.2 Risk of OASI in operative vaginal deliveries with or without episiotomy

@ Springer

Favours [Episiotomy] Favours [No episiotomy)



International Urogynecology Journal (2022) 33:1393-1405

1399

due to parity indicated there was no statistically significant
subgroup effect (forceps [p = 0.44], ventouse [p = 0.78]).
Despite sub-group analysis, heterogeneity remained very
significant within each sub-group.

There was no publication bias amongst the included stud-
ies, as demonstrated by the symmetrical distribution of the
funnel plot (Fig. S1). Egger’s regression analysis found no
significant publication bias amongst the studies (p = 0.92).
However, the quality of all evidence was downgraded to

“very low” because of the critical risk of bias across many
studies (Fig S3) and the very high level of heterogeneity (12
value > 80%), which lowered the confidence in the estimate
of effect. After review of the 95% CIs, evidence was also
downgraded because of potential imprecision with the out-
come estimates, considering the default minimal clinically
important difference for dichotomous outcomes (0.8 to 1.25)
[56]. The GRADE table is presented in Table 2.

Episiotomy No Episiotomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI
1.1.1 Forceps
Ampt 2013 1789 19263 848 6023 3.4% 0.62 [0.57, 0.68] -
Baghurst 2012 265 2465 124 801 3.3% 0.66 [0.52, 0.83] i
De Leeuw 2008 173 6657 175 821 3.3% 0.10 [0.08, 0.12] -
De Parades 2004 11 89 1 4 0.7% 0.42 [0.04, 4.43] —
de Vogel 2012 4 295 6 21 1.5% 0.03 [0.01, 0.13] —
Gachon 2019 35 771 99 739 3.1% 0.31 [0.21, 0.46] =
Hamouda 2017 7 168 5 80 1.8% 0.65 [0.20, 2.12] —r
| Gurol-Urganci 2013 9942 101456 4465 19670 3.4% 0.37 [0.36, 0.38] .
Macleod 2008 95 810 10 94 2.6% 1.12 [0.56, 2.22] =p—
Marschalek 2018 33 336 21 168 2.8% 0.76 [0.43, 1.36) ===
Meyer 2020 16 19 550 745 1.7% 1.89 [0.55, 6.56) T
Van Bavel 2018 352 10674 217 955 3.4% 0.12 [0.10, 0.14) -
Vathanan 2014 36 394 38 59 2.7% 0.06 [0.03, 0.10] —_—
Yamasato 2016 6 26 187 695 2.2% 0.81 [0.32, 2.06] .
Youssef 2005 131 1441 3 64 1.8% 2.03 [0.63, 6.57] e p————
Subtotal (95% CI) 144864 30939 37.8% 0.37 [0.25, 0.53] <&
Total events 12895 6749
Heterogeneity: Tau? = 0.37; Chi? = 528.03, df = 14 (P < 0.00001); I = 97%
Test for overall effect: Z = 5.43 (P < 0.00001)
1.1.2 Ventouse
Ampt 2013 1365 23404 1548 28640 3.4% 1.08 [1.01, 1.17]) of
Aukee 2006 12 400 6 75 2.0% 0.36 [0.13, 0.98] ——
Baghurst 2012 151 2811 183 3527 3.3% 1.04 [0.83, 1.29] +
Bodner-Adler 2018 21 372 18 200 2.7% 0.60 [0.31, 1.16] —T
De Leeuw 2008 228 16780 418 4429 3.4% 0.13 [0.11, 0.16) .
de Vogel 2012 70 1994 78 522 3.2% 0.21 [0.15, 0.29] —
Gachon 2019 2 179 38 668 1.5% 0.19 [0.04, 0.78] —
Hamouda 2017 2 56 1 81 0.7% 2.96 [0.26, 33.49) —
| Gurol-Urganci 2013 2667 115948 3114 48657 3.4% 0.34 [0.33, 0.36] .
Jango 2014 1180 11178 4143 27810 3.4% 0.67 [0.63, 0.72] L
Levin 2020 47 2427 27 795 3.0% 0.56 [0.35, 0.91] —
Macleod 2008 11 256 11 200 2.3% 0.77 [0.33, 1.82] —
Marschalek 2018 863 19168 470 7230 3.4% 0.68 [0.60, 0.76] -
Murphy 2008 2 25 0 22 0.5% 4.79[0.22, 105.30]
Parnell 2001 26 140 29 123 2.8% 0.74 [0.41, 1.34] —T
Raisanen 2009 242 17564 56 1955 3.2% 0.47 [0.35, 0.64] -3
Raisanen 2012 378 12363 96 3403 3.3% 1.09 [0.87, 1.36) T
Rognant 2012 33 1665 3 296 1.8% 1.97 [0.60, 6.48) o
Sagi-Dain 2020 2 67 3 68 1.1% 0.67 [0.11, 4.12]
Schmitz 2014 0 157 5 79 0.5% 0.04 [0.00, 0.79]
Shmueli 2017 53 3078 16 1597 2.8% 1.73 [0.99, 3.04) e
Van Bavel 2018 3246 133865 2984 25475 3.4% 0.19 [0.18, 0.20] -
Vathanan 2014 41 1022 50 308 3.0% 0.22 [0.14, 0.33] -
Yamasato 2016 8 39 111 676 2.4% 1.31 [0.59, 2.93) —1=
Youssef 2005 10 439 3 177 1.6% 1.35[0.37, 4.97) ——
Subtotal (95% CI) 365397 157013 62.2% 0.57 [0.41, 0.79] L 2
Total events 10660 13411
Heterogeneity: Tau® = 0.56; Chi’ = 2276.04, df = 24 (P < 0.00001); I’ = 99%
Test for overall effect: Z = 3.32 (P = 0.0009)
Total (95% CI) 510261 187952 100.0% 0.48 [0.38, 0.60] ¢
Total events 23555 20160

. 2 . 2 1R ! + + {

Heterogeneity: Tau® = 0.40; Chi’ = 2807.16, df = 39 (P < 0.00001); I = 99% .001 o1 10 1000

Test for overall effect: Z = 6.35 (P < 0.00001)
Test for subgroup differences: Chi? = 3.05, df = 1 (P = 0.08), I? = 67.2%

Favours [E;;isiotomy] Favours [No Episiotomy]

Fig.3 Risk of OASI in ventouse and forceps deliveries with or without episiotomy in nulliparous women
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Discussion

This meta-analysis of > 700,000 women showed that MLE
and LE with operative delivery reduce the rate of OASI,
particularly in nulliparous women. MLE/LE use in operative
vaginal delivery was associated with a 40% reduction in the
odds of OASI. In nulliparous women, an odds reduction of
49% and 68% was seen in ventouse and forceps deliveries
with an MLE/LE respectively.

The main strength of our study is that it is the first meta-
analysis reviewing outcomes following both ventouse and
forceps delivery with MLE/LE in nulliparous and multipa-
rous women. MLE and LE were combined as studies have
demonstrated no difference in outcomes between the two
types [10, 11]. In addition, it includes the largest number of
nulliparous and multiparous women undergoing operative
vaginal delivery. We conducted a comprehensive search with
no language or date restrictions and contacted authors where
possible to obtain unpublished data. We do acknowledge that
there are limitations, particularly with the potential effect of
the significant heterogeneity, although this was controlled
for and explored further by using a random-effects model

when pooling data for meta-analysis, sensitivity and sub-
group analyses. However, there was inconsistent publica-
tion of adjusted odds ratios amongst the included studies,
meaning unadjusted odds ratios were used for meta-analysis.
Therefore, the unmeasured sources of confounding factors
such as ethnicity, maternal age, birthweight and head cir-
cumference [57] may be a potential source of the significant
heterogeneity between studies.

The risk of OASI is also associated with the angle at
which an episiotomy is performed. A MLE should be per-
formed at an angle of 60° from the midline, at crowning
of the foetal head, subsequently resulting in a post-delivery
angle of 45° [1, 11]. The incidence of OASI with MLE
has been shown to reduce by 50% for every 6° of the MLE
sutured angle away from the midline [58]. The angle of epi-
siotomy was only measured in one study [32], where the
EPISCISSORS-60® [59] were used. These are designed to
cut at an angle of 60° and have been shown to produce an
optimal post-delivery angle of 43°, meaning in this study,
episiotomies were truly mediolateral. A prospective study
by Andrews et al. [60], which investigated the practice of
MLE amongst doctors and midwives, found that no midwife
and only 22% of doctors performed a MLE at the desired

Episiotomy No Episiotomy Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% ClI M-H, Random, 95% CI
1.4.1 Nulliparous Forceps
De Parades 2004 11 89 1 4 1.5% 0.42 [0.04, 4.43] —
de Vogel 2012 3 254 4 16 2.6% 0.04 [0.01, 0.18] pESSS——
Meyer 2020 15 508 3 154 3.5% 1.53 [0.44, 5.36) S . Za—
Boujenah 2019 19 793 12 155 5.5% 0.29 [0.14, 0.62] ——
Macleod 2008 95 810 10 94 5.7% 1.12 [0.56, 2.22] -1
Marschalek 2018 33 336 21 168 6.2% 0.76 [0.43, 1.36] —1
Gachon 2019 29 649 89 584 6.8% 0.26 [0.17, 0.40] =
De Leeuw 2008 147 5808 141 600 7.4% 0.08 [0.07, 0.11] -
Baghurst 2012 230 2068 122 569 7.4% 0.46 [0.36, 0.58] o
Van Bavel 2018 314 9204 174 651 7.5% 0.10 [0.08, 0.12] i
Ampt 2013 1633 16663 728 4333 7.7% 0.54 [0.49, 0.59] -
| Gurol-Urganci 2013 9942 101456 4465 19670 7.7% 0.37 [0.36, 0.38] .
Subtotal (95% CI) 138638 26998 69.3% 0.32 [0.22, 0.46] &
Total events 12471 5770
Heterogeneity: Tau? = 0.32; Chi* = 391.82, df = 11 (P < 0.00001); I* = 97%
Test for overall effect: Z = 6.00 (P < 0.00001)
1.4.2 Multiparous Forceps
Meyer 2020 1 58 0 44 0.9% 2.32(0.09, 58.37]
D'Souza 2020 1 34 1 3 0.9% 0.06 [0.00, 1.37]
de Vogel 2012 & 41 2 5 1.2% 0.04 [0.00, 0.54]
Baghurst 2012 35 397 2 232 3.0% 11.12 [2.65, 46.67] —_—
Gachon 2019 6 119 9 151 4.2% 0.84 [0.29, 2.42] — T
De Leeuw 2008 26 849 34 221 6.4% 0.17 [0.10, 0.30] =
Van Bavel 2018 38 1470 43 304 6.7% 0.16 [0.10, 0.25] —
Ampt 2013 156 2600 120 1690 7.4% 0.84 [0.65, 1.07] -
Subtotal (95% CI) 5568 2650 30.7% 0.48 [0.18, 1.25] i
Total events 264 211
Heterogeneity: Tau? = 1.34; Chi’ = 83.38, df = 7 (P < 0.00001); I = 92%
Test for overall effect: Z = 1.50 (P = 0.13)
Total (95% CI) 144206 29648 100.0% 0.36 [0.26, 0.49] . 2
Total events 12735 5981

v ;S . ® = - o + 4+ + +
Heterogeneity: Tau® = 0.35; Chi® = 485.34, df = 19 (P < 0.00001); I = 96% 0002 o1 10 500

Test for overall effect: Z = 6.30 (P < 0.00001)

Favours [Episiotomy] Favours [No Episiotomy]

Test for subgroup differences: Chi? = 0.59, df = 1 (P = 0.44), I = 0%

Fig.4 Risk of OASI in nulliparous and multiparous forceps deliveries with or without episiotomy
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angle. In addition, one-third of episiotomies performed by
midwives were actually midline. Midline episiotomy, par-
ticularly in the context of operative vaginal delivery, signifi-
cantly increases the risk of OASI in both nulliparous and
parous women [61]. Consequently, if many of the episioto-
mies in the studies included in our meta-analysis were not
truly mediolateral, the incidence of OASI might potentially
be falsely high.

Another limitation of this study is that the meta-analysis
included non-randomised studies. However, to date only
two RCTs have been published. One only evaluated the
effect of MLE in ventouse alone [26] and the other did not
reach adequate statistical power [25]. The design of the lat-
ter study was a multicentre pilot study which demonstrated
that an RCT of routine versus restrictive use of episiotomy

at operative vaginal delivery is feasible. The sample size
was limited by the ethical difficulties and time constraints
involved in recruiting women to studies of emergency pro-
cedures in the second stage of labour. It can be argued that
an RCT with episiotomy as the intervention in the setting
of operative vaginal delivery is impractical. A survey of
obstetricians highlighted concerns about the validity of an
RCT that evaluates a surgical approach that is not dichot-
omised into two types of practice, but instead is based on
clinical judgement [62]. Sultan et al. [63] provided evidence
from observational studies to recommend the liberal use of
a MLE/LE cut at 60° during operative vaginal delivery and
highlighted further potential limitations of a RCT.

In the absence of an adequately powered RCT, our meta-
analysis provides the best available evidence. Our findings

Episiotomy No Episiotomy Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI| M-H, Random, 95% CI
1.6.1 Nulliparous Ventouse
Van Bavel 2018 2830 113619 2317 16538 4.5% 0.16 [0.15, 0.17] v
Shmueli 2017 52 2681 16 1088 3.9% 1.33 [0.75, 2.33]) T
Schmitz 2014 0 157 5 79 0.9% 0.04 [0.00, 0.79])
Sagi-Dain 2020 2 67 3 68 1.8% 0.67 [0.11, 4.12) —_—r—
Rognant 2012 33 1665 3 296 2.7% 1.97 (0.60, 6.48) ~
Raisanen 2012 349 11031 84 1954 4.4% 0.73 [0.57, 0.93) -
Raisanen 2009 242 17564 56 1955 4.3% 0.47 [0.35, 0.64) b
Parnell 2001 26 140 29 123 3.9% 0.74 [0.41, 1.34) —=
Murphy 2008 2 25 0 22 0.8% 4.79[0.22, 105.30]
Marschalek 2018 863 19168 470 7230 4.5% 0.68 [0.60, 0.76] =
Macleod 2008 11 256 11 200 3.3% 0.77[0.33, 1.82] ——
Levin 2020 47 2427 27 795 4.1% 0.56 [0.35, 0.91] ==
Jango 2014 1180 11178 4143 27810 4.5% 0.67 [0.63, 0.72] -
| Gurol-Urganci 2013 2667 115948 3114 48657 4.5% 0.34 [0.33, 0.36]) .
Gachon 2019 2 145 26 493 2.3% 0.25 [0.06, 1.07) —= 1
de Vogel 2012 63 1750 64 383 4.2% 0.19 [0.13, 0.27) SR
De Leeuw 2008 197 14350 321 2913 4.4% 0.11 [0.09, 0.13) »
Boujenah 2019 2 238 4 156 1.9% 0.32 [0.06, 1.78) —_—
Bodner-Adler 2018 21 372 18 200 3.7% 0.60 [0.31, 1.16) ——r
Baghurst 2012 136 2381 151 2255 4.4% 0.84 [0.66, 1.07) -
Ampt 2013 1219 19661 1262 19415 4.5% 0.95 [0.88, 1.03]) 1
Subtotal (95% CI) 334823 132630 73.3% 0.51 [0.35, 0.73] <&
Total events 9944 12124

Heterogeneity: Tau? = 0.57; Chi? = 2113.74, df = 20 (P < 0.00001); I* = 99%

Test for overall effect: Z = 3.63 (P = 0.0003)

1.6.2 Multiparous Ventouse

Van Bavel 2018 416 20246 667 8937 4.4% 0.26 [0.23, 0.29])
Shmueli 2017 1 397 0 509 0.8% 3.85 (0.16, 94.88)
Raisanen 2012 29 1332 12 1448 3.7% 2.66 (1.35, 5.24)
Gachon 2019 0 31 12 200 0.9% 0.24 [0.01, 4.15)
de Vogel 2012 7 244 14 139 3.2% 0.26 [0.10, 0.67)
De Leeuw 2008 31 2430 97 1561 4.2% 0.20 [0.13, 0.29]
D'Souza 2020 1 32 3 12 1.2% 0.10 [0.01, 1.05]
Baghurst 2012 15 430 32 1272 3.8% 1.40 [0.75, 2.61]
Ampt 2013 146 3743 286 9225 4.4% 1.27 [1.04, 1.55]
Subtotal (95% CI) 28885 23303 26.7% 0.58 [0.26, 1.27]
Total events 646 1123

Heterogeneity: Tau® = 1.09; Chi’ = 231.03, df = 8 (P < 0.00001); I = 97%

Test for overall effect: Z = 1.37 (P = 0.17)

Total (95% CI) 363708 155933 100.0% 0.53 [0.39, 0.72]
Total events 10590 13247

Heterogeneity: Tau? = 0.57; Chi? = 2345.42, df = 29 (P < 0.00001); I> = 99%

Test for overall effect: Z = 4.02 (P < 0.0001)
Test for subgroup differences: Chi? = 0.08, df = 1 (P = 0.78), 12 = 0%

L 2

0.002

0.1 10 500

Favours [Episiotomy] Favours [No episiotomy]

Fig.5 Risk of OASI in nulliparous and multiparous ventouse deliveries with or without episiotomy
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are consistent with the RCOG guidance, which recommends
that the evidence to support MLE with operative vaginal
delivery is stronger for nulliparous women and forceps deliv-
eries [1]. Their evidence for forceps deliveries was based on
findings from two large retrospective cohort studies [33, 39].
By completing a meta-analysis, we have statistically pooled
together the data from all studies in the literature to generate
an overall estimate of the effect of episiotomy with both ven-
touse and forceps deliveries. However, the inclusion of non-
randomised observational studies in our meta-analysis may
confer difficulty with precise interpretation of effect size due
to low study quality and high risk of bias. We acknowledge
that in studies with low/moderate risk of bias, although the
incidence of OASI was lower when an MLE/LE was per-
formed with a ventouse or forceps delivery, this reduction
did not reach statistical significance. However, in studies
with a high/critical risk of bias, a significant clinical benefit
was demonstrated. However, no significant sub-group dif-
ference was found between studies of low/moderate or high/
critical risk of bias. Our results should be interpreted with
caution, as routine episiotomy is associated with a signifi-
cant increase in blood loss, perineal pain, dyspareunia and

Table 2 Overall quality of the evidence identified for meta-analysis

pelvic floor dysfunction [64]. It is therefore important these
risks are considered, including the values and preferences
of the woman. However, non-randomised studies may be a
better reflection of clinical practice, as intervention choice
is at the discretion of the clinician [65, 66].

Parity and instrument type are known significant inde-
pendent risk factors for OASI, with forceps in particu-
lar increasing the odds of OASI six-fold [67]. Therefore,
sub-group analysis of these different populations is neces-
sary to evaluate the individual effect size of episiotomy
on OASI in at risk groups. Unexpectedly, we found no
significant difference between the sub-groups (nullipa-
rous vs. multiparous, forceps vs. ventouse). However, a
smaller number of trials and participants contributed data
to each subgroup, meaning that the analysis may not be
able to detect subgroup differences. Despite sub-group
analysis, heterogeneity remained very significant within
each sub-group. Two meta-analyses have previously been
completed to investigate the effect of MLE with ventouse
deliveries and OASI rate [15, 16]. Sagi-Dain et al. [16]
concluded from their sample of 290,000 women that,
although the incidence of OASI with ventouse delivery

Outcome no. of participants (studies)  Relative effect (95% CI)  Anticipated absolute effects (95% CI) Certainty
With OASI  Without OASI Difference

Instrumental OR 0.60 (0.47-0.84) 10.5% 6.6% (5.0-8.5) 3.9% fewer (2.0-5.5) SO0O0O

No. of participants: 703977 Very low*?*

(31 observational studies)

Forceps OR 0.37 (0.25-0.53) 21.8% 9.4% (6.5-12.9)  12.5% fewer (8.9-15.3) SO0O0O

No. of participants: 175803 Very low*®

(15 observational studies)

Ventouse OR 0.57 (0.41-0.79) 8.5% 5.1% (3.7-6.9) 3.5% fewer (1.7-4.9) OO0

No. of participants: 522410 Very low*"*

(25 observational studies)

Nulliparous forceps OR 0.32 (0.22- 0.46) 21.4% 8.0% (5.6-11.1)  13.4% fewer <(10.315.7) OO0

Ne of participants: 165636 Very low*?

(12 observational studies)

Nulliparous ventouse OR 0.51 (0.35-0.73) 9.1% 4.9% (3.4-6.8) 4.3% fewer (2.3-5.7) DO0O0O

Ne of participants: 467453 Very low*®

(21 observational studies)

Multiparous forceps OR 0.48 (0.18-1.25) 8.0% 4.0% (1.5-9.8)  4.0% fewer (1.8-6.4) OO0

Ne of participants: 8218 Very low*"*

(8 observational studies)

Multiparous ventouse OR 0.58 (0.26-1.27) 4.8% 2.9% (1.3-6.0)  2.0% fewer (1.2-3.5) @OOQ

Ne of participants: 52188 Very low*>d

(9 observational studies)

#Crucial limitation for one of more criteria substantial enough to lower one’s confidence in the estimate of effect.

>Very high level of heterogeneity (I2 value > 80%)

°95% confidence interval crosses 1 default minimally important difference (0.8 or 1.25)

495% confidence interval crosses 2 default minimally important differences (0.8 and 1.25)

OR = odds ratio

CI = confidence interval
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was lower with MLE, it was non-significant (OR 68 [95%
CI 0.43-1.07]). Lund et al. [15], based on a sample of
320,000 women, found that MLE/LE significantly reduced
the odds of OASI by 47% (OR 0.53 [95% CI 0.47-0.77]).
However, based on all available evidence to date, our
results have demonstrated that with nulliparous women
the rate of OASI is significantly reduced by 49% when an
MLE/LE is used in ventouse deliveries, which is similar to
the findings by Lund et al. [15]. Sagi-Dain et al. [16] also
suggested that MLE with ventouse significantly increased
the rate of OASI in parous women by 27% (OR 1.27 [95%
CI 1.05-1.53]). However, this was not the case with LE,
which was analysed separately. In comparison, our review
encompassed a larger number of parous women (60,406
women [52,118 = ventouse, 8218 = forceps] vs. 14,640
women). We found that the rate of OASI was lower in
multiparous women who had an MLE/LE compared to no
episiotomy during a ventouse (2.2% vs. 4.8%) or forceps
(4.7% vs. 8.0%) assisted delivery. However, this reduction
was not significant. As we included four additional studies
and unpublished data from two studies, this strengthens
our findings and may also explain the difference in results.
It is important to note that number of multiparous women
(n = 60,406) included in our meta-analysis was much
smaller than that of nulliparous women (n = 633,089),
which is a true reflection of obstetric practice. Moreover,
the frequency of OASI was almost twice as high in nul-
liparous women (6.3%) compared to multiparous women
(3.7%). This provides further evidence to explain why
MLE/LE was found to be protective with both forceps
and ventouse deliveries in nulliparous women compared
to multiparous.

Conclusion

In conclusion, this meta-analysis has shown that MLE/LE
is associated with a reduction in the incidence of OASI
following operative vaginal delivery, particularly in nul-
liparous women undergoing a ventouse or forceps assisted
delivery. This information will be useful in aiding clinical
decision-making and counselling in the antenatal period
and during labour. However, the results of this meta-anal-
ysis should be interpreted with caution as there was sig-
nificant unexplained heterogeneity across included studies
and the overall quality of evidence was assessed to be very
low. Larger, higher quality studies in this area will provide
more data to inform future policy.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00192-022-05145-1.
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