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Abstract
Introduction: Perineal wound infection can affect tissues at superficial, deep, and 
organ space levels. Women with obstetric anal sphincter injuries (OASIS) are at risk of 
infection; however, no study to date has investigated if infection can extend to affect 
the anal sphincter integrity. The aim of this study was to evaluate the clinical progres-
sion of perineal wound infection and its effect on the anal sphincter in women with or 
without OASIS using three- dimensional endoanal ultrasound (3D- EAUS).
Material and methods: Women were recruited into the Prospective Observational 
Study Evaluating the Sonographic Appearance of the Anal Sphincter in Women With 
Perineal Wound Infection Following Vaginal Delivery (PERINEAL Study) between 
August 2020 and August 2021 (NCT 04480684). 3D- EAUS was performed weekly 
until complete wound healing. Significant bacterial colonization was diagnosed using 
the MolecuLight i:X camera. The primary study outcome was a change in a sphincter 
defect angle from baseline (wound infection) until wound healing. A robust Poisson 
regression model was used to analyze the effect of significant bacterial loads on the 
anal sphincter.
Results: Seventy- three women were included. A median of two ultrasound scans 
were performed in each patient (range 1– 16). Five women (6.8%) had an OASI clin-
ically diagnosed at delivery. In total, 250 EAUS were performed. An external anal 
sphincter defect was found on EAUS in 55 (22.0%) scans (n = 10 women). An external 
anal sphincter and internal anal sphincter defect was found in 26 scans (10.4%) (n = 3 
women). During the course of the wound healing process, there was no significant 
change in defect size in wounds with or without significant bacterial colonization. In 
cases of an intact anal sphincter, wound infection did not disrupt its integrity.
Conclusions: We found that perineal wound infection does not disrupt an intact anal 
sphincter or OASIS. This new information can provide important information for clini-
cians and patients. As there are myths frequently encountered in cases of litigation 
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2  |    OKEAHIALAM et al.

1  |  INTRODUC TION

Obstetric anal sphincter injuries (OASIS) are a significant cause of 
anal incontinence and source of medico- legal claims.1,2 The National 
Health Service (NHS) Litigation Authority found in their 10- year 
analysis (2000– 2010) of maternity claims that claims surround-
ing perineal trauma were the fourth most common, costing over 
£31 million.2 Complications such as wound infection, dehiscence, or 
delayed healing are causes of severe maternal morbidity.3 In addi-
tion, like anal incontinence, wound complications can have a nega-
tive psychological and emotional impact on women.3,4 Although 
anal incontinence is multifactorial in etiology, the integrity of the 
anal sphincter is important in maintaining continence.5 However, 
despite primary repair, approximately 60% of women will have a 
persistent anal sphincter defect diagnosed on ultrasound and 39% 
will experience anal incontinence.1,6 Wound infection can be super-
ficial but can also extend to disrupt tissue and fascia at a deep and 
organ space level.7 Up to 20% of women with OASIS will experi-
ence wound complications such as wound infection or dehiscence 
following primary repair.8 Therefore, as the anal sphincter is deep 
to the superficial and deep perineal muscles in the posterior plane, 
we hypothesized that wound infection may potentially disrupt a pri-
mary sphincter repair, causing a sphincter defect or increasing the 
size of a sphincter defect. However, to date, no study has evaluated 
the clinical progression of perineal wound infection and the effect it 
may have on anal sphincter integrity following OASI or in cases of an 
intact anal sphincter.

The aim of this study was to evaluate the clinical progression of 
perineal wound infection and whether anal sphincter integrity can 
be disrupted in women with and without OASIS.

2  |  MATERIAL AND METHODS

The Prospective Observational Study Evaluating the Sonographic 
Appearance of the Anal Sphincter in Women With Perineal Wound 
Infection Following Vaginal Delivery (PERINEAL Study was com-
pleted at Croydon University Hospital), which runs a dedicated per-
ineal clinic service where all women with perineal concerns such as 
perineal wound infection can be referred for review, up to 16 weeks 
postpartum. Croydon University Hospital has approximately 3700 
deliveries per year; however, this perineal clinic service also accepts 
referrals from local general practitioners and surrounding maternity 
units. All patients who had been referred to the Croydon University 

Hospital dedicated perineal clinic with perineal wound infection 
were invited to participate. Women were diagnosed with perineal 
wound infection if they presented with relevant clinical signs and 
symptoms, including perineal pain, purulent discharge, or wound 
dehiscence.9 All participants had been reviewed and prescribed ap-
propriate antibiotics before referral to the clinic. Following informed 
consent, all women underwent perineal assessment, including clini-
cal review, advanced wound imaging using bacterial autofluores-
cence imaging, and ultrasound assessment of the anal sphincter.

As women received antibiotics before recruitment, wounds 
were imaged to assess the presence of significant bacterial loads 
despite antibiotic use, with the hand- held MolecuLight I:X imaging 
device. This non- contact device stimulates bacteria with a 405- nm 
violet light and has been shown to be highly predictive in moderate 
to heavy (significant) bacterial loads (≥104 colony- forming units per 
gram [CFU/g]), as it causes them to emit a red or cyan fluorescence.10 
With bacterial loads greater than 104 CFU/g, although there may be 
no overt clinical signs of infection, this level of bacterial colonization 
can suggest persistent infection and delay wound healing.11

Three- dimensional endoanal ultrasound (3D- EAUS) was per-
formed using the Pro- focus 2202 or Flex- focus 500 ultrasound sys-
tem (BK Medical) fitted with a 12-  to 16- MHz anorectal transducer 
(type 2052; focal point up to 20 mm and focal range 5– 45 mm, with 
360- degree acquisition). On 3D- EAUS, anal sphincter defect sizes 
were measured using a three- point angle with images taken at the 
deep (proximal), superficial (mid), and subcutaneous (distal) levels.12 
An external anal sphincter (EAS) defect was diagnosed if there was 
any hypoechoic or mixed- echogenic disruption within the hypere-
choic muscle. An internal anal sphincter (IAS) defect was diagnosed 
if there was any hyperechoic disruption within the hypoechoic 
muscular ring. If 3D- EAUS was declined, then four- dimensional 
transperitoneal ultrasound (4D- TPUS) was performed using the GE 
Voluson S10 ultrasound system with a RAB 8-  to 4- MHz transducer 
(GE Medical Systems). Anal sphincter defect size was measured 
using a three- point angle from slice two to slice seven of the trans-
verse images of the length of the anal sphincter on tomographic 

when disruption of sphincter integrity is attributed to perineal infection, the findings 
of this study should be tested in larger studies in the future.

K E Y W O R D S
bacterial autofluorescence, endoanal ultrasound, obstetric anal sphincter injury, perineal 
wound infection, severe perineal laceration, third- degree tears, transperineal ultrasound

Key Message

In cases of an intact anal sphincter and obstetric anal 
sphincter injury, wound infection did not disrupt anal 
sphincter integrity during the healing process.
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    |  3OKEAHIALAM et al.

ultrasound imaging. The largest defect angle was taken into ac-
count.13 The severity of anal sphincter defects was scored using the 
validated Starck Score, which accounts for depth, length, and size of 
the defect for both the IAS and EAS, with a range from 0 being no 
defect to 16 being maximal defect.14 Image volumes were stored for 
off- line assessment by two independent experts (RT, AS). As partici-
pants were scanned weekly, ultrasound volumes were analyzed with 
a week's interval and each investigator was blinded to the results of 
the previous scan to avoid bias due to repeated measurements. Any 
disagreements between the two independent experts (RT, AS) were 
resolved with consensus decision.

A missed OASI was diagnosed if an anal sphincter defect was 
found on EAUS at initial review, but was not diagnosed clinically at 
the time of birth. Women were reviewed once a week with repeat 
ultrasound imaging until the wound had healed completely, or up 
to a maximum of 16 weeks. A wound was deemed to have healed if 
there was complete wound closure, with no evidence of granulation 
tissue or signs of infection such as perineal pain, edema or purulent 
discharge. No local antibiotic or antiseptic treatments were applied 
to wounds.

The recruitment period was between August 2020 and August 
2021. Eligibility criteria were women with childbirth- related per-
ineal injury and wound infection, age 18 years or over, and ability 
to understand and read the patient information sheet (in English). 
Exclusion criteria were the inability to give informed consent, fetal 
or neonatal death or poor neonatal outcome, and immunosuppres-
sion (for example HIV infection or pharmacologically induced immu-
nodeficiencies by chemotherapy or steroids).

The primary study outcome was a change in a sphincter de-
fect size, measured using a three- point radial angle from baseline 
(wound infection) until wound healing. The secondary outcome was 
a change in sphincter defect severity measured using the Starck 
Score from baseline (wound infection) until wound healing. As 
EAUS is considered the reference standard modality for evaluation 
of the anal sphincter, this was used as the primary outcome mea-
sure. Our study exposure was the presence of significant bacterial 
colonization. As results from microbiological wound swabs take 
up to 5 days,15 the presence of significant bacterial colonization in 
these wounds was assessed using the MolecuLight I:X imaging de-
vice. The Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines were used to ensure the report-
ing of this observational study.16

2.1  |  Statistical analyses

As we aimed to evaluate whether wound infection could extend to 
affect the anal sphincter and as the anal sphincter is deep to the 
superficial and deep perineal muscles, we developed a sample size 
calculation by estimating the percentage of women that could po-
tentially develop a deep wound infection. A deep wound infection 
was defined as a wound infection that involves the deep soft tis-
sues (muscle/fascia) and/or was associated with systemic symptoms 

such as fever (>38°C) based on the Centers for Disease Control 
and Prevention criteria.17 Based on the number of referrals to the 
Croydon University Hospital dedicated perineal clinic in 2019 (120 
women), a sample size of 80 women was proposed, taking into ac-
count women meeting the inclusion and exclusion criteria and sub-
ject attrition. Previous data estimated that up to 24% of women 
with perineal trauma will experience perineal wound infection.18 
However, 5% may have a deep wound infection.19 To account for 
the degree of uncertainty due to lack of previous published data sur-
rounding the effect of wound infection on anal sphincter integrity, 
with a proposed sample size of 80, a corresponding 95% confidence 
interval (CI) for the percentage women with a deep wound infection 
would range between 1% and 12%.

Data were analyzed using SPSS version 26.0.0.0 and Stata ver-
sion 15.1. The Shapiro– Wilk test was used to check normality of 
continuous variables including age, body mass index, defect angle 
size, and Starck Score. Nominal data are expressed as number and 
percentage. Continuous variables were compared using Student's t 
test, or the Mann– Whitney U test where appropriate. Fisher's exact 
test was used for categorical variables. A Poisson regression model 
was used to analyze the effect of significant loads of bacteria on 
the anal sphincter during the wound healing process. As there were 
multiple measurements from the same patients it is likely the data 
values were not independent of each other. Based on the assumed 
distribution of outcome, the regression models were implemented 
with robust standard errors to allow for the lack of independence 
within the data. Models initially included the interaction between 
fluorescence and time. If the interaction term was significant, it was 
retained in the model and a different relationship for each group was 
assumed. If the interaction term was not significant, this was omit-
ted from the model and a constant change over time for the two 
groups was assumed. A corresponding p- value less than 0.05 was 
considered statistically significant. If women were lost to follow up 
they were excluded from the analysis.

2.2  |  Ethics statement

Ethical approval was obtained from NHS Health Research Authority, 
London— Surrey Research Ethics Committee (20/LO/0304) on April 
8, 2020. In addition, the study was registered in https://clini caltr ials.
gov/ (NCT 04480684).

3  |  RESULTS

During the recruitment period, 115 women were referred to the 
dedicated perineal clinic with perineal wound infection, of whom 82 
(71.3%) agreed to participate. Two women (2.4%) were lost to fol-
low up; so, the follow- up rate was 97.6%. Four women (5.0%) were 
diagnosed with a deep wound infection. Figure 1 shows the partici-
pant flow chart. In order to avoid disrupting the postnatal recovery 
of women with poor neonatal outcomes, they were excluded from 
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4  |    OKEAHIALAM et al.

recruitment because of the sensitive nature of their birth. Of the 
15 women that were multiparous, none had a history of a previous 
OASI.

Women were referred to the perineal clinic a median of 10 days 
(interquartile range [IQR] 7.0– 14.0) following symptom onset and 
6 days (IQR 3.0– 8.0) from diagnosis and antibiotic receipt. The time 
to wound infection resolution and complete wound healing ranged 
between 1 and 16 weeks (median 2 weeks, IQR 1– 4 weeks). Table 1 
describes the demographic characteristics of the recruited women. 
Five women (6.3%) had an OASI clinically diagnosed at delivery; of 
these, 3 (60.0%) had a mediolateral episiotomy.

Of the 80 women, 73 (91.1%) agreed to undergo 3D- EAUS. Of 
these, five (6.8%) had an OASI diagnosed on ultrasound that was 
not clinically diagnosed at the time of delivery and 4 (80.0%) had 
a mediolateral episiotomy. The missed OASIS were not resutured 
because the superficial perineal muscles had healed and none of 
the women had fecal incontinence. Patients were made aware of 
their diagnosis and were informed to return if they developed any 
symptoms. A median of two ultrasound scans were performed in 
each patient (range 1– 16). Twenty- eight women (38.4%) had bacte-
rial fluorescence within their wound despite antibiotic therapy. In 
total, 250 EAUS were performed. Of the seven women who declined 
EAUS and underwent 4D- TPUS, only one had an anal sphincter de-
fect (EAS alone). Her wound did not have bacterial fluorescence and 
took 4 weeks to heal. The largest defect angle at each time- point is 
shown in Figure S1.

Among the 73 included women, an EAS defect was found in 55 
(22.0%) scans (n = 10 women) and both EAS and IAS defects were 
found in 26 (10.4%) scans (n = 3 women). Bacterial fluorescence 

was present in the wounds on initial review in four women with an 
EAS defect (n = 30 scans). In those with an IAS defect, three women 
(n = 15 scans) had bacterial fluorescence. In every patient with a 
sphincter defect on initial review, this persisted on every scan. In 
patients with an intact anal sphincter, no new defect developed.

In order to analyze the longitudinal change in sphincter defect 
size during the wound healing process and its relationship to the 
presence of bacterial fluorescence, analysis was restricted to data 
from weeks 1 to 6 only, as from week 7 onwards there were mea-
surements from only three women or fewer. The regression model 
showed that there was no significant difference in EAS or IAS defect 
angle in wounds with or without fluorescence during wound healing. 
In addition, no significant difference was found between EAS defect 
angle (p = 0.85) or IAS defect angle (p = 0.21) in OASIS sutured or 
those missed (not sutured). On average, the ratio of EAS angles with 
fluorescence to those without fluorescence was 1.20 (95% CI 0.32– 
4.51, p = 0.78) (Figure 2). In addition, the ratio of IAS angle with 
fluorescence compared with without was 1.16 (95% CI 0.12– 11.1, 
p = 0.90) (Figure 3). However, there was no resulting increase in the 
Starck Score per week and no difference was found in wounds with 
or without bacterial fluorescence.

4  |  DISCUSSION

This is the first study to evaluate anal sphincter integrity in the 
context of perineal wound infection. This prospective observa-
tional study demonstrated that during the course of wound healing, 
wound infection did not disrupt an intact anal sphincter or OASIS. 
In addition, in approximately 7% of patients with wound infection, a 
diagnosis of OASIS was missed at the time of delivery.

We demonstrated that there was no significant difference be-
tween EAS or IAS defect size during the wound healing process 
between OASIS that were sutured and those missed (not sutured). 
The EAS is made up of striated muscle whereas the IAS is a thick-
ened continuation of the inner circular smooth muscle of the rec-
tum. Therefore, when injured, the anal sphincter muscles can retract 
over time. Although this was seen in this study, the increase in de-
fect angle in wounds with or without infection was not significant. 
However, in comparison to striated muscle, smooth muscle has 
greater elastic properties, meaning that muscle retraction may be 
greater with IAS.20,21 In addition, over the course of the wound heal-
ing process that there was no significant change in defect angle size 
in the presence of significant bacterial loads. This is an important 
finding, as anal sphincter defect severity on EAUS has been shown 
to correlate with anal incontinence severity.22 However, despite 
wound infection being a known complication occurring following 
primary OASI repair, no study to date has investigated the effect of 
wound infection on anal sphincter integrity. Although wound infec-
tion can extend to deeper tissues in the presence of wound injury 
or perforation of a viscus, it does not typically transit through in-
tact muscle fascia. In cases of necrotizing fasciitis, bacteria release 
enzymes and exotoxins that can spread through fascia, causing cell 

F I G U R E  1  Flow chart describing the recruitment and progress 
of participants in the cohort study.

 16000412, 0, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1111/aogs.14515 by St G

eorge'S U
niversity O

f L
ondon, W

iley O
nline L

ibrary on [31/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



    |  5OKEAHIALAM et al.

death and necrosis.23 Necrotizing fasciitis can occur in the perineum 
and reports of this complication following vaginal birth have been 
published previously.24,25 However, we acknowledge that there 
were only 10 women in our study with OASIS.

Women with OASIS are at an increased risk of wound infection due 
to the anatomical location of these tears and their close proximity to 
the rectum, as wound contamination can occur from organisms on the 
surrounding perineal skin and endogenous mucosal surfaces. As a re-
sult of this risk, the Royal College of Obstetricians and Gynaecologists 
recommend the use of prophylactic antibiotics during OASI repair.26 It 
is important for clinicians to appreciate that although OASI increases 
the risk of wound infection, if infection were to occur despite pro-
phylactic management, this has little effect on anal sphincter integrity.

Perineal wound infection following vaginal birth has been de-
scribed to often be a major source of anxiety reported by women 
within the first month following perineal trauma.27 Moreover, OASI 
and its associated sequelae can cause significant psychosocial distress, 
particularly feelings of shame and isolation in those experiencing anal 
incontinence.28 No study previously has evaluated the effect of wound 
infection on the anal sphincter and it is therefore timely that research 
surrounding perineal wound infection and OASIS is conducted.

The strengths of this study include that it had a high follow- up 
rate of 98.3%. Second, the study design, comprised prospective col-
lection of the data and review of the women on a weekly basis, which 
provided an accurate picture of the clinical progression of wound in-
fection and healing. Moreover, a validated scoring system was used 

TA B L E  1  Study population characteristics

Positive bacterial 
fluorescence (n = 30) 
Mean/median /n SD/IQR/%

Negative bacterial 
fluorescence (n = 50) 
Mean/Median /n SD/IQR/% p- value

Age (y) 28.0 5.9 30.4 4.4 0.06***

BMI (kg/m2) 24.5 5.3 24.9 5.1 0.71***

Ethnicity

White British 12 40.0 27 54.0 0.34*

Asian Indian/Pakistani/other Asian 
Background/Southeast Asian

14 46.7 18 36.0

Black African/Caribbean 4 13.3 3 6.0

Any other ethnic group 0 0 2 4.0

Parity

1 23 76.7 42 84.0 0.42**

≥2 7 23.3 8 16.0

Smoker (n = 7) 4 13.4 3 6.0 0.42*

Non- smoker (n = 73) 26 86.7 47 94.0

Co- morbidities (n = 18) 10 33.3 8 16.0 0.07**

No co- morbidities (n = 62) 20 66.7 42 84.0

Mode of delivery

SVD 20 66.7 31 62.0 0.52*

Forceps 2 6.7 7 14.0

Ventouse 4 13.3 9 18.0

Ventouse + Forceps 4 13.3 3 6.0

OASIa (n = 10) 3 10.0 7 14.0 0.74*

No OASI (n = 70) 27 90.0 43 86.0

Positive wound swab (n = 54) 20 74.1 34 70.8 1.00**

Negative wound swab (n = 21) 7 25.9 14 29.2

Antibiotics received (n = 76) 29 96.7 47 94.0 0.56*

No antibiotics received (n = 4) 1 3.3 3 6.0

Days between review and antibiotics 6 3– 7 6 3– 7 0.35****

Days from symptom onset to perineal clinic 
review

19 15– 26 17 14– 22 0.31****

Abbreviations: BMI, body mass index; IQR, interquartile range; OASI, obstetric anal sphincter injury; SD, standard deviation; SVD, spontaneous 
vaginal delivery.
aCo- morbidities identified included gestational diabetes, hypothyroidism and rheumatoid arthritis (unmedicated).
*Fisher's exact test; **Chi- squared test; ***Student's t- test; ****Mann– Whitney U- test.
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6  |    OKEAHIALAM et al.

to assess ultrasound scan findings and all scans were reviewed inde-
pendently by two reviewers offline (RT, AS), who were blinded to the 
clinical history to avoid bias. However, limitations should be acknowl-
edged. First, only 10 women had a sphincter defect on EAUS, equating 
to 55 ultrasound images. However, as it is reported that OASI compli-
cates approximately 3% of vaginal births and the risk of wound infec-
tion in the group has been reported to affect up to 20% of women, 
this is a representative number.8,29 However, in this study, it was im-
portant that we also included women without OASI because we aimed 
to evaluate the clinical progression of wound infection and assess if 
deeper structures, such as the anal sphincter (with or without previous 
injury) can be affected. As a result of the design of observational stud-
ies, the statistical associations we have found may not imply causality. 

It is important to note that the baseline EAUS were not performed 
at the time when perineal wound infection was diagnosed. Wounds 
were reviewed on average 6 days following diagnosis, which means 
that our study findings may not truly reflect the effect of wound infec-
tion on the anal sphincter. To account for this we performed bacterial 
fluorescence imaging, which allowed us to diagnose wounds with bac-
terial loads of more than 104 CFU/g (quantitative analysis)/2+ (semi- 
quantitative analysis) despite antibiotic therapy, which can suggest 
persistent infection and lead to a delay in wound healing.11 Hurley 
et al performed a prospective observational study investigating the 
use of the MolecuLight device in the evaluation of a range of wound 
types in a plastic surgery outpatient service, in comparison with mi-
crobiological swab analysis.30 This study found that when using micro-
biological analysis of swab results as the reference standard, bacterial 
autofluorescence imaging had a sensitivity of 100%, a specificity of 
78%, a positive predictive value of 95.4%, and a negative predictive 
value of 100% at predicting the presence of bacteria in wounds.30

5  |  CONCLUSION

We found that perineal wound infection does not disrupt an intact 
anal sphincter or OASIS. This new information can provide impor-
tant information for clinicians and patients. As there are myths 
frequently encountered in cases of litigation when disruption of 
sphincter integrity is attributed to perineal infection, the findings of 
this study should be tested in larger studies in the future.
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in wounds with and without bacterial fluorescence using a Poisson 
regression model. N = 73 women (250 scans). Women with no IAS 
defect were coded as having a defect of 0°. The y- axis represents 
the predicted count of events from the original scale (IAS defect 
angle).
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