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Abstract

Introduction: Cesarean section is one of the most common obstetrical interventions that has been performed at an
increasing rate globally, due to both medical and non-medical reasons. This study aims to develop a prediction tool for
pregnant women potentially needing c-section, such that necessary preparations from the mothers, families, and health
providers can be made.

Methods: A total of 603 pregnant women were recruited in the first phase of c-section prediction tool development.
The association between the maternal and fetal factors on the risk of c-section were analyzed, followed by a stepwise
multivariate regression analysis. In the next phase, 61 pregnant women were enrolled for external validation.
Discrimination was assessed using area under the curve. The calibration plot was then made and assessed using the
Hosmer—Lemeshow test.

Results: There were 251 (41.6%) cases of vaginal delivery and 352 (58.4%) of c-section assessed. Multivariate analysis
showed that gestational age <37 wg (OR: 1.66, 95% CI: 1.10-2.51), pre-pregnancy body mass index (underweight)
(OR: 0.40, 95% ClI: 0.22-0.76), no history of vaginal delivery (OR: 2.66, 95% CI: 1.76—4.02), history of uterine surgery
(OR: 8.34, 95% ClI: 4.54—-15.30), obstetrical complications (OR: 5.61, 95% CI: 3.53-8.90), birthweight=3500 g (OR:
4.28, 95% CI: 2.16-8.47), and non-cephalic presentation (OR: 2.74, 95% CI: 1.53—4.89) were independently associated
with c-section delivery. Those parameters were included in a 7-item scoring tool, with consecutive predictive scores of
1,-1,2,3,3,2,2,1. The area under the curve result was 0.813 (95% CI: 0.779-0.847), indicating a good predictive ability.
The external validation showed AUC: 0.806, 95% Cl: 0.694-0.917, Hosmer—Lemeshow test p=0.666 and calibration
plot coefficient of r=0.939.

Conclusion: A total of 7 maternal-fetal factors were found to be strongly associated with c-section delivery, including
gestational age <37, maternal underweight body mass index, previous uterine surgery, obstetrical complications,
birthweight = 3500, history of vaginal delivery, and non-cephalic presentation. Using these factors, a prediction tool was
developed and validated with good quality.
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Introduction

Cesarean section, or more commonly known as c-section,
has become the main alternative delivery method in preg-
nancy with life-threatening complications.! The decision
to perform c-section should be made under conditions
where vaginal delivery is impossible, or poses more risks,
and is therefore taken only with certain maternal or fetal
indications.?

Based on the Statement on Cesarean Section Rates by
the WHO,? a systematic review and ecological analysis
have found that a population-based c-section rates above
10% does not correlate with reductions in maternal and
neonatal mortality, thus is considered non-optimal, consid-
ering the adverse complications in future pregnancies.*?
Nevertheless, in the last decade, WHO found that the rates
of c-section has dramatically increased from 7% in 1990 to
more than 1 in 5 childbirths (21%) in 2021, and is pro-
jected to reach 29% in 2030, globally. If the trend contin-
ues, Eastern Asia and Latin America are projected to reach
the highest rates at 63% and 54% respectively.®

Although c-section can be an imperative, lifesaving
surgery in certain cases, one concerning reason behind
the trend is the increasing c-section by maternal request,
without any medical indications.” A systematic review by
Begum et al.® in 2020 found that c-section by maternal
request makes up 0.2%-42% of all childbirths, and
0.9%-60% of all c-sections, with 11-fold increase in
c-section by maternal request in upper middle-income
countries compared with either high or lower-middle
income countries.

In Indonesia, the rate of c-section mimics the global
trend, as it increased from 9.8% in 2013 to 17.6% in 2018,
with the highest rate found in Jakarta (31.1%).° In recent
years, the rate of c-section in Cipto Mangunkusumo
National Referral Hospital alone reached almost 50%.
Despite advanced surgical techniques, c-section poses
short-term and long-term complications. Several risks are
associated with c-section, including miscarriage and still-
birth, placenta previa, and placenta accreta in the follow-
ing pregnancy, as well as development of childhood
asthma.'® In Cipto Mangunkusumo hospital, the cases of
placenta accreta was found to be at 76 out of 2660 c-sec-
tion deliveries (2.86%) in 2019.!! A multi-country survey
has also found that c-section performed without medical
indications increases risks for severe maternal outcome.'?

Furthermore, in Indonesia, the high maternal morbid-
ity and mortality rates were highly influenced by the poor
infrastructure of the healthcare system in remote areas
as well as poor awareness of the pregnant mothers, result-
ing in delayed referrals.'> In developing countries like
Indonesia, poor awareness of the early signs of obstetri-
cal complications also contributes to late consultation to
obstetricians. This could eventually delay the c-section,
resulting in life-threatening conditions. Therefore, by

educating pregnant women with regards to their risks of
c-section, maternal and fetal outcomes could potentially
be improved.

With varying trends in c-section and its medical and
non-medical reasons, the medical risk factors behind
today’s trend of c-section becomes unclear. Numbers of
scoring system related maternal and fetal characteristics
to predict the risk of c-sections have been developed for
obstetricians in order to ensure the procedure was done
only if indicated.'*!> However, the existing scoring sys-
tems were built for obstetrician, hence are too difficult for
pregnant women in general population to comprehend,
thus many pregnant women remain unaware of their
obstetrical condition. Therefore, this study aims to assess
the maternal and fetal risk factors of c-section and develop
a prediction tool for mothers potentially needing c-sec-
tion. Hence, necessary preparations from the mothers and
families, especially in third trimester, and health providers
can be made.

Methods
Study setting

The study was carried out at Cipto Mangunkusumo
Hospital, Fatmawati Hospital, and Tangerang General hos-
pital, located in Jakarta-Tangerang, Indonesia. All of the
hospitals are tertiary referral hospital, which receive and
treat referred cases from primary and secondary healthcare
facilities. Moreover, Cipto Mangunkusumo Hospital is a
national referral hospital in Indonesia, handling patients
not only from Jakarta, Indonesia, but also other referred
patients from other provinces in Indonesia, mainly the
ones with adverse pregnancy complications. These hospi-
tals are also teaching hospitals, where examination and
procedures were performed by residents of the Department
of Obstetrics and Gynaecology, Faculty of Medicine,
University of Indonesia, under close supervision by highly
qualified Obstetrics and Gynecology subspecialists and
consultants.

Study design and sample recruitment

This was a retrospective cohort study using data from the
hospital’s medical records. The first phase of the study was
development of a scoring system, which took place in
Cipto Mangunkusumo Hospital and Fatmawati Hospital.
The minimum sample size calculated was 273; on the basis
incidence of c-section rate in Jakarta, 2018 (31.1%),” along
with 95% confidence interval (CI), and 80% power.'® The
study was restricted to women delivered in those two hos-
pitals from January to April 2019, with gestational age of
22-42 weeks. A total of 753 cases met the criteria. We
excluded deliveries with babies weighing 500 g or less
(n=13), cases of intrauterine fetal death at less than 28
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Figure 1. The workflow diagram.

weeks (n=28), and cases with incomplete antenatal data
(n=109). After exclusions, a total of 603 cases complied
our eligibility criteria and were put to analysis.

The next phase was a validation of the scoring system,
which took place in Tangerang General Hospital. The
minimum sample size was also calculated with 95% CI
and 80% power.'® With the effect size 0.26 (low-risk and
high-risk difference from the first part of study), the min-
imum sample requirement for the external validation was
46. Applying similar inclusion and exclusion criteria, the
study was restricted to women delivered in the hospital
from July to August 2021, with gestational age of 22—42
weeks. Within the period of study, a total 89 cases met the
criteria. We excluded deliveries with babies weighing
500 g or less (n=5), cases of intrauterine fetal death at
less than 28 weeks (n=4), and cases with incomplete
antenatal data (n=19). We continued the external vali-
dation using 61 samples. Figure 1 shows the workflow
diagram.

This study has been approved by The Ethical Committee
for Research in Humans from The Faculty of Medicine,
Universitas Indonesia (KET-1491/UN2.F1/ETIK/PPM
.00.02/2020). Since this was a retrospective study, we
extracted only clinically relevant information from medi-
cal records with ensuring patient’s privacy protection. This
study also did not affect patients treatment and health, thus
written informed consent from all participants was waived
by the Ethical Committee.

Outcome measures

All data extracted from medical records were classified
into demographic characteristics, pregnancy history, cur-
rent pregnancy characteristics, and neonatal features.
Demographic characteristics; maternal age, gestational
age, body height, body weight before pregnancy and dur-
ing last trimester, body mass index (BMI) before preg-
nancy and during last trimester which was categorized
based on Asia-Pacific BMI criteria including underweight
(< 18.5), normal (18.5-22.9), overweight (23-24.9), and
obese (=25). Pregnancy history; gravidity, parity, previ-
ous uterine surgery (c-section or myomectomy), history of
vaginal delivery. Current pregnancy characteristics; ante-
natal care (ANC) visit, types of pregnancy (single or twin),
pregnancy program, presence of chronic diseases (diabe-
tes, hypertension, heart disease, kidney disease, autoim-
mune diseases, infections including syphilis, human
immunodeficiency virus (HIV), or hepatitis B, and can-
cer), obstetrical complications [hypertensive disorder in
pregnancy,!” gestational diabetes mellitus (severe hyper-
glycaemia in pregnancy),'® intrauterine growth restriction
(i.e. estimated fetal weight or abdominal circumference
below the 10th percentile, abnormal doppler/amniotic
fluid index/biophysical profile),'® placenta previa, and pla-
cental abruption], and the presence of premature rupture of
membrane (later than 6 or 12 h). Neonatal features: birth
weight, and fetal presentation at the last trimester.
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All women were classified into two groups: vaginal
delivery and c-section. C-section included both emer-
gency and elective c-section. Vaginal delivery included
spontaneous delivery, with or without induction, vacuum
extraction, or forceps delivery. The primary outcome of
this study was to identify the possible independent factors
associated with c-section, which are comprehensible for
both non-health care workers and health-care providers.

Statistical analysis

Data analysis was performed using SPSS statistics, version
25 (SPSS Inc, Chicago, Illinois, USA). Mean and standard
deviation were used to describe continuous variables with
normal distribution, while median and interquartile range
for non-normal distribution data. Comparison of propor-
tions was performed by Pearson’s chi-square (y?) for cat-
egorial variables. Variables with p-value<0.250 in
bivariate analysis were put into logistic regression analy-
sis. Each odds ratio (OR) with multivariable log-binomial
regression models was estimated with 95% confidence
intervals (CIs). A p-value of less than 5% was considered
statistically significant.

A predictive scoring tool was developed through step-
wise calculations: (1) dividing each prognostic factor’s
coefficient B by its standard error (coefficient B/SE); (2)
choosing the lowest B/SE value as a reference (3) divid-
ing each B/SE value by the reference value; and (4) pick-
ing the rounded number nearest to the result from step 3.
In order to evaluate the performance of our scoring sys-
tem, we analyzed calibration score using the Hosmer—
Lemeshow test and discrimination score using receiver
operating characteristic (ROC) and area under receiver
operating characteristic curve (AUC). These were fol-
lowed by internal validation using repeated backward
logistic regression model for each of predictors with 1000
bootstrap resampling. Finally, the result of external vali-
dation of the scoring system were evaluated using repeated
discrimination and calibration test using the same method.

Results

Characteristics of study population

There were 603 cases assessed in this study, including 251
(41.6%) cases with vaginal delivery and 352 (58.4%) with
c-section delivery. The characteristics of study population
is shown in Table 1. Bivariate and multivariate analysis
were performed to evaluate the significances of variables
associated with mode of delivery. Among the 18 variables
which were analyzed for their association with the risk of
c-section, 11 variables found to be significant (Table 2).
These 11 variables were then included in the logistic
regression analysis, resulting in 7 variables found to be
significantly associated with c-section delivery (p <0.05).
The odds ratio of the 11 variables are showed in Table 3.

Development of c-section scoring system

There were seven variables identified in development of
scoring system for the final model (Table 4), including
gestational age <37 weeks, underweight pre-pregnancy
BMI, previous uterine surgery, obstetrical complications,
birth weight=3500 g, no history of vaginal delivery, and
non-cephalic presentation. Following that, a 7-item scor-
ing system was developed (gestational age <37 weeks=1,
underweight pre-pregnancy BMI=-1, non-cephalic
presentation= 1, no history of vaginal delivery=2, birth-
weight=3500 g=2, previous uterine surgery=3, and
obstetrical complications=3), with a total score 11. The
full scoring system is shown in Table 5.

Furthermore, the area of AUC was 0.813 (95% CI:
0.779-0.847). (Figure 2). This was considered good as
sensitivity of 81% were shown when the score =3 was
categorized as high risk for c-section, with a probability
score of 53.13% (Table 5). Calibration using Hosmer—
Lemeshow showed a good calibration score with p=0.555
(p>0.05). An internal validation using 1000X boostrap-
ing also showed the same p value (p=0.555). As the p val-
ues of before and after bootstrapping are the same, the
scoring system can likely be expected to have similar
results in a bigger population.

External validation

We then enrolled 61 subjects for external validation of the
scoring tool. Among them, 24 subjects underwent vaginal
delivery and 37 subjects underwent c-section delivery. The
performance of c-section risk scoring tool was assessed for
calibration and discrimination results. As the calibration
plot showed a coefficient of r=0.939 (Figure 3), and the
Hosmer—Lemeshow test showed p=0.624, the scoring
system was considered to have a good calibration. In
Figure 4, The AUC was 0.806, with 95% CI (0.694-0.917),
showing an excellent discrimination with no big difference
from the first part of the study.

Discussion

There were seven variables identified to be independently
associated with c-section delivery, including gestational
age <37 weeks, maternal underweight pre-pregnancy,
previous uterine surgery, obstetrical complications, no his-
tory of vaginal delivery, birth weight=3500 g, and non-
cephalic presentation. From these variables, a scoring
system for the risk of c-section has been developed. Since
this scoring system was intended for those without medical
background, certain variables which were deemed too
technical for general population to understand were not
included in the analysis. Therefore, variables such as char-
acteristics of amniotic fluid or umbilical cord were not
included in the analysis despite their known associations
with the risk of c-section based on previous studies.'*
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Table |. Baseline characteristics of study population.
Variables Study population
Median (IQR) n (%)
Maternal age (years) 29 (25-35)
Gestational age (weeks) 36 (33-38)
Gravidity
Primigravidity 228 (37.8)
Multigravidas 375 (62.2)
Parity
Nulliparous 244 (40.5)
Multiparous 239 (59.5)
Pregnancy interval 2 (0-6)
Height (cm) 155 (152-159)
Weight before pregnancy (g) 55 (49-64)
Weight at last trimester (g) 65 (58-75)
BMI before pregnancy 23 (20.3-26.7)
BMI at last trimester 27.30 (24.42-31.22)
Presence of chronic disease
Yes 125 (20.7)
No 487 (79.3)
History of vaginal delivery
Yes 240 (39.8)
No 363 (60.2)
History of uterine surgery
Yes 146 (24.2)
No 457 (75.8)
Systolic BP 120 (110-140)
Diastolic BP 80 (70-90)
Pregnancy program
Yes 1 (0.2)
No 602 (99.8)
Types of pregnancy
Single 569 (94.4)
Twin 34 (5.6)
Premature rupture of membranes
No 428 (71.1)
Yes 174 (28.9)
Obstetrical complications
No 396 (65.7)
Yes 207 (34.3)
Preeclampsia/eclampsia 144
Gestational diabetes mellitus I
IUGR 75
Placenta previa/Placental abruption 40
Birth weight (gram) 2550 (1900-3050)
Cephalic presentation
No 95 (15.7)
Yes 508 (84.3)

IQR: interquartile range; BMI: body mass index; BP: blood pressure.

Among the maternal demographical characteristics,
maternal underweight BMI pre-pregnancy was the only
variable to independently reduce the risk of c-section by
OR: 0.40, 95% CI: 0.22-0.76. This finding was consistent
with numbers of study from Asia to Europe, where

pre-pregnancy underweight BMI were found to lower
the risk of cesarean delivery by almost half, with OR:
0.45-0.66.222 In contrast, obese patients who were
thought to have increased risks for c-section, showed no
significant difference in our study. This was surprising as
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Table 2. Bivariate analysis of factors associated with c-section.

Variables SC PV OR (95% Cl) p value
n (%)

Maternal age
=35 98 (27.8) 53 (21.1) 1.44 (0.98-2.11) 0.074%*
<35 254 (72.2) 198 (78.9)

Gestational age
<37 197 (56.0) 116 (46.2) 1.48 (1.07-2.05) 0.023*
=37 155 (44.0) 135 (53.8)

Gravidity
Primigravidity 123 (34.9) 105 (41.8) 0.75 (0.53-1.04) 0.102%*
Multigravidas 229 (61.1) 146 (58.2)

Body height
<149 36 (10.2) 21 (84) 1.25 (0.71-2.19) 0.53
=150 316 (89.8) 230 (91.6)

Pre-pregnancy BMI
Underweight 28 (8.0) 46 (18.3) <0.001*
Normal 129 (36.6) 94 (37.5)
Overweight 59 (16.8) 41 (16.3)
Obese 136 (38.6) 70 (27.9)

Excessive weight gain
Yes 48 (13.6) 23 (9.2) 1.56 (0.92-2.69) 0.121*
No 304 (86.4) 228 (90.8)

ANC >4 times
Yes 330 (93.8) 233 (92.8) 1.16 (0.61-2.21) 0.778
No 22 (6.3) 18 (7.2)

Twin pregnancy
Yes 21 (6.0) 13 (5.2) 1.16 (0.57-2.37) 0.815
No 331 (94.0) 238 (94.8)

Presence chronic disease
Yes 83 (23.6) 42 (16.7) 1.53 (1.02-2.32) 0.052%*
No 269 (76.4) 209 (83.3)

History of vaginal delivery
No 237 (67.3) 126 (50.2) 2.04 (1.46-2.85) <0.001*
Yes 115 (32.7) 125 (49.8)

Previous uterine surgery
Yes 131 (37.2) 15 (6.0) 9.33 (5.30-16.41) <0.001*
No 221 (62.8) 236 (94.0)

Previous c-section < 19 months
Yes 5(1.4) 0 (0.0) - 0.079
No 347 (98.6) 251 (100)

Pregnancy program
Yes 1 (0.3) 0 (0) -
No 351 (99.7) 251 (100)

Obstetrical complications?
Yes 167 (47.4) 40 (15.9) 4.76 (3.20-7.09) <0.001*
No 185 (52.6) 211 (84.1)

Birth weight (gram)
=3500 50 (14.2) 18 (7.2) 2.14 (1.22-3.77) 0.01*
<3500 302 (85.8) 233 (92.8)

Cephalic presentation
No 70 (19.9) 25 (10.0) 2.24 (1.38-3.66) 0.001*
Yes 282 (80.1) 226 (90.0)

(Continued)
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Table 2. (Continued)

Variables SC OR (95% ClI) p value
n (%)

PROM=6 h

Yes 87 (24,7) 66 (26.3) 0.92 (0.63-1.33) 0.731

No 265 (75,3) 185 (73.7)
PROM=12h

Yes 65 (18.5) 49 (19.5) 0.93 (0.62-1.41) 0.825

No 287 (81.5) 202 (80.5)
OR: odds ratio; Cl: confidence interval; BMI: body mass index; ANC: antenatal care.
*Hypertension in pregnancy, gestational diabetes mellitus, intrauterine growth restrictions, placenta previa, and placental abruption.
*Variables with p < 0.25 were selected for the multivariate analysis.
Table 3. Odds ratio for independent variables in multivariate logistic regression analysis.
Variables OR (95% CI) P
Maternal age =35 y.o. 1.00 (0.59-1.70) 0.994
Gestational age <37 wg 1.67 (1.11-2.54) 0.015
Primigravidity 1.31 (0.63-2.74) 0.456
Pre-pregnancy BMI (underweight) 0.42 (0.22-0.78) 0.007
Pre-pregnancy BMI (overweight) 0.87 (0.49-1.55) 0.641
Pre-pregnancy BMI (obese) 0.93 (0.59-1.70) 0.781
Excessive weight gain 1.09 (0.54-2.20) 0.798
Presence chronic disease 1.18 (0.72-1.94) 0.512
No history of vaginal delivery 2.14 (1.06—4.34) 0.034
Previous uterine surgery 9.75 (4.64-20.51) <0.001
Obstetrical complications 5.67 (3.54-9.09) <0.001
Birth weight =3500 g 4.25 (2.13-8.49) <0.001
Non-cephalic presentation 2.75 (1.53—4.95) 0.001
OR: odds ratio; Cl: confidence interval; wg: weeks of gestation; BMI: body mass index.
Table 4. Derivation of 7-point scoring system to the risk of c-section from stepwise multivariate analysis.
Variable Coefficient B SE B/SE OR (95% ClI) Score
Gestational age <37 wg 0.508 0.211 2.408 1.66 (1.10-2.51) |
Pre-pregnancy BMI (underweight) -0.9 0.322 —2.795 0.40 (0.22-0.76) —I
No history of vaginal delivery 0.978 0.211 4.635 2.66 (1.76-4.02) 2
History of uterine surgery 2,121 0310 6.842 8.34 (4.54-15.30) 3
Obstetrical complications 1.724 0.236 7.305 5.61 (3.53-8.90) 3
Birthweight =3500 g 1.453 0.349 4.163 4.28 (2.16-8.47) 2
Non-cephalic presentation 1.007 0.296 3.402 2.74 (1.53-4.89) |

SE: standard error; OR: odds ratio; Cl: confidence interval; wg: weeks of gestation; BMI: body mass index.

a previous study had suggested that nulliparous obese
pregnant women might have increased risk of c-section.?
A different cut off value for BMI category between the
two criteria, Asian-Pacific and WHO criteria, might have
influenced the differing results.

In terms of the obstetrical history, the history of uterine
surgery and no history of vaginal delivery were found to be
highly associated with c-section. Our study found that the

history of uterine surgery was one of two variables with
the highest scores in predicting c-section. This finding is in
agreement with previous studies which found that a history
of c-section in previous births increased the risk of c-sec-
tion in the following pregnancy, with RR 4.30 (4.24-4.36)
and OR: 3.5 (3.4-3.6).3%* This value may also be increased
in deliveries with a history of previous c-section with a
gestational distance of less than 19 months.?>?¢ Although a
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Table 5. Sensitivity, specificity, and probability analysis of the scoring system.

Category Total score

Sensitivity (%)

Specificity (%) Probability (%)

100

100
97.7
94.0
81.3
69.0
51.7
375
224
15.9
9.4

Low risk

High risk
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Figure 2. The ROC curve of the scoring system development
the AUC=0.813, 95% CI: 0.779-0.847.

history of previous c-section is not an absolute indication
of c-section in subsequent pregnancies, vaginal birth after
cesarean (VBAC) might cause numerous adverse effects
including uterine rupture, fetal death, or fetal brain damage
due to hypoxia. In addition, other previous uterine surger-
ies such as myomectomy or resection of adenomyosis
were also known as a risk factor for c-section, and are con-
sidered indications for c-section in subsequent deliveries.?’
Moreover, history of vaginal delivery also affects the risk
of c-section. Mothers in their first pregnancy have a
greater risk of having a cesarean delivery compared to
those who have already had a vaginal delivery before.
This is because the pelvic of multiparous women with
previous vaginal delivery was considered to be more
flexible and easier to undergo vaginal delivery in the fol-
lowing pregnancies.!52328

Furthermore, obstetrical complications are also well-
established major risk factors of c-section procedure. In
this study, we included preeclampsia/eclampsia, gesta-
tional diabetes mellitus, IUGR, placenta previa, and
placental abruption, since those are the most common
pregnancy problems in Indonesia.” Previous studies
have suggested that those complications of pregnancy
had relative risk of around 1.45-1.75 for c-section.!*15:2%
Our study found that preterm birth (gestational age <37 wg)
increased the risk of c-section. This was consistent with
another previous study which showed that birth at <37 wg
increased the risk of c-section with an OR: 1.45, 95% CI:
1.16-1.72.2° This findings imply that pregnant women
who felt the signs of labor such as uterine contractions,
bloody mucous discharge or water breaking before 37
weeks of gestation, were predicted to had increased risk of
c-section.

The characteristics of the fetus during pregnancy may
also affect the risk of c-section delivery, especially during
the third trimester. Our study found that birthweight = 3500
g had OR of 4.28 (95% CI: 2.16-8.47), thus is given a
score of “2” in our prediction tool. This is in agreement
with a previous study which found that heavier fetal weight
was associated with the increased risk of c-section.'#3°
Another previous study also supports our finding, suggest-
ing that a total of 60.7% of pregnancies with a fetal weight
more than 3500 were delivered by c-section, compared to
39.3% for a fetus weighing <3500 g.?® Although our
study used the clinical birthweight rather than the esti-
mated fetal weight, previous studies have found that
there was no significant difference between estimated
fetal weight and actual birth weight in normal weight
population.?! Significant difference of fetal weight usu-
ally found in small for gestational age fetus, with differ-
ences up to 200 g.3? Thus, a clinically-determined estimated
fetal weight of =3500 g, can still be a predictive factor for
an increased risk of c-section. In addition, our study also
found that non-cephalic presentation is associated with
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Figure 3. The plot calibration diagram of the scoring system in external validation (r=0.939).

1.0 ROC Curve
0.8 -
3. 0.6 -
]
x
"
c
]
Y 04+
0.2
0.0 T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 4. The ROC curve of the scoring system in external
validation. The AUC=0.806, 95% CI: 0.694-0.917.

increased risk of c-section. This was not surprising, as
numbers of studies have also found its association with
increased risk of c-section. A previous study found that the
incidence of c-section in non-cephalic presentation was
93.3% (p<<0.001) compared to head presentation, the
incidence of which is 37.3%.%8 Nevertheless, studies have
suggested that non-cephalic presentation was best diag-
nosed at 36 weeks of gestational age.>* Therefore, preg-
nant women who uses our scoring tool with diagnosed
fetal presentation before 36 weeks of gestation, is recom-
mended to repeat the examination in the subsequent weeks

of pregnancy. Moreover, interestingly, in our first part of
study, we also found 37.18 per 1000 rate of early fetal
death. This high number was due to the fact that our study
was conducted in tertiary and national referral hospitals,
thus the number of cases of adverse pregnancy complica-
tions was higher than the national data.’

To the best of our knowledge, this is the first study to
propose a scoring system in the risk of c-section for both
non-medical and medical personnel, with variables which
were considered simple and easy to evaluate. The internal
and external validations have reflected satisfactory cali-
bration and discrimination values of the scoring system.
Nevertheless, there were certain limitations of the study.
Pregnant women that could confidently use this scoring
were the ones with late trimester, as most of variables
could only be evaluated during the last trimester. Also, this
was a retrospective study, thus the conclusions were lim-
ited by the results of this present study. Further studies
should explore the application of this predictive scoring
tool in a wider range of population with a prospective
cohort design.

Conclusion

There were seven independent factors found to be highly
associated with c-section delivery, including gestational
age <37, underweight pre-pregnancy BMI, previous
uterine surgery, no history of vaginal delivery, obstetrical
complications, birthweight = 3500, and non-cephalic
presentation. A predictive scoring tool has been developed
and validated with a good quality. Pregnant women were
expected to use this scoring tool as a self-administered
questionnaire so they are able to self-assess their risks of
c-section. High risk of c-section results would encourage
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mothers, families, and healthcare professionals to arrange
for early consultations with obstetricians and make better
preparations for the mothers to deliver at the hospitals.
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