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Introduction

Childbirth-related perineal trauma affects the vast majority of women who give birth
vaginally and subsequent complications such as wound infection occur frequently.
Antibiotic prophylaxis is not currently recommended following first or second degree
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prophylactic antibiotics were received, in the non-obstetric anal sphincter injuries
combined subgroup (relative risk 0.50, 95% confidence interval 0.41-0.63) and the
episiotomy only subgroup (relative risk 0.57, 95% confidence interval 0.36-0.91).

Conclusions

Prophylactic antibiotics are associated with a reduced risk of perineal wound infec-
tion. Despite these findings, there are not sufficient high-quality randomised con-
trolled trials to adequately inform guideline change amongst women with first/second
degree tears or episiotomies. We recommend that an adequately powered, robust,
randomised controlled trial is needed amongst women with first/second degree tears
or episiotomies after spontaneous birth.

1 Introduction

Perineal trauma is the most common complication after childbirth, affect-

ing approximately 90% of nulliparous and 69% of multiparous women [1].
Childbirth-related perineal trauma (CRPT) can impact all aspects of a woman’s
life, with some women suffering long-lasting physical and psychological compli-
cations [2,3]. Poor management of wound complications after CRPT can further
reduce quality of life and lead to worsening long-term outcomes, such as post-
natal depression, chronic pain, dyspareunia and incontinence [4]. Despite this
high prevalence and the potential for long-term consequences, there is a lack of
research on this topic.

The exact incidence of wound infections after CRPT is unknown and varies
significantly across the literature, with estimates between 0.1-23.6% [5]. Whilst
clear guidelines exist for the postnatal care of women who have sustained
obstetric anal sphincter injury (OASI), there is a lack of evidence based guide-
lines for the postnatal care of non-OASI trauma [6]. Clinicians express a lack of
confidence in managing CRPT in the postnatal period and women report feeling
dissatisfied with their postnatal care [7,8]. The recent governmental Birth Trauma
Inquiry Report released in 2024 highlights this, and the need to ensure that
improving care in the postnatal period is prioritised by policy-makers, clinicians
and researchers [9].

Studies investigating the use of prophylactic antibiotics for perineal trauma have
found antibiotics to be effective for preventing infection after assisted vaginal birth
and OASI [10,11], with current guidelines therefore recommending antibiotic pro-
phylaxis following either of these events [6,12]. Antibiotic prophylaxis is, however,
not currently recommended following non-OASI perineal trauma after spontaneous
vaginal birth [13]— there is consequently a need to consider the use of prophylactic
antibiotics in these circumstances, considering both the effectiveness in reducing
complications and any potential harms.

This review forms part of the CHAPTER (Childbirth Associated Perineal
Trauma) programme grant, which overall aims to improve the care of women
who sustain CRPT. Other outputs of the CHAPTER programme include the
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development of a wound assessment tool and care pathways for women who have experienced perineal trauma. Here,
we aim to assess the effectiveness of prophylactic antibiotics for the prevention of complications in all types of CRPT.

2 Materials and methods
2.1 Study design and registration

This forms a systematic review and meta-analysis of studies evaluating prophylactic antibiotics compared to no prophy-
lactic antibiotics for women with CRPT. The review was performed in-line with PRISMA guidance, and the review protocol
was published prospectively under the overarching PROSPERO for the series of reviews conducted across the CHAP-
TER project (CRD42023458738) [14,15]. The conclusions drawn have been discussed and refined with our patient and
public advisory CHAPTER co-applicant.

2.2 Inclusion and exclusion criteria

Randomised controlled trials (RCTs), non-randomised interventional studies and observational studies were eligible for
inclusion, where women with perineal trauma following vaginal birth received prophylactic antibiotics, compared to no
antibiotics or a placebo. We chose to include observational studies in order to collate all the available evidence, as from
scoping searches we were aware the existing evidence from RCTs was likely to be scarce— this was particularly with the
aim of including all different types of tear and antibiotic regimens, in different settings. Studies investigating all types of
perineal trauma were eligible, including first- and second-degree tears, episiotomies and OASIs. We included trauma
sustained following spontaneous or assisted vaginal birth. All types of antibiotics at different doses, routes of delivery and
duration were included. Non-English studies were translated. Studies were excluded where the antibiotics were used only
therapeutically, where CRPT was not sustained, or where data was not available for our outcomes of interest. Case stud-
ies, case series and case controlled studies were excluded. A summary of correspondence with study authors is included
in Table A in S1 Appendix, and a table of excluded studies in Table B in S1 Appendix.

2.3 Outcomes

The primary outcome was perineal infection. Secondary outcomes included: wound dehiscence, pain, wound healing,
urinary incontinence, faecal incontinence, dyspareunia, length of hospital stay, hospital readmission and maternal adverse
reaction. Outcomes were defined as per the reports of the study author and where available these definitions were
included in the study characteristics table. There is not an existing core outcome set for CRPT and therefore the list of
outcomes chosen from outset were based on author consensus and from prior discussions with the CHAPTER patient
advisory group.

2.4 Search strategy

A systematic literature search was undertaken using: Medline, Embase, CINAHL, Cochrane central register of controlled
trials, Web of Science and Google Scholar, from inception to February 2024. A combination of medical subject headings
(MeSH) and text words were used. An example of search terms used is included in Appendix A in S1 Appendix, which
were adapted for each database searched.

2.5 Study selection and data extraction

Two reviewers independently reviewed titles and abstracts of the retrieved articles (HA, RM), with a third independent
reviewer resolving any conflicts (VHM). This process was repeated for full text screening and data extraction. Covidence
software was used for study screening. Data from the studies meeting the inclusion criteria was extracted onto a data
entry form and then transferred onto an electronic spreadsheet.
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2.6 Risk of bias assessment

Two review authors assessed risk of bias for each study (HA, RM) with conflicts solved by consensus. Risk of bias was
assessed in line with guidance from the Cochrane Handbook for Systematic Reviews of Interventions, using the RoB2 tool
for RCTs and ROBINS-I tool for observational studies [16,17]. Both tools were applied at the outcome level as per guid-
ance [16,18,19].

2.7 Certainty of evidence

The GRADE approach [20] was used to assess the certainty of the included evidence from the meta-analyses based on
RCTs only— these analyses were deemed most appropriate to apply the GRADE framework to as the effectiveness of an
intervention was being considered.

2.8 Data analysis

Data was synthesised using Review Manager 5.4 software. To assess dichotomous outcomes, risk ratios (RR) were
calculated, with 95% confidence intervals. An absolute risk reduction (ARR) and number needed to treat (NNT) were
calculated using standard formulas for the primary outcome [21]. For continuous outcomes, means and standard devia-
tions were extracted. A random effects model was applied, as studies were conducted using different antibiotic protocols
amongst different populations and at different time-points, so were likely to be estimating different underlying effects. To
assess for statistical heterogeneity the I? statistic was used. Where data was not available in primary studies, no assump-
tions or imputations were made and only available data was used for meta-analysis. Where there were three or more
RCTs eligible for inclusion, we performed an RCT only analysis in addition to an overall analysis pooling both observa-
tional studies and RCTs. Subgroup analyses were planned for outcomes where meta-analysis was possible; by degree of
tear, route of antibiotic administration, risk of bias judgement, type of antibiotic received and spontaneous/assisted vaginal
birth.

2.9 Publication bias

Funnel plots were generated to assess for publication bias in meta-analyses. Egger’s regression test was used to quan-
titavely assess for funnel plot asymmetry where there were 210 studies in the analysis [22]. Funnel plots and Egger’s
regression test were generated using R software (4.3.0) and RStudio.

3 Results
3.1 Included studies

Fourteen full-text studies were eligible for inclusion, which comprised eight RCTs and six observational studies (two prospec-
tive cohort studies, one retrospective cross sectional study, one prospective cross-sectional study, one quality improvement
initiative [retrospective data collection], one cohort study with retrospective and prospective components), involving 8,878
women across nine countries [11,23-35](Fig 1). Four studies were conducted in the USA, three in India and one in each of;
Iran, UK, Brazil, South Africa, Germany, Thailand and Turkey. Characteristics of included studies can be found in Table 1. We
included data from one additional published abstract from the full-text by Propst et al., as it contained further outcome data
not included in the full-text version [36]. Humphrey’s et al., a secondary analysis of the ANODE (Antibiotics in the Prevention
of Infection after Operative Vaginal Delivery) RCT by Knight et al., was included, as we were able to derive the total number
with perineal trauma from Humphreys et al., and the number with perineal wound infection from the primary ANODE trial
[10,27]. Where Humphreys is cited in results, this refers to results from both published articles.

Studies used varying prophylactic antibiotic regimens. The most commonly used antibiotics were cefoxitin (four studies),
co-amoxiclav (three studies) and cefazolin (three studies). Antibiotics were commenced at varying time points— as detailed
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Studies from databases/registers (n = 1289)
Google Scholar (n =587)
Embase (n = 385)
MEDLINE (n = 134)
Cochrane (n = 85)
Web of Science (n = 60)

CINAHL (n = 38)
References removed (n =474)
Duplicates identified manually (n = 21)
Duplicates identified by Covidence (n=453)
Studies screened (n = 815) —>| Studies excluded (n = 745)

v

Studies assessed for eligibility (n = 70)

A4

Studies excluded (n =55)

26 No relevant data

20 Wrong study design

4 Protocol

2 Trial registration

1 Unclear if prophylactic antibiotics
1 Wrong outcomes

1 Wrong patient population

Y

Studies included in review (n = 14)*

*1 additional abstract of the same study with further data

Fig 1. Study flow diagram. Study flow diagram illustrating the search and selection process generated using Covidence software (aligned to PRISMA
2020).

https://doi.org/10.1371/journal.pone.0323267.9001

in Table 1, most commonly antibiotics were administered at the time of repair or after birth. There were varying definitions
of perineal infection reported in the included studies (detailed in Table 1). Wound breakdown was included in the definition
of perineal infection in five studies. Purulent discharge was also one of the most common signs included in definitions of
perineal wound infection. The presence of infection was recorded at different time-points, ranging from 24 hours to three
months postpartum.

3.2 Risk of bias

3.2.1 Randomised controlled trials. Four studies were deemed to be at high risk of bias, two with some concerns
and two low risk of bias. Fig Ain S1 Appendix shows the overall quality of the RCTs split by the RoB2 tool domains.
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Domain two, bias due to deviations from intended interventions carried the highest risk of bias. There was a lack of
blinding in several included RCTs.

3.2.2 Observational. All six observational studies were deemed to be at critical or serious risk of bias. Fig B in S1
Appendix shows the overall quality of the observational studies split by the ROBINS-I tool domains. The ROBINS-I
risk of bias tool determines bias by comparison of the observational interventional study to a fully randomised trial. As
such, in domain one (risk of bias due to confounding), a study can only be classified as low risk of bias if the study is
comparable to a well-performed randomised trial and therefore no studies were deemed at low risk of bias in this domain.
Furthermore, the majority of outcome data used in this systematic review from observational studies was inherently not
controllable and therefore a critical risk of bias was assigned for the first domain. Authors made the decision to still include
these studies, whilst performing an RCT only sensitivity analyses. Whilst some studies presented baseline characteristics
between intervention and no intervention groups, others did not present this data at all or in full.

3.3 GRADE assessment

Table C in S1 Appendix shows the Summary of Findings table. Overall the GRADE certainty of findings were low for both
perineal infection and wound dehiscence. Several studies included in each analysis had a high or unclear risk of bias
using the RoB2 and ROBINS-I tools. There were differences in the populations and interventions between the included
studies, with Sebitloane et al. [28] solely including a HIV cohort, affecting the directness of the evidence. Varying antibiotic
types, doses, durations and routes were utilised between studies. Heterogeneity was present in the wound dehiscence
analysis, with some point estimates demonstrating an effect in the opposite direction.

3.4 Data analysis

For perineal wound infection, when observational studies and RCTs were pooled together, 12 studies were included

infection in those administered prophylactic antibiotics (RR 0.57, 95% CI 0.48 to 0.67, I2=0%). For perineal wound
dehiscence when RCTs and observational studies were pooled together, nine studies were included, with 4,610 women

Prophylactic antibiotics Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Cox 2022 3 140 11 372 1.7% 0.72[0.21, 2.56] e
Duggal 2008 4 49 14 58  2.4% 0.34 [0.12, 0.96] s
Garala 2019 2 73 3 73 0.8% 0.67[0.11,3.87] ==
Gommesen 2019 5 116 18 274  28% 0.66 [0.25,1.73] =
Humphreys 2022 1M1 1570 222 1577 55.9% 0.50 [0.40, 0.62] =
Lewicky-Gaupp 2015 26 91 64 177 18.3% 0.79[0.54,1.15] —
Neto 1990 0 34 4 39 0.3% 0.13[0.01,2.28] ¢
Propst 2022 12 195 7 116 3.2% 1.02[0.41,2.52] _—t
Sebitloane 2008 13 95 18 100 6.1% 0.76 [0.39, 1.46] T
Tandon 2018 1 150 3 150 0.5% 0.33[0.04,3.17]
Thongtip 2023 4 543 40 2046 2.5% 0.38[0.14,1.05]
Yilmaz 2024 11 200 23 200 55% 0.48 [0.24, 0.95] 1
Total (95% Cl) 3256 5182 100.0% 0.57 [0.48, 0.67] é
Total events 192 427
Heterogeneity: Tau®= 0.00; Chi*= 9.94, df= 11 (P = 0.54); F= 0% % 01 0*1 3 1*0 100’-

Test for overall effect: Z= 6.87 (P < 0.00001) Favours [experimental] Favours [control]

Fig 2. Perineal wound infection— prophylactic antibiotics compared to none. Forest plot to show the outcome of perineal wound infection for pro-
phylactic antibiotics compared to no prophylactic antibiotics. Created using Revman. Abbreviations M-H=Mantel-Haenszel, Cl=confidence interval.

https://doi.org/10.1371/journal.pone.0323267.9002
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antibiotic group compared to the placebo group (RR 0.60, 95% CI 0.36 to 0.99, 12=49%) (Fig 3).

Data collected for the remaining secondary outcomes was solely descriptive as there was insufficient information for
meta-analysis. Chandrababu et al. and Goodzari et al. measured wound healing using the REEDA (redness, oedema,
ecchymosis and approximation) wound assessment tool, which scores each parameter on a scale of zero to three, with a
higher score representing poorer wound healing and a total score from 15 subsequently calculated [23,26]. In the former
study there was no statistically significant difference in the rate of wound healing between those receiving compared to not
receiving antibiotics, when measured at the time of discharge [23]. Goodarzi et al. reported a mean REEDA score of 1.14
in the prophylactic antibiotics group versus 1.63 in the control group [26].

Tandon et al. reported the outcome of pain using both a visual analogue scale and in terms of the presence or absence
of pain [29]. There was no significant difference in the presence or absence of pain between antibiotic and no antibiotic
groups (p=0.99), but there was a statistically significant difference between groups when pain was recorded using a
visual analogue scale (p=0.026).

The abstract by Propst et al. was the only study to report data for urinary and faecal incontinence [36]. It was reported
immediately and at six to 12 months postpartum. There was no statistically significant difference in urinary or faecal
incontinence between those receiving antibiotics versus no antibiotics immediately postpartum. This was consistent for
urinary and faecal incontinence at six to 12 months postpartum where no significant differences were found [36]. For the
outcome of length of hospital stay, Garala et al. found no statistically significant difference in those receiving compared to
not receiving prophylactic antibiotics [24]. Goodarzi et al. found two cases of hospital readmission in the prophylactic anti-
biotics arm compared to none in the control arm (n=70 in each arm) [26]. Goodarzi et al. was the only study to comment
on maternal adverse reactions to antibiotics and there were no observed adverse reactions reported [26]. No included
studies reported on dyspareunia.

3.5 Sensitivity and subgroup analyses

3.5.1 Sensitivity analyses. The RCT only analysis for the outcome of perineal wound infection included six studies
involving 3,968 women [11,24,27-29,35]. This showed a significant reduction in the risk of perineal infection with
prophylactic antibiotics, across all types of tear (RR 0.51, 95% Cl 0.42 to 0.62, 1=0%) (Fig 4). Calculation of the absolute

Prophylactic antibiotics Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chandrababu 2019 5 200 1 100 4.5% 2.50[0.30, 21.11]
Duggal 2008 4 49 12 58 11.7% 0.39[0.14, 1.15] B
Gommesen 2019 9 116 52 274 17.2% 0.41[0.21, 0.80] —
Goodarzi 2020 14 70 9 70 15.7% 1.56 [0.72, 3.36] T
Neto 1990 5 34 11 39 13.1% 0.52[0.20, 1.35] -
Propst 2022 17 195 9 116 15.6% 1.12[0.52, 2.44] =
Tandon 2018 1 150 3 150 41% 0.33[0.04, 3.17]
Thongtip 2023 2 543 29 2046 8.2% 0.26 [0.06, 1.09] - = T
Yilmaz 2024 3 200 12 200 9.8% 0.25[0.07, 0.87] - x
Total (95% CI) 1557 3053 100.0% 0.60 [0.36, 0.99] -
Total events 60 138

Heterogeneity: Tau? = 0.26; Chi? = 15.60, df = 8 (P = 0.05); I1> = 49%

Test for overall effect: Z = 2.00 (P = 0.05) o o4 1 10 L

Favours [experimental] Favours [control]

Fig 3. Perineal wound deshiscence— prophylactic antibiotics compared to none. Forest plot to show the outcome of perineal wound dehiscence
for prophylactic antibiotics compared to no prophylactic antibiotics. Created using Revman. Abbreviations M-H=Mantel-Haenszel, Cl=confidence
interval.

https://doi.org/10.137 1/journal.pone.0323267.9003
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Prophylactic antibiotics Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Duggal 2008 4 49 14 58 3.6% 0.34[0.12, 0.96] —
Garala 2019 2 73 3 73 1.3% 0.67 [0.11, 3.87]
Humphreys 2022 111 1570 222 1577 84.6% 0.50[0.40, 0.62] .
Neto 1990 0 34 4 39 0.5% 0.13[0.01,2.28] *
Sebitloane 2008 13 95 18 100 9.2% 0.76 [0.39, 1.46] I
Tandon 2018 1 150 3 150 0.8% 0.33[0.04, 3.17]
Total (95% CI) 1971 1997 100.0% 0.51 [0.42, 0.62] <
Total events 131 264
T

Heterogeneity: Tau? = 0.00; Chi? = 3.17, df =5 (P = 0.67); I> = 0%

} } t
Test for overall effect: Z = 6.59 (P < 0.00001) DS 4s 1 : oo

Favours [experimental] Favours [control]

Fig 4. Perineal wound infection— prophylactic antibiotics compared to none (RCT only analysis). Forest plot to show the outcome of perineal
infection for prophylactic antibiotics compared to no prophylactic antibiotics for RCTs only. Created using Revman. Abbreviations M-H =Mantel-Haenszel,
Cl=confidence interval.

https://doi.org/10.1371/journal.pone.0323267.9004

risk for the RCT only analysis gave a reduction of 66 perineal infection events per 1000 women when prophylactic
antibiotics were given compared to no prophylactic antibiotics. The NNT was 15. For the perineal wound dehiscence RCT
only analysis, including five studies and 920 women, there was no statistically significant difference between risk in the

3.5.2 Subgroup analyses. For the outcomes of infection and dehiscence in those receiving prophylactic antibiotics
compared to no antibiotics, subgroup analysis was performed by type of tear, across observational studies and RCTs.
For the outcome of infection in the first/second degree tear or episiotomy, episiotomy only, third/fourth degree tear and
all types of perineal trauma (unable to separate by tear type) subgroups, results were RR 0.50, 95% CI 0.41-0.63,
12=0%; RR 0.57, 95% CI 0.36-0.91, I1’=0%; RR 0.75, 95% CI 0.54—-1.03, I?°=0% and RR 0.51, 95% CI 0.25-1.02, >’=0%
respectively (p=0.25 for subgroup differences) (Fig 6). For the outcome of wound dehiscence, in the same tear subgroups
respectively, results were RR 1.64, 95% CI 0.80-3.39, 1°=0%; RR 0.39, 95% CI 0.19-0.80, I?°=0%; RR 0.71, 95% ClI
0.26-1.97, 1?=59%; RR 0.38, 95% Cl 0.20-0.69, 12°=0% (p=0.01 for subgroup differences) (Fig C in S1 Appendix).

We performed subgroup analyses investigating the effect of the route of administration of antibiotics on risk of perineal
infection. There were two main routes of administration used in the included studies; intravenous and oral, and one study
by Yilmaz et al. used a topical route [34]. Some studies administered antibiotics via a mixture of routes and others did

not specify. For perineal wound infection, results for studies administering antibiotics intravenously, orally, topically or via
mixed/unspecified routes were RR 0.52, 95% CI 0.43-0.63, 12°=0%; RR 0.39, 95% CI 0.11-1.38, 12°=0%; RR 0.48, 95%
Cl1 0.24-0.95 [I? not applicable]; RR 0.75, 95% Cl 0.55-1.02, 1>=0% respectively (p=0.24 for subgroup differences) (Fig
D in S1 Appendix). For perineal wound dehiscence, results for the same subgroups respectively were RR 0.39, 95% CI
0.14—1.15 [I? not applicable]; RR 0.82, 95% Cl 0.33-2.05, 1°=49%; RR 0.25, 95% CI 0.07-0.87 [I?> not applicable] and RR
0.64, 95% CIl 0.29—1.44, 12=56% (p=0.43 for subgroup differences) (Fig E in S1 Appendix).

Subgroup analyses by risk of bias category were also performed to investigate whether the effect of antibiotics on perineal
wound infection or wound dehiscence was altered by study quality. For perineal wound infection subgrouped by studies at
high/critical/serious, some concerns and low risk of bias, results were RR 0.67, 95% Cl 0.51-0.89, 1°=0%; RR 0.76, 95% ClI
0.39-1.46, I2’=N/A; RR 0.49, 95% CI 0.40-0.61, I’=0% (p=0.14 for subgroup differences) (Fig F in S1 Appendix). For perineal
wound dehiscence, for the same bias categories respectively, results were RR 0.53, 95% CI 0.31-0.88, 12=32%; RR 1.56, 95%
C10.72-3.36, I°’=N/A; RR 0.39, 95% CI 0.14-1.15, 12>=N/A (p=0.04 for subgroup differences) (Fig G in S1 Appendix).

Meta-analysis by type of antibiotic used was not possible as there were not sufficient studies using the same antibi-
otic. Many of the observational studies used several different types of antibiotics within their single dataset and it was not

PLOS One | https://doi.org/10.137 1/journal.pone.0323267 May 9, 2025 12/19
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possible to separate the outcome data by antibiotic used. Type of antibiotic used in each study can be seen in
Table 1. Similarly subgroup analysis by spontaneous/assisted vaginal birth was not possible, as there was insufficient data
for analysis.

3.6 Publication bias

Funnel plots, generated for outcomes of infection and wound dehiscence can be found in Fig H and Fig | in S1 Appendix.
Funnel plots suggest an absence of significant publication bias.

4 Discussion
4.1 Main findings

There is a reduction in perineal wound infection when prophylactic antibiotics are received, compared to placebo (absolute
risk reduction 6.6% based on the RCT only analysis) across all types of tear. Subgroup analysis demonstrated a reduced
risk of infection when prophylactic antibiotics were administered in the non-OASI groups. For the prevention of wound
dehiscence, prophylactic antibiotics were not found to be superior to placebo or control in our RCT only analysis.

4.2 Context within previous research

The 2019 ANODE trial has provided clear evidence that antibiotics for assisted vaginal births are effective in preventing
subsequent infections and therefore this has now been incorporated into guidelines and clinical practice [10]. Whilst our
systematic review includes data from the ANODE trial, we also include studies where women underwent a spontaneous
vaginal birth. Our results, whilst incorporating data from women with all types of CRPT and across all modes of vaginal

birth and therefore not being directly comparable to ANODE, were overall in keeping with this robust and recent RCT.

In terms of existing systematic reviews on the subject, the Cochrane review investigating prophylactic antibiotics for
episiotomy repair was published in 2017 [13]. Our systematic review includes the Neto 1990 RCT, which is the only trial
included in the 2017 Cochrane review [35]. Based on the findings of the single, small RCT, the 2017 Cochrane review
found that there was no clear difference between the groups who received antibiotics compared to those who did not.
This trial is now 35-years-old and authors of the primary RCT used chloramphenicol as their prophylactic antibiotic— this
is clearly not an antibiotic that would be considered for this use in present settings. In our systematic review, we found a
greater number of studies investigating the use of prophylactic antibiotics after episiotomy and therefore can build on evi-
dence from this earlier Cochrane review. Furthermore, our subgroup analyses by type of tear suggested that prophylactic

Prophylactic antibiotics Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Chandrababu 2019 5 200 1 100 9.3% 2.50[0.30, 21.11] "
Duggal 2008 4 49 12 58 23.8% 0.39[0.14, 1.15] - &
Goodarzi 2020 14 70 9 70 31.8% 1.56 [0.72, 3.36] T
Neto 1990 5 34 11 39 26.6% 0.52[0.20, 1.35] -
Tandon 2018 1 150 3 150 8.5% 0.33[0.04, 3.17]
Total (95% CI) 503 417 100.0% 0.77 [0.37, 1.58] i
Total events 29 36 .

Heterogeneity: Tau? = 0.27; Chi?=7.01,df =4 (P =0.14); I?=43%

! ] Il
Test for overall effect: Z=0.72 (P = 0.47) 001 U 1 10 108

Favours [experimental] Favours [control]

Fig 5. Perineal wound deshiscence— prophylactic antibiotics compared to none (RCT only analysis). Forest plot to show the outcome
of wound dehiscence for prophylactic antibiotics compared to no prophylactic antibiotics for RCTs only. Created using Revman. Abbreviations
M-H=Mantel-Haenszel, Cl=confidence interval.

https://doi.org/10.1371/journal.pone.0323267.9005
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Prophylactic antibiotics Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
1.5.1 1st/2nd degree tear or episiotomy
Garala 2019 2 73 3 73 0.8% 0.67 [0.11, 3.87] —
Humphreys 2022 111 1570 222 1577 55.9% 0.50 [0.40, 0.62] L
Subtotal (95% CI) 1643 1650 56.7% 0.50 [0.41, 0.63] 2
Total events 113 225
Heterogeneity: Tau? = 0.00; Chi? = 0.10, df =1 (P = 0.75); I?= 0%
Test for overall effect: Z = 6.23 (P < 0.00001)
1.5.2 Episiotomy only
Neto 1990 0 34 4 39 0.3% 0.13[0.01,2.28] *
Sebitloane 2008 13 95 18 100 6.1% 0.76 [0.39, 1.46] s
Tandon 2018 1 150 3 150 0.5% 0.33[0.04, 3.17]
Yilmaz 2024 11 200 23 200 5.5% 0.48 [0.24, 0.95] — = |
Subtotal (95% Cl) 479 489  12.4% 0.57 [0.36, 0.91] <o
Total events 25 48
Heterogeneity: Tau? = 0.00; Chi? = 2.30, df =3 (P = 0.51); I? = 0%
Test for overall effect: Z=2.38 (P = 0.02)
1.5.3 3rd/4th degree tear
Cox 2022 3 140 11 372 1.7% 0.72[0.21, 2.56] - =1
Duggal 2008 4 49 14 58 2.4% 0.34[0.12, 0.96] - = |
Lewicky-Gaupp 2015 26 91 64 177 18.3% 0.79[0.54, 1.15] —
Propst 2022 12 195 7 116 3.2% 1.02 [0.41, 2.52] N
Subtotal (95% CI) 475 723 25.5% 0.75 [0.54, 1.03] »
Total events 45 96
Heterogeneity: Tau? = 0.00; Chiz = 2.78, df = 3 (P = 0.43); 1= 0%
Test for overall effect: Z = 1.77 (P = 0.08)
1.5.4 All types (unable to separate)
Gommesen 2019 5 116 18 274 2.8% 0.66 [0.25, 1.73] S
Thongtip 2023 4 543 40 2046 2.5% 0.38[0.14, 1.05] |
Subtotal (95% ClI) 659 2320 5.3% 0.51 [0.25, 1.02] <
Total events 9 58
Heterogeneity: Tau? = 0.00; Chi* = 0.61, df =1 (P = 0.44); 1= 0%
Test for overall effect: Z=1.90 (P = 0.06)
Total (95% Cl) 3256 5182 100.0% 0.57 [0.48, 0.67] ¢
Total events 192 427

H . 2 — . 12 = — - - ]2 = 0, : : : {

Heterogeneity: Tau? = 0.00; Chi? = 9.94, df = 11 (P = 0.54); 1= 0% 0.01 01 ] 10 100

Testforoverll effe(.:t: Z =6.67 (P_< 0.00001) Favours [experimental] Favours [control]

Test for subaroup differences: Chi? = 4.14, df = 3 (P = 0.25), I? = 27.5%
Fig 6. Perineal wound infection subgrouped by type of perineal trauma— prophylactic antibiotics compared to none. Forest plot to show the
outcome of wound infection for prophylactic antibiotics compared to control where subgroups are split by type of perineal tear. Created using Revman.
Abbreviations M-H=Mantel-Haenszel, Cl=confidence interval.

https://doi.org/10.1371/journal.pone.0323267.9006

antibiotics for women who undergo episiotomy may be associated with a reduction in rates of wound infection and wound
dehiscence. A further Cochrane review investigated prophylactic antibiotics for third and fourth degree tears and found
one eligible RCT— this trial suggested that prophylactic antibiotics were effective in preventing wound infection after OASI
[11,37]. We found no additional RCTs focusing solely on women with OASI, however we were also able to draw on studies
with observational design.

Our review must also be considered in the context of the recently published UK governmental Birth Trauma report,
which highlights poor postnatal care as a significant contributor to trauma [9]. The devastating effects of perineal trauma
are discussed in this report, stressing the urgency with which evidence-based improvements to care must be made. Our
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review therefore begins to unpick the existing evidence behind a simple intervention that may help to improve the lives of
many women and their families.

4.3 Strengths and limitations

To our knowledge there is no existing up-to-date systematic review and meta-analysis which considers the use of prophy-
lactic antibiotics amongst all types of CRPT. This work therefore begins to fill a notable gap in the evidence base, whilst
additionally highlighting where further primary research is needed. A broad range of search terms were applied in rele-
vant databases, producing a comprehensive analysis. The inclusion of non-English language studies and grey literature
increases the number of studies on which conclusions can be drawn and improves the generalisability of our results. This
review includes a larger number of studies in comparison to existing systematic reviews, meaning that our results provide
increased breadth and depth to the subject area.

Notably, 10 of 14 included primary studies were determined to have a high, critical or serious risk of bias, which means
our conclusions are based on studies which provide overall, less robust evidence. Whilst it is a strength that we included
studies conducted across nine different countries, we found no studies eligible for inclusion conducted in low-income
countries. This highlights a significant gap in the evidence base and we must ensure that future research considers the
applicability and effectiveness of interventions in different healthcare settings.

Sebitloane et al. includes a HIV cohort, highlighting the use of antibiotics in particular groups who may be more likely to
experience complications [28]. Inclusion of this trial must be considered when drawing conclusions, as these results may
not be generalisable to the wider population. Many of the secondary outcomes were patient reported outcomes, with few
eligible studies reporting them and therefore, due to scarcity of data, meta-analysis was not possible. These subjective
outcomes were also increasingly likely to have been recorded and reported differently between studies. Additionally, the
definitions of outcomes varied considerably across studies, with a lack of consistency in the definition of wound infection
(see Table 1). The pooling of various antibiotic regimens used in the included studies, increases heterogeneity within our
results, an additional limitation to this review.

A further important limitation to our systematic review is that whilst the inclusion of observational studies increased the
available data for meta-analysis, only association can be demonstrated in these studies. We attempted to mitigate this by
also performing analysis limited to RCTs only.

It is also important to note that due to both lack of reporting in primary studies and the inclusion of women who had under-
gone both assisted and spontaneous vaginal birth in the same study populations, we were not able to perform subgroup
analysis by birth mode. As currently in the UK, women who undergo an assisted vaginal birth receive prophylactic antibiot-
ics, it is important that we can ascertain the benefit of prophylactic antibiotics in those who experience spontaneous vaginal
birth if an effect is truly there. Subgroup analysis by type of perineal trauma was also limited by reporting in primary studies,
as the majority of studies included women with several different tear types (see Table 1) and results for each distinct type of
tear were not completely separable. This therefore means that our subgroup analysis by perineal trauma type is restricted to
more broad groups of perineal trauma and we are not able to draw any more granular conclusions.

4.4 Clinical implications and future research

Whilst our review demonstrates a reduction in perineal wound infections after antibiotics are received, when pooling data
from all types of tear and from those with both assisted and normal vaginal births, there was scarce reporting of any
potential harms in the included studies. In any future trials, we must ensure that consideration is given to minimising anti-
biotic excretion into breastmilk, through careful selection of the antibiotic type and duration of exposure. In terms of long-
term risks to the infant, a recent large data-linkage study found no evidence of an increase in long-term health conditions
such as asthma, eczma, autoimmune disease or neurodevelopmental issues in infants exposed to prophylactic antibiot-
ics, administered prior to incision at caesarean section [38]. Whilst the data-linkage study investigated antibiotics given
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antenatally, prophylactic antibiotics for perineal trauma would likely result in less exposure to the infant, as administration
would be postnatally.

One of the reasons it is hard to draw firm conclusions from our systematic review, is that a wide range of antibiotics were
used, in some cases within the same study. Potential options for further investigation in a future trial are co-amoxiclav and the
cephalosporin class of antibiotics. Both of these represent penicillin based antibiotics which can be associated with increasing
resistance and Clostridium difficile infection and therefore this must be considered when balancing the risks and benefits [39].

There is also a need to consider the use of non-antibiotic interventions for reducing the risk of infection after perineal
trauma. This includes maintaining a sterile field during repair of perineal trauma and ensuring sterile drapes and cleaning
solution are utilised for repairs in every setting. Other interventions such as use of sanitary pads with antibacterial proper-
ties, require further investigation [40]. Prior to performing a further RCT, there is a need for development of a CRPT core
outcome set, in order to ensure the outcomes captured are those most important to women and clinicians. Particularly
notable in this review were the lack of widely used and validated wound assessment tools for healing of perineal trauma
and the lack of standardised patient reported outcome measures. The wider CHAPTER project aims to develop these,
so they are available for future trials. Additionally, further research should work to identify the characteristics of women at
higher risk of CRPT complications, who would subsequently be likely to obtain the most benefit from intervention.

5 Conclusion

Although our meta-analysis demonstrates that prophylactic antibiotics significantly reduce the risk of perineal infection,
there are not sufficient high-quality RCTs to adequately inform guideline change amongst women with first/second degree
tears or episiotomies. The lack of consistency across primary research studies on the definition of perineal wound infec-
tion and the unavailability of outcome data for distinct tear types were important limitations to this review. Our findings
highlight the need for further research, with a robust and sufficiently powered RCT amongst women with spontaneous
vaginal births and non-OASI perineal trauma, required to provide a definitive answer. Any further trial involving antibiotics
must also capture any potential maternal and infant harms from antibiotic administration and must consider the implica-
tions at a wider population level. As is evident from the recent Birth Trauma Report, improving postnatal care is imperative
to improving women'’s experiences of childbirth—we must therefore ensure that any potential interventions to reduce com-
plication rates after CRPT are fully investigated and that this remains a priority for researchers and clinicians.
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