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  INTRODUCTION 

Induction of labour is a common intervention in obstetric practice. In the western world, 
labour is induced in one of every four pregnant women, often for reasons of increased risk 
for mother or child, such as hypertension, pre-eclampsia, diabetes, prolonged pregnancy, 
prelabour rupture of the membranes, suspected placental abruption or suspected fetal 
growth restriction.1 When the cervix is favourable or when the membranes are already 
ruptured, intravenous oxytocin is a common strategy for induction of term labour.
In most hospitals, induction with intravenous oxytocin traditionally is planned in the 
morning, with the start of the working day for the day shift. Spontaneous onset of labour, 
however, is proven to have a circadian rhythm with a preference for start of labour in the 
evening.2-6 When spontaneous contractions start in the evening, the total duration of 
labour and delivery shortens and less obstetric interventions are needed. 5 
This phenomenon can be explained by increased myometrial oxytocin receptor content and 
oxytocin concentrations during night-time and a decreased estradiol/progesterone ratio, 
thus the myometrium of the uterus is more sensitive for maternal oxytocin in the night than 
during daytime. 6-11 
Based on these observations, one might assume that starting induction of labour in the 
evening is more beneficial. 12

We performed a randomised study to assess whether induction with intravenous oxytocin 
starting in the evening, in agreement with the endogenous circadian rhythm, improves the 
outcome of labour compared with care with a start in the morning organised in accordance 
with office hours.

  PATIENTS AND METHODS 

A randomised clinical trial was performed from November 2003 till September 2006 in the 
Academic Medical Centre, the Slotervaart Hospital and the Onze Lieve Vrouwe Gasthuis, 
Amsterdam, the Netherlands. The Academic Medical Centre is an academic centre with a 
tertiary referral function, whereas the other two hospitals are teaching hospitals. The study 
was approved by the Medical Ethical Committee of the Academic Medical Centre and the 
local committees and was registered as an International Standard Clinical Trial, number 
ISCRTN 52897947.
We included women beyond a gestational age of 36 weeks and a favourable cervix (Bishop 
score >6) with an indication for induction of labour with intravenous oxytocin. Exclusion 
criteria were intrauterine fetal death, nonreassuring fetal status at study, contraindication 
for amniotomy (e.g. HIV- positive women), maternal age <18 years or a history of secondary 
caesarean section (failed vaginal delivery). Eligible women were counselled for the study by 
the doctor or midwife during their prenatal visit at the office, asked for informed consent and 
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randomly assigned to either start of induction in the morning or in the evening. Obviously, 
healthcare providers and women were not blinded due to the nature of the intervention. 
Women who refused to participate were scheduled for induction in the morning, as this was 
the standard of care prior to our study.
Randomisation was conducted by drawing sequentially numbered sealed opaque envelopes, 
containing the allocation code, on a two-folded paper, provided by the Data Management 
Services of the Academic Medical Centre with permutated block randomisation in a 1:1 
ratio. Randomisation was stratified for primiparity and multiparity.
In the evening group, induction of labour started at 21:00 hours, whereas in the morning 
group, women were induced at 07:00 hours. Otherwise, the induction protocol in both 
groups was absolutely similar. Prior to induction of labour, the Bishop score was calculated 
for each woman.13 When the membranes were still intact, they were artificially ruptured. 
Oxytocin was administered by an intravenous pump infusion. The dosage was raised 
stepwise according to protocol, starting with 3.3 mIU oxytocin/minute and a maximum of 
33.3 mIU oxytocin/minute, until regular contractions every 3–4 minutes occurred. 
The primary outcome was duration of labour, which was defined as time between start 
of labour and time of birth. In case of a multiple pregnancy, the birth of the first child was 
considered as time of birth. Labour was considered to have started at the moment oxytocin 
was administered or, in case the contractions started spontaneously, as the time the doctor 
or midwife considered the patient to be in active labour. Active labour was defined as 
regular contractions every 3–4 minutes with a fully effaced cervix.
Secondary outcomes were vaginal instrumental delivery rate, caesarean section rate, 
adverse neonatal condition in terms of Apgar score below 7 after 5 minutes, number and 
indications of paediatric consults and neonatal admissions to the maternity ward, the 
neonatal medium care or neonatal intensive care, duration of second stage, number of 
intrapartum infections, necessity of pain relief and use of morphine, pethidine or epidural 
anaesthesia.
Postpartum women were asked to complete a short anonymous questionnaire assessing 
aspects of quality of care. Women were questioned about the level of fatigue of the mother 
before start of induction, their satisfaction with the timing of admission on the ward, the 
attention and quality of care of nurses, midwives and doctors and the completeness of 
information received. The seven items were each scored on a 10-points Likert scale ranging 
from 1 (extremely negative) to 10 (very positive).
We calculated the power separately for primiparous women and for multiparous women 
because of the anticipated difference in mean duration of labour and birth mechanism. 
Estimation of mean daytime delivery times and SD of inductions in general were calculated 
from data of inductions in the electronic database of the Academic Medical Centre over 
the past 7 years. With a power of 80% and an alpha error of 0.05, we needed to include 
188 primiparae and 84 multi- parae to detect a clinical relevant difference of 2 hour labour 
time between the evening group and the morning group. Since we estimated that 25% of 
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the women would develop spontaneous contractions before the planned induction, we 
aimed to randomise 237 primiparae and 112 multiparae. For dichotomous variables, we 
calculated rates, percentages, relative risks (RR”s) and 95% CI. We tested for significant 
differences using the chi-square test. For continuous variables, we calculated mean 
differences and SD and tested for significant differences with the Student’s t-test. The P 
values for all hypothesis tests were twosided, and P values of 0.05 or less were considered 
to indicate statistical significant differences. Analysis was performed with the statistical 
data management package of SPSS 11.5.2 (SPSS Inc., Chicago, IL, USA) for primiparous and 
multiparous women separately. The data were analysed according to the intention-to-treat 
principle. We also performed a par protocol analysis, in which we excluded women who 
developed spontaneous contractions and women who were induced at a different time 
than the allocated time.

  RESULTS 

A total of 375 women were randomised (Figure 1). Four women were excluded after 
randomisation. One woman had a history of secondary caesarean section and turned 
out to be wrongfully included. Three women withdrew their consent after randomisation 
and did not give permission to use their medical data. Thus, we included 371 women; 242 
primiparae (124 in the morning group and 118 in the evening group) and 129 multiparae (63 
in the morning group and 66 in the evening group).
There were no differences in baseline characteristics between the study groups (Table 1).
There were 75 women in whom labour started spontaneously before the planned 
time of induction. In women who were allocated to the morning group, labour started 
spontaneously more often than in women allocated to the evening group (primiparae 
31–25% versus 22–19%, multiparae 15–24% versus 7–11%). In 20 women, labour was not 
induced according to the study protocol. In 7 of these 20 women, 2 in the morning group 
and 5 in the evening group, the induction of labour was started earlier than planned because 
of signs of suspected fetal distress. 
In eight women, five in the morning group and three in the evening group, induction of 
labour started too late because of an occupied delivery ward. Five women, two in the 
morning group and three in the evening group, had a cervix that was unfavourable for 
induction with intravenous oxytocin judged by the doctor on duty and received intravaginal 
prostaglandins or a transcervical Foley catheter instead.
Tables 2 and 3 present the outcomes of the analysis. In the group multiparae, time between 
randomisation and start of induction was significantly longer in the morning group (9 hours 
and 48 minutes, P value 0.03). In the group primiparae, time between randomisation and 
start of induction was not statistically different (4 hours and 44 minutes, P value 0.07). 
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The intention-to-treat analysis showed no statistically significant differences in the primary 
outcome, duration of labour, in both primiparae and multiparae (primiparae [n = 242]: 
morning 12 hours and 8 minutes versus evening 11 hours and 22 minutes, P value 0.29; 
multiparae [n = 129]: morning 7 hours and 34 minutes versus evening 7 hours and 46 
minutes, P value 0.70). Also, there were no statistically significant differences in mode of 
delivery or use of antibiotics between the groups. Among primiparae, significantly more 
children born from mothers in the morning group were admitted to the neonatal ward (30 
versus 18%, RR 1.5, 95% CI 1.0–2.1, P value 0.03), and significantly, more of these children 
were admitted with indications solely provoked by birth, like asphyxia or signs of infection 
(26 versus 11%, RR 2.4, 95% CI 1.2–4.6, P value 0.01). 
Among primiparae, the number of paediatric consultations on the delivery suite was 
not significantly different between the groups. In the group multiparae, there were no 
significant differences between the study groups  in paediatric consultations or neonatal 
admissions. Among primiparae, 35% of the women in the morning group needed pain relief, 
epidural anaesthesia and/or morphine, against 47% of the women in the evening group 
(RR 0.77, 95% CI 0.6–1.0, P value 0.06). We included seven women with a previous primary 
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caesarean section, four women with a breech presentation and five women with a twin 
pregnancy. When we left these women out of analysis, we found similar results. Duration 
of labour was also not statistically significantly different when analysed according to par 
protocol (primiparae [n = 180]: morning 9 hours and 40 minutes versus evening 9 hours and 
2 minutes, P value 0.39; multiparae [n = 95]: morning 4 hours and 41 minutes versus evening 
4 hours and 19 minutes, P value 0.41). Analysis according to the par protocol principle of the 
secondary outcomes showed comparable outcomes as the intention-to-treat analysis.
The results of the postpartum qualitative questionnaire showed no significant differences 
between the groups. All women showed signs of fatigue at the start of the induction with 
Likert scores of 6.6 for the morning group and 7.1 for the evening group on a scale ranging 
from 1 (extreme fatigue) to 10 (no fatigue at all). All other items, provided information, level 
of attendance and care of nurses and staff, scored on average between 8 and 9.

Table 1. Baseline characteristics total study group

Primiparae (n=242) Multiparae (n=129)

Morning (n=124) Evening (n=118) Morning (n=63) Evening (n=66)

Mean maternal age (years) 29.9 29.7 32.2 31.7

Mean gestational age (days) 282 285 282 274

Origin, n (%)

Caucasian 78 (63%) 67 (57%) 25 (40%) 23 (35%)

Creole 20 (16%) 16 (14%) 15 (24%) 20 (30%)

Mediterranean 12 (9.7%) 15 (13%) 15 (24%) 17 (26%)

Other 14 (11%) 20 (17%) 8 (13%) 6 (9.1%)

Fetal position, n   

Cephalic position 124 115 62 66

Breech position 3 1 - -

Twin pregnancy, n 2 - 2 1

Primary caesarean section in history - - 4 3

Indication for induction, n (%)

Post term dates 51 (41%) 44 (37%) 22 (35%) 13 (20%)

Ruptured membranes 37 (30%) 29 (25%) 7 (11%) 8 (12%)

Diabetes 5 (4%) 5 (4.2%) 7 (11%) 8 (12%)

Hypertension 7 (5.6%) 12 (10%) 7 (11%) 8 (12%)

Condition child* 17 (14%) 16 (14%) 11 (18%) 10 (15%)

Condition mother ** 7 (5.6%) 11 (9.3%) 7 (11%) 18 (27%)

Other reasons - 1 (0.8%) 2 (3.2%) 1 (1.5%)

Mean birth weight (g) 3536 3521 3468 3511

Bishop score (range 0-15)

Median, mean 6, 5.9 6, 5.7 5, 6.1 6, 5.8

* The indication “condition child” includes small-for-gestational-age children, reduction of fetal movement and 
decrease of amniotic fluid. * *The indication “condition mother” includes women with complaints of being 
unable to further carry out the pregnancy for any non-medical reason
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Table 2A. Primiparae

Primiparae (N=242)

Analysis intention to treat Morning(n=124) Evening (n=118) RR 95% CI P value

Primary outcome

Duration of labour, hours:minutes 12:08 (5:46) 12:22 (5:22) -  -0.4 to 2.1 0.29

Secondary outcomes

Duration second stage, min 51 (33) 47 (30) -  -5 to 12 0.44

Mode of delivery, n (%)

Spontaneous delivery 83 (69%) 78 (66%) -

Ventouse/forcipal extraction 21 (17%) 22 (19%) 0.90  0.50 to 1.5 0.71

Caesarean section 20 (16%) 18 (15%) 1.1  0.60 to 1.9 0.86

Apgar score 5 min <7, n (%) 2 (1.6%) 1 (0.8%) 0.50  0.10 to 5.8 1.0

Paediatric consultation, n (%) 51 (41%) 46 (39%) 1.1  0.80 to 1.4 0.73

Neonatal admission, n (%) 37 (30%) 21 (18%) 1.5  1.0 to 2.1 0.03

Neonatal admission due to labour*, n (%) 28 (23%) 13 (11%) 2.1  1.1 to 3.8 0.03

Necessity for pain relief, n (%) 0.80  0.60 to 1.0

Epidural anaesthesia 20 (16%) 23 (20%)

Morphine/Pethidine 15 (12%) 24 (20%) 0.06

Overall use of antibiotics, n (%) 6 (4.8%) 3 (2.5%) 1.5  0.60 to 3.8 0.89

Signs of intra uterine infection 4 (3.2%) 2 (1.7%)

Prophylactic 2 (1.6%) 1 (0.8%)

Analysis par protocol Morning (n=89) Evening (n=91)

Primary outcome

Time start drip-time of birth, hrs:min 9:40 (4:53) 9:02(4:51)  -0.80 to 2.1 0.39

Secondary outcomes

Mode of delivery, n (%)

Ventouse / Forcipal extraction 17 (19%) 15 (16%) 1.2  0.60 to 2.2 0.65

Caesarean section 16 (18%) 14 (15%) 1.2  0.60 to 2.6 0.64

Apgar score 5 min <7, n (%) 2 (2.2%) 1 (1.1%) 1.5  0.30 to 7.6, 0.54

Paediatric consultation, n (%) 41 (37%) 33 (34%) 1.2  0.90 to 1.7 0.18

Neonatal admission, n (%) 30 (27%) 17 (16%) 1.5 1.1 to 2.3 0.02

Neonatal admission due to labour, n (%) 23 (26%) 10 (11%) 2.4 1.2 to 4.6 0.01

IU of oxytocin 6.09 (4.4) 5.11 (4.7) 0.40 to 2.4 0.17

Data are presented as mean ± SD unless stated otherwis. * indications for neonatal admission not known before 
labour like signs of infection, asphyxia, birth injuries. 
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  DISCUSSION 

Three studies have been published that compare induction of labour with prostaglandin 
E2 endocervical gel applicated in the morning with application in the evening.14-16 The 
studies of Dodd et al. and Oei et al. did not report statistically significant differences for the 
outcomes, vaginal birth not achieved in 24 hours, uterine hyperstimulation with associated 

Table 2B. Multiparae

Multiparae (N=129)

Intention to treat Morning (n=63) Evening  (n=66) RR 95% CI P value

Primary outcome

Duration of labour, hours:minutes  7:34 (2:46) 7:46 (3:03) -  -1.2 to 0.50 0.70

Secondary outcomes

Duration second stage, min  19 (20) 11 (17) - 1.0 to 14 0.02

Mode of delivery, n (%)

Spontaneous delivery 55 (87%) 63 (96%)

Ventouse / Forcipal extraction 5 (7.9%) 1 (1.5%) 5.2  0.80 to 34 0.11

Caesarean section 3 (7.0%) 2 (3.8%) 2.1  0.30 to 17 0.52

Apgar score 5 min <7, n (%) 2 (4.8%) 1(1.9%) 2.5  0.20 to 28 0.59

Paediatric consultation, n (%) 25 (40%) 21 (32%) 1.2  0.8 0to 1.7 0.39

Neonatal admission, n (%) 17 (27%) 15 (23%) 1.2  0.60 to 2.1 0.61

Neonatal admission due to labour*, n (%) 9 (14%) 8 (12%) 1.2  0.50 to 3.3 0.72

Necessity for pain relief, n (%) 0.54  0.20 to 1.4

Epidural anaesthesia 2 (3.2%) 2 (3.0%)

Morphine 1 (1.6%) 6 (9.1%) 0.14

Overall use of antibiotics, n (%) 0 1 (1.5%) -

Signs of intra uterine infection 0 0

Prophylactic 0 1 (1.5%)

Analysis par protocol Morning (n=43) Evening (n=52)

Primary outcome

Time start drip-time of birth, hours:minutes 4:41 (2:09) 4:19 (3:04) -  -0.70 to 1.6 0.41

Secondary outcomes

Mode of delivery, n (%)

Ventouse 4 (9.3%) 1 (1.9%) 5.2  0.70 to 35.9 0.11

Caesarean section 3 (7.0%) 2 (3.8%) 1.9  0.40 to 9.8 0.50

Apgar score 5 min <7, n (%) 2 (4.8%) 1(1.9%) 2.5  0.20 to 28 0.59

Paediatric consultation, n (%) 21 (49%) 14 (27%) 1.8  1.1 to 3.1 0.03

Neonatal admission, n (%) 15 (35%) 8 (15%) 1.8  1.0 to 3.2 0.03

Neonatal admission due to labor, n (%) 8 (19%) 3 (5.7%) 3.2, CI: 1.0-11 0.05

IU of oxytocin 2.80 (2.05) 2.26 (1.87)  0..20 to 1.4 0.19

Data are presented as mean ± SD unless stated otherwise. *indications for neonatal admission not known before 
labour like signs of infection, asphyxia, birth injuries

proefschrift.indb   25 25-7-2013   14:54:24

Bakker, J_PROEF (all).ps Front - 13     T1 -    Black



26

Chapter 2

fetal heart rate changes and caesarean delivery rates. The study of Oei et al. reported an 
increased risk for vaginal instrumental delivery after application of gel in the evening in 
primiparae (RR 4.2, 95% CI 1.4–13), but this effect was not confirmed by the study of Dodd 
et al. In the study of Kupietz et al. induction of labour with intracervical prostaglandin E2 at 
night seemed more effective without increasing the rate of complications. After application 
of prostaglandins in the evening, the start of contractions occurred 2 hours earlier than 
in the morning. In primiparae, after administration of prostaglandin E2 in the evening, the 
duration of the first stage of labour was 2 hours shorter. 
In multiparae, there was no difference. As these three studies concern induction of labour 
with prostaglandins, the results cannot be applied to women who are induced with 
intravenous oxytocin. 
In this study, we evaluated whether induction of labour with intravenous oxytocin with a 
starting point in the evening shortens the duration of labour compared with induction of 
labour in the early morning. We did not find a clinical relevant difference in duration of 
labour or in instrumental delivery rates.
In women allocated to the morning group, labour started more often spontaneously than in 
women allocated to the evening group. Difference in time interval between randomisation 
and start of the induction explains this difference between the study groups. During the 
regular prenatal visit, when the indication for induction was determined, the caregiver had 
the possibility to schedule the start of the induction the same evening or the next morning. 
So, women with a planned induction in the morning had more time to develop spontaneous 
contractions and passed more often the biological optimal time to start contractions, the 
evening. Therefore, the morning group contained more women with a spontaneous onset 
and with a better a priori prognosis for favourable outcome than the evening group.
Despite this, in the par protocol analysis where only data were analysed of women who 
were actually induced at the scheduled time, the primary outcome, duration of labour, was 
not significantly shorter in the evening group, and the rate of instrumental deliveries was 
not statistically different. We observed a discrepancy between the Bishop score determined 
at inclusion and at start of induction. This can be explained by difference in judgment 
between the doctor who attended the woman at the start of the induction and the doctor 
who assessed the woman at the outpatient clinic before randomisation.
We found a high frequency of paediatric involvement in our study groups probably due 
to the indications for induction of labour like growth restriction, prelabour rupture of 
membranes or diabetes. Because the difference in neonatal outcome was not expected, 
one should be careful to draw definite conclusions. However, it might be possible that the 
combination of nonsignificant factors like reduced amount of oxytocin used, shorter second 
stage of labour and a reduced amount of obstetric interventions needed accounts for this 
effect. Another unexpected difference between both groups was a greater need for pain 
relief in the evening group. In the hospitals participating in our study, epidural anaesthesia 
is available 24 hours per day and 7 days per week. In the Netherlands, the overall use of 
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epidurals for labour is low; 7.8% for primiparous women and 2.5% for multiparous women 
in 2004. 1 According to the results of the questionnaire, both groups were equally satisfied 
about support and care provided by the nurses and staff and women in both groups were 
equally fatigued at the start of the induction. Thus, differences in need for pain relief are 
likely to be explained by chronobiology as described in literature.17

For hospitals staffed 24 hours a day with midwives and doctors, planning induction of labour 
with oxytocin both in the morning and in the evening obviously opens possibilities for a 
more efficient use of hospital care resources in terms of use of labour suites. In conclusion, 
starting of induction of labour with intravenous oxytocin in the evening is safe but does not 
alter duration of labour compared with a start in the morning. Consideration may be given 
to start induction of labour with oxytocin in the evening when indicated.
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