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Abstract

Objective: Approximately 50% women who give birth after Obstetric Anal Sphincter Injury (OASI) develop anal incontinence

(AI) over their lifetime. We review current evidence for protective benefit of planned cesarean section (CS) to prevent AI after

OASI. Design and setting: Systematic review and meta-analysis according to prospectively published methodology. Population

and methods: All studies reporting outcomes after an OASI and subsequent birth by any mode. Main outcome measures: AI

measurement after OASI and subsequent birth. Total AI, new/worsening AI, quality of life, satisfaction, regret. Results: 86 of

2472 screened studies met inclusion criteria. All studies contributing to meta-analyses were at high risk of bias. There was no

evidence of difference in new or worsening AI after subsequent vaginal birth (VB) compared to subsequent CS after OASI across

all time periods (p=0.53: CI 0.72-1.19; 9 studies, 2104 participants); [?]2y (p=0.83: CI 0.65-1.72; 7 studies, 569 participants) or

[?]5y after subsequent birth (p=0.39: CI 0.65-1.18; 2 studies; 1535 participants). There was no difference between subsequent

CS or VB in asymptomatic women or for other AI or QOL outcomes. There was no evidence of difference in AI in women

who subsequently delivered vs those who did not (p=0.9: CI 0.71-1.34; 10 studies, 970 participants); or pre- subsequent birth

vs post-subsequent birth (p=0.31; CI 0.51-1.25, 13 studies, 5496 participants). Conclusions: Due to evidence quality (majority

non-randomised studies) we are unable to determine whether planned cesarean is protective against AI after OASI. Higher

quality data is required to guide practice in this area, specifically in asymptomatic women and for long-term outcomes.
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Abstract

Objective:

Approximately 50% women who give birth after Obstetric Anal Sphincter Injury (OASI) develop anal in-
continence (AI) over their lifetime. We review current evidence for protective benefit of planned cesarean
section (CS) to prevent AI after OASI.

Design and setting:

Systematic review and meta-analysis according to prospectively published methodology.

Population and methods:

All studies reporting outcomes after an OASI and subsequent birth by any mode.

Main outcome measures:

AI measurement after OASI and subsequent birth. Total AI, new/worsening AI, quality of life, satisfaction,
regret.

Results:

86 of 2472 screened studies met inclusion criteria. All studies contributing to meta-analyses were at high
risk of bias.

There was no evidence of difference in new or worsening AI after subsequent vaginal birth (VB) compared to
subsequent CS after OASI across all time periods (p=0.53: CI 0.72-1.19; 9 studies, 2104 participants); [?]2y
(p=0.83: CI 0.65-1.72; 7 studies, 569 participants) or [?]5y after subsequent birth (p=0.39: CI 0.65-1.18; 2
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studies; 1535 participants). There was no difference between subsequent CS or VB in asymptomatic women
or for other AI or QOL outcomes. There was no evidence of difference in AI in women who subsequently
delivered vs those who did not (p=0.9: CI 0.71-1.34; 10 studies, 970 participants); or pre- subsequent birth
vs post-subsequent birth (p=0.31; CI 0.51-1.25, 13 studies, 5496 participants).

Conclusions:

Due to evidence quality (majority non-randomised studies) we are unable to determine whether planned
cesarean is protective against AI after OASI. Higher quality data is required to guide practice in this area,
specifically in asymptomatic women and for long-term outcomes.

Funding:

This study was not externally funded.

Keywords:

Obstetric Anal Sphincter Injury, OASI, OASIS, Anal Incontinence, Mode of Birth, Shared Decision Making,
Cesarean, Vaginal Birth, Planned Birth, Quality of Life, Recurrent OASI

Introduction

Obstetric Anal Sphincter Injury (OASI) is the commonest cause of anal incontinence (AI) affecting young
women. The incidence of OASI in primiparous women tripled to 5.9% in the UK between 2000-2012 (1)
equating to 3,500 women in the UK annually. AI is defined as the involuntary loss of solid or liquid stool
and or flatus. Women with OASI are between two to three times more likely to develop AI than women
having an uncomplicated vaginal birth (2). Specific risk factors for AI include parity, degree of OASI and
age (as risk of AI increases over a woman’s lifetime) (3). Women who have recurrent OASI and fourth degree
tears are particularly affected by more frequent and severe long-term symptoms of AI (4, 5). At least 10%
of women who are initially asymptomatic after OASI become symptomatic by three years (6).

The presence of AI is the most important determiner of women’s quality of life (QOL) after OASI (7).
The ’OASIS syndrome’ has been described in a study of women with AI after OASI. Feelings include being
unclean, isolation, grief, anxiety, a feeling of mutilation, loss of dignity, guilt and a negative effect on
motherhood, sexual intimacy and partner relations (8). Women with OASI have worse longer-term quality
of life outcomes than women without OASI; this significantly correlates with symptoms of AI and number
of OASI births (9). All symptoms of AI can be profoundly upsetting to women; Jango et al demonstrated a
Wexner score [?]2 sufficient to affect quality of life in the long-term after OASI (10).

In women who deliver again after OASI, incidence of AI is particularly high; 48% by 2-5 years in one
study (11). The long-term incidence of AI was 58.8% after a fourth-degree tear and 41.0% after a third-
degree tear at a median of 8.5 years after a second birth in a population-based study (12). Additional
risk factors in these women include pre-existing symptoms of AI, either ‘transient AI’ (13) or ‘permanent
AI’ (2) after index birth. AI is therefore of vital consideration for all women choosing their mode of birth
in subsequent pregnancies after OASI. Based on expert opinion, the Royal College of Obstetricians and
Gynaecologists (RCOG) recommends medical discussion regarding birth options for symptomatic women or
those with abnormal endoanal ultrasonography and/or manometry. The American College of Obstetricians
and Gynaecologists (ACOG) recommend offering a cesarean section (CS) to women experiencing either AI
or perineal breakdown after birth.

Birth choice is personal and can be emotive. There is a wide variation in practice between units including
access to specialist perineal clinics and use and interpretation of anorectal investigations including endoanal
ultrasound (EAUS) and anorectal manometry (ARMS). A 2014 survey of UK women demonstrated that
only one third had access to a perineal clinic, and less than one fifth had access to endoanal ultrasound after
OASI (14). Protocols outlining interpretation of anorectal investigations to directivity counsel women on
planned mode of birth (MOB) after OASI differ between units (11, 15, 16, 17, 18, 19). Evidence suggests

3
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that the majority of women in the UK are counselled regarding subsequent MOB based on their symptoms
and preferences alone (14).

This study aims to systematically review and meta-analyse current evidence to determine whether CS is
protective against the development of AI after OASI.

Method

Systematic review and meta-analysis were performed according to our prospectively published protocol
(PROSPERO CRD42022372442) using PRISMA guidelines (20). Authors were contacted to provide data
in a suitable format for meta-analysis if not supplied. Core outcome sets for OASI have not been published,
but there are published protocols in development seeking to establish this for OASI (21), perineal trauma
(22) and the effects of episiotomy and OASI (23). Patients and the public were not directly involved in
conducting this review.

Eligibility criteria

Participants/Population:

All women >18y who have had an OASI and a subsequent birth by any mode. OASI is defined as a 3rd or
4th degree tear by the Sultan classification (24). Inclusion and exclusion criteria are described (S2).

Intervention:

Planned elective CS in a subsequent birth after an OASI, analysed by intention-to treat. Observational
studies comparing vaginal birth to all CS (emergency and elective) included with risk of bias assessment.

Comparison:

Planned vaginal birth. Emergency CS was analysed with vaginal birth outcomes via intention-to-treat when
possible. When data were not provided (i.e. when emergency CS was included with planned CS) the study
is included with risk of bias assessed.

Outcomes:

Our primary outcome is AI (solid, liquid, flatus) after subsequent birth by any mode; including but not
limited to; St Marks Score, Wexner score, EPAQ, clinical description. AI outcome is stratified by time if
available: [?]2y and [?]5y.

Subgroup analysis for patients asymptomatic after index birth.

Our secondary outcomes are: QOL, regret with MOB choice, satisfaction with MOB choice, fecal urgency,
obstructive defecation, change in AI pre- and post- subsequent birth, AI in women after subsequent birth vs
no subsequent birth, repeat OASI rate and adverse events (return to theatre, organ injury).

Measures of effect

Dichotomous outcomes are presented as risk ratio/odds ratios with 95% CI. Continuous outcomes presented
as mean difference with 95% CI.

4



P
os

te
d

on
9

N
ov

20
23

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
69

95
70

77
.7

92
33

51
3/

v
1

—
T

h
is

is
a

p
re

p
ri

n
t

a
n
d

h
as

n
ot

b
ee

n
p

ee
r-

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Search strategy

MeSH subject heading and database-specific truncated search terms were used to avoid excluding potential
studies. Three concepts were implemented for the search strategy: (1) identification of all types of anal
sphincter or anal canal injury, (2) identification of all subsequent birth by any mode and (3) identification
of all types of anal incontinence. The search terms and strategy are detailed (S1).

Information sources

Search strategy was executed in Ovid MEDLINE/PubMed 1946-2022 (Ovid), Embase 1974-2022 (Ovid),
CINAHL(EBSCOhost) 1937-2022, Cochrane Combined 1996-2022, Clinical trials and Google Scholar from
inception to 1st December 2022.

Study selection

Setting

We included randomised-controlled trials and non-randomised studies including observational, cohort, cross-
sectional, case-control and retrospective reviews in any publication format which provided data for our
outcomes of interest for a birth after OASI (Table S1).

Data extraction (selection and coding)

All title and abstract screening (EC, RH), full text review (EC, RH), data extraction (EC, KA, RH) and risk
of bias assessments (EC, RH), were completed by two blinded independent reviewers according to standard
Cochrane methodology. Screening took place using Rayyan review software (25). Discrepancies were resolved
by a third reviewer (RK). We describe characteristics of included studies in Table S1.

Risk of bias assessment

Risk of bias was undertaken using the ROBINS-I tool (26).

Strategy for data synthesis

Dichotomous outcomes were meta-analysed in RevMan 5.4 and are presented as risk ratio/odds ratios with
95% confidence intervals. Continuous outcomes are presented as mean difference with 95% confidence in-
tervals. When significant statistical heterogeneity was demonstrated on meta-analysis (including but not
limited to I²>40%) random effects modelling is used for meta-analyses. Studies providing data on incidence
of AI are included in the ‘total AI’ meta-analysis, whilst studies demonstrating a change in AI score or the
development of new AI symptoms in previously asymptomatic women after a subsequent birth after OASI
are included in the ‘new or worsening AI’ meta-analysis.

Subgroup analysis

Women who were symptomatic of anal incontinence after the first birth vs those who were asymptomatic.

Results

2472 studies were identified. 86 studies met inclusion criteria after full text review (PRISMA diagram S3).

5
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Characteristics of included studies:

Studies varied in quality and methodology. One RCT and non-randomised studies including retrospective
reviews, case-control, service evaluations and questionnaire studies were included (Table S1).

For measurement of our primary outcome, eight studies used a validated questionnaire (7, 12, 17, 18, 27, 28,
29, 30) and four studies did not use a validated method of symptom assessment, relying on description alone
(18, 31, 32, 33). It was possible to analyse data for an asymptomatic group of women after index OASI for
two studies (Figure 3D) (27, 28).

Risk of bias:

All ten studies contributing data to meta-analysis for the primary outcome were at high risk of bias for at
least one domain (Figure 1). One multicentre RCT contributed data to the analysis; however only 14.7% of
222 women randomised had a third-degree tear at the time of the index birth and the other 85.3% women
were recruited after a forceps birth and had an anal sphincter defect identified on endoanal ultrasound, which
was considered a surrogate marker for OASI. 71% women randomised in this study had an intact perineum
at index birth (28). One prospective cohort study to 6 months follow up was included (7). Other studies
were confounded by inclusion of women symptomatic of AI or were biased by retrospective reporting of
outcomes after treatment allocation, failure to account for important factors such as parity or to analyse by
the intention-to-treat approach, (e.g. by excluding emergency cesareans, or including elective and emergency
cesarean data together). Studies were also biased by retrospective recall of AI symptoms from patients,
different populations included (e.g. patients with OASI diagnosed sonographically, exclusion of women with
OASI recurrence, sphincter injury not classified by Sultan criteria), use of non-validated symptom assessment
tools (e.g. patient description), selective outcome reporting, use of multiple analyses, use of counselling
pathways advising CS for different groups, (e.g. patients with symptoms, 4th degree tear or EAUS defects),
and methodological limitations (e.g. retrospective service evaluation, follow-up questionnaire with limited
response rate).

Data heterogeneity:

A wide range of methods and protocols for counselling mode of subsequent birth were described based
on patient symptoms alone, endoanal ultrasound, anorectal manometry, and findings on 3D transperineal
ultrasound. Seven studies used EAUS to counsel women regarding mode of subsequent birth (18, 28, 29, 32,
33, 34, 35) and four used ARMS (18, 29, 32, 33) (S4). One study used 3D-TPUS but did not contribute data
to meta-analysis (11).

Recurrence of OASI

49 studies reported recurrence of OASI in women undergoing subsequent vaginal birth (S5). These included
10 national or state database studies (4, 12, 36, 37, 38, 39, 40, 41, 42, 43, 44), 3 US state databases (36, 38,
40) and 1 Canadian state database (44). Three studies were multicentre studies (27, 28, 45) and 32 studies
were single centre studies (11, 17, 29, 30, 31, 32, 33, 34, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69). 29 studies took place in a university or teaching hospital setting, (11,
17, 27, 28, 30, 32, 33, 34, 45, 46, 47, 49, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 65, 67, 68, 69) and
six were in a district general hospital setting (29, 31, 48, 50, 64, 66).

The mean index OASI rate was 3.31% and mean recurrence rate was 6.6% across all studies (7413 cases: range
1.9-25%, S5). Index OASI rates were higher in teaching hospitals (6.13% n=32) compared to population-
based studies (4.34% n=11) and district general hospitals (3.2% n=6). Recurrent OASI rates were higher
in district general hospitals (11.74% range 6.6-25% n=6) but similar in teaching hospitals (6.02% range
1.9%-13.4% n=32) and population-based studies (5.59% range 2.1-7.2% n=11). A summary of rOASI rates
provided by population-based studies (Figure 2) and all studies (S5) is described.

Incidence of AI after subsequent vaginal birth (VB) and subsequent CS after OASI

6
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The incidence of AI after a subsequent birth after OASI was reported by twenty-two studies. 12 studies (one
RCT and 11 non-randomised studies) were suitable for meta-analysis as they included data for both CS and
VB in a suitable form for pooling, and their characteristics are described (S4, Table S1) (7, 12, 18, 27, 28,
29, 31, 32, 33, 34). Some participants from one study (70) were included in a later publication (29) therefore
we excluded the earlier study from meta-analyses. Two studies described satisfaction with MOB choice (17,
34), two studies described regret with MOB choice (27, 30) and two studies described quality of life after
subsequent birth (7, 12). 11 studies were not suitable for meta-analysis (11, 13, 17, 46, 65, 67, 69, 71, 72, 73,
74) as they either did not contain a comparison group or did not contribute data in an interpretable format
(and either were not able to provide this or did not respond on contact with the corresponding author).

There was no evidence of a difference in deterioration in AI (new or worsening symptoms) after subsequent
VB compared to CS after OASI across all follow up time periods studied (Figure 3A: p=0.74; CI 0.72-1.19, 9
studies- 1 RCT 8 non-RCT, 2104 participants). There was no evidence of a difference for short-term symptoms
at 3-24 months (Figure 3B: p=0.71; CI 0.65-1.72, 7 studies, 569 participants) or long-term symptoms at [?]5
years (Figure 3C: p=0.39; CI 0.65-1.18, 2 studies, 1536 participants) between groups. There was no evidence
of a difference in AI between VB and CS in studies who recruited only asymptomatic women (Figure 3D:
p=0.43; CI 0.71-2.20, 2 studies, 220 participants).

The total incidence of AI after subsequent birth after OASI may be higher after CS than VB; the wide CI is
consistent with little effect or harm (Figure 4: p=0.03; 95% CI 1.08-3.47; 6 studies, 2253 participants). These
studies include women who were symptomatic pre-subsequent birth. Symptomatic women were more likely
to have subsequent CS than VB across the studies. The presence of pre-existing AI symptoms is therefore
a significant confounder.

The incidence of incontinence of solid or liquid stool, flatal incontinence and fecal urgency does not differ
between women who have a subsequent CS vs VB (S6). There is no evidence of a difference in levels of
satisfaction (17, 34) and regret (27, 30) (S7); regret is inversely proportional to satisfaction (30). There
was no evidence of a difference in QOL overall (S7); one study demonstrated higher levels of ‘incontinence
impact’ and ‘physical limitations’ in women having CS vs VB (7). Reduction in QOL is directly proportional
to patient symptoms of AI after OASI (70).

In a study not suitable for meta-analysis, patients subsequently delivering by CS had a significantly lower
Vaiezy score compared with subsequent VB, and those following MOB recommendations also demonstrated
significantly less AI (65). Another study demonstrated higher Wexner scores overall in women delivering
by CS vs VB, however there was no difference in average pre- and post- birth scores in the CS and VB
groups (17). These studies demonstrate the difficulties with interpreting results from individual sites, the
confounder of a higher symptomatic population in the CS group and widespread practice variation.

Other outcomes

No studies reported on symptoms of irritable bowel syndrome, obstructive defecation, blood loss or length
of stay.

Anal incontinence and subsequent birth by any mode

Twelve studies have investigated whether there is a difference in AI in women who have a subsequent birth
compared to women who have not had a subsequent birth after OASI. Ten studies were suitable for meta-
analysis (S8A) (13, 31, 55, 73, 75, 76, 77, 78, 79, 80). There is no evidence of a difference in AI in women
who have a subsequent birth by any mode vs those who have not (S8A: p=0.9; CI 0.71-1.34, 10 studies 970
participants). One study looked at QOL with a subsequent birth vs no subsequent birth (S8B). There was
no difference in QOL outcomes for women with a subsequent birth by any mode compared to those who
did not (55). A previous review meta-analysed this outcome in 2016 (35). Only one further study has been
added since this time (7).
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Anal incontinence pre- and post- subsequent birth

The incidence of AI in the same patients pre- and post- subsequent birth by any mode does not differ
between a mixed symptomatic and asymptomatic patient group across all time periods studied (S9: p=0.31;
CI 0.51-1.25, 13 studies, 5496 participants) (7, 12, 13, 18, 31, 32, 33, 34, 70, 74, 76, 81, 82).

Discussion

Main findings

Preventative value of CS for AI after OASI

This analysis does not demonstrate a protective benefit for routine elective CS in preventing new or worsening
symptoms of AI after OASI in a group of women who are both symptomatic and asymptomatic after their
index OASI. This was analysed from either a deterioration on a validated scoring system or a description
of new or worsening symptoms in women by study authors after a subsequent birth after OASI. There is
no evidence of difference in deterioration of AI between women who deliver by CS compared to women who
deliver by VB after OASI overall, in the shorter-term or longer-term (Figure 3A-C). For two studies in which
an asymptomatic group was analysed, there was also no evidence of a difference in AI symptoms in the
short-term; however there are significant limitations to both studies (Figure 3D).

Regarding the certainty of the results, all included studies were at high risk of bias for at least one outcome
(Figure 1). This was due to: limitations with the population recruited; non-randomisation to treatment
outcomes; inclusion of symptomatic women causing systemic bias; retrospective analysis; failure to analyse
by intention-to-treat (emergency CS group included with elective CS group or excluded) and a lack of
validated outcome data measurement (Figure 2). We do not have data to counsel specific groups; i.e.
symptomatic women, asymptomatic women, women with recurrent OASI.

Long term data

In the longer term, there is evidence from a larger population-based study that women subsequently deliv-
ering by VB after OASI may experience worsening of AI symptoms 5-12y after subsequent birth compared
to CS; however, this was not significant on the author’s multivariate analysis (12). The study relied on
retrospective recall of patient symptoms after index birth. EAUS and ARMS were not used to routinely
counsel women regarding subsequent birth; it was national practice for symptomatic women to undergo CS
and asymptomatic women to undergo subsequent VB.

The other study providing long-term data outcomes compared two different control groups of 50 patients
however this study was not powered to investigate long term AI symptoms between these groups (27).
Therefore, both studies in our meta-analysis have significant limitations and we need higher quality data to
investigate differences in long-term AI symptoms in asymptomatic women after OASI who deliver by VB or
CS.

Recurrence of OASI

Women who sustain an OASI recurrence have poorer long term incontinence outcomes than women who
deliver without an OASI (5); studies included in this review did not provide data for this specific outcome.
Rates of index OASI are higher in teaching and university hospitals compared to population-based studies
and district-general hospitals (DGHs). However, rates of recurrent OASI are highest in DGHs. There is an
extremely wide variation in OASI recurrence rates reported across studies, representing a 25-fold difference.
This may relate to training in OASI detection and participation in research in some units, differences in

8
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OASI detection rates and classification over time, regional differences in obstetric practice and care to avoid
recurrence e.g. by using OASI care bundles in some units.

Strengths and limitations

This comprehensive review summarises the current evidence for whether elective cesarean section is protective
against the development of AI after OASI. It uses a robust prospectively published systematic methodology
to double-extract data and appraise the risk of bias of this data by two independent study authors. This is an
extremely important area clinically as AI has a profound negative effect on the lives of young women, OASI
is common, and AI is very common after OASI. This area is under-researched; current guidelines utilise level
4 evidence and there is consequently widespread variation in clinical practice.

This study meta-analyses both (1) the total incidence of AI after subsequent VB compared to subsequent
CS after OASI and (2) the presence of new or worsening AI after subsequent VB compared to subsequent
CS after OASI. To our knowledge, it is the first study to investigate both outcomes. It highlights challenges
appraising evidence from non-randomised mode of birth studies due to significant confounding caused by
including women with pre-existing symptoms of AI. It is therefore difficult to provide clinically interpretable
information on the preventative value of CS against worsening AI from existing published data.

Asymptomatic vs symptomatic women

This review is limited by the methodology of the published data, particularly the ability to extract values for
just women who are symptomatic or asymptomatic after index OASI. When counselling women clinically,
this is an important factor. Most studies are service evaluations which include both symptomatic and
asymptomatic women as one group. Additionally, most published data do not used a validated incontinence
score to pair data pre- and post- birth after OASI therefore it is difficult to extract data for women who
have ‘new’ or ‘worse’ AI after birth.

Quality of the data

The vast majority of included studies were at high risk of bias for at least one outcome. This was due to: lim-
itations with the population recruited; non-randomisation to treatment outcomes; inclusion of symptomatic
women causing systemic bias; retrospective analysis; failure to analyse by intention-to-treat (emergency
cesarean group included with elective cesarean group or excluded); and a lack of validated outcome data
assessment (Figure 1). All studies except two included women with pre-existing AI symptoms.

Data heterogeneity

One difference between studies is the use of EAUS, ARMS and 3D-TPUS to assess anal sphincter defects and
counsel women alongside symptoms to undergo planned VB or planned CS after OASI (Table S1, S4). Defects
on EAUS are significantly correlated with symptoms of AI both in women with a history of OASI diagnosed
at birth (55% have a persistent sphincter defect and 38% have AI) and in those without (13% have sphincter
defects and 14% have AI) (83). We include all women in these meta-analyses however it would be valuable to
appreciate the role of EAUS, ARMs and 3D-TPUS in the long term in guiding practice, specifically whether
CS is valuable in preventing AI in asymptomatic women with defects/abnormal physiology who undergo
subsequent birth.

Deviations from study protocol

Although our protocol aim was to stratify AI by follow up time period (short-term ([?]1y), medium-term
(>1y <5y), long-term ([?]5y)) this was not due to the ranges in follow-up time period employed by particular
studies (S4) (12, 31, 33, 34). Instead, we meta-analyses two time periods; 3-24 months (short term) and
[?]5y (long term).

9
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Interpretation of results

This systematic review has not demonstrated a protective effect of CS over VB to prevent new or worsening
AI symptoms after OASI in the short-term. Data presented in this meta-analysis represents a mixed group
of symptomatic and asymptomatic women and nearly all studies were at high risk of bias and short follow
up duration. It therefore does not reliably assess an effect of subsequent MOB on long-term AI outcomes,
or provide individualised risk assessment for groups of women who are symptomatic or asymptomatic after
OASI.

Evidence to support counselling women after OASI is limited. There is a paucity of data on long-term
outcomes and knowledge about women’s preferences and decision-making (84). Factors predicting worse AI
with subsequent birth after OASI include transient or ongoing AI symptoms after index birth (13), fourth-
degree tear (5, 24) and recurrent OASI (4). Factors predicting better AI outcomes with subsequent birth
after OASI include absence of AI after index birth (13), normal anorectal physiology (29), lesser degree of
injury (24) and absence of injury at subsequent birth (4).

Practical and research recommendations

The evidence included in this review is limited and comes mostly from service evaluations undertaken on
mixed groups of women (17, 18, 19, 29, 31, 32, 70, 82). Higher-quality evidence is required to enable clinicians
to personalise the risk of future AI based on index birth factors, maternal risk and current pregnancy details
in women who deliver after OASI. This should differentiate the risk for asymptomatic and symptomatic
women. Research to ascertain the value of anorectal physiology investigations in predicting longer term AI
outcomes would be beneficial and enable standardisation of antenatal counselling pathways.

Conclusion

This systematic review and meta-analysis summarises the results of 84 studies investigating outcomes in
women who subsequently deliver after OASI. Evidence is of low quality and does not support the routine
practice of elective cesarean to prevent new or worsening AI symptoms in a mixed symptomatic and asymp-
tomatic group of women. There are significant limitations to existing published data, specifically relating to
counselling of asymptomatic women and regarding long-term AI outcomes. Further research is required so
that women can be provided with personalised risk indicators for AI for birth after OASI.
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Figure and table legends

Figure 1: ROBINS Risk of bias assessment tool for studies included in meta-analysis for the primary outcome

Figure 2: Index and recurrent OASI rates across included studies

Figure 3: Anal incontinence and mode subsequent birth after OASI

Figure 4: Total incidence of anal incontinence after subsequent birth

Table S1: Characteristics of included studies

S2: Study inclusion and exclusion criteria

S3: Prisma diagram

S4: Description of studies included for primary outcome

S5: Recurrent OASI rates across all studies

S6: Meta-analysis for secondary AI outcomes (1) solid (2) liquid (3) flatus (4) urgency

S7: Satisfaction, regret and QOL after subsequent birth

S8: Subsequent birth vs no subsequent birth after OASI

S9: Incidence of AI pre- and post- subsequent birth; paired data

Primary Figures

Figure 1: ROBINS Risk of bias assessment tool for studies included meta-analysis for the primary outcome

Figure 2: Index and recurrent OASI rates across included studies
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rOASI population No studies Index OASI rate (%) rOASI rate (%) rOASI range %

All studies 49 3.31 6.6 1.9-25%
National/state database 12 4.34 5.59 2.1-7.2%
Teaching/university hospital 32 6.13 6.02 1.9-13.4%
District general hospital 6 3.2 11.74 6.66-25%

Figure 3: Anal incontinence and mode subsequent birth after OASI

A New or worsening AI after subsequent birth- all time periods

B New or worsening AI after subsequent birth- short term (3 months-2 years)

C New or worsening AI after subsequent birth- long term ([?] 5 years)

D AI in asymptomatic women after subsequent birth, all time periods
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Figure 4: Total incidence of anal incontinence after subsequent birth
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