
INTRODUCTION

Induction of labor (IOL) is a common procedure in obstetrics 

which implies stimulation of contractions before the 

spontaneous onset of labor. The indications for IOL were 

postterm pregnancy, oligohydramnios , gestational 

hypertension , chronic hypertension , gestational diabetes 

mellitus , intrauterine fetal growth restriction and also fetal 
(1)death . This procedure is important for both safety of mother 

and baby.

There are mechanical and pharmacological techniques for 

IOL. Mechanical techniques include transcervical catheter, 

extra amniotic saline infusion, and hygroscopic cervical 

dilators. Common pharmacological techniques include 

oxytocin and prostaglandins (PG) such as Misoprostol, a 

synthet ic  PG E1 analogue,  can be administered 

intravaginally, orally and sublingually, it is widely used to 
(2)terminate pregnancy in the rst and second trimesters .

Reported IOL prevalence varies between countries and over 
(3)time . For example, in Saudi Arabia it was 16% in 2012; in the 

United States it was approximately 20 % of all births. The 

United States rate increased from 9.5% in 1990 to 22.8% in 
(4, 5)2007 and 23.3% in 2012 . The successful rate of IOL and 

(6-9)associated factors also varied in different reports . This 

information is necessary for patient's management and 

counseling. Therefore, the objectives of this study are to 

determine the prevalence and associated factors of 

successful IOL, and the maternal and perinatal outcomes in 

our center.

MATERIALS AND METHODS

This study is a descriptive study in the Department of 

Obstetrics and Gynecology, Udonthani Hospital, Udonthani, 

Thailand. It was conducted after the Human Research Ethical 

Committee of Udonthani Hospital approved the protocol. 

Patients' medical records who underwent IOL in Udonthani 

Hospital from October 2017 to June 2019 were reviewed. 

The inclusion criteria were; singleton pregnant woman who 

received IOL during the study period. The indications for IOL 

were late term pregnancy (gestational age 41 weeks), post 

term pregnancy (gestational age > 42 weeks), oligohyd 

ramnios, preeclampsia, chronic hypertension, gestational 

diabetes mellitus and overt diabetes mellitus, prelabor 

rupture of membrane, intrauterine fetal growth restriction, 

chorioamnionitis, fetal anomaly and death fetus in utero. The 

contraindications of IOL were; previous cesarean delivery or 

myomectomy, multifetal pregnancy, active genital herpes, 

estimate fetal weight ≥ 4000 grams. An exclusion criterion 

was incomplete medical record.

The sample size was calculated using a formula for a 

descriptive study, with an estimated prevalence for a 
(10)successful IOL 0.65 with 0.06 acceptable error , a 0.05 

chance of making a type 1 error. The result was 242 women 

were needed for the study. The statistical analysis was 

performed using Stata program version 13. Continuous 

variables are presented by the mean + standard deviation. 

Categorical variables are presented by number and 

percentage. Binary regression analysis was performed to 

evaluate the difference of variable. Multivariable logistic 

regression analysis was applied to evaluate the factors 

associated with successful IOL. Results were presented as 

adjusted odds ratio with 95% condence interval. A p-value 

<0.05 was considered statistically signicant.

Data collection included patients' baseline characteristics, 
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cervical condition and, obstetrics and neonatal outcomes. 
Successful IOL was dened as vaginal delivery could be 
achieved. The prevalence and associated factors for 
successful IOL were analyzed. 

RESULTS
There were 242 patients who underwent IOL and had 
complete patient data during the study period. The 
prevalence of IOL in Udonthani Hospital was 3.7% (242/6,469) 
of total deliveries. Baseline characteristics of the pregnant 
women and obstetric outcomes are presented in Table 1. The 
mean age was 26.7± 7.2 years. The mean gestational age was 
38.4 ± 3.3 weeks. Mean body mass index at term was 29.1 ± 
5.4. The mean Bishop score was 5.2 ± 2.2. The most common 
indication for IOL was late term in 83 women (34.3%). The most 
common method of IOL was oxytocin in 129 (53.3%) patients. 
The mean time for IOL was 20.8+20.0 hours.

Successful IOL was achieved in 126 (52.1%) patients (95% CI 
45.6-58.5). Comparison of possible associated factors 
between successful and non-successful IOL groups found 
advanced maternal age group (age > 35) and preeclamptic 
patients had a lower IOL success rate. While multiparity, 
preterm pregnancy had a higher IOL success rate. There were 
no signicant difference found with body mass index, initial 
cervical dilatation and effacement, cervical consistency and 
position, fetal head station and membrane status, induction 
methods between two groups which shown in Table 2.

Maternal and neonatal outcomes are presented in Table3. 
The neonatal birthweight was higher in the non-successful 
IOL group. The meconium strained amniotic uid was found to 
be higher in the cesarean (non-successful IOL) group, 
however the birth asphyxia was lower in this group than the 
vaginal delivery (successful IOL) group. There were no 
difference found in other maternal and neonatal 
complications in both groups. 

DISCUSSION
This study demonstrated that the IOL prevalence rate in our 
institute is 3.7%. This rate is less than other reports, such as in 

(3)USA which approximately 20% of deliveries  , 16% in Saudi 
(11) (12)Arabia , 12.1% in Asia and 4.4% in Africa . Induction of 

labor rate was higher rate in higher income countries and the 
elective induction of labor (without indication) is more 
common. The recent randomized controlled study and meta-
analysis reported that elective induction in low risk pregnant 
women with gestational age more than 39 weeks has the 
better composite neonatal outcome than expectant 

(13, 14)management . 
 
Successful IOL was achieved in only half of the patients in this 
study. This rate is lower than previously reported studies which 

(6-9)the successful IOL rate was approximately 70-80% . This 
(15)study's rate is closest to Osmundson S, et al study at 56.9 % . 

The low IOL success rate might be caused by the various and 
subjective criteria of failed IOL, the unsuitable adjustment of 
oxytocin dosage, and the discontinuation of IOL in the 
nighttime, which increase the failure rate of IOL in our center.
 
Associated factors for successful IOL in this study were 
multiparity and preterm pregnancy. While multiparty is 

(6-8)similar to previous studies , preterm pregnancy is different 
from other studies which had higher IOL success rate in term 

(6-8)pregnancy . Maternal body mass index was similar 
between groups which is also different from previous studies. 
Those studies reported higher successful IOL in lower body 

(6-8)mass index or taller women . Cervical status from Bishop 
score is not a successful factor in this study which is different 

(6, 16, 17)from some previous studies , however this result is similar 
to a systemic review by Kolkman DG, et al which reported that 
the Bishop score is a poor predictor for the IOL outcome and 

(18)should not be used for IOL decision making . 

The most common indication for IOL in this study was late term 
pregnancy, which is similar to Al-Shaikh GK, et al and 

(11, 19)Dällenbach P,et al studies . The most common method of 
IOL was oxytocin which is similar to data in Africa from Vogel 

(12)JP, et al study . The prevalence, indication and, method of IOL 
with a high rate of cesarean delivery in our center reects too 
low of use of IOL. This arose from the fear of its complication 
especially with  misoprostol, although the World Health 

(20)Organization  and the American College of Obstetricians 
(21)and Gynecologists  recommend misoprostol as being safe 

and effective for IOL. The only two interventions to delivery 
before the onset of labor are cesarean delivery and IOL, 
therefore the careful selection of IOL can reduce unnecessary 

(22)cesarean delivery which cause many complications . This 
study's limitation is the information was retrospective from a 
single tertiary care center. A larger prospective multicenter 
study is needed to indicate the effect on the general 
population.

CONCLUSION
Successful IOL was achieved in about half of the IOL cases. 
Multiparity and preterm pregnancy were associated with 
higher successful IOL rate.
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Characteristics Total  Vaginal delivery Cesarean delivery P valueβ

Total, n (%) 126 (52.1) 116 (48.0)

Maternal age (years), 
n(%)
   20-34
   <20
   >35
   Mean ± SD

163 
40 
39 

26.7 ± 7.2

91 (55.8) 
19 (47.5)
16 (41.0)

26.1 + 6.9

72 (44.2) 
21 (52.5)
23 (59.0)

27.5 + 7.6

0.20

0.14

Parity, n (%)
   Nullipara
   Multipara

136 
106 

60 (44.1)
66 (62.3)

76 (55.8)
40 (37.7)

<0.01*

Gestational age 
(weeks),n(%)
   < 37
   ≥37
   Mean ± SD

37 
205 

38.4 ± 3.3

27 (73.0)
99 (48.3)

38.0 + 4.0

10 (27.0)
106 (51.7)
39.0 + 2.1

<0.01*

0.02*

IOL:induction of labor, SD: standard deviation, CPD: cephalo pelvic disproportion.

Table 1: Comparison of maternal characteristics in succe ssful IOL and non-successful IOL group. 
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Body mass index 
2(kg/m ), mean+SD 29.1(±SD 5.4) 28.8 (±SD 5.5) 29.5 (±SD 5.2) 0.26

Bishop score, n(%)
     <5
     ≥5
     Mean + SD

85
157 

5.2 ± 2.2

38 (44.7)
88 (56.1)
5.3+2.2

47 (55.3)
69 (44.0)
5.1+2.1

0.09

0.35

Cervical dilatation (cm), 
n(%)
     <2
     ≥2

191
51 

95 (49.7)
31 (60.8)

96 (50.3)
20 (39.2)

0.16

Effacement, n(%)
     ≤50
     >50

211
31

108 (51.2)
18 (58.1)

103 (48.8)
13 (42.0)

0.47

Consistency, n(%)
     Firm
     Medium
     Soft

21
70
150

11 (52.4)
32 (45.7)
82 (64.7)

10 (47.6)
38 (54.3)
68 (45.3)

0.48

Station, n(%)
     -3
     -2
     -1
     0

20
74
126
22

12 (60.0)
36 (48.7)
65 (51.6)
13 (59.1)

8 (40.0)
38 (51.4)
61 (48.4)
9 (40.9)

0.73

Membrane, n(%)
     Intact
     Ruptured

202
40

109 (54.0)
17 (42.5)

93 (46.0)
23 (57.5)

0.19

Position, n(%)
     Posterior
     Middle
     Anterior

78
139
25

37 (47.4)
75 (54.0)
14 (56.0)

41 (52.6)
64 (46.0)
11 (44.0)

0.60

Indication for induction, 
n(%)
    Late term
    Pre-eclampsia
    PROM
    Other

83 
37 
43 
79 

46 (36.5)
11 (8.7)
20 (15.9)
49 (38.9)

37 (31.9)
26 (22.4)
23 (19.8)
30 (25.9)

0.01*

Mode of induction, n(%) 
     Misoprostol
     Oxytocin 
     Misoprostol + 
Oxytocin
     Other

55
129 
55 
3 

33 (26.2)
61 (48.4)
31 (24.6)
1 (0.8)

22 (19.0)
68 (58.6)
24 (20.7)
2 (1.7)

0.33

Route of delivery, n(%)
     Normal delivery
     Cesarean section 
     Vacuum extraction
     Breech assisting

117 (48.4)
116 (48.0)

6 (2.5)
3 (1.2)

117
0
6
3

0
116
0
0

Indication of C/S, n(%)
     Failed induction
     Fetal distress 
     CPD
     Chorioamnionitis

63 (54.3)
33 (28.5)
19 (16.4)
1 (0.7)

-
-
-
-

63
33
19
1

β -P value was calculated by linear regression analysis for continuous outcome and by binary regression for binary outcome.
*statistically signicant difference (P value <0.05)

Table 2: Univariate and multiple logistic regression analysis of possible associated factors for successful IOL.

Characteristics Vaginal delivery Cesarean 
delivery

OR
(95%CI)

Adjusted OR
(95% CI)

P-valve�

Maternal age (years)
     20-34
     <20 
     ≥35

91 
19 
16  

72
21 
23  

1 
0.72(0.36-1.43)
0.55(0.27-1.12)

1
1.01 (0.44-2.30)
0.40 (0.17-0.94)

0.99
0.02*

Parity
     Nullipara
     Multipara

60  
66  

76 
40 

1
2.09(1.24-3.51)

3.50 (1.76-6.97) <0.01*

Gestational age (wks)
     ≥37
     <37

 99 
27 

 106  
10 1

2.89(1.33-6.27)
3.94 (1.48-10.49) <0.01*
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BMI mean (kg/m2), mean+SD 28.77 (SD± 5.46) 29.54 (± SD 5.22) 0.97(0.93-1.02) 0.98 (0.92-1.03) 0.41

Bishop score
     <6
     ≥6

59 
67 

63 
53 

1
1.35(0.81-2.24)

NA NA

Cervical dilatation(cm)
     <2
     ≥2

95 
31 

96 
20 

1
1.57(0.85-2.94)

1.59 (0.72-3.50) 0.25

Effacement
     ≤50
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108 
18 

103 
13 
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1.32(0.62-2.83)

1.56(0.58-4.23) 0.38

Consistency
     Firm

     Medium
     Soft

11 
32 
82 

10 
38 
68 

1
0.77(0.29-2.03)
1.09(0.44-2.74)

0.69(0.20-2.44)
1.17(0.34-4.11)

0.80

Station
     -3
     -2
     -1
     0

12 
36 
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13 

8 
38 
61 
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1
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0.96(0.28-3.31)
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0.54(0.16-1.82)
0.68(0.13-3.55)
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0.65
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Membrane
     Intact

     Ruptured
109 
17 

93 
23 

1
0.63(0.32-1.25)

0.56(0.22-1.44) 0.23

Position
     Posterior
     Middle
     Anterior

37 
75 
14 

41
64 
11 

1
1.30(0.75-2.26)
1.41(0.57-3.49)

1.80(0.91-3.56)
1.28(0.42-3.88)

0.09
0.66

Indication for induction
     Late term

     Pre-eclampsia
     Pre labor rupture 

     of membrane
     Others

46 
11
20 

49 

37 
26 
23 

30 

1
0.34(0.15-0.78)
0.70(0.33-1.46)

1.31(0.70-2.46)

1
0.26 (0.09-0.73)
0.79 (0.28-2.24)

1.34 (0.63-2.84)

0.01*
0.66

0.45

Mode of induction
     Misoprostol

     Oxytocin
     Misoprostol+Oxytocin

     Others

33 
61 
31 
1 

22 
68 
24 
2 

1
0.60(0.32-1.13)
0.86(0.40-1.83)
0.33(0.02-3.90)

1
0.68 (0.29-1.57)
1.08 (0.46-2.58)
0.34 (0.02-4.95)

0.36
0.86
0.43

IOL: induction of labor, OR: Odd ratio, CI: condence interval.

IOL: induction of labor, SD: standard deviation, AF: amniotic uid, NICU: neonatal intensive care unit.
β -P value was calculated by linear regression analysis for continuous outcome and by binary regression for binary outcome.   

*statistically signicant difference (P value <0.05)

β -P value was calculated by multiple logistic regression analysis.  
*statistically signicant difference (P value <0.05)

Table 3. Comparison of obstetrics and neonatal outcomes in successful and non-successful IOL groups.

Characteristics Vaginal delivery, n(%) Cesarean delivery, n(%) P valueβ

Route of delivery 126 (52.1) 116 (48.0)

Complication
     Uterine atony

     Postpartum hemorrhage
15 (11.9)
9 (7.1)

18 (15.5)
0 (0.0)

0.41
NA

Birth weight (gm)
     4000+

     2500-4000 
     <2500

Mean birthweight + SD (gm)

2 (2.0)
94 (74.6)
30 (23.8)

2778.7 + 807.5

4 (3.5)
90 (77.6)
22 (19.0)

2992.3 + 546.5

0.46

0.02*

Apgar score<7 at 1 min 23 (18.3) 2 (1.7) < 0.01*

Apgar score<7 at 5 min 23 (18.3) 0 (0.0) NA

Meconium strained AF 14 (11.1) 20 (17.4) <0.01*

NICU admission 1 (0.8) 4 (3.5) 0.14
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