
O R I G I N A L  R E S E A R C H

Prediction of Emergency Cesarean Section Using 
Detectable Maternal and Fetal Characteristics 
Among Saudi Women
Hayfaa Wahabi 1,2, Amel Fayed3, Hala Elmorshedy3, Samia Ahmad Esmaeil1,2, Yasser S Amer1,4, 
Elshazaly Saeed5, Amr Jamal1,2, Sarah A Aleban3, Reema Abdullah Aldawish3, Lara Sabri Alyahiwi 3, 
Haya Abdullah Alnafisah 3, Raghad E AlSubki3, Norah khalid Albahli3, Aljohara Ayed Almutairi 3

1Research Chair for Evidence-Based Health Care and Knowledge Translation, King Saud University, Riyadh, Saudi Arabia; 2Department of Family and 
Community Medicine, King Saud University Medical City and College of Medicine, Riyadh, Saudi Arabia; 3Clinical Sciences Department, College of 
Medicine, Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia; 4Clinical Practice Guidelines Unit, Quality Management Department, 
King Khalid University Hospital, King Saud University, Riyadh, Saudi Arabia; 5Prince Abdulla bin Khaled Coeliac Disease Research Chair, King Saud 
University, Riyadh, Saudi Arabia

Correspondence: Amel Fayed, Clinical Sciences Department, College of Medicine, Princess Nourah bint Abdulrahman University, P.O. Box: 84428, 
Riyadh, 11671, Saudi Arabia, Tel + (966) 5943 95059, Email aafayed@pnu.edu.sa 

Background: The worldwide rate of cesarean section (CS) is increasing. Development of prediction models for a specific population 
may improve the unmet need for CS as well as reduce the overuse of CS.
Objective: To explore risk factors associated with emergency CS, and to determine the accuracy of predicting it.
Methods: A retrospective analysis of the medical records of women who delivered between January 1, 2021-December 2022 was 
conducted, relevant maternal and neonatal data were retrieved.
Results: Out of 1793 deliveries, 447 (25.0%) had emergency CS. Compared to control, the risk of emergency CS was higher in 
primiparous women (OR 2.13, 95% CI 1.48 to 3.06), in women with higher Body mass index (BMI) (OR 1.77, 95% CI 1.27 to 2.47), 
in association with history of previous CS (OR 4.81, 95% CI 3.24 to 7.15) and in women with abnormal amniotic fluid (OR 2.30, 95% 
CI 1.55 to 3.41). Additionally, women with hypertensive disorders had a 176% increased risk of emergency CS (OR 2.76, 95% CI 
1.35–5.63). Of note, the risk of emergency CS was more than three times higher in women who delivered a small for gestational age 
infant (OR 3.29, 95% CI 1.93–5.59). Based on the number of risk factors, a prediction model was developed, about 80% of pregnant 
women in the emergency CS group scored higher grades compared to control group. The area under the curve was 0.72, indicating 
a good discriminant ability of the model.
Conclusion: This study identified several risk factors associated with emergency CS in pregnant Saudi women. A prediction model 
showed 72% accuracy in predicting the likelihood of emergency CS. This information can be useful to individualize the risk of 
emergency CS, and to implement appropriate measures to prevent unnecessary CS.
Keywords: emergency cesarean section, indications, prediction, Saudi Arabia

Introduction
Cesarean section (CS) is the most performed major operation in obstetric practice around the globe. Worldwide rate of 
CS, according to the latest estimate, is 21%, with the lowest rate of 5% in Sub-Saharan Africa and the highest rate of 
42.8% in Latin America and the Caribbean.1 It has been estimated that by the year 2030 more than 38 million births will 
be by CS and the rate of cesarean birth will increase to 28%.1 In Saudi Arabia, the CS rate is estimated at 25–27%.2,3 The 
World Health Organization (WHO) recommendation on the rate of CS in a population of 10–15%, has been challenged 
repeatedly.4,5 In 2015 the WHO released a statement recommending the use of Robson classification by all obstetrics 
units worldwide to provide data and evidence on a realistic recommended rate for CS. Such evidence may help in 

International Journal of Women’s Health 2023:15 1283–1293                                            1283
© 2023 Wahabi et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of Women’s Health                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 March 2023
Accepted: 20 July 2023
Published: 8 August 2023

In
te

rn
at

io
na

l J
ou

rn
al

 o
f W

om
en

's
 H

ea
lth

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0003-2304-3364
http://orcid.org/0009-0005-5278-3937
http://orcid.org/0009-0001-8064-3166
http://orcid.org/0009-0007-9834-0765
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


reducing the burden of unmet need of CS in many low- and middle-income countries (LMIC), as well as reduce the 
burden of overuse of CS.

Vaginal delivery (VD) is the natural history of normal pregnancy and normal labor. However, in certain circumstances, 
CS is performed as a lifesaving intervention to avoid undue complications to the mother or the baby. Common indications 
for CS include previous CS, fetopelvic disproportion, fetal malpresentation, fetal distress and failure of labor progress.6,7 

Nevertheless, overuse of CS without medical indication will result in unnecessary waste of resources especially because CS 
birth is not without potential complications to the mother and the infant including postpartum hemorrhage, postpartum 
infection and childhood asthma and obesity.8–10 Additional complications such as intraoperative massive blood loss and 
unintended surgical trauma are recognized more frequently in emergency compared to elective CS.11 Hence, the decision to 
perform emergency CS entails rapid assessment of the risks associated with continuing attempt of natural birth versus CS 
delivery.12 Based on the results of many studies which showed the higher rate of morbidity and mortality associated with 
emergency CS compared to scheduled procedures,13 many models for prediction of possibility of delivery by CS have been 
suggested. Some models used both antenatal and intrapartum factors,14 other models were developed for certain 
groups such as nulliparous women15 or those with previous CS.16 Moreover, CS prediction models differ in terms of 
ethnicity, demographic characteristics of different communities and the common medical problems in the community such 
as obesity or diabetes which can influence the course of labor and normal birth.17,18

In Saudi Arabia, few studies reported on the rate of CS. Recently published studies reported an overall rate of 13.6% 
(range; 7.1–16.3%) for emergency CS and 7.8% (range; 4.5–12.5%) for elective CS.2,19 However, the rate of CS in Saudi 
Arabia has increased more than twofold (25–27%) compared to the 9–10% rate reported in 1994–1997.20,21 The 
exponential change in the rate of CS observed in Saudi Arabia over time may be due to factors such as the wide spread 
use of electronic fetal monitoring,22 change in the prevalence of maternal obesity and diabetes,19,23 increased fear of 
litigation24 or maternal request for CS delivery.

Emergency cesarean section predictive regression models are valuable tools in obstetrics to assess the risk of 
emergency CS before the onset of labor. These models utilize various antenatal obstetric and non-obstetric factors to 
predict the likelihood of an emergency CS. The model’s performance accuracy is assessed using the area under the 
receiver operating characteristic curve (AUC).18,25 These predictive models have identified various factors associated 
with an increased risk of emergency cesarean section. Factors such as maternal age, BMI, previous CS, abnormality in 
amniotic fluid, induction of labor, and fetal physical measurements have been found to be significant predictors.18,26 

Overall, there are few published studies evaluating predictive performance of emergency CS models, and to the best of 
our knowledge, no studies were conducted in Saudi Arabia.

The objectives of this study were to investigate the main obstetric and non-obstetric risk factors for emergency CS then 
to develop an emergency CS prediction tool, which will help clinicians to counsel women on the risk of delivering by CS.

Materials and Methods
This study was performed in accordance with the principles stated in the Declaration of Helsinki.27 We conducted 
a retrospective analysis of medical records of deliveries that occurred from January 1, 2021, to December 31, 2022. We 
included all pregnancies who delivered during the study period irrespective of maternal age, parity, type of onset of labor, 
obstetrics, or medical complications, and excluded those with gestational ages less than 25 weeks and multiple 
pregnancies. A total of 1793 cases met the eligibility criteria for the study. We classified all cases according to the 
mode of delivery, and women were assigned to one of three groups: vaginal delivery (VD), elective (CS), or emergency 
CS. We defined elective CS as a planned surgical delivery that was scheduled prior to the onset of labor or any other 
obstetric complication. Emergency CS, on the other hand, was defined as a cesarean delivery performed urgently due to 
unforeseen maternal or fetal complications during labor or delivery. We excluded those who delivered by elective CS 
from further analysis.

Data extraction was done using a standardized data collection sheet that included the following sections; demographic 
data such as maternal age, weight, height, obstetric history including parity and previous CS, perinatal complications 
such as diabetes, hypertensive events, amniotic fluid abnormalities, umbilical cord status along with pre-labor events 
such as induction of labor. Neonatal characteristics were also retrieved including birth weight and gender.
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Definitions
● Emergency CS: was defined as a case in which the procedure of VD was terminated due to the occurrence of 

emergency events which put the life of the mother or the baby at risk.
● Pregestational diabetes: is a condition in which the mother has diabetes (most commonly type 1 or type 2 diabetes) 

before the onset of pregnancy.28

● Gestational diabetes (GDM): is defined as any degree of glucose intolerance with onset or first recognition during 
pregnancy.29

● Hypertensive events of pregnancy: all cases who developed gestational hypertension, pre-eclampsia or eclampsia 
were aggregated in this category.

● Amniotic fluid abnormality: the patients were classified according to the amniotic fluid index into polyhydramnios 
group if the amniotic fluid index ≥ 24 cm or oligohydramnios if amniotic fluid index ≤ 5 cm, provided that the 
assessment was done within seven days of the delivery.

● Amniotic fluid quality: according to the clarity of the amniotic fluid, it was categorized as clear (clear thin yellowish 
color), stage I (fresh meconium stain), stage II (old meconium stain) and stage III is blood-stained fluid. When 
developing the regression model, the three stages were aggregated in one group of abnormal quality of the amniotic 
fluid and compared to the clear group that was considered as the reference group.

● Macrosomia: birth weight ≥ 4 Kg.
● Small for gestational age (SGA): birth weight less than the tenth percentile.

Statistical Analyses
Analyses were performed using SPSS version 22.0 (SPSS Inc, Chicago, Illinois, USA) and Stata version 16. Quantitative 
variables were displayed as mean± Standard Deviation while qualitative variables were expressed as frequencies and 
percentages. Association between mode of delivery and all perinatal characteristics was tested using Chi-square test or 
t-test as indicated. Logistic regression was applied to define the independent effect of each perinatal variable on the mode 
of delivery and both the crude and adjusted Odds Ratios (OR) were reported with its 95% Confidence interval (CI).

A scoring system was developed to identify pregnant women at high risk for emergency CS based on the adjusted OR 
values. Women who had a risk factor with OR value between 1 and 2 were scored as 1 point, women with a risk factor 
with OR value between 2 and 3 were scored as 2 points, and so on.

The score was 0 if there was no risk factor. Subsequently, according to the number of risk factors, the emergency CS 
risk scoring system was further established: scores of 1–2 were classified as grade 1, scores of 3–5 were grade 2, scores 
6–8 were grade 3, and scores of 9–15 were grade 4.

To confirm the predictability of the selected model, we used Receiver Operating Curve (ROC) to depict the area under 
the curve for the model and for individual factors.30

Ethical Consideration
This study was approved by the Institutional Review Board of Princess Nourah bint Abdulrahman [IRB number 22–0009], 
and all data were anonymized and kept confidential. No identifiable information was included in the final manuscript. Written 
informed consent was not needed for this study since we used retrospectively retrieved clinically relevant data and did not alter 
the treatment or medical plans.

Results
Out of the 1793 women of the studied sample, 1436 (75.0%) had VD and 447 (25.0%) had emergency CS. Women in the 
Emergency CS group were of comparable age to women in the VD group, while they had significantly higher BMI (31.52 
±5.47 kg/m2 versus 30.17±5.45 kg/m2) and shorter gestational age (38.24±2.96 weeks versus 38.85±1.88 weeks) as compared 
to the VD group (Table 1). Most women who had emergency CS were primiparous (69.2%) while 18.8% of the group had 
history of previous CS. Nearly all perinatal complications were reported significantly more often among the emergency CS 
group, such as hypertensive disorders of pregnancy, diabetes (pregestational and gestational), abnormal amniotic fluid, 
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Table 1 Comparison Between Participating Women According to the Mode of Delivery

Vaginal Delivery (VD) 
(N=1346)

Emergency CS  
(N=447)

P-value

Frequency % Frequency %

Sociodemographic Characteristics

Maternal Age (years) <25 264 (20.0) 83 (18.8) 0.20

25–29 436 (32.5) 153 (34.7)

30–34 379 (28.3) 105 (23.8)

35+ 262 (19.5) 100 (22.7)

BMI (Kg/m2) 30.17±5.45 31.52±5.47 <0.01

Gestational age (weeks) 38.85±1.88 38.24±2.96 <0.01

Pregnancy History

Parity Primi-parous 732 (54.4) 306 (69.2) <0.01

Multipara 614 (45.6) 136 (30.8)

Previous CS No 1234 (91.8) 318 (71.9)

Yes 264 (8.2) 83 (18.8)

Perinatal Complications

Hypertensive disorders of pregnancy No 1308 (97.8) 409 (93.2) <0.01

Yes 30 (2.2) 30 (6.8)

Diabetes of the mother Pregestational diabetes 11 (0.8) 15 (3.4) <0.01

Gestational diabetes 114 (8.5) 45 (10.2)

No Diabetes 725 (54.0) 244 (55.3)

Amniotic fluid Clear 1166 (86.9) 356 (80.9) <0.01

Stage I 120 (8.9) 46 (10.5)

Stage II 38 (2.8) 29 (6.6)

Stage III 18 (1.3) 9 (2.0)

Umbilical cord status Normal 1263 (94.1) 424 (96.1) 0.04

Cord entanglement 74 (5.5) 13 (2.9)

Knot in umbilical cord 5 (0.4) 4 (0.9)

Oligohydramnios 40 (3.0) 15 (3.4) 0.66

Hydramnion 12 (0.9) 4 (0.9) 0.98#

Placental abruption 7 (0.5) 14 (3.2) <0.01

Low lying placenta 2 (0.1) 5 (1.1) <0.01#

(Continued)
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entanglement or knot of umbilical cord, placenta abruptio and low laying placenta. Induction of labor and use of epidural 
anesthesia were higher in the emergency CS group (Table 1). Additionally, both macrosomia and SGA were more frequent in 
the emergency CS as compared to VD group. Indications for emergency CS in this study were fetal distress in 48.6% of the 
participants, failure to progress in 28.6%, and maternal request in 2.7% (Table 2).

In the univariate analysis, variables with differences between the emergency CS and the VD groups were included. 
The results showed that the risk of emergency CS increased if the pregnant woman had one of the following conditions: 
BMI ≥28 at delivery, nulliparity, history of previous CS, abnormal characteristics of amniotic fluid, hypertensive 
disorders, diabetes, SGA and macrosomia (p<0.05 for all) (Table 3). However, by incorporating these risk factors into 
multivariate analysis with adjustment of gestational age, diabetes, macrosomia, and induction of labor were no longer 
independent risk factors for emergency CS (Table 3). The risk of emergency CS in primiparous women was about two 
times higher than in multiparous women (OR 2.13, 95% CI 1.48 to 3.06, p<0.001), and the risk was almost doubled 
among women with higher BMI (OR 1.77, 95% CI 1.27 to 2.47) as compared to those with normal BMI (Table 3). The 
risk of emergency CS in pregnant women with history of previous CS was nearly five times higher than that in women 
without such history (OR 4.81, 95% CI 3.24 to 7.15, p<0.01), and the risk among those with abnormal amniotic fluid was 
two times higher than that in those with normal amniotic fluid (OR 2.30, 95% CI 1.55 to 3.41, p<0.01). In addition, 
women with hypertensive disorders were nearly three times as likely to deliver by emergency CS compared to those 

Table 2 Indication of Cesarean Section

Frequency %

Fetal distress 215 (48.6)

Abnormal fetal position 42 (9.5)

Relative cephalopelvic disproportion 13 (2.9)

Maternal request 12 (2.7)

Pre-eclampsia 19 (4.3)

Failure to progress 126 (28.6)

Note: Some cases had more than one indication for emergency cesarean 
section.

Table 1 (Continued). 

Vaginal Delivery (VD) 
(N=1346)

Emergency CS  
(N=447)

P-value

Frequency % Frequency %

Delivery Process

Induction of labor 381 (28.3) 157 (35.6) <0.01

Epidural anesthesia 284 (21.2) 207 (46.9) <0.01

Neonatal Features

Birth weight 3096 ± 467.50 3027.66 ± 679.44 <0.01

Macrosomia 18 (1.4) 17 (3.9) <0.01

SGA 97 (7.3) 82 (19.0) <0.01

Baby’s gender (males) 646 (48.1) 242 (54.8) <0.01

Notes: Data are presented as frequency (%) or as average ± (Standard Deviation), #Fisher’s Exact test was used. 
Abbreviations: BMI: Body Mass Index, VD: Vaginal Delivery, CS: Cesarean Section, SGA: Small for Gestational Age
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Table 3 Univariate and Multivariate Analysis of Factors Associated with Emergency 
Cesarean Section

Crude OR  
(95% Confidence Interval)

Adjusted OR  
(95% Confidence Interval)

Demographic

Mother’s age (years)

< 30 1

≥ 30 0.95 (0.77–1.18) 1.04 (0.74–1.46)

BMI (Kg/m2)

<28 1

≥28 1.61 (1.26–2.06)* 1.77 (1.27–2.47)*

Pregnancy history

Parity

Multiparous 1 1

Primiparous 1.89 (1.50–2.37)* 2.13 (1.48–3.06)*

History of Previous CS

No 1 1

Yes 4.37 (3.29–5.82)* 4.81 (3.24–7.15)*

Perinatal complications

Amniotic fluid

Clear 1 1

Abnormal (stage I, II, III) 1.56 (1.18–2.08)* 2.30 (1.55–3.41)*

Normal quantity 1 1

Abnormal quantity 1.11 (0.65–1.90) 0.69 (0.32–1.49)

Induction of labor

No 1

Yes 1.09 (1.02–1.17)* 1.25 (0.91–1.72)

Umbilical cord

Normal 1 1

Abnormal 0.64 (0.38–1.09) 0.79 (0.43–1.55)

Hypertensive disorders of pregnancy

No 1

Yes 3.20 (1.91–5.37)* 2.76 (1.35–5.63)*

Diabetes

No 1

Yes 1.43 (1.02–2.00)* 1.24 (0.83–1.87)

(Continued)
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without the condition (OR 2.76, 95% CI 1.35–5.63, p<0.01) (Table 3). Furthermore, the risk of emergency CS was more 
than three times higher in women with SGA infants than in those with average birth weight infants (OR 3.29, 95% CI 
1.93 to 5.59) (Table 3).

Based on the adjusted OR values, a scoring system was developed to identify pregnant women at high risk for emergency 
CS (Table 4). We included six factors which were scored as follows: BMI ≥28 before delivery (1 point), primiparous (2 
points), previous history of CS (4 points), abnormal characteristics of amniotic fluid (2 points), hypertensive disorder of 
pregnancy (3 points), and neonatal weight <2500 (3 points) (Table 4). For each woman, the sum of the six factors was scored 
(0–15 points). Based on the grading system (Table 5), 92.6% of CS were clustered in grades 1–3, with 73.8% clustered in 
grades 2–3. In comparison, 93% of the group with vaginal delivery were clustered in grades 0–2, with 50.2% clustered in 
grades 0–1 and 42.8% clustered in grade 2. The proportion of grade three was about three times higher in the emergency CS 
group compared to the group with vaginal delivery, while the proportion of grade four was more than six times higher in the 
emergency CS group than in the group with vaginal delivery (Table 5). The area under the curve of the risk scoring system was 
0.72 (95% CI 0.69 to 0.75), the difference was statistically significant p<0.001, which was more valuable than any other single 
risk factor, indicating that the regression model of the risk factors had a good predictive ability (Figure 1).

Table 3 (Continued). 

Crude OR  
(95% Confidence Interval)

Adjusted OR  
(95% Confidence Interval)

Neonatal features

Birth weight

Normal 1 1

SGA 3.06 (2.23–4.12)* 3.29 (1.93–5.59)*

Macrosomia 3.42 (1.75–6.72)* 1.41 (0.59–3.45)

Note: *P-value <0.05. 
Abbreviations: OR:Odds ratio.BMI: Body Mass Index, CS: Cesarean Section, SGA: Small for Gestational Age

Table 5 Development of Emergency CS Risk Scoring System

Score Grade Vaginal Delivery Emergency CS OR (95%C.I.)

Frequency Percentage Frequency Percentage

Grade 0 127 (10.6) 9 (2.3) 1

Grade 1 (1–2) 473 (39.6) 73 (18.8) 2.17 (1.06–4.47)

Grade 2 (3–5) 512 (42.8) 196 (50.5) 5.40 (2.69–10.83)

Grade 3 (6–8) 74 (6.2) 90 (23.3) 17.16 (8.17–36.07)

Grade 4 (9–15) 9 (0.8) 20 (5.2) 31.36 (11.11–88.48)

Abbreviation: CS: Cesarean Section.

Table 4 Scoring of Individual Factors

Total Score BMI Parity Previous CS Amniotic Fluid Hypertension Low Birth Weight

0 <28 = (0) Multiparous= (0) No = (0) Normal = (0) No = (0) No = (0)

15 ≥28 = (1) Primiparous = (2) Yes = (4) Abnormal = (2) Yes = (3) Yes = (3)

Abbreviations: BMI: Body Mass Index, CS: Cesarean Section.
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Discussion
The results of this study showed that nulliparity, high BMI, SGA, hypertensive disorders during pregnancy in addition to 
previous CS, and the quality of amniotic fluid are predictors of emergency CS in Saudi women. Our model, which 
included all of these factors, showed an area under the curve of 0.72 with an acceptable power to predict women at high 
risk for emergency CS.31 The AUC value of 0.72 agrees with the few studies reporting performance of emergency CS 
prediction models, in which the AUC ranged from 0.70–0.81.14,15,25,32 The main indications for emergency CS in this 
cohort were fetal distress and failure to progress in labor.

Obesity and overweight are recognized risk for adverse pregnancy outcome among Saudi women including delivery 
by CS.19,33 In this study, high BMI increased the risk of emergency CS delivery by almost twofold, which agrees with 
previous studies for prediction of risk of emergency CS.32,34 Obesity in pregnancy is associated with, fetal macrosomia, 
GDM and hypertensive disorders,19,33 all of which can increase the risk of emergency CS in otherwise low risk women.

Similar to our findings in this study, nulliparity has been recognized in more than one model as a predictor for CS 
delivery,26,30,35 especially if it is associated with certain intrapartum findings such as, mild to moderate contractions, slow 

Figure 1 Comparison of different ROC of various maternal and neonatal factors versus the scoring system in predicting emergency cesarean section. 
Abbreviations: primi, primigravida; multi, multigravida; BMI, body mass index; previous CS, previous cesarean section.
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cervical dilatation and high fetal station, in addition to advanced maternal age, high pre-pregnancy BMI and shorter 
maternal height.15

Previous delivery by CS imposed the highest risk of delivering by emergency CS in this study. These results were 
different to those found by Guan et al,30 which confirm that each community of pregnant women have different 
predictors for emergency CS delivery influenced by many factors including maternal characteristics.

Our analysis showed that the odds of emergency CS increase by threefold in women with small for gestational age 
pregnancies, which is in agreement with previous reports.36,37 Small for gestational age SGA fetuses are at greater risk of 
perinatal mortality38 and intrapartum hypoxia due to compromised uteroplacental reserve which increases the possibility 
of CS delivery due to fetal distress,37 which was an indication for nearly half of the CS in this cohort (Table 2). 
Nwabuobi et al developed a model for risk factors for CS for SGA which included additional factors such as abnormal 
umbilical Doppler and gestational age at delivery.39

Similar to the findings of previous reports, this study showed that the presence of echogenic particles in the amniotic 
fluid was associated with increased risk of delivery by CS.30,40 High density amniotic fluid particles are, in most cases, 
related to the presence of vernix, however they may be due to the presence of meconium or blood and may indicate fetal 
compromise in a small proportion of cases, nevertheless, the presence of echogenic amniotic fluid is associated with low 
APGAR scores and increase in the rate of primary CS irrespective of their nature.40,41

Hypertensive disorders during pregnancy were found in this study to increase the odds for CS by almost threefold. 
The prevalence of hypertensive disorders in pregnancy in Saudi women is 4.0%,2 which is comparable to that reported 
globally of 5–8%.42 Previous studies reported the association of hypertension in pregnancy with adverse pregnancy 
outcomes including delivery by emergency CS.43

In this study, the women who delivered normally were of similar age to the women who delivered by CS, as shown in 
Table 1. This explains the finding that maternal age was not an independent risk factor for emergency CS in this group of 
participants. Nevertheless, other studies showed that; each year increase of maternal age was associated with additional 
6% increase in the risk of CS.18

Previous studies from Saudi Arabia showed that GDM and pre-gestational diabetes significantly increase the rate of 
CS delivery,23,44 however, contrary to our expectations we did not find macrosomia or maternal diabetes independent risk 
factors for emergency CS in this study. This finding may be explained by the fact that pregnancies complicated with 
GDM or pre-gestational diabetes are monitored closely and those complicated with fetal macrosomia will be scheduled 
for elective CS rather than going into trial of VD. In addition, many of the mothers with pre-GDM would have had 
previous CS delivery, hence, they will be electively scheduled for CS.

We did not find umbilical cord knot and entanglement as independent risk factors for emergency CS; however, these 
abnormalities of the cord were proven to be associated with risk of emergency CS and fetal compromise45 which is 
manifested by abnormalities in fetal heart rate.

Contrary to the findings of previous investigators, induction of labor was not a risk factor for emergency CS in this 
study. This may be explained by the small number of women who had induction of labor in this study.32,46

The results showed that our model can effectively identify 70% of the women at high risk of emergency CS, and was 
superior to any single factor on its own, as shown in Figure 1. The scoring system we developed from the model can 
easily be used. The antenatal information is readily available for all women who are admitted for delivery and the 
assessment of the amniotic fluid, and fetal weight can be estimated by ultrasound examination at the time of admission to 
the delivery room. Hence, we suggest close monitoring of women with high scores using this system of evaluation as 
they are at high risk of having emergency CS delivery.

This study is not without limitation, including the retrospective nature of the investigation and the relatively small 
number of participants. However, the findings of the study should be validated in a multicenter study to complete this 
important step in developing a model for the prediction of the risk of emergency CS in Saudi women.

Conclusion
This study identified several important risk factors associated with emergency CS in a population of pregnant Saudi women. 
A prediction tool was developed based on these risk factors and showed 70% accuracy in predicting the likelihood of 
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emergency CS among this population. This information can be useful for clinicians to counsel pregnant women on their 
individualized risk of delivering by emergency CS, and to implement appropriate measures to prevent unnecessary CS while 
ensuring the safety of the mother and the infant.
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