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Utilizing machine learning to predict the risk
factors of episiotomy in parturient women

Mojdeh Banaei, PhD; Nasibeh Roozbeh, PhD; Fatemeh Darsareh, PhD; Vahid Mehrnoush, MD;
Mohammad Sadegh Vahidi Farashah, PhD; Farideh Montazeri, BSc
BACKGROUND: Episiotomy has specific indications that, if properly followed, can effectively prevent women from experiencing severe lacer-
ations that may result in significant complications like anal incontinence. However, the risk factors related to episiotomy has been the center of
much debate in the medical field in the past few years.
OBJECTIVE: The present study used a machine learning model to predict the factors that put women at the risk of having episiotomy using
intrapartum data.
STUDY DESIGN: This was a retrospective cohort study design. Factors such as age, educational level, residency place, medical insurance,
nationality, attendance at prenatal education courses, parity, gestational age, onset of labor, presence of a doula during labor, maternal health
conditions like anemia, diabetes, preeclampsia, prolonged rupture of membrane, placenta abruption, presence of meconium in amniotic fluid,
intrauterine growth retardation, intrauterine fetal death, maternal body mass index, and fetal distress were extracted from the electronic health
record system of a tertiary-care medical center in Iran, from January 2022 to January 2023. The criteria for inclusion were vaginal delivery of a
single pregnancy. Deliveries done through scheduled/emergency cesarean section or at the mother's request were excluded. The participants
were divided into two groups: those who had vaginal deliveries with episiotomy and those who had vaginal deliveries without episiotomy. The sig-
nificant variables, as determined by their P-values, were selected as features for the eight machine-learning models. The evaluation of perfor-
mance included area under the curve (AUC), accuracy, precision, recall, and F1-Score.
RESULTS: During the study period, out of 1775 vaginal deliveries, 629 (35.4%) required an episiotomy. Each model had an AUC value
assigned to it: linear regression (0.85), deep learning (0.82), support vector machine (0.79), light gradient-boosting (0.79), logistic regression
(0.78), XGBoost classification (0.77), random forest classification (0.76), decision tree classification (0.75), and permutation classification—knn
(0.70). Linear regression had a better diagnostic performance among all the models with the area under the ROC curve (AUC): 0.85, accuracy:
0.80, precision: 0.74, recall: 0.86, and F_1 score: 0.79). Parity, labor onset, gestational age, body mass index, and doula support were the lead-
ing clinical factors related to episiotomy, according to their importance rankings.
CONCLUSIONS: Utilizing a clinical dataset and various machine learning models to assess the risk factors of episiotomy resulted in promis-
ing results. Further research, focusing on intrapartum clinical data and perspectives of the birth attendant, is necessary to enhance the accuracy
of predictions.

Key words: artificial intelligence, episiotomy, machine learning
Introduction
The most common surgical procedure
done in midwifery care is episiotomy.1

The general idea is to make a controlled
incision in the perineum, for enlarge-
ment of the vaginal orifice, to facilitate
difficult deliveries. It is usually done
when the perineum is found to be tight.
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Sometimes, selective episiotomies can
prevent soft-tissue tears during child-
birth,2 however, it has been the center
of much debate in the medical field in
the past few years. We should keep in
mind that as with any medical proce-
dure, episiotomy has specific indica-
tions that, if properly followed, can
effectively prevent women from
experiencing severe lacerations that
may result in significant complications
like anal incontinence.3

Based on the most reliable evidence,
the World Health Organization (WHO)
has firmly opposed the regular use of
episiotomies and suggests an average
episiotomy rate of 10% for uncompli-
cated deliveries.4 It is recommended
that episiotomy should only be per-
formed when there is a vital need for it.
This could include cases where the fetus
is under distress and a prompt delivery
is necessary, or to reduce the risk of
larger tears occurring during child-
birth.5 In this study, we aimed to apply
machine learning models to identify the
risk factors of episiotomy using intra-
partum data in parturient women.

Material and methods
This particular study utilized a retro-
spective cohort study design. The study
was approved by the Research Commit-
tee Board of Hormozgan University
of Medical Sciences (IR.HUMS.
REC.1403.245). Factors such as age,
educational level, residency place, medi-
cal insurance, nationality, attendance at
prenatal education courses, parity, ges-
tational age, onset of labor, presence of
a doula during labor, maternal health
conditions like anemia, diabetes,
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Why was the study conducted?
The present study was conducted to predict the risk factors of episiotomy using
intrapartum data in parturient women with machine learning approach.

Key findings
Linear regression had a better diagnostic performance among all the models with
the area under the ROC curve (AUC): 0.85, accuracy: 0.80, precision: 0.74, recall:
0.86, and F_1 score: 0.79). Parity, the onset of labor, gestational age, body mass
index, and doula support were the leading clinical predictors of episiotomy.

What does this study add to what is already known?
Machine learning models were a credible approach for improving prediction of
the risk factors of episiotomy with high accuracy.
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preeclampsia, prolonged rupture of
membrane, placenta abruption, pres-
ence of meconium in amniotic fluid,
intrauterine growth retardation, intra-
uterine fetal death, maternal body mass
index, and fetal distress were extracted
from the electronic health record sys-
tem of Khaleej-e-Fars Hospital in Ban-
dar Abbas, Iran, a tertiary-care medical
center. Midwives routinely collect and
update electronic health records for
every delivery as part of their clinical
care responsibilities.
The criteria for inclusion were vagi-

nal delivery of a single pregnancy that
took place at the research facility from
January 2022 to January 2023. Deliver-
ies done through scheduled/emergency
cesarean section or at the mother's
request were excluded from the study.
The participants were divided into two
groups: those who had vaginal deliveries
with episiotomy and those who had
vaginal deliveries without episiotomy.
The initial stage of the examination

involved comparing two categories of
women using the factors mentioned
previously. The features selected for the
machine learning process were those
with a P-value lower than .5. The data
was entered into eight different machine
learning models: linear regression, logis-
tic regression, decision tree classifica-
tion, random forest classification,
XGBoost classification, permutation
classification (knn), light gradient-
boosting (LGB), and deep learning.
Except for tree-based models, all other
machine-learning models were
2 AJOG Global Reports February 2025
subjected to L2 normalization for fea-
ture standardization. The results of each
machine learning model fell within the
range of 0 to 1.

K-fold cross-validation was used for
internal validation. A random number
generator was utilized to assign demon-
strations randomly to either the “train-
ing set” (70%) or the “test set” (30%).
The frequencies of vaginal deliveries
with episiotomy and without episiotomy
remained constant in both the training
and test sets compared to the original
dataset. We used the training data to
adjust the parameters of the prediction
models, and the “test data” to assess
their effectiveness. It took ten iterations
to calculate the average performance.
We utilized the precision and AUC of
the receiver operating characteristic, the
confusion matrix, recall, and F1-score
for assessing the performance. Precision
is the accuracy of predictions for a spe-
cific class, recall is the number of correct
predictions for a class compared to all
examples in the dataset, and F1-score is
a weighted average of precision and
recall with the best value at 1 and worst
value at 0. Statistical analysis was con-
ducted employing SPSS (version 25.0,
IBM Corp, Armonk, NY, United States)
and Python software (version 3.7.0).

Results
During the study period, out of 1775
vaginal deliveries, 629 (35.4%) required
an episiotomy. The maternal demo-
graphic characteristics related to episi-
otomy are shown in Table 1. Factors
such as younger age, residing in urban
areas, higher education levels, and par-
ticipation in prenatal education courses
were linked to a higher episiotomy rate.
Table 2 illustrates the connection

between episiotomy and various obstet-
rical factors. The occurrence of episiot-
omy was linked to factors such as
parity, onset of labor, gestational age,
and the presence of a doula.
Table 3 illustrates the relationship

between maternal clinical factors and
the need for an episiotomy. Maternal
body mass index was found to be asso-
ciated with the need for an episiot-
omy. Episiotomy was more performed
in mothers with lower body mass
index.
Each model had an AUC value

assigned to it: linear regression (0.85),
deep learning (0.82), support vector
machine (0.79), light gradient-boosting
(0.79), logistic regression (0.78),
XGBoost classification (0.77), random
forest classification (0.76), decision tree
classification (0.75), and permutation
classification—knn (0.70). The ROC
curves for these machine-learning mod-
els are depicted in Figure 1.
The results of machine learning mod-

els' performance are displayed in
Table 4. Linear regression had a better
diagnostic performance among all the
algorithms with AUC: 0.85, accuracy:
0.80, precision: 0.74, recall: 0.86, and
F_1 score: 0.79.
Figure 2 illustrates an examination of

the significance of different factors in
the linear regression algorithm. The
analysis revealed that parity, labor
onset, gestational age, body mass index,
and doula support were the leading
clinical predictors of episiotomy,
according to their importance rankings.

Comment
Principal findings
The incidence of episiotomy in our pop-
ulation was 35.4%. Demographic factors
(younger age, residing in urban areas,
higher education levels, and participa-
tion in prenatal education courses),
obstetrical factors (parity, onset of
labor, gestational age, and the presence
of a doula), and maternal clinical factor
(body mass index) were linked to a
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TABLE 2
Obstetric factors associated with the episiotomy
Variables Nonepisiotomy (n=1146) Episiotomy (n=629) P-value

Parity <.001

Nuliparity 94 (8.2) 429 (68.2)

Multiparity 1052 (91.8) 200 (31.8)

Onset of labor <.001

Induced 787 (68.7) 342 (54.4)

Spontaneous 359 (31.1) 287 (45.6)

Gestational age (week) .022

Preterm (Less than 37) 101 (8.8) 48 (7.6)

Term (37−41) 889 (77.6) 466 (74.1)

Late-term (more than 41) 156 (13.6) 115 (18.3)

Attending of Doula <.001

Yes 351 (30.6) 288 (45.8)

No 795 (69.4) 341 (54.2)
Data are presented as n (%).

Banaei. Utilizing machine learning to predict the risk factors of episiotomy in parturient women. Am J Obstet
Gynecol MFM 2024.

TABLE 1
Demographic factors associated with the application of episiotomy
Demographic characteristics Nonepisiotomy (n=1146) Episiotomy (n=629) P-value

Age (Years) <.001

18−35 861 (75.1) 580 (92.2)

Above 35 285 (24.9) 49 (7.8)

Residency place .013

Urban 819 (71.5) 484 (76.9)

Rural 327 (28.5) 145 (23.1)

Maternal education <.001

Primary 320 (27.9) 102 (16.2)

High school/diploma 583 (50.9) 362 (57.6)

Advanced 243 (21.2) 165 (26.2)

Medical insurance .771

Yes 994 (86.7) 542 (86.2)

No 152 (13.3) 87 (13.8)

Prenatal education course .003

Yes 54 (4.7) 52 (8.3)

No 1092 (95.3) 577 (91.7)

Nationality .825

Iranian 1131 (98.7) 622 (98.9)

Non-Iranian 15 (1.3) 7 (1.1)
Data are presented as n (%).

Banaei. Utilizing machine learning to predict the risk factors of episiotomy in parturient women. Am J Obstet
Gynecol MFM 2024.
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higher episiotomy rate. All machine
learning showed a high performance in
predicting the risk factors of episiot-
omy. The AUC ranged from 0.70−0.85.
Linear regression had a better diagnos-
tic performance among all the algo-
rithms with AUC: 0.85, accuracy: 0.80,
precision: 0.74, recall: 0.86, and F_1
score: 0.79. The analysis of weighted
factors in linear regression model
showed that parity, labor onset, gesta-
tional age, body mass index, and doula
support were the leading clinical predic-
tors of episiotomy.

What is known?
There is significant variability in the fre-
quency of episiotomy performed glob-
ally, with rates ranging from 4% in
Denmark6 to as high as 91% in Thai-
land.7 In our research, the frequency of
episiotomy among our participants was
35.4%, which is higher than the rate
suggested by the World Health Organi-
zation,4 but still considered satisfactory
when compared to other groups. The
variation in rates may be because of a
lack of skills among health workers and
differences in national policies regard-
ing when episiotomies should be per-
formed.
Based on our findings, various factors

such as being younger, living in cities,
having higher levels of education,
attending prenatal classes, having
higher gestational age, being nullipa-
rous, induced labor, and having a lower
body mass index were found to be cor-
related with a higher likelihood of
undergoing an episiotomy. On the other
hand, having the support of a doula
during labor was linked to a decreased
likelihood of needing an episiotomy.
According to research,8,9 it is widely
accepted that nuliparity is a major risk
factor for requiring episiotomy. This
could be because the perineal muscles
of women who have not given birth
before are tighter compared to women
who have had multiple births, leading
birth attendants to more often opt for
performing an episiotomy.
Inducing labor is a significant risk

factor associated with the occurrence of
episiotomy. Our research found that
women who underwent induced labor
February 2025 AJOG Global Reports 3
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TABLE 3
Maternal and neonatal clinical factors associated with the episiotomy
Outcome Nonepisiotomy (n=1146) Episiotomy (n=629) P-value

Maternal anemia .701

No 1128 (98.4) 617 (98.1)

Yes 18 (1.6) 12 (1.9)

Prolonged rupture of membrane .512

No 1132 (98.8) 619 (98.4)

Yes 14 (1.2) 10 (1.6)

Diabetes .095

No 923 (80.5) 527 (83.8)

Yes 223 (19.5) 102 (16.2)

Maternal body mass index .002

Less than 18.5 54 (4.7) 45 (7.2)

18.5−24.9 758 (66.1) 449 (71.4)

25−29.9 266 (23.2) 108 (17.2)

30 and above 68 (5.9) 27 (4.3)

Preeclampsia .522

No 1116 (97.4) 616 (97.9)

Yes 30 (2.6) 13 (2.1)

Hypothyroidism .586

No 1019 (88.9) 554 (88.1)

Yes 127 (11.1) 75 911.9)

Placenta abruption .141

No 1143 (99.7) 624 (99.2)

Yes 3 (0.3) 5 (0.8)

Meconium .796

No 1041 (90.8) 574 (91.3)

Yes 105 (9.2) 55 (8.7)

Intrauterine growth retardation .066

No 1097 (95.7) 606 (96.3)

Yes 49 (4.3) 23 (3.7)

Intrauterine fetal death .710

No 1135 (99.0) 628 (99.8)

Yes 11 (1.0) 1 (0.2)

Fetal distress .999

No 1139 (99.4) 625 (99.4)

Yes 7 (0.6) 4 (0.6)
Data are presented as n (%).

Banaei. Utilizing machine learning to predict the risk factors of episiotomy in parturient women. Am J Obstet
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were more likely to have an episiotomy
compared to those who went into labor
spontaneously. Similar results have
4 AJOG Global Reports February 2025
been reported in studies conducted in
various regions worldwide.10−13 The
possible explanation might be that, if
labor does not start and progress natu-
rally, there may not be a physiological
reduction of the perineal muscles, possi-
bly leading to the need for perineal
intervention.14 In addition, inducing
labor can lead to strong and frequent
contractions of the uterus, which can
cause abnormal fetal heart rate patterns
that may require the birth attendant to
perform an episiotomy to shorten the
labor process.15

Gestational age is an important factor
related to episiotomy. Guidelines sug-
gest that a larger episiotomy may be
necessary for cases of preterm labor to
lower the risk of birth injuries.16 How-
ever, based on research and the experi-
ences of birth attendants, a higher
gestational age is more likely to require
an episiotomy due to the increased size
of the fetus's head diameters.17

The most conflicting results are
related to maternal age and body mass
index. Some research suggests that obe-
sity is a risk factor of episiotomy,18,19

while other studies, like ours, have
found a lower rate of episiotomy among
obese women.20,21 These results suggest
that obstetrics clinics should possibly
adopt a more cautious strategy regard-
ing episiotomy for obese patients.
Another important factor to consider
when deciding on the necessity of episi-
otomy is the mother's age. Our research
revealed that younger mothers tended
to undergo more episiotomies. Solei-
manzadeh and colleagues (2020) dem-
onstrated that mothers who underwent
an episiotomy had a lower average age
compared to those who did not have
the procedure.22 This finding was also
supported by Aguiar and team (2020).23

This could be because younger mothers
are often first-time mothers, leading to
a higher incidence of episiotomies being
performed on them compared to older
mothers. This potentially indicates that
relaxing tense muscles in women who
have given birth multiple times could
result in a longer release period for the
baby's head positioning, possibly elimi-
nating the need for health professionals
to perform an episiotomy.
Factors linked to empowering

women may reduce the fear of episiot-
omy and increase autonomy for
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FIGURE 1
The ROC curves of machine learning models.

Banaei. Utilizing machine learning to predict the risk factors of episiotomy in parturient women. Am J Obstet Gynecol
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mothers to consent to the procedure.24

This could explain the increased rate of
episiotomy among mothers with higher
education, residing in urban areas, and
participating in prenatal classes in our
research sample.
The importance of doulas in assisting

women during childbirth has been dis-
TABLE 4
The performance of machine learning
Machine learning model AU

Linear regression 0.8

Deep learning 0.8

Support vector machine 0.7

Light gradient-boosting 0.7

Logistic regression 0.7

XGBoost classification 0.7

Random forest classification 0.7

Decision tree classification 0.7

Permutation classification—knn 0.7
XXXXX

Banaei. Utilizing machine learning to predict the risk facto
cussed before.25 We feel that doulas
play a significant role in educating and
aiding women during labor, specifically
in terms of birthing positions and
breathing techniques like Lamaze. This
involvement may contribute to the
decreased rate of episiotomy among
women who have a doula.
models
C Accuracy Precision

5 0.80 0.74

2 0.77 0.72

9 0.79 0.74

9 0.78 0.74

8 0.78 0.74

7 0.77 0.73

6 0.75 0.72

5 0.75 0.72

0 0.69 0.60

rs of episiotomy in parturient women. Am J Obstet Gynecol MF
Clinical implications
As far as we know, no predictive models
have been previously used to identify
the risk factors of episiotomy. We cre-
ated machine learning models using
patient data from past cases to assess
how well various algorithms can assist
in making decisions about episiotomies.
Research implications
More research should be conducted to
analyze appropriate variables and pre-
pare big data to determine the best
model.
Strengths and limitations
Our study's main advantage is the utili-
zation of eight various machine-learn-
ing models. Nevertheless, there are
several limitations to our study. One
limitation is its retrospective nature. To
reduce selection bias, we made efforts to
include all consecutive mothers who
delivered babies during the study
period. One of the main factors consid-
ered when deciding whether to perform
an episiotomy is the expertise of the
birth attendant (midwife/obstetrician/
obstetric resident). It is important to
recognize that not including this factor
as a key variable in predicting episiot-
omy is a significant limitation of our
study. Last, determining the exact num-
ber of mothers who received episiotomy
Recall F1-score

0.86 0.79

0.82 0.77

0.83 0.79

0.83 0.78

0.83 0.76

0.80 0.77

0.80 0.75

0.78 0.75

0.83 0.79

M 2024.
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FIGURE 2
Feature importance of the linear regression in the prediction of episiotomy.
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care for a medical reason versus those
who received it unnecessarily was chal-
lenging.
Conclusion
Utilizing a clinical dataset and various
machine learning models to identify the
risk factors of episiotomy resulted in
promising results. If validated in other
populations, the predictive system could
offer personalized guidance to expectant
mothers, allowing them to participate in
the decision-making process regarding
episiotomy. Further research, focusing
on intrapartum clinical data and per-
spectives of the birth attendant, is nec-
essary to enhance the accuracy of
predictions. &
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