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1 INTRODUCTION 

Rationale
Most women in their reproductive years are healthy and their pregnancies end with the 
spontaneous onset of labor and uncomplicated delivery of a healthy child at a gestational 
age between 259 and 294 days. However, when continuation of pregnancy is considered 
to increase the risk for adverse outcome for mother or child, the clinician can decide to 
intervene and induce labor before its spontaneous onset. 
Guidelines are developed by professional organizations on how to induce labor and which 
methods are safe to be used. 1;2 Induction of labor is one of the most common interventions 
in obstetrics and since associated risks involved are under debate, it is necessary to reconsider 
the practice of induction of labor. In this thesis we discuss several aspects of induction of 
labor with intravenous oxytocin and how it is performed in obstetrical practice.
According to the national Dutch guideline on induction of labor, one should aim to imitate 
‘physiological’ uterine activity and therefore a long period of time (until 12 hours) should be 
accepted before the acceleration phase of labor starts and progression can be expected with 
regular frequent contractions and ongoing dilatation of the cervix. 2 However, if one aims 
to imitate natural course of labor, one should consider to start induction in the evening, in 
accordance with the physiological circadian rhythm. 3 This clearly is in contrast with routine 
management of labor induction in hospitals starting in the early morning. 
During induced or augmented labor with oxytocin, condition of the fetus and frequency of 
contractions must be monitored by cardiotocography in order to obtain good progression 
and prevent “hyperstimulation” of uterine activity which may result in fetal distress or 
uterine rupture. Since the introduction of intrauterine tocodynamometry for monitoring 
contractions, its use became a routine and was even expanding to deliveries with 
spontaneous contractions. The possibility to assess intrauterine pressure expressed as 
Montevideo Units was thought to reflect strength of contractions and allow the clinician to 
better titrate oxytocin. Although at that time two small randomized controlled trials were 
available that showed no benefit for use of intrauterine monitoring, the precise graphical 
depiction of contractions was thought to obviously result in better birth outcomes. 4;5 
Although use of an intrauterine pressure catheter is considered safe, numerous case reports 
link its use to rare but serious complications, like abruptio placentae, uterine perforation, 
placental vessel perforation and even maternal anaphylactic shock resulting in neonatal or 
near maternal deaths. 6-11

Aim of the thesis
This thesis addresses the following questions:
•	 Does	induction	with	intravenous	oxytocin	starting	in	the	evening,	in	agreement	with	the	

endogenous circadian rhythm of spontaneous onset of labor, improve birth outcomes 
compared with care as usual, the starting induction of labor in the morning?
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•	 Does	use	of	an	intrauterine	pressure	catheter	for	monitoring	contractions	lead	to	better	
neonatal or maternal outcomes when labor is induced or augmented with intravenous 
oxytocin?

•	 Does	use	of	an	 intrauterine	catheter	during	 labor	 relate	 to	occurrence	of	 infection	 in	
mother or newborn during labor and up to three weeks postpartum?

•	 Does	measurement	of	 intrauterine	pressure	have	predictive	value	 for	 the	outcome	of	
delivery in oxytocin augmented labor?

In the following paragraphs some historical and related aspects of induction of labor are 
given with relevance to the above questions.

Induction
In ancient times women and medical workers already tried to influence the natural course 
of labor and provoke contractions by using herbs, tonics and other remedies; Hippocrates 
described mammary stimulation and mechanical dilatation of the cervical canal as a method 
to stimulate labor. 12 From the second through the 18th century, mechanical methods to 
induce labor came into use. In 1756, at a meeting held in London, physicians discussed the 
efficacy and ethics of early delivery by rupturing the membranes to induce labor. 13 
In 1810, James was the first in the United States to utilize amniotomy to induce preterm labor. 
Amniotomy and other mechanical methods like laminaria or inflating balloons remained the 
most commonly employed methods of labor induction until the 20th century. 14 

Oxytocin: historical aspects
In 1913 Bell reported powerful contractions of the pregnant, puerperal and menstruating 
uterus, caused by an extract of the pituitary gland. He was one of the first, maybe the first, to 
use pituitary extracts in a clinical setting. He described the effect of a single injection during 
cesarean section: “the naked-eye effect of a single injection is immediate and convincing, 
the uterus contracts into a blanched ball” .15 
After the introduction of pituitary extract as a hormonal method of labor induction in 1913, 
use of this method gained acceptance among obstetricians. However, due to the use of too 
large doses and the impurity of the extract that also could contain vasopressin, numerous 
adverse effects were reported like cardiac arrest, uterine rupture and abruptio placentae. 
Gradually, as the number of reported cases increased, use of the pituitary extract became 
discredited in many centers. 12 Later in 1953, the molecular structure of oxytocin was 
discovered, and synthetic oxytocin produced by pharmaceutical companies, became one of 
the most common pharmaceuticals used in obstetrics.
Nowadays, synthetic oxytocin is used worldwide for induction or augmentation of labor, 
either alone or in combination with other drugs usually preceded by artificial rupture of the 
membranes.
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1Oxytocin physiology
Endogenous oxytocin is produced in the maternal hypothalamus and secreted into the 
bloodstream by the posterior pituitary gland but is also produced in other parts of the brain, 
several organs and by the fetus. Knowledge on the role of oxytocin in the physiology of 
human parturition, its pharmacological use and its interactions are still limited. We know 
that besides stimulating uterine activity, oxytocin also promotes milk ejection and influences 
behaviour like mother-child bonding and social interaction. For this thesis we only focus on 
the role of oxytocin in uterine activity.
Oxytocin metabolic clearance rate is increased in human pregnancy and appears to vary 
between individuals possibly related to the activity of the placental enzyme oxytocinase 
(EC 3.4.11.3, cysteine aminopeptidase). Oxytocin attaches to specific oxytocin receptors in 
the myometrium that increase in number towards the end of pregnancy and during active 
labor. 17When the receptors are occupied with oxytocin, the myometrium is stimulated 
to contract and prostaglandin is formed in the decidua. Oxytocin release from maternal 
hypothalamus occurs in pulses and timing, frequency, and amplitude of these pulses differ 
when delivery is nearby. 18 
Most likely, there is also a mechanism that down regulates the oxytocin receptors, 
meaning that when oxytocin is overdosed the number of oxytocin receptors decreases and 
oxytocinase mRNA production is increased. 19 
It agrees with the course of labor of women who end up with a failed induction. They 
seem to be resistant for oxytocin and despite long and high doses of synthetic oxytocin 
for prolonged periods of time, they don’t develop efficient contractions and progression of 
dilation. Interestingly in this respect is the observation of Cral et al, that showed in a small 
study on 10 women with arrest of labor that uterine response was increasing with a fixed 
rate oxytocin infusion but when prolonged for more than 90 minutes resulted in decreasing 
uterine activity. 20 
Spontaneous onset of labor has a circadian rhythm with a preference to start labor in the 
evening with a diurnal rhythm in plasma oxytocin levels, with a nocturnal peak. 3;21-23 
This peak correlates with a decrease in the oestrogen/progesterone ratio in plasma. 24 An 
increased oxytocin receptor density and oxytocin concentrations during night-time, makes 
the myometrium of the uterus more sensitive for maternal oxytocin in the night than during 
daytime. 22;24-28 When onset of labor starts with spontaneous contractions in the evening, 
total duration of labor and delivery tends to shorten and less obstetric interventions are 
needed. 29;30 

Protocols
The nonapeptide oxytocin cannot be administered orally because it is rapidly metabolized 
within the gastrointestinal tract. At first oxytocin was given by intramuscular injection, but 
it became quickly clear that every woman reacts differently, necessitating precise titration 
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of the medication by an intravenous drip to gain effect on the one hand and avoid unwanted 
side-effects on the other.
In daily clinical practice during the continuous infusion of oxytocin for the induction or 
augmentation of labor, the time to uterine response is three to five minutes, and effects 
on uterine activity, fetal condition and progress of labor are used to guide the amount of 
oxytocin needed. 
It is given according to local hospital protocols, in a clinical setting with continuous 
monitoring of the fetal heart rate and frequency of contractions for an effective titration of 
the medication. 31;32

Too little oxytocin will unnecessarily prolong the duration of labor and thus increase the 
risk of interventions or an operative delivery. Too much oxytocin, in contrast, can lead to 
excessively frequent contractions and short relaxation time in between contractions and 
may subsequently lead to decreased fetal oxygen saturation level and fetal heart rhythm 
changes such as decreased variability and late decelerations as expression of fetal distress. 
This hyperstimulation of the uterus is preferably called, “tachysystole”, and is defined as 
more than five contractions in ten minutes, averaged over a 30-minute window. 33;34 For 
timely recognition of tachystole, accurate simultaneous and preferably graphical registration 
of the fetal hearth rhythm and uterine activity is of utmost importance.
Despite its widespread use, there is no uniform and optimal protocol for oxytocin use for 
induction of labor. Oxytocin protocols can be divided into high-dose and low-dose protocols 
depending on the initial dose and the amount and rate of sequential increase in dose.
A Cochrane review reports high-dose protocols for augmentation to be associated with a 
reduction in the length of labor and cesarean section rates, but also concludes that there is 
insufficient evidence to draw conclusions for other maternal and neonatal outcomes, and 
how women experience the higher doses of oxytocin. 35 
The Dutch Association of Obstetrics and Gynecology does not recommend high or low 
dosage of oxytocin as there is no consensus on which protocol is the best, and the clinician is 
advised to understand the trade-offs involved and how those trade-offs could relate to the 
clinician’s local situation. 32 

Uterine activity 
Also in other professional fields of Obstetrics and Gynecology, like in treatment of women 
with dysmenorrhoea, understanding of uterine activity has proven to be important in 
development of new therapies and medication. In this thesis we focus on uterine activity 
measured during labor.
Palpation of the gravid uterus by hand, gives a impression of frequency, duration and 
strength of the contractions, and recognizing the bowel alike movements of the expelling 
uterus visible by eye, confirms start of the second phase of labor. Arrabal et al compared 
the accuracy of the impression of the caregiver of strength of contractions by palpation to 
simultaneously recorded intrauterine pressure readings. 36 Caregivers of varying experience 
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1were asked to assess contractions and were blinded for the intrauterine readings; 49% of 
the observations turned out to be less reliable. So, driven by the wish for objective and 
accurate registration of uterine activity, much research has been done and different 
methods developed to assess and register uterine activity. 
The first graphical recording of uterine activity was made by a kymograph developed by 
Hendricus in 1889. 37 The Latin word “kymograph” translates as “wave writer,” referring to 
the graphical representation of the instrument. A stylus registers on paper pressure, sound 
or motion on one axis, and time elapsed on the other axis. When these variables change, they 
look like waves when plotted.The early precursor of our extra-abdominal tocodynamometer 
is a construction introduced in 1930 by Crodell in which a little stylus writes movements 
of the mother’s belly on a plate placed against the abdomen. 3;37 Many improved versions 
were developed and presented since. 
Nowadays, we use an extra-abdominal tocotransducer attached to mother’s abdomen by 
elastic stripes or stickers and recently wireless connection to the monitor allows the mother 
to walk around and even take a bath. External registration of contractions has the advantage 
of being inexpensive, non-invasive, re-usable and in general provide reliable information 
about the frequency of contractions. It does give however no information about the strength 
of the contractions and can be unreliable in obese or restless women. 

Internal methods
Even before the first external registration of contractions, much research was already done 
on internal methods for registration of uterine activity. 
Some methods look rather obscure in our eyes, like injecting lipiodal, a contrast liquid, 
into the non gravid uterus and take serial x-rays up to every five seconds thus obtaining 
a description of uterine muscle contraction by comparing the sequential photographs. 
Attempts to record uterine activity during labor by electrodes tracing action potentials by 
attaching one electrode to the cervix and the other placed in the rectum at the level of the 
fundus of the uterus or by injecting CO2 puncturing a cannula through the uterus wall and 
so directly measuring pressure change, were other areas of interest, though not applicable 
in daily obstetrical practice. 
In 1861 Kristeller attached a kind of dynamometer to a forceps in order to assess uterine 
contractions. 37 Many different concepts followed until the intrauterine balloon method 
was developed to the method we use today, a small flexible tube that is inserted into the 
cavum of the uterus, its tip laying between the baby and the uterine wall. This intrauterine 
catheter allows us to calculate frequency and gives a quantification of uterine pressure 
of every single contraction. Caldeyro-Bancia et al defined the amount of uterine pressure 
per unit of time in Montevideo Units; product of frequency and peak pressure over a 
10-minute period. 38 An uterine pressure of 200 Montevideo Units in active labor is 
considered to be adequate. 1 Use of an intrauterine pressure catheter for monitoring 
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contractions gives an accurate graphical registration of contractions, independent of 
position, movements or body mass index of the mother.
Most of the historical medical instruments belong into a museum, and the knowledge 
gained deserves not to be forgotten, let it be solely for the women who volunteered for 
such experiments. It formed the basis for the modern catheters that we tested finally for 
their effectiveness in obstetrical practice.
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2
  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 

proefschrift.indb   20 25-7-2013   14:54:23

Bakker, J_PROEF (all).ps Back - 10     T1 -    Black



RCT morning versus evening induction with oxytocin

21

Chapter

2
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
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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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 ABSTRACT 

Background Induction of labour is a common intervention in obstetric practice. Traditionally, 
in most hospitals induction of labour with medication starts early in the morning, with the 
start of the working day for the day shift. In human and animal studies spontaneous onset 
of labour is proven to have a circadian rhythm with a preference for start of labour in the 
evening. Moreover, when spontaneous labour starts in the evening, the total duration of 
labour and delivery shortens and fewer obstetric interventions are needed. Based on these 
observations one might assume that starting induction of labour in the evening, in harmony 
with the circadian rhythm of natural birth, is more beneficial for both mother and child.

Objectives To assess whether induction of labour starting in the evening, coinciding with the 
endogenous circadian rhythm, improves the outcome of labour compared with induction of 
labour starting in the early morning, organised to coincide with office hours.

Search methods We contacted the Trials Search Co-ordinator to search the Cochrane 
Pregnancy and Childbirth Group’s Trials Register (28 February 2012). In addition, we searched 
MEDLINE (1966 to 16 February 2012) and EMBASE (1980 to 16 February 2012).

Selection criteria We included all published and unpublished randomised controlled trials. 
We excluded trials that employed quasi-random methods of treatment allocation.
Data collection and analysis Two review authors independently assessed trials for inclusion 
and risk of bias. Two review authors independently extracted data. Data were checked for 
accuracy. Where necessary, we contacted study authors for additional information. 

Main result The search resulted in 2693 articles that we screened on title and abstract 
for eligibility.Thirteen studies were selected for full text assessment. We included three 
randomised trials involving 1150 women. Two trials compared the administration of 
prostaglandins in the morning versus the evening in women with an unfavourable cervix, 
and one trial compared induction of labour in the morning versus the evening in women 
with a favourable cervix and/or ruptured membranes with intravenous oxytocin. Because of 
the different mechanism, we have reported results for these two comparisons separately. In 
the two trials comparing prostaglandins in the morning versus the evening there were few 
clinically significant differences between study groups for maternal or neonatal outcomes. 
One study reported a statistically significant preference by women to start induction of 
labour with prostaglandins in the morning. In the trial examining induction of labour with 
intravenous oxytocin, the number of neonatal admissions was statistically significantly 
increased in the group of women that started induction in the morning. This finding was 
unexpected, and while the trial authors offered some possible explanations for this, it is 
important that any future trials examine neonatal outcomes.
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Authors’conclusions Taking into account women’s preferences that favoured administration 
of prostaglandins in the morning, we conclude that caregivers should preferably consider 
administering prostaglandins in the morning. There is no strong evidence that induction of 
labour with intravenous oxytocin in the evening is more or less effective than induction in 
the morning. Consideration may be given to start induction of labour with oxytocin in the 
evening when indicated.

 BACKGROUND 

Description of the condition
Induction of labour is a common intervention in obstetric practice. In the Western world, 
labour is induced in one of every four pregnant women for reasons related to increasing risks 
for the mother, for example, hypertension, pre-eclampsia, diabetes or increasing risks for the 
fetus such as suspected fetal growth retardation. Moreover the rate of elective inductions 
i.e. induction without a medical indication, is rising rapidly, Reasons for wanting elective 
induction at term might include a woman’s physical discomfort, convenience of providers, or 
concern about the rapid progression of labour away from the hospital. Some clinicians may 
recommend elective induction due to concern about future complications. There are many 
different methods used to induce labour. Induction of labour with an unfavourable status 
of the cervix relies on a very different mechanism and time scale than induction of labour 
with a ripe favourable cervix and the possibility of artificially rupturing the membranes 
to induce contractions. In clinical situations medicinal and mechanical methods are used, 
including sweeping of membranes, the use of vaginal or intracervical prostaglandins, 
oestrogens, amniotomy, with or without intravenous oxytocin, corticosteroids, misoprostol 
and extra amniotic Foley catheters (Alfirevic 2006; Boulvain 2001; Boulvain 2005; Boulvain 
2008; Bricker 2000; French 2001; Hofmeyr 2003; Howarth 2001; Hutton 2001; Kavanagh 
2006a; Kavanagh 2006b; Kelly 2001b; Kelly 2001c; Kelly 2003; Luckas 2000; Muzonzini2004; 
Neilson 2000; Thomas 2001). Many non-medical methods have traditionally been used to 
initiate labour, for example, sexual intercourse, enemas, breast stimulation, acupuncture, 
homeopathy and castor oil (Kavanagh 2005; Kelly 2001a; Smith 2003; Smith 2004).
In most hospitals induction of labour with medication starts early in the morning, with the 
start of the working day for the day shift. The reason for the choice of this timing is probably 
the custom to schedule medical interventions and appointments in the morning, and the 
wish to plan the actual birth between office hours because of the availability of personnel.
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Description of the intervention
The intervention was the timing of the start of the induction, in harmony with the circadian 
rhythm of natural birth, in the evening.

How the intervention might work
In human and animal studies spontaneous onset of labour is proven to have a circadian 
rhythm with a preference for start of labour in the evening (Backe 1991; Fraser 1989; Fraser 
1989;Honnebier 1991; Honnebier 1994; Lindow 2000). The biological explanation for this 
phenomenon is the increased sensibility of oxytocin receptors in the myometrium of the 
uterus to maternal oxytocin in the night compared to the daytime. Myometrial contractibility 
is enhanced not only by increased sensitivity to oxytocin in the evening, but it is also related 
to an increase in oxytocin receptor concentration. Many other factors might also contribute 
to this increase of concentration and sensibility including the variation in concentration 
of steroid hormones in the blood where progesterone, oestrone, oestriol and oestradiol 
concentration reach their lowest point in the morning (Dodd2006a). So, when spontaneous 
contractions start in the evening, the total duration of labour and delivery shortens and less 
obstetric interventions are needed (Heres 2000). Based on these observations, one might 
assume that starting induction of labour in the evening is more beneficial for both mother 
and child.

Why it is important to do this review
Starting induction in the evening, to coincide with the endogenous circadian rhythm, might 
improve the outcome of labour for both mother and child compared with starting induction 
in the early morning, organised to coincide with office hours. For hospitals staffed 24 hours 
a day with midwives and doctors, planning induction of labour both in the morning and the 
evening obviously opens possibilities for a more efficient use of hospital care resources in 
terms of the use of labour suites.

 OBJECTIVES 

To assess whether induction of labour starting in the evening improves the outcome of 
labour compared with induction of labour starting in the morning.
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 METHODS 

Criteria for considering studies for this review

Types of studies
We included all published and unpublished randomised controlled trials. We excluded trials 
that employed quasi-random methods of treatment allocation.

Types of participants
Pregnant women with the indication for induction of labour. All methods, medical, non 
medical or mechanical, used to induce labour could be included.

Types of interventions
The experimental group included women for whom induction was started in the evening 
compared with a control group of women for whom induction was started in the morning, 
using the same method of induction.

Types of outcome measures
Primary outcomes
The primary outcome of this review was perinatal mortality, defined as intrauterine deaths 
plus newborn deaths in the first week of life.

Secondary outcomes
Neonatal outcomes
1.  Birth asphyxia as defined by trialist.
2.  Admission to neonatal intensive care unit.
3.  Neonatal convulsions.
4.  Neonatal encephalopathy.
5.  Use of anticonvulsants.
6.  Neonatal admissions.
7.  Meconium aspiration syndrome.
8.  Pneumonia.
9.  Neurodevelopment at childhood follow-up.

Maternal outcomes
1.  Mode of delivery.
2.  Analgesia used.
3.  Perineal trauma.
4.  Need for blood transfusion.
5.  Use of antibiotics because of signs of intrauterine infection.
6.  Duration of birth (as defined by trialist).
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7.  Prolonged labour (cut off used by trialist).
8.  Patient satisfaction.
9.  Postnatal depression.

Health services use
1.  Length of maternal admission.
2.  Length of neonatal admission.

Search methods for identification of studies

Electronic searches
We contacted the Trials Search Co-ordinator to search theCochrane Pregnancy and Childbirth 
Group’s Trials Register (28February 2012). The Cochrane Pregnancy and Childbirth Group’s 
Trials Register is maintained by the Trials Search Co-ordinator and contains trials identified 
from:
1.  monthly searches of the Cochrane Central Register of Controlled Trials CENTRAL);
2.  weekly searches of MEDLINE;
3.  weekly searches of EMBASE;
4.  handsearches of 30 journals and the proceedings of major conferences;
5.  weekly current awareness alerts for a further 44 journals plus monthly BioMed Central 

email alerts.
Details of the search strategies for CENTRAL, MEDLINE and EMBASE, the list of handsearched 
journals and conference proceedings, and the list of journals reviewed via the current 
awareness service can be found in the ‘Specialized Register’ section within the editorial 
information about the Cochrane Pregnancy and Childbirth Group.
Trials identified through the searching activities described above are each assigned to a 
review topic (or topics). The Trials Search Co-ordinator searches the register for each review 
using the topic list rather than keywords.
We searched MEDLINE (1966 to 16 February 2012) and EMBASE (1980 to 16 February 2012). 
We did not apply any restrictions on language or year of publication.

Data collection and analysis

Selection of studies
Two review authors (Birgit van der Goes (BG) and Jannet Bakker (JB)) independently assessed 
for inclusion all the potential studies we identified as a result of the search strategy. We 
resolved any disagreement through discussion. For the title in French another author (Maria 
Pel) was asked to confirm the non eligibility. For two titles, one in Japanese (Sekiba 1970) 
and one in Polish (Ostrowski 1984), we sought help for assessment from medical colleagues 
who are native speakers outside the team of authors.
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Data extraction and management
We designed a form to extract data. For eligible studies, the review authors extracted the 
data using the agreed form. We resolved discrepancies through discussion. JB is an author of 
one of the included trials and was not involved in assessing eligibility, risk of bias or in data 
extraction for this study (Bakker 2009). We entered data into Review Manager software 
(RevMan 2011) and checked for accuracy.

Assessment of risk of bias in included studies
Two review authors independently assessed risk of bias for each study using the criteria 
outlined in the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). 
We resolved any disagreement by discussion or by involving a third assessor.

(1) Random sequence generation (checking for possible selection bias)

We described for each included study the method used to generate the allocation sequence 
in sufficient detail to allow an assessment of whether it should produce comparable groups.
We assessed the method as:
•		 low	risk	of	bias	(any	truly	random	process,	e.g.	random	number	table;	computer	random	

number generator);
•		 high	 risk	of	bias	 (any	non-random	process,	e.g.	odd	or	even	date	of	birth;	hospital	or	

clinic record number);
•		 unclear	risk	of	bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal the allocation sequence 
and determined whether intervention allocation could have been foreseen in advance of, or 
during recruitment, or changed after assignment.
We assessed the methods as:
•		 low	risk	of	bias	(e.g.	telephone	or	central	randomisation;	consecutive	numbered	sealed	

opaque envelopes);
•		 high	risk	of	bias	(open	random	allocation;	unsealed	or	nonopaque	envelopes,	alternation;	

date of birth;
•	 unclear	risk	of	bias.

(3.1) Blinding of participants and personnel (checking for possible performance bias)

We described for each included study the methods used, if any, to blind study participants 
and personnel from knowledge of which intervention a participant received. We considered 
that studies are at low risk of bias if they were blinded, or if we judged that the lack of 
blinding would be unlikely to affect results.
We assessed the methods as
•		 low,	high	or	unclear	risk	of	bias	for	participants;
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•		 low,	high	or	unclear	risk	of	bias	for	personnel.

(3.2) Blinding of outcome assessment (checking for possible detection bias)

We described for each included study the methods used, if any, to blind outcome assessors 
from knowledge of which intervention a participant received.
We assessed methods used to blind outcome assessment as:
•		 low,	high	or	unclear	risk	of	bias.

(4) Incomplete outcome data (checking for possible attrition bias due to the amount, 
nature and handling of incomplete outcome data)

We described for each included study, and for each outcome or class of outcomes, the 
completeness of data including attrition and exclusions from the analysis. We stated 
whether attrition and exclusions were reported and the numbers included in the analysis 
at each stage (compared with the total randomised participants), reasons for attrition or 
exclusion where reported, and whether missing data were balanced across groups or were 
related to outcomes. We assessed methods as:
•		 low	risk	of	bias	 (e.g.	no	missing	outcome	data;	missing	outcome	data	balanced	across	

groups);
•	 high	 risk	of	bias	 (e.g.	numbers	or	 reasons	 for	missing	data	 imbalanced	across	 groups;	

‘as treated’ analysis done with substantial departure of intervention received from that 
assigned at randomisation);

•		 unclear	risk	of	bias.

(5) Selective reporting (checking for reporting bias)

We described for each included study how we investigated the possibility of selective 
outcome reporting bias and what we found. We assessed the methods as:
•		 low	risk	of	bias	(where	it	 is	clear	that	all	of	the	study’s	pre-specified	outcomes	and	all	

expected outcomes of interest to the review have been reported);
•		 high	risk	of	bias	(where	not	all	the	study’s	pre-specified	outcomes	have	been	reported;	

one or more reported primary outcomes were not prespecified; outcomes of interest 
are reported incompletely and so cannot be used; study fails to include results of a key 
outcome that would have been expected to have been reported);

•	 	unclear	risk	of	bias.

(6) Other sources of bias (checking for bias due to problems not covered by (1) to (5) above)

We described for each included study any important concerns we had about other possible 
sources of bias. We assessed whether each study was free of other problems that could put 
it at risk of bias:
•		 low	risk	of	other	bias;
•		 high	risk	of	other	bias;
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•		 unclear	whether	there	is	risk	of	other	bias.

(7) Overall risk of bias

We made explicit judgements about whether studies are at high risk of bias, according to 
the criteria given in the Handbook (Higgins 2011). With reference to (1) to (6) above, we 
assessed the likely magnitude and direction of the bias and whether we considered it is 
likely to impact on the findings.

Measures of treatment effect

Dichotomous data
For dichotomous data, we presented results as summary risk ratio with 95% confidence 
intervals.

Continuous data
For continuous data, we planned to use the mean difference if outcomes were measured 
in the same way between trials and the standardised mean difference to combine trials 
that measured the same outcome, but used different methods. As only one trial provided 
continuous data (Bakker 2009), we used mean difference.

Unit of analysis issues

Cluster-randomised trials
For interventions of this type it may be possible to randomise hospitals or labour wards rather 
than individual women, and we planned to include cluster-randomised trials in the analyses 
along with individually-randomised trials. In this version of the review we did not identify 
any cluster-randomised trials that were eligible for inclusion. In updates of the review if 
such trials are included we will adjust their sample sizes using the methods described in the 
Handbook (Higgins 2011) using an estimate of the intra-cluster correlation co-efficient (ICC) 
derived from the trial (if possible), from a similar trial or from a study of a similar population. 
If we use ICCs from other sources, we will report this and conduct sensitivity analyses to 
investigate the effect of variation in the ICC. If we identify both cluster-randomised trials 
and individually-randomised trials, we plan to synthesise the relevant information. We 
will consider it reasonable to combine the results from both if there is little heterogeneity 
between the study designs and the interaction between the effect of intervention and the 
choice of randomisation unit is considered to be unlikely.
We will also acknowledge heterogeneity in the randomisation unit and perform a sensitivity 
analysis to investigate the effects of the randomisation unit.

Cross-over trials
We have not included cross-over trials as these are not an appropriate study design for the 
interventions in this review.
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Dealing with missing data
For included studies, we noted levels of attrition. For all outcomes, we carried out analyses, 
as far as possible, on an intention-to-treat basis, i.e. we attempted to include all participants 
randomised to each group in the analyses, and all participants were analysed in the group 
to which they were allocated, regardless of whether or not they received the allocated 
intervention. The denominator for each outcome in each trial was the number randomised 
minus any participants whose outcomes were known to be missing.

Assessment of heterogeneity
We assessed statistical heterogeneity in each meta-analysis using the T², I² and Chi² statistics. 
We regard heterogeneity as substantial if the I² is greater than 30% and either the T² is 
greater than zero, or there is a low P value (less than 0.10) in the Chi² test for heterogeneity.

Assessment of reporting biases
In this version of the review only three studies contributed data and we were not able to 
explore possible reporting biases. In updates, if more data become available, for those 
outcomes where there are 10 or more studies in the meta-analysis, we plan to investigate 
reporting biases (such as publication bias) by generating funnel plots. We will assess funnel 
plot asymmetry visually, and where there is any obvious asymmetry, we will use formal tests 
to test this. For continuous outcomes, we will use the test proposed by Egger 1997 and 
for dichotomous outcomes, we will use the test proposed by Harbord 2006. If asymmetry 
is detected in any of these tests, or is suggested by a visual assessment, we will perform 
exploratory analyses to investigate it.

Data synthesis
We carried out statistical analysis using the Review Manager software (RevMan 2011). We 
used fixed-effect meta-analysis for combining data where it is reasonable to assume that 
studies are estimating the same underlying treatment effect: i.e. where trials are examining 
the same intervention, and the trials’ populations and methods are judged sufficiently 
similar. If there was clinical heterogeneity sufficient to expect that the underlying treatment 
effects differed between trials, or if substantial statistical heterogeneity was detected, we 
used random-effects meta-analysis to produce an overall summary if an average treatment 
effect across trials was considered clinically meaningful. The random-effects summary was 
treated as the average range of possible treatment effects and we discussed the clinical 
implications of treatment effects differing between trials. If the average treatment effect 
was not clinically meaningful, we did not combine trials.
Where we used random-effects analyses, the results were presented as the average 
treatment effect with its 95% confidence interval, and the estimates of T² and I².
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Subgroup analysis and investigation of heterogeneity
If we identified substantial heterogeneity, we investigated it using subgroup analyses and 
sensitivity analyses. We considered whether an overall summary was meaningful, and if it 
was, used random-effects analysis to produce it.
We planned to carry out the following subgroup analyses:
•		 primiparae;
•		 multiparae;
•		 for	each	method	used	to	induce	labour.
The following outcomes were used in subgroup analysis:
•		 perinatal	mortality;
•		 mode	of	delivery;
•		 duration	of	labour.
We assessed differences between subgroups by interaction tests.

Sensitivity analysis
We carried out sensitivity analyses to explore the effect of trial quality for important 
outcomes in the review. Where there was risk of bias associated with a particular aspect 
of study quality (e.g. inadequate allocation concealment), this was explored by sensitivity 
analyses in order to assess for any substantive difference to the overall result.

 RESULTS 

Description of studies
The search of the Cochrane Pregnancy and Childbirth Group’s Trials Register found five trial 
reports and our additional search in MEDLINE provided 1715 records, EMBASE provided 
2307 records. After removal of duplicates two review authors (BG and JB) assessed the 
remaining 2693 articles on title and abstract for eligibility. For the title in French one of the 
co-authors (Maria Pel) was asked to assess this study. For two titles, one in Japanese Sekiba 
1970 and one in Polish Ostrowski 1984, we sought the help of medical professionals who 
are native speakers outside the team of authors. We selected 13 studies in total for full 
text assessment. Furthermore, we screened all references listed in the selected studies; we 
found no new hits. Two review authors (BG and JB) independently assessed all the potential 
studies identified as a result of the search strategy. Both review authors used a data form to 
assess the quality of the studies and to extract data from the included studies. There were 
three eligible randomised controlled trials. We found no unpublished or ongoing studies on 
this subject.
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Included studies
We included three randomised controlled trials (Bakker 2009; Dodd 2006a; Oei 2000) 
involving 1150 women. All studies were performed in a hospital setting, two in the 
Netherlands and one in Australia. Two of them (Dodd 2006a; Oei 2000) used prostaglandins 
for priming and initiating labour in women with a Bishop’s score less than five or six. 
The Dodd 2006a trial was nested in the placebo-controlled Milo trial (Dodd 2006b) that 
randomised women for cervical priming with oral misoprostol solution (20 mcg at two-hour 
intervals with a maximum of six doses) with PGE2 gel at six-hour intervals with a maximum 
of six doses with vaginal PGE2 gel. Women who consented to the Milo trial were randomly 
allocated to admission in the morning or in the evening. The Bakker 2009 trial included 
women with a favourable cervix or with already ruptured membranes. Induction took 
place by amniotomy if the membranes were still intact and administration of intravenous 
oxytocin. All trials were stratified for woman’s parity and included prespecified subgroup 
analysis for parity.
We did not identify any eligible trials using traditional non clinical methods.
For details of included studies, see Characteristics of included studies.

Excluded studies
We excluded 10 studies. There were many prospective and retrospective cohort studies 
that focused solely on timing of birth in office hours and studies that compared, in a non 
randomised manner, timing of spontaneous labour with induced labour. The study of 
Kupietz 1994 compared women who were induced with prostaglandins in the morning and 
in the evening but divided the two groups by preference of the woman; we excluded this 
trial because of this allocation method.
For details of excluded studies, see Characteristics of excluded studies.

Risk of bias in included studies
The trial of Dodd 2006a reports no loss to follow-up. Before the date of scheduled induction, 
20% women entered labour spontaneously. There was an unequal division between the 
groups; 64.5% of these women were scheduled for morning induction and 35.5% women 
scheduled for evening induction. This was unexpected and thought to reflect the increased 
ease in scheduling admission in the evening consistent with the unit’s policy and therefore 
increased time between randomisation and start of induction in the morning group. The 
authors state that data were analysed on an intention-to-treat basis; data for these women 
however, were not included in the analysis.
In the trial of Oei 2000, 20% of the randomised women entered into spontaneous labour or 
the cervix became ripe (Bishops’s score at least six) before the scheduled time of induction 
and were excluded from secondary analysis. These women were equally distributed over 
both groups. From the remaining women the authors report no cross-over and no loss to 
follow-up.
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In the trial of Bakker 2009 no losses to follow-up were reported and four women were 
excluded after randomisation; one was wrongfully included and three women withdrew 
their consent. Women who entered labour at an earlier time than planned were included 
in the intention-to-treat analysis. This happened more often in the morning group. This 
was explained by the authors because of the significantly longer time interval between 
randomisation and the start of induction in the morning group. There were no women lost 
to follow-up. Assessment of this trial was done by BG as she was not involved in conducting 
the trial.
The principal outcome measures may have been affected in the trials that excluded 
participants following randomisation. Allocation concealment was adequately described in 
all three trials and concealment was ensured by means of sequentially numbered opaque 
sealed envelopes.
Due to the nature of the intervention, blinding of treatment allocation was not possible.
Although we did not employ any language restrictions in our search for titles, and we 
considered existence of non published studies with a negative effect to be unlikely, 
publication bias remains a possibility. Due to the fact that we included only three studies, 
exploring the possibility of publication bias by generating a funnel plot did not seem sensible.

Effects of interventions
Induction of labour with an unfavourable cervix and a Bishop score lower than five relies 
on a very different mechanism and time scale than induction of labour with intravenous 
oxytocin when the woman has a ripe cervix and ruptured membranes. The primary goal of 
use of prostaglandins is to ripen the cervix which makes it possible to artificially rupture the 
membranes and induce contractions. Therefore, we reported the outcomes of these two 
comparisons separately.

Comparison 1. Morning versus evening start of induction with prostaglandins
Two trials with a total of 746 women contributed to this comparison (Dodd 2006a; Oei 
2000). The study by Oei 2000 included women with a unfavourable cervix and a Bishop’s 
score	 of	 ≤	 five;	 and	 primed	with	 PGE2	 (0.5	mg)	 endocervical	 gel,	 second	 administration	
when needed was after 10 hours and third administration after 48 hours. The trial by Dodd 
2006a	 included	women	with	a	Bishops’	 score	≤	6	who	consented	 to	 the	Milo	 trial	 (Dodd	
2006b); a randomised controlled trial that compared oral misoprostol (20 mcg at two-hour 
intervals with a maximum of six doses) with PGE2 gel at six-hour intervals with a maximum 
of six doses. Both trials included women with a vital singleton pregnancy, a gestational age 
greater than 36+6 weeks, cephalic presentation and a fetus in good condition. Women with 
any contraindication to vaginal birth, previous uterine surgery (including caesarean section), 
or ruptured membranes were excluded. Since misoprostol is an E1 prostaglandin analogue 
we judged it appropriate to combine both trials in the analysis. 
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The primary outcome of this review was perinatal mortality, defined as intrauterine deaths 
plus newborn deaths in the first week of life. No such adverse events were reported in the 
included trials. 

Secondary neonatal outcomes
Birth asphyxia was defined by trialists in both included trials as an Apgar score below seven 
at five minutes. There was no statistical difference between study groups; only one of the 
trials contributed estimable data (Dodd 2006a) (risk ratio (RR) 0.20, 95% confidence interval 
(CI) 0.02 to 1.67) Analysis 1.1.
Admission to neonatal intensive care was reported in both trials, there was no statistical 
difference between study groups. There was estimable data for only one of the trials (Dodd 
2006a) (RR 0.40, 95% CI 0.04 to 3.87) Analysis 1.2.
The following prespecified secondary neonatal outcomes of this review were not reported: 
convulsions, encephalopathy, use of anticonvulsants, neonatal admissions, meconium 
aspiration syndrome, pneumonia and neurodevelopment at childhood follow-up.

Secondary maternal outcomes
Mode of delivery: rates of caesarean section and vaginal instrumental delivery were 
reported in both trials. Because these variables can interfere with each other and there was 
substantial heterogeneity (I²: 51% for caesarean section and 86% for instrumental vaginal 
delivery), we decided not to pool these variables. Possibly, the different basic intervention 
rates between the Australian population in the study of Dodd 2006a, (24.4% caesarean 
sections), and the Dutch population in the study of Oei 2000, (15.1% caesarean sections) 
partly accounts for this heterogeneity. There was no evidence of a difference in the risk for 
caesarean section between study groups in either of these studies Oei 2000 (RR 1.61, 95% 
CI 0.70 to 37.4) and Dodd 2006a (RR 0.85, 95% CI 0.64 to 1.12) Analysis 1.3. Although the risk 
for a instrumental vaginal delivery was statistically significantly higher in the evening group 
in the trial of Oei 2000 (RR 0.25, 95% CI 0.10 to 0.63), this was not confirmed by the outcome 
in the larger trial of Dodd 2006a (RR 0.92, 95% CI 0.65 to 1.30) (Analysis 1.4).
In the study by Dodd 2006a, use of epidural anaesthesia was much more common, more 
than 64% versus 13.5% of the women in the study by Oei 2000. This is in concordance 
with the difference in daily practices in obstetrics between Australia and the Netherlands. 
Because of substantial statistical heterogeneity (I² 61%), we decided not to pool results for 
this outcome; there was no evidence of a difference in the studies between the morning and 
the evening group (Oei 2000 (RR 0.49, 95% CI 0.18 to 1.31), Dodd 2006a (RR 1.10, 95% CI 0.98 
to 1.24)) Analysis 1.5.
Perineal trauma was not reported in either of the trials.
Need for blood transfusion was only reported in the study by Dodd 2006a, and there was 
no strong evidence of any difference between groups (RR 0.91, 95% CI 0.32 to 2.59) Analysis 
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1.6. Use of antibiotics because of signs of intrauterine infection was not reported in either 
of these trials.
Duration of labour was not reported in these two studies. Because the primary outcome 
measure of the Dodd 2006a trial was “vaginal birth not achieved within 24 hours”, we 
decided to report this non-prespecified outcome here. There was no evidence of a 
difference between study groups; in the subgroup of primiparae (RR 1.00, 95% CI 0.84 to 
1.20), and in multiparae (RR 0.92, 95% CI 0.60 to 1.43) Analysis 1.7. The study of Oei 2000 
chose “delivery outside office hours” (08:00 to 18:00) as a primary outcome. The number 
of deliveries outside office hours was similar for women in both groups (RR 1.17, 95% CI 
0.83 to 1.65) Analysis 1.8. In this study the authors reported that in nulliparous women, the 
chance of delivery at night was slightly reduced when endocervical prostaglandin E2 was 
administered in the evening (RR 0.65, 95% CI 0.29 to 1.5), while in multiparous women the 
chance of delivery in the evening was significantly reduced (RR 0, 95% CI 0 to 0.71) with no 
effect on the probability to deliver at night (data not shown in data and analyses tables). 
Delivery outside office hours was not reported by Dodd 2006a.
Prolonged labour was not reported in either of the trials.
Both studies assessed patient satisfaction by asking the participating women to complete 
questionnaires for assessment of patient preferences. In the study by Dodd 2006a, all 
women completed the forms, and in the study by Oei 2000 86% of all women filled in 
the forms. In the morning group in the study of Oei 2000 2/48 (4.2%) of the women were 
dissatisfied with the timing of induction versus 12/60 (20%) of the women of the evening 
group. This was a statistically significant difference (RR 0.21, 95% CI 0.05 to 0.89) Analysis 
1.9. Both studies questioned women about the quality of their sleep during the night before 
delivery. Significantly more women in the evening group reported a bad quality of sleep 
(average RR 0.24, 95% CI 0.04 to 1.46) Analysis 1.10. There was substantial heterogeneity (I² 
69%) so we decided to use the random-effects model.
Postnatal depression was not reported in the trials.

Health service use
Lenght of maternal or neonatal admission was not reported in the included studies.

Comparison 2. Morning versus evening start of induction with intravenous oxytocin
One study Bakker 2009 with 371 women contributed to this comparison. Women beyond a 
gestational age of 36 weeks and with a favourable cervix (Bishop score greater than six) or 
ruptured membranes, with an indication for induction of labour, were randomised to either 
the evening group (a start of induction of labour at 21:00 hours) or the morning group (start 
at 07:00 hours).
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 
the protocol, starting with 3.3 mIU oxytocin/minute and a maximum of 33.3 mIU oxytocin/
minute, until regular contractions occurred every three to four minutes. Exclusion criteria 
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were intrauterine fetal death, non reassuring fetal status, contraindication for amniotomy 
(e.g. HIV positive women), maternal age below 18 years or a history of secondary caesarean 
section (failed vaginal delivery). Data are presented both by the authors according to the 
intention-to-treat principle as well as according to the on-protocol principle and for the 
strata primiparity and multiparity separately. For this review, we used the aggregated data 
of primi- and multiparae in the intention-to-treat analysis. 

The primary outcome of this review was perinatal mortality; no such adverse events were 
reported in this trial.

Secondary neonatal outcomes
Birth asphyxia was not statistically significantly different between the study groups; 4/187 
children in the morning group versus 2/184 children in the evening group (RR 1.97, 95% CI 
0.36 to10.61) Analysis 2.1.
Admission to the neonatal intensive care unit was not reported separately. Neonatal 
convulsions, neonatal encephalopathy and use of anti-convulsants were not reported in the 
trial.
Neonatal admission (defined by trialists as neonatal admissions to the maternity ward, the 
neonatal medium care or neonatal intensive care) occurred statistically significantly more 
often when the induction of labour started in the morning; 54/187 children in the morning 
group versus 36/184 children in the evening group (RR 1.48, 95% CI 1.02 to 2.14 ) Analysis 
2.2. Meconiumaspiration syndrome, pneumonia and neurodevelop ment at childhood 
follow-up were not reported in the trial. 

Secondary maternal outcomes
No evidence of a difference in mode of delivery was found between study groups; 23/187 
women in the morning group versus 20/184 women in the evening group gave birth with 
a caesarean section (RR 1.13, 95% CI 0.64 to 1.99) Analysis 2.3 and 26/187 women in the 
morning group had a vaginal instrumental delivery versus 23/184 women in the evening 
group (RR 1.11, 95% CI 0.66 to 1.88) Analysis 2.4.
Epidural anaesthesia was not different between study groups; 22/187 women in the morning 
group versus 25/184 women in the evening group (RR 0.87, 95% CI 0.51 to 1.48) Analysis 2.5. 
Perineal trauma and need for blood transfusion were not reported in the trial.
There was no evidence of a difference in rates of use of antibiotics during labour because of 
signs of intrauterine infection between study groups; 4/187 women in the morning group 
versus 1/184 women in the evening group (RR 1.97, 95% CI 0.36 to 10.61) Analysis 2.6.
Duration of labour, defined as time between start of labour and time of birth, was the 
primary outcome of the only study in this comparison Bakker 2009. The intention-to-
treat analysis showed no evidence of a difference in both subgroups (primiparae n=242: 
morning 12 hours and eight minutes versus evening 11 hours and 22 minutes, P value 0.29; 
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multiparae n = 129: morning seven hours and 34 minutes versus evening seven hours and 46 
minutes, P value 0.70) Analysis 2.7.
Prolonged labour was not reported in the trial.
In this study patient satisfaction was measured by a postpartum questionnaire. The results 
showed no evidence of a difference between the study groups, all women in both groups 
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, provision of information, level of attendance and care of 
nurses and staff, scored on average between 8 and 9.
Postnatal depression was not reported in the trial.

Health service use
Length of maternal or neonatal admission was not reported in this included study.

 DISCUSSION 

Summary of main results
Administering prostaglandins in the morning or the evening showed no clear evidence of 
a difference for neonatal or maternal outcomes in the two of the included (Dodd 2006a; 
Oei 2000). This review shows a small but non-significant increased risk for instrumental 
vaginal delivery after administration of gel in the evening. It is unclear whether this reflects 
physiologic variations in diurnal rhythm in the onset of labour and timing of spontaneous 
birth, or reflects the bad quality of sleep of the mother the night before or whether they are 
a result of diurnal variations in clinical practice. The significantly increased additional use of 
oxytocin and slightly increased rates of vaginal instrumental deliveries in the evening group 
may reflect a degree of impatience and pressure to have women give birth at a time more 
convenient for caregivers during office hours. The only study that looked at timing of delivery 
during office hours was the study of Oei 2000. They concluded that there was a slight but 
non-significant reduction of the chance of delivery at night after endocervical administration 
of prostaglandin E2 in the evening in nulliparous women. The impact on the workload will 
however be rather limited, especially if one takes into account that administration of the gel 
itself will increase the workload in the evening and at night. In multiparous women there 
was a significant reduction in the chance of delivery in the evening after priming in the 
evening, but there was no effect on the chance of delivery at night. The majority of women 
were more satisfied with administration of prostaglandins in the morning and reported a 
better quality of sleep the night before the start of the induction than women admitted in 
the evening.
The single included study that compared induction of labour with oxytocin in the morning or 
the evening coinciding with the endogenous circadian rhythm revealed no strong evidence 
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of differences for maternal and most neonatal outcomes (Bakker 2009). There were no 
clinically relevant differences in duration of labour, caesarean section or instrumental 
vaginal delivery rates. Neonatal admission among children of primiparae in the morning 
group occurred more often, and significantly more of these children were admitted with 
indications solely provoked by birth, such as asphyxia or signs of infection. The authors give 
a possible explanation for this unexpected better neonatal outcome for the women induced 
in the evening; the combination of non-significant factors including reduced amount of 
oxytocin used, shorter second stage of labour and a reduction in the amount of obstetric 
intervention needed, might account for this effect. The oxytocin protocol used in this 
study was a stepwise raised drip, starting with 3.3 mIU oxytocin/minute and a maximum 
of 33.3 mIU oxytocin/-minute; a different oxytocin regimen might have a different effect 
on outcomes. Timing of delivery within office hours was not reported in the trial, however, 
the trial authors concluded that hospitals staffed 24 hours a day with midwives and doctors 
might benefit by planning induction of labour with oxytocin both in the morning and in the 
evening so as to make more efficient use of hospital care resources in terms of use of labour 
suites.

Overall completeness and applicability of evidence
Only three studies with two different comparisons could be included in this review, 
generating insufficient data to decide in favour of either morning or evening for starting 
induction of labour.

Quality of the evidence
The methodological quality of the trials was considered good. However, the total of weight 
of the studies did not provide enough evidence to conclude in favour for a start of induction 
in the morning or in the evening in either of the comparisons.

Potential biases in the review process
We acknowledge that there is always a possibility of introducing bias at every stage of the 
reviewing process. We attempted to minimise bias in a number of ways; two review authors 
assessed independently eligibility for inclusion, carried out data extraction and assessed risk 
of bias, moreover we did not apply any language restrictions.

Agreements and disagreements with other studies or reviews
To our knowledge there are no other published reviews on this subject.
The results of the excluded studies were not in disagreement with the outcomes of this 
review. In more detail: administering prostaglandins in the morning versus the evening was 
also studied by Kupietz 1994. This study, with 50 women in each group, had to be excluded 
from this review because group allocation was not random but by women’s preference. 
The study focused on duration of labour. The conclusion of this study was, that induction 
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with prostaglandin PGE2 intra-cervically was more effective in the evening group with a 
shortening of the first stage by two hours in primiparous women without increasing the rate 
of complications. The retrospective cohort study of Thorsell 2011, excluded because of the 
design, involved 1950 women. The time of start of cervical ripening with prostaglandins did 
not affect the risk of giving birth in the night in primiparous women. For multiparous women, 
on the other hand, induction in the morning reduced the risk of night-time deliveries. 
Matijevic 1991 reported results of a case control study with a historical control group. They 
found significantly fewer out of hours deliveries in primiparous women with a start in the 
evening (21/32 versus 32/33; P < 0.01) without a difference in rate of complications.

 AUTHORS’ CONCLUSIONS 

Implications for practice
Although the women preferred a start in the morning, there wasno clear benefit in starting 
induction of labour with prostaglandin E2 in the evening, compared with starting in the 
morning.
There was no strong evidence that induction of labour with intravenous oxytocin in the 
evening was any more or less effective than induction in the morning.

Implications for research
In the trial examining induction of labour with intravenous oxytocin, the finding that 
paediatric involvement was increased in the group of women that started induction in the 
morning was unexpected. The trial authors offered some possible explanations for this, 
however, any future trials should be sufficiently well powered to address substantive indices 
of neonatal outcome.
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of the Pregnancy and Childbirth Group’s international panel of consumers and the Group’s 
Statistical Adviser.
 
Cochrane Reviews are regularly updated as new evidence emerges and in response to 
comments and criticisms, and the Cochrane Database of Systematic Reviews should be 
consulted for the most recent version of the Review.’     
Bakker JJH, van der Goes BY, Pel M, Mol BWJ, van der Post JAM. Morning versus evening 
induction of labour for improving outcomes. Cochrane Database of Systematic Reviews 2013, 
Issue 2. Art. No.: CD007707. DOI: 10.1002/14651858.CD007707.pub2. (http://onlinelibrary.
wiley.com/doi/10.1002/14651858.CD007707)
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Bakker 2009

Methods Randomised controlled trial.

Participants 371 term pregnant women with an indication for induction of 
labour with intravenous oxytocin

Interventions Start of induction in the evening ( 21:00 hours). Outcomes

Duration of labour.

Instrumental delivery rate.

Adverse neonatal outcome.

Indications for paediatric consultations and neonatal admissions

Duration second stage. Intrapartum infections. Use of pain relief. 
Patient’s satisfaction.

Notes Stratification on parity.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection bias) Low risk Quote: “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.”

Allocation concealment (selection bias) Low risk Quote: “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.”

Blinding of participants and personnel 
(performance bias) All outcomes 

High risk Due to the nature of the intervention 
participants and personnel were not 
blinded. Staff behaviour may have been 
affected by the time of induction

Blinding of outcome assessment (detection 
bias) All outcomes

Unclear risk Due to the nature of the outcome 
assessor/ statistician was not blinded

Incomplete outcome data (attrition bias) All 
outcomes

Low risk he data were analysed according to the 
intention-to- treat principle, there were no 
withdrawals

Selective reporting (reporting bias) Low risk All of the study’s pre-specified outcomes 
and all expected outcomes of interest to 
the review have been reported 4 women 
were excluded after randomisation, 
selected reporting is however, not likely 
due to the low numbers

Other bias Unclear risk None
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Dodd 2006a

Methods Randomised controlled trial.

Participants 620 term pregnant women and an indication for induction with 
prostaglandins (misoprostol or PGE2)

Interventions Start induction in the evening (20:00 hours). 

Outcomes Vaginal birth not achieved within 24 hours.

Uterine hyperstimulation with associated fetal heart rate changes

Mode of delivery.

Neonatal and maternal complications.

Notes Stratification on parity.

Nested trial.

Randomisation for timing of start induction and type of 
prostaglandin (misoprostol versus PGE2)

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection bias) Low risk Quote: “The randomisation schedule was 
generated by a non clinical researcher 
using a computer-generated sequence.”

Allocation concealment (selection bias) Low risk The allocation was written on a card, 
folded, and placed inside sequentially 
numbered, sealed opaque envelopes

Blinding of participants and personnel 
(performance bias) All outcomes

High risk Due to the nature of the intervention 
participants and personnel were not 
blinded, staff behaviour may have been 
affected by the time of induction

Blinding of outcome assessment (detection bias) 
All outcomes

Low risk Due to the nature of the intervention the 
outcome assessor was not blinded, the 
statistician was blind to the allocated time 
of induction

Oei 2000

Methods Randomised controlled trial.

Participants 158 term pregnant women and an indication for induction with 
prostaglandins (PGE2) 

Interventions Start induction in the evening (22:00 hours).

Outcomes Delivery during evening or night hours. 
Time to delivery. 
Use of pain relief. 
Mode of delivery. 
Patient’s preference.

Notes Stratification on parity.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection bias) Low risk Quote: “we used simple randomisation 
with random table numbers.”

Allocation concealment (selection bias) Low risk Concealment was ensured by using of 
sequentially numbered opaque sealed 
envelopes
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Blinding of participants and personnel 
(performance bias) All outcomes 

High risk Due to the nature of the intervention 
participants and personnel were not 
blinded, staff behaviour may have been 
affected by the time of induction

Blinding of outcome assessment (detection 
bias) All outcomes

Unclear risk Due to the nature of the outcome 
assessor/statistician was not blinded

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Backe 1991 No randomised comparison. Eisenhauer 2010  Retrospective cohort study.

Fraser 1989 No comparison; prospective cohort study examining timing start of spontaneous labour

Kato 1987 Randomised comparison of spontaneous versus induced labour.

Kupietz 1994 Comparison of 2 groups who were induced with prostaglandins in the morning and in the 
evening 
Groups divided by preference of the woman, no randomisation.

Levey 2010 No randomisation; comparison of 2 hospital protocols of induction of labour with Prostin

Matijevic 1991 Case control study, 32 women induced with prostaglandin E2 in the evening were matched 
with 33 women induced in the morning

Ostrowski 1984 Non randomised comparison of 2 groups women with different patient characteristics

Sekiba 1970 Report of daylight delivery; no comparison. Thorsell 2011 Retrospective cohort study.

DATA AND ANALYSES
Comparison 1.  Morning versus evening start of induction with prostaglandins

Outcome or subgroup title No. of 
studies

No. of 
participants Statistical method Effect size

1 Apgar less than 7 at 5 minutes 2 746 Risk Ratio (M-H, Fixed, 95% CI) 0.20 [0.02, 1.67]

2 Admission to NICU 2 746 Risk Ratio (M-H, Fixed, 95% CI) 0.40 [0.04, 3.87]

3 Caesarean section 2 Risk Ratio (M-H, Random, 95% CI) Totals not selected

4 Instrumental vaginal delivery 2 Risk Ratio (M-H, Random, 95% CI) Totals not selected

5 Use of epidural anaesthesia 2 Risk Ratio (M-H, Random, 95% CI) Totals not selected

6 Need for blood transfusion 1 620 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.32, 2.59]

7 Vaginal birth not achieved 24 hours 1 620 Risk Ratio (M-H, Fixed, 95% CI) 0.98 [0.83, 1.17]

7.1 Primiparae 1 365 Risk Ratio (M-H, Fixed, 95% CI) 1.00 [0.84, 1.20]

7.2 Multiparae 1 255 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.60, 1.43]

8 Delivery outside office hours 1 126 Risk Ratio (M-H, Fixed, 95% CI) 1.17 [0.83, 1.65]

9 Dissatisfaction with time start 1 108 Risk Ratio (M-H, Fixed, 95% CI) 0.21 [0.05, 0.89]

10 Bad quality of sleep 2 728 Risk Ratio (M-H, Random, 95% CI) 0.24 [0.04, 1.46]
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Study or Subgroup

Dodd 2006a
Oei 2000

Total (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 1.48 (P = 0.14)

Events

1
0

1

Total

280
58

338

Events

6
0

6

Total

340
68

408

Weight

100.0%

100.0%

M-H, Fixed, 95% CI

0.20 [0.02, 1.67]
Not estimable

0.20 [0.02, 1.67]

Morning Evening Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours Morning Favours Evening

Comparison 1 Prostaglandins for induction of labour, Outcome 1.1 Apgar less than 7 after 5 minutes

Study or Subgroup

Dodd 2006a
Oei 2000

Events

62
11

Total

280
58

Events

89
8

Total

340
68

M-H, Random, 95% CI

0.80 [0.55, 1.16]
1.76 [0.65, 4.71]

Morning Evening Odds Ratio Odds Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours morning Favours evening

Comparison 1 Prostaglandins for induction of labour, Outcome 1.3 Caesarean section

Study or Subgroup

Dodd 2006a
Oei 2000

Events

47
5

Total

280
58

Events

62
23

Total

340
68

M-H, Random, 95% CI

0.92 [0.65, 1.30]
0.25 [0.10, 0.63]

Morning Evening Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours morning Favours evening

Comparison 1 Prostaglandins for induction of labour, Outcome 1.4 Vaginal instrumental delivery

Comparison 2.  Morning versus evening start of induction with intravenous oxytocin

Outcome or subgroup title No. of 
studies

No. of 
participants Statistical method Effect size

1 Apgar score less than 7 at 5 1 371 Risk Ratio (M-H, Fixed, 95% CI) 1.97 [0.36, 10.61]

2 Neonatal admission 1 371 Risk Ratio (M-H, Fixed, 95% CI) 1.48 [1.02, 2.14]

3 Caesarean section 1 371 Risk Ratio (M-H, Fixed, 95% CI) 1.13 [0.64, 1.99]

4 Instrumental vaginal delivery 1 371 Risk Ratio (M-H, Fixed, 95% CI) 1.11 [0.66, 1.88]

5 Use of epidural anaesthesia 1 371 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.51, 1.48]

6 Use of antibiotics because of 1 371 Risk Ratio (M-H, Fixed, 95% CI) 1.97 [0.36, 10.61]

7 Duration of labour (minutes) 1 371 Mean Difference (IV, Fixed, 95% CI) -12.68 [-61.67, 36. 31]

7.1 Primiparae 1 242 Mean Difference (IV, Fixed, 95% CI) -14.0 [-98.17, 70. 17]

7.2 Multiparae 1 129 Mean Difference (IV, Fixed, 95% CI) -12.0 [-72.24, 48. 24]
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Comparison 1 Prostaglandins for induction of labour, Outcome 1.10 Bas quality of sleep

Study or Subgroup

Dodd 2006a
Oei 2000

Total (95% CI)
Total events
Heterogeneity: Tau² = 1.26; Chi² = 3.27, df = 1 (P = 0.07); I² = 69%
Test for overall effect: Z = 1.54 (P = 0.12)

Events

1
16

17

Total

280
48

328

Events

15
44

59

Total

340
60

400

Weight

36.0%
64.0%

100.0%

M-H, Random, 95% CI

0.08 [0.01, 0.61]
0.45 [0.30, 0.70]

0.24 [0.04, 1.46]

Morning Evening Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.01 0.1 1 10 100
Favours morning Favours evening

Study or Subgroup
1.7.1 Primiparae
Dodd 2006a
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.02 (P = 0.98)

1.7.2 Multiparae
Dodd 2006a
Subtotal (95% CI)
Total events
Heterogeneity: Not applicable
Test for overall effect: Z = 0.35 (P = 0.72)

Total (95% CI)
Total events
Heterogeneity: Chi² = 0.12, df = 1 (P = 0.73); I² = 0%
Test for overall effect: Z = 0.19 (P = 0.85)
Test for subgroup differences: Chi² = 0.11, df = 1 (P = 0.74), I² = 0%

Events

94

94

27

27

121

Total

164
164

116
116

280

Events

115

115

35

35

150

Total

201
201

139
139

340

Weight

76.4%
76.4%

23.6%
23.6%

100.0%

M-H, Fixed, 95% CI

1.00 [0.84, 1.20]
1.00 [0.84, 1.20]

0.92 [0.60, 1.43]
0.92 [0.60, 1.43]

0.98 [0.83, 1.17]

Morning Evening Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours morning Favours evening

Comparison 1 Prostaglandins for induction of labour, Outcome 1.7 Vaginal birth not achieved in 24 hours
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  ABSTRACT 

Background It has been hypothesized that internal tocodynamometry, as compared with 
external monitoring, may provide a more accurate assessment of contractions and thus 
improve the ability to adjust the dose of oxytocin effectively, resulting in fewer operative 
deliveries and less fetal distress. However, few data are available to test this hypothesis.

Methods We performed a randomized, controlled trial in six hospitals in the Netherlands to 
compare internal tocodynamometry with external monitoring of uterine activity in women 
for whom induced or augmented labor was required. The primary outcome was the rate of 
operative deliveries, including both cesarean sections and instrumented vaginal deliveries. 
Secondary outcomes included the use of antibiotics during labor, time from randomization 
to delivery, and adverse neonatal outcomes (defined as any of the following: an Apgar score 
at 5 minutes of less than 7, umbilical-artery pH of less than 7.05, and neonatal hospital stay 
of  longer than 48 hours).

Results We randomly assigned 1456 women to either internal tocodynamometry (734) 
or external monitoring (722). The operative-delivery rate was 31.3% in the internal- 
tocodynamometry group and 29.6% in the external-monitoring group (relative risk with 
internal monitoring, 1.1; 95% confidence interval [CI], 0.91 to 1.2). Secondary outcomes did 
not differ significantly between the two groups. The rate of adverse neonatal outcomes 
was 14.3 % with internal monitoring and 15.0% with external monitoring (relative risk, 0.95; 
95% CI, 0.74 to 1.2). No serious adverse events associated with the use of the intrauterine 
pressure catheter were reported. 

Conclusions Internal tocodynamometry during induced or augmented labor, as compared 
with external monitoring, did not significantly reduce the rate of operative deliveries 
or of adverse neonatal outcomes. (Current Controlled Trials number, ISRCTN 13667534; 
Netherlands Trial number, NTR285.)
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  INTRODUCTION 

The monitoring of uterine contractions by means of internal tocodynamometry during 
induction or augmentation of labor is advocated by professional societies in obstetrics and 
gynecology. Induction or augmentation is necessary in approximately 20% of all deliveries, 
and internal monitoring is thought to quantify the frequency, duration, and magnitude of 
uterine activity more accurately than does external tocography.1-3 The American College of 
Obstetricians and Gynecologists (ACOG) and the Society of Obstetricians and Gynaecologists 
of Canada (SOGC) advise the use of internal tocodynamometry in selected circumstances, 
such as when the mother is obese, when one-on-one nursing care is not available, or when 
the response to oxytocin is limited. The Dutch Society of Obstetrics and Gynaecology 
recommends its use in all cases of induction or augmentation of labor.2 For patients in whom 
labor must be induced or augmented, monitoring by means of internal tocodynamometry 
might improve both maternal and fetal outcomes by allowing better adjustment of oxytocin, 
thus preventing uterine hyperstimulation and fetal hypoxia, or by improving interpretation 
of abnormal fetal heart-rate patterns in relation to uterine activity. However, clinical data to 
support such hypotheses are limited, and recommendations are based on expert opinion. 
The recent report by the National Institute of Child Health and Human Development working 
group report on electronic fetal monitoring concluded that studies are needed to evaluate 
associations between measures of uterine contraction (frequency, strength, and duration) 
and both fetal heart rate and clinical outcomes.4

We are aware of only three small, randomized clinical trials that compared internal 
tocodynamometry with external monitoring with respect to the clinical outcome.5-7 
None of these studies showed a significant reduction in the rate of operative delivery or 
a significant improvement in neonatal outcomes with internal as compared with external 
monitoring. However, the small samples in these trials resulted in limited power to detect 
differences and in wide confidence intervals around estimated risk reductions. For instance, 
the plausible effect of internal versus external tocodynamometry on the operative-delivery 
rate in a trial involving 239 patients in whom labor was induced ranged widely, from a 42% 
reduction to an 82% increase (95% confidence interval [CI],  0.58 to 1.82).4

We conducted a randomized, multicenter clinical trial involving a large number of patients 
to assess whether use of an intrauterine pressure catheter during labor leads to better 
outcomes than those associated with the use of external monitoring.

  METHODS 

Study design
The trial was conducted in six hospitals in the Netherlands. The study protocol was 
approved by the medical ethics committee of the Máxima Medical Center in Veldhoven, 
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the Netherlands, as well as by local committees of the other hospitals. All the authors took 
part in gathering the data and writing the manuscript. Costs related to performing the study 
were provided by the departments of the participating hospitals.
Women with a singleton pregnancy with a gestational age of more than 36 weeks, a fetus 
in the cephalic position, and an indication for either induction or augmentation of labor 
with intravenous oxytocin were eligible for the trial. Women with a uterine scar, positive 
results on serologic tests for human immunodeficiency virus or hepatitis B virus, or signs 
of an intrauterine infection or fetal distress were not eligible. All women were informed 
about the trial by the attending physician or midwife on the delivery ward, and all provided 
written informed consent before enrollment. Subsequently, the participants were randomly 
assigned to either internal tocodynamometry or external monitoring. Randomization was 
performed in a 1:1 ratio by means of a computer program, with the use of a minimization 
method8 that took into account whether labor was augmented or induced and whether a 
women was primiparous or multiparous, and was stratified according to hospital. The group 
assignments were not concealed from patients or physicians.

Obstetrical management
Labor was induced with amniotomy; if the attending obstetrician or midwife judged that 
contractions were insufficient 1 hour after amniotomy, oxytocin was administered. In cases 
of arrest of spontaneous labor (defined as failure of cervical dilatation to progress for at least 
2 hours), intravenous oxytocin was used for augmentation. In the participating hospitals, 
oxytocin was continuously infused through a syringe pump at an initial dose of 3.3 mU per 
minute; this dose was then increased every 30 minutes until three or four contractions 
occurred within a 10-minute period, up to a maximal infusion rate of 33.3 mU per minute.
In the women assigned to the internal-tocodynamometry group, a sensor-tipped intrauterine 
catheter system (Koala, Clinical Innovations) was used. The catheter was inserted during the 
first vaginal examination after randomization. In the other group, external uterine activity 
was monitored with an external tocodynamometer (Hewlett-Packard, Philips Medical 
Systems).
Oxytocin was administered intravenously in increasing doses according to local protocol 
until 200 Montevideo units had been recorded or progression of cervical dilatation was 
deemed adequate at fewer Montevideo units. Adequate progression was defined as 
softening and effacement of the cervix and, after the cervix was fully effaced, an increase in 
cervical dilatation of at least 1 cm per hour. Progression of cervical dilatation was measured 
by digital examination at regular intervals in both study groups and according to local 
protocol. One-on-one care is routine practice in the Netherlands.
The use of an intrauterine pressure catheter in the external-monitoring group was allowed 
if cervical progression was absent for 2 hours, the frequency of uterine contractions was not 
sufficient, or cesarean section was being considered.

proefschrift.indb   60 25-7-2013   14:54:31

Bakker, J_PROEF (all).ps Back - 30     T1 -    Black



RCT, internal versus external tocodynamometry

61

Chapter

4

Infusion of fluid into the amnion for intrapartum management of meconium-stained 
amniotic fluid was allowed, either before trial entry or after randomization. In women 
assigned to external monitoring who were given an amnion infusion, an intrauterine 
pressure catheter was placed for the infusion but was not connected to the pressure monitor 
for the registration of contractions. Fetal surveillance was performed with electronic fetal 
heart-rate monitoring in combination with fetal-blood sampling when these measures were 
deemed indicated by the managing clinician.

Study Outcomes
The composite primary outcome was operative delivery, defined as cesarean section or 
instrumented vaginal delivery. Secondary outcomes included complications from use of the 
intrauterine pressure catheter (abruptio placentae, antepartum hemorrhage, fetal-vessel 
damage, uterine rupture, or sepsis), use of analgesia, use of antibiotics during labor, total 
amount of oxytocin used, time from randomization to delivery, and adverse neonatal 
outcomes (a composite variable defined as a 5-minute Apgar score below 7, an umbilical-
artery pH below 7.05, or a neonatal admission longer than 48 hours). 

Statistical analysis
The sample size was calculated on the basis of an expected reduction in the rate of 
operative deliveries from 35% to 28% in the internal-tocodynamometry group. To detect 
this difference with a power of 80% and a type I error of 5% (two-sided test), we needed 
1382 patients for whom data could be analyzed. Assuming a 5% rate of study dropouts or 
protocol violations, our goal was to have 1450 patients eligible for randomization.
The analysis was performed according to the intention-to-treat principle. Continuous 
variables were compared with the use of analysis of variance for normally distributed 
variables and the Mann-Whitney U test otherwise. For categorical variables, we used the 
chi-square test. P values of 0.05 or less were considered to indicate statistical significance. 
For dichotomous outcomes, we calculated relative risks and 95% confidence intervals. Time 
to delivery was assessed with the use of Kaplan-Meier analysis and was compared between 
groups by means of the log-rank test.
We performed post hoc analyses to compare outcomes of internal tocodynamometry with 
those of external monitoring in subgroups defined according to the following factors: type 
of labor (induced or augmented), parity (primiparous or multiparous), and body-mass index 
(the	weight	 in	kilograms	divided	by	the	square	of	the	height	 in	meters,	≤	30	or	>	30).	We	
tested for interactions between treatment and each of these three factors for the composite 
end points of operative delivery and adverse neonatal outcomes.
All reported P values are two-sided and were not adjusted for multiple testing. No interim 
analyses were planned or performed. Analyses were performed with the statistical 
data-management package of SPSS, 14.0.2 for Windows 2000 (Microsoft).
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  RESULTS 

Patients
Between May 2004 and November 2007, a total of 1456 women were randomly assigned to 
either the internal-tocodynamometry group (734) or the external-monitoring group (722). 
Of the 5253 women who were eligible for the trial, 72.3% women declined participation or 
were not informed about the trial for various reasons (Fig. 1). The baseline characteristics of 
the two randomized groups were similar (Table 1).

Outcomes According to Assigned Treatment
Operative delivery, the primary outcome, was carried out in 230 (31.3%) women assigned to 
the internal-tocodynamometry group and in 214 (29.6%) women assigned to the external-
monitoring group (relative risk with internal monitoring, 1.1; 95% CI, 0.91 to 1.2). The 
frequencies of secondary outcomes were also similar in the two groups (Table 2).   

Figure 1 Eligibility, Randomization, and Follow-up 
ET denotes external tocodynamometric monitoring, and IT internal tocodynamometric monitoring.

 5253 patients were elegible 

 3797 (72.3%) were excluded 

 1456 (27.7%) underwent randomization

734 were assigned to IT 
  703 (95.8%) received intervention 
  31 (4.2%) did not receive intervention 

 
0 were lost to follow up 

 
734 were included in the analysis 

722 were assigned to ET 
  635 (88.0%) received intervention 
  87 (12.0%) did not receive intervention 

 
0 were lost to follow up 

 
722 were included in the analysis 
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Table 1 Baseline characteristics of the study population*

IT Group (N= 734) ET Group (N= 722)

Maternal age – yr 31.2 ±5.2 31.0 ±5.1

Primipara – no, (%) 465 (63.4) 456 (63.2)

Body-mass index before pregnancy † 25.3 ±5.2 25.4 ± 5.6

Gestational age – days

Mean 281 281

Range 252–300 252–300

Birth weight – g 3516 ±536 3536 ±521

Induced labor – no. (%) 482 (65.7) 474 (65.7)

Indications for induction

Post-term date 101/482 (20.9) 102/474 (21.5)

Meconium-stained amniotic fluid 57/482 (11.8) 59/474 (12.4)

Membranes ruptured >24 hr earlier 71/482 (14.7) 72/474 (15.2)

Diabetes 32/482 (6.6) 14/474 (3.0)

Hypertension or preeclampsia 64/482 (13.3) 86/474 (18.1)

Deterioration of fetal condition‡ 31/482 (6.4) 36/474 (7.6)

Request of mother 56/482 (11.6) 47/474 (9.9)

Other indications 70/482 (14.5) 58/474 (12.2)

Cervical	effacement	≥	50%	at	time	of	induction	–	no.	(%) 444/482 (92.1) 435/474 (91.8)

Cervical dilatation at time of induction – cm

Median 2 2

Range 0 – 10 0 – 8

Augmented labor – no. (%) 252 (34.3) 248 (34.4)

Cervical dilatation at time of induction – cm

Median 4 4

Range 1 – 10 0 – 10

*Plus–minus values are means ±SD. There were no significant differences in baseline characteristics between the 
two study groups. 
ET denotes external tocodynamometric monitoring, and IT internal tocodynamometric monitoring.
† The body-mass index is the weight in kilograms divided by the square of the height in meters. ‡ This category 
includes small fetal size for gestational age, reduction in fetal movement, and decrease in amniotic fluid.

There were no reported complications from the use of the intrauterine pressure catheter, 
and no neonatal or maternal deaths occurred in either group.
Post hoc analyses showed no significant interactions between treatment and the type of 
labor (induced vs. augmented), parity (primiparous vs. multiparous), or body-mass index 
(≤30	 vs.	 >30)	 for	 the	 primary	 outcome	 of	 operative	 delivery	 or	 for	 adverse	 neonatal	
outcomes (Fig. 2).
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Outcomes According to Treatment Received
In the internal-tocodynamometry group, an intrauterine pressure catheter was not inserted 
in 31 women (4.2%) either because the catheter could not be inserted or because labor 
progressed rapidly. In the external-monitoring group, an intrauterine pressure catheter was 
placed in 51 women (7.1%) for amnion infusion and in 87 women (12.0%) on the basis of 
clinical judgment that there was insufficient progression of labor and inadequate monitoring. 
As compared with the 584 women who were treated according to protocol, these 87 women 
were more likely to be primiparous (82.6% vs. 63.2%), had a higher mean prepregnancy 
body-mass index (27.4 vs. 25.3), and were more likely to have hypertension or preeclampsia 
(33.8% vs. 10.3%); they were also more likely to have a cesarean section (33.0% vs. 16.0%). 
When we performed analyses according to actual treatment received, results were similar 
to those of the intention-to-treat analysis, with no significant differences between groups in 
the rate of operative deliveries or adverse neonatal outcomes (Table 2).

Figure 2 Relative risks of operative delivery and adverse neonatal outcomes in subgroups of patients, according 
to the assigned treatment.
BMI denotes body-mass index (the weight in kilograms divided by the square of the height in meters), ET external 
tocodynamometric monitoring, and IT internal tocodynamometric monitoring.
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Table 2 Primary and secondary outcomes according to treatment group*

Outcome and related factors IT group
n= 734 (%)

ET group
n= 722 (%)

Relative risk 
(95% CI) P Value

Outcome according to assigned treatment

Operative delivery, primary composite outcome 
— no. (%)† 230 (31.3) 214 (29.6) 1.1 (0.91-1.20) 0.50

Cesarean section 120 (16.3) 113 (15.7) 1.1 (0.83-1.30) 0.74

Indication for cesarean section

Fetal distress 29 (4.0) 29 (4.0)

Failure to progress 82 (11.2) 71 (9.8)

Fetal distress and failure to progress 9 (1.2) 13 (1.8)

Ventouse extraction 106 (14.4) 96 (13.3)

Forceps extraction 4 (0.5) 5 (0.7)

Indications for ventouse or forceps extraction

Fetal distress 40 (5.4) 46 (6.4)

Failure to progress 61 (8.3) 46 (6.4)

Fetal distress and failure to progress 9 (1.2) 8 (1.1)

Spontaneous vaginal delivery — no. (%) 504 (68.7) 508 (70.4)

No. of catheters inserted — no. (%)

0 31 (4.2) 584 (80.9)

1 640 (87.2) 135 (18.7)

2 59 (1.2) 3 (0.4)

3 4 (0.5) 0

Amnion infusion  — no. (%) 57 (7.8) 51 (7.1) 1.1 (0.76-1.60) 0.62

Use of antibiotics — no. (%)

Prophylactic 8 (1.1) 13 (1.8)

Therapeutic 30 (4.1) 43 (6.0) 0.81 (0.61-1.10) 0.10

None 697 (95.0) 666 (92.2)

Use of analgesia — no. (%) 407 (55.4) 394 (54.6) 1.0 (0.84-1.30) 0.75

Epidural 289 (39.4) 274 (38.0)

Morphine 118 (16.1) 120 (16.6)

Time from randomization to delivery — min

Induction group 313 ±299 358 ±247 0.93

Augmentation group 299 ±239 386 ±280 0.94

Adverse neonatal outcome, composite — no. (%)‡ 105 (14.3) 108 (15.0) 0.95 (0.74-1.2) 0.70

Apgar score

<7 at 5 min 16 (2.2) 8 (1.1) 2.0 (0.85-4.6) 0.11

<10 at 10 min 41 (5.6) 28 (3.9) 1.4 (0.90-2.3) 0.13

Umbilical-artery pH

<7.15 81 (11.0) 61 (8.4) 1.3 (0.95-1.7) 0.12

<7.05 11 (1.5) 12 (1.7) 0.89 (0.40-2.0) 0.75
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  DISCUSSION 

In this multicenter, randomized trial we found no significant difference in rates of operative 
delivery with internal tocodynamometry as compared with external monitoring of uterine 
contractions among women in whom oxytocin was used for induction or augmentation of 
labor. On the basis of the lower boundary of the confidence interval around the observed 
relative risk of the primary outcome, our data are plausibly consistent with no more than 
a 9% reduction and up to a 20% increase in the risk of operative delivery associated with 
internal tocodynamometry. For cesarean section alone, plausible results range from a 17% 
reduction in risk to a 30% increase in risk with internal tocodynamometry. These results 
are in concordance with those of three previous small trials that compared internal and 
external uterine monitoring (each including between 127 and 250 patients), all of which 
showed a nonsignificant increase in the frequency of cesarean sections in the internal-
tocodynamometry group.5-7

Our trial also showed no significant difference between the two types of monitoring in 
the rates of adverse neonatal outcomes, rates of use of analgesia or antibiotics, or time to 
delivery.  Similarly, none of the earlier studies showed significant benefits in terms of other 
maternal or neonatal outcomes with the use of an intrauterine pressure catheter.

Table 2 Primary and secondary outcomes according to treatment group* (Continued.)

Outcome and related factors IT group
n= 734 (%)

ET group
n= 722 (%)

Relative risk 
(95% CI) P Value

Neonatal admission§

Any hospital stay 134 (18.3) 152 (21.1) 0.87 (0.70-1.1) 0.19

Hospital stay >48 hr 93 (12.7) 99 (13.7) 0.95 (0.71-1.2) 0.54

Indications for neonatal admission

Signs of infection 42 (5.7) 56 (7.8) 0.74 (0.50-1.1) 0.14

Asphyxia 26 (3.5) 28 (3.9) 0.99 (0.88-1.1) 0.78

Other indications 66 (9.0) 68 (9.4) 0.83 (0.52-1.3) 0.79

Outcome according to actual treatment

Operative delivery, composite – no./total no. (%)† 240/755 (31.8) 204/698 (29.2) 1.1 (0.94-1.3) 0.28

Cesarean section – no.total no. (%) 124/755 (16.4) 109/698 (15.6) 1.1 (0.83-1.3) 0.68

Adverse neonatal outcome, composite – no./total 
no. (%)‡ 105/755 (13.9) 108/698 (15.5) 1.0 (0.98-1.1) 0.40

*Plus–minus values are medians ±SD. CI denotes confidence interval, ET external tocodynamometric monitoring, 
and IT internal tocodynamometric monitoring.
† Operative delivery, the composite primary outcome, was defined as cesarean section or instrumented vaginal 
delivery.
‡ The composite outcome was defined as an Apgar score of less than 7 at 5 minutes, an umbilical-artery pH of less 
than 7.05, or neonatal admission for longer than 48 hours.
§ This outcome was defined as admission of the neonate to the maternity ward, pediatric ward, or neonatal 
intensive care unit for medical reasons.
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The rates of operative delivery and epidural anesthesia in this trial appear to be lower than 
those in current obstetrical practice in the United States.9 Although this observation might 
seem to suggest the possibility of a selection bias favoring the inclusion of women at lower 
risk, the rates in our study are consistent with those reported elsewhere in the Netherlands. 
In 2006, the overall rate of cesarean section in the Netherlands was 15.1%, the rate of 
instrumented vaginal delivery rate was 9.7%, and the rate of use of epidural anesthesia was 
8.2%.10

The ACOG and the SOCG recommend the use of intrauterine monitoring of contractions 
during augmentation or induction of labor in selected patients, such as obese women.1,3 
We did not limit our inclusion criteria to these women because Dutch guidelines 
recommend the use of internal tocodynamometry routinely when labor is induced or 
augmented, and because the recommendations of all professional societies regarding 
internal tocodynamometry have been based primarily on expert opinion in the absence of 
definitive data. In a subgroup analysis, we found no evidence of  a benefit with the use of an 
intrauterine pressure catheter in obese women, although this finding should be interpreted 
cautiously, since the analysis was post hoc and its power was limited.
We chose not to include women with a scarred uterus in our trial because they are at 
increased risk for uterine rupture, especially during induction of labor.11,12 Although many 
clinicians elect to use an intrauterine pressure catheter in such women when vaginal 
delivery is attempted, with the expectation that it may facilitate the early diagnosis of 
uterine  rupture,13 this practice is not supported by data.
The limitations of our study should be noted. Whereas an intrauterine pressure catheter 
was used in more than 95% of the women assigned to internal tocodynamometry, 12% of 
the women assigned to external monitoring were nonetheless treated with an intrauterine 
pressure catheter at the physician’s discretion. When we analyzed the data according to 
the actual treatment provided, the results were similar to those of the intention-to-treat 
analysis. Although our study was not blinded, it is unlikely that knowledge of the type of 
monitoring biased the obstetricians’ decisions regarding the method of delivery.
Internal tocodynamometry has serious risks, including placental or fetal-vessel damage, 
infection, and anaphylactic reaction.14-16 We did not observe any complications of internal 
monitoring in our study, but it was not powered to detect these events, which in previous 
studies had an estimated incidence of 1 in 300 patients and 1 in 1400.17,18

In summary, the results of our trial do not support the routine use of internal tocodyna-
mometry for monitoring contractions in women with induced or augmented labor.
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  ABSTRACT 

Objective To determine whether the use of an intrauterine catheter during labor is related 
to the occurrence of infection in mother or newborn during labor and up to 3 weeks 
postpartum.

Methods We performed a follow-up study of 1435 women who participated in a 
previously published multicentre randomized controlled trial in the Netherlands that 
assigned women in whom labor was induced or augmented with intravenous oxytocin 
to internal or external tocodynamometry. In the present post hoc analysis, we assessed 
the risk for infection, defined as a composite measure of any clinical sign of infection, 
treatment with antibiotics or sepsis during labor or in the postpartum period up to 3 
weeks in mother or newborn.

Results There were 64 cases with indication of infection in the intrauterine catheter group 
(8.8%) versus 74 cases in the external monitoring group (10.4%). Relative risk: 0.91, 95% 
confidence interval: 0.77–1.1, and p: 0.33.

Conclusion Use of an intrauterine catheter during labor does not increase the risk of 
infection.
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  INTRODUCTION 

Intrauterine catheters are frequently used for intrapartum monitoring of uterine activity, 
especially when labor is induced or augmented. The American College of Obstetricians and 
Gynecologists(ACOG) and the Society of Obstetricians and Gynecologists of Canada (SOGC) 
advise the use of internal tocodynamometry (IT) in selected circumstances, such as when 
the mother is obese, when one-on-one nursing care is not available, or when the response 
to oxytocin is limited. 1;2

Intrauterine catheters are also used for amnioinfusion. Amnioinfusion is thought to reduce 
the risk of meconium aspiration and may possibly reduce fetal heart rate abnormalities and 
reduce caesarean sections rates. 3

Known risks of using an intrauterine pressure catheter are twofold: first, infrequent but 
potentially serious complications associated with insertion of the catheter-like placental or 
fetal vessel damage or anaphylactic shock. 4-10 The frequency of these risks is estimated to 
be between 1:300 and 1:1400.9;11 Second, use of an intrauterine pressure catheter is also 
thought to be associated with increased risk of infection during labor and in the postpartum 
period.4;7;12;13 Thoulon et al. found a nearly threefold increased risk of endometritis in 
the IT group [relative risk (RR): 2.8 and 95% confidence interval (CI): 1.4–5.8]. Gibbs et al., 
however, found no increase in frequency or severity of infection in patients who underwent 
a caesarean section after internal monitoring.14;15

Because all data collection in these previous studies were in a retrospective manner, the 
issue to be answered still remains whether use of an intrauterine catheter during labor is 
related to the occurrence of infection in mother or newborn during labor and up to 3 weeks 
postpartum.

  METHODS 

Study design
The present study was a follow-up of a previously published multicentre randomized 
controlled trial performed in the Netherlands between May 2004 and November 2007, 
registered as International Standard Clinical Trial (ISRCTN 13667534, NTR 285). 16

The study protocol was approved by the medical ethical committee of the Ma´xima Medical 
Centre in Veldhoven, the Netherlands, and approval was obtained from the local committees 
of the other hospitals.
In the parent trial, women were randomized to either placement of an intrauterine pressure 
catheter or management by external measurement of contractions. In the women assigned 
to external monitoring, uterine activity was monitored with external tocodynamometry 
(Hewlett–Packard, Philips Medical Systems). The study protocol allowed cross over to 
internal monitoring in case progression of labor was insufficient and caesarean section was 
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being considered or in case infusion of fluid into the amnion for intrapartum management 
of meconium-stained amniotic fluid was indicated. In women allocated to the IT group, a 
Koala, sensortipped catheter system as intrauterine pressure catheter (Clinical Innovations, 
Inc., Murray, Utah), was entered at the first vaginal examination after randomization.
A follow-up study was done to assess whether women or their newborns were at risk for 
infection up to 3 weeks postpartum. We included from the data-set of the parent trial 
women >36 weeks of gestational age with a singleton pregnancy, a child in vertex position 
and an indication for intravenous oxytocin to stimulate contractions during labor. Women 
with an indication for prophylactic antibiotic during labor for known positive GBS status, 
heart disease, or other reasons for prophylaxis were excluded. So were women with a 
history of caesarean section, signs of intrauterine infection, intrauterine fetal death, or fetal 
distress prior  to study entry, and women with a positive hepatitis B or HIV serology were 
excluded. The rates during labor were extracted from the database of the parent trial.
For the data until 3 weeks postpartum, all medical files of the women were searched for 
maternal or neonatal indication of infection. The researcher was unaware whether an 
intrauterine catheter was used during labor.

Study endpoints
Indication of infection was defined as a composite measure for every sign or treatment 
of maternal or neonatal infection during labor up to 3 weeks postpartum. Secondary 
endpoints were sepsis (defined as at least one positive blood culture in mother or newborn), 
therapeutic treatment with antibiotics of mother or newborn, and clinical signs of infection 
(defined	as	C-reactive	protein	above	20	mg/l	or	leucocytes	above	15	x103/μl	or	temperature	
above 37.8 C or below 36C in addition for newborns at any time).

Statistical analysis
Analysis was performed with the statistical data management package of SPSS, version 
14.0.2, for Windows 2000 (Microsoft). For continuous variables, we used analysis of variance 
in normal distributions and the Mann–Whitney U test otherwise. For categorical items, we 
used Fisher’s exact test. The p value for all hypothesis tests was two sided and p values of 
0.05 or less were considered to indicate statistical significant differences.
Analysis was initially done according to intention to treat. In a subsequent per protocol 
analysis, women were analyzed according to the actual treatment given. Women 
independent of their allocation, who had an intrauterine catheter inserted for monitoring 
contractions or for amnioinfusion to washout meconium-stained amniotic fluid, were 
assigned to the intervention group.
The control group contained women who did not receive an intrauterine catheter. Again, we 
calculated a relative risk for the occurrence of infection. As the groups in the per protocol 
analysis might have different baseline characteristics, we performed a multivariable logistic 
regression analysis to adjust for potential confounders.
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  RESULTS 

Patients
We included 1435 women, of which 726 women were allocated to the IT group and 709 
women to the external monitoring (ET) group. In the IT group, 31 women did not receive an 
intrauterine pressure catheter, either because the catheter could not be inserted or because 
labor went very fast. In the ET group, 51 women had an intrauterine catheter placed for 
amnioinfusion, 86 women received an intrauterine pressure catheter because of clinical 
judgment of inadequate labor monitoring and insufficient progression. We performed a 
complete search of the 1435 clinical patient files.

Intention to treat analysis
In the intention to treat analysis, the women were analyzed according to their allocation. 
The baseline characteristics of the randomized study groups were comparable (Table 1). The 
composite endpoint, indication of infection (every sign or treatment of maternal or neonatal 
infection during labor up to 3 weeks postpartum) did not differ statistically significant 
between the groups [IT group: 64 (8.8%), ET group: 74 (10.4%), RR: 0.91, 95% CI: 0.77–1.1, 
and p: 0.33]. In a subgroup of women with meconium-stained liquid, the risk for infection 
was also comparable between the study groups (11.4% in the IT group versus 11.9% in 
the ET group, RR: 0.96, 95% CI: 0.53–1.7, and p: 0.88). Secondary endpoints were also not 
statistically different between study groups (Table  II).

Table 1.  Baseline  characteristics 

Intention to treat IT group (n 726) ET group (n 709) P value

Primiparae 461 (63.5%) 452 (63.8%) ns

Induction 474 (65.3%) 436 (65.3%) ns

Augmentation 252 (34.7%) 246 (34.7%) ns

Vaginal instrumental delivery 230 (31.7%) 214 (30.2%)    ns

Caesarean section 120 (16.9%) 113 (15.9%)    ns

Per protocol intervention (n 832) control (n 603) p value

Primiparae 554 (66.6%) 359 (59.5%)  0.006

Induction 557 (66.9%) 380 (63.0%)   ns

Induction for >24 hour PROM* 79 (9.5%) 60 (10%)  ns

Augmentation 275 (33.1%) 223 (37.0%)  ns

Amnioinfusion 108 (13.0%) -

Ten or more vaginal examinations 51 (6.1%) 14 (2.3%) 0.001

Mean duration of labor, hrs:min (SD) 5:58 (4:08) 5:26 (4:08) 0.018

Caesarean section 153 (18.4%) 80 (13.3%) 0.01

Data are presented with numbers and percentages unless stated otherwise (n,%). *PROM is an abbreviation for 
prelabor ruptured of membranes
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Per protocol analysis
In the per protocol analysis, we compared 832 women who actually had an intrauterine 
catheter inserted during labor and 603 women who did not (Figure 1). There were statistically 
significant differences between the baseline characteristics of the study groups as the rates 
of primiparae, caesarean sections, number of vaginal examinations, and women with longer 

Table 2A. Outcomes intention to treat

IT group (n 726) ET group (n 709) RR 95% CI p value

Primary outcome* 64 (8.8%) 74 (10.4%) 0.91 0.77 to 1.1 0.33

Maternal Outcome (n, %)

Sepsis** 2 (0.3%) 0

Signs of infection

							-	C-reactive	protein	≥20 13 (1.8%) 9 (1.3%) 1.2 0.73 to 2.0 0.52

							-	Leucocytes	≥15	 15 (2.1%) 16 (2.3%) 0.96 0.68 to 1.4 0.86

							-	Temperature	≥	37.8 18 (2.5%) 11 (1.6%) 1.3 0.82 to 2.1 0.26

Use of antibiotics

       - during labor 29 (4.0%) 43 (6.1%) 0.79 0.59 to 1.1 0.09

       - postpartum 24 (3.3%) 25 (3.5%) 1.0 0.66 to 1.6 1.0

Neonatal Outcome (n, %)

Sepsis** 1 (2.3%) 1 (1.9%) 1.2 0.1 to 18.4 1.0

Signs of infection

							-	C-reactive	protein		≥20 9 (1.2%) 9 (1.3%) 0.98 0.39 to 2.5 1.0

							-	Leucocytes	≥15	 30 (4.1%) 35 (5.0%) 0.83 0.52 to 1.4 0.53

							-	Temperature	≥	37.8	or	≤	36.0 10 (1.4%) 13 (1.8%) 0.75 0.33 to 1.7 0.53

Use of antibiotics 40 (5.5%) 46 (6.5%) 0.86 0.33 to 2.1 0.83

* The primary outcome was an aggregated variable including every sign or treatment of maternal or neonatal 
infection during labour up to three weeks postpartum. ** Sepsis was defined as at least one positive blood 
culture.  

Fig 1. Flowchart

Patients randomized
N=1435

Allocated to IT
n=726

Allocated to ET
n=709

Received IT
n=695

Received ET
n=623

Received ET
n=31

Received IT
n=86

Amnioninfusion
n=51
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Table 2B. Outcomes per protocol

Intervention (n 832) Control (n 603) Adjusted OR 95% CI P value

Indication of infection* 81 (9.7%) 57 (9.5%) 0.99 0.85 to 1.1 0.86

Subgroup women with meconium 
stained fluid 30/229 (13.1%) 9/107 (8.4%) 0.80 0.40 to 1.6 0.51

Maternal Outcome (n, %)

Sepsis** 2 (0.2%) 0

Signs of infection

							-	C-reactive	protein	≥20 14 (1.7%) 8 (1.3 %) 0.91 0.66 to 1.3 0.59

							-	Leucocytes	≥15	 17 (2.0%) 14 (2.3%) 1.1 0.77 to 1.5 0.72

							-	Temperature	≥	37.8 19 (2.3%) 10 (1.7%) 0.88 0.68 to 1.2 0.41

Use of antibiotics

       - during labor 29 (4.0%) 43 (6.1%) 1.02 0.99 to 1.05 0.09

       - postpartum 26 (3.1%) 23 (3.8%) 1.1 0.78 to 1.7 0.50

Neonatal Outcome (n, %)

Sepsis** 1 (0.1%) 1 (0.2%)

Signs of infection

							-	C-reactive	protein		≥20 13 (1.6%) 5 (0.8%) 0.80 0.60 to 1.1 0.22

							-	Leucocytes	≥15	 36 (4.3%) 29 (4.8%) 1.1 0.84 to 1.3 0.66

							-	Temperature	≥	37.8	or	≤	36.0 13 (1.6%) 10 (1.7%) 1.03 0.72 to 1.5 895

Use of antibiotics 38 (4.6%) 48 (8.0%) 1.5 0.60 to 3.7 0.49

*Indication of infection was defined as a composite measure for every sign or treatment of maternal or     neonatal 
infection during labour up to three weeks postpartum. **Sepsis was defined as at least one positive blood culture. 
The odds ratio (OR) was adjusted for confounding variables; duration of labour and caesarean section.

duration of labor were higher in the intrauterine catheter group (Table I). The composite 
endpoint, indication of infection, was again not statistically different between study groups 
(adjusted OR: 0.99, 95% CI: 0.85–1.1, and p: 0.86) as were the secondary endpoints (Table III).

Comment
In this study, we found no indication that the actual use of an intrauterine catheter increases 
risk for late-onset infection for mother or newborn in the postpartum period of 3 weeks. 
The parent trial already reported no differences in infection rates during labor.
An accurate diagnosis of infection is difficult because women and newborns will be treated 
with antibiotics as soon as the suspicion of infection rises. Therefore, we analyzed our 
data for three different endpoints representing the whole spectrum of clinical definitions 
of infection, proven infection, and clinical signs of infection. For complete infection rate 
estimation, we also included the already published intrapartum rates for infection in our 
composite endpoint.
Meconium-stained liquid is known to be associated with a higher prevalence for maternal 
and neonatal infection.17
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We did not exclude these women because there was no confounding and no imbalance 
between study groups.
The limitation of our study is that we did not assemble routine cultures from mother, child, 
or placenta. It is possible that differences in bacterial cultures would have been found. It 
is possible that cases of infection were missed as women may have consulted other health 
care providers in their postpartum period, which was not recorded in their medical file. 
Therefore, we contacted over half of the women in our trial by telephone and mail; we did 
not find additional cases of neonatal or maternal infection. We therefore expect that the 
number of infections that were missed will be negligible.
We reported our outcomes both as intention to treat as per protocol, i.e., according 
to the actual treatment given, because we wanted to determine whether insertion of 
an intrauterine catheter itself increases risk for infection. In the per protocol analysis, 
statistically significant differences between the study groups in baseline characteristics 
include more primiparae, more vaginal examinations, longer duration of labor, and more 
caesarean sections in the intervention group.
In the parent trial, use of intrauterine tocodynamometry was allowed in the ET group in 
case of insufficient progression of labor; therefore, the intervention group comprises more 
women with a prolonged complicated labor. For this per protocol analysis, outcomes were 
adjusted for confounders, duration of labor, and caesarean section.
The findings of this study are in contrast with the higher risk for infection found by Thoulon 
et al. Their study is a nonrandomized study that compares a period with IT with a historic 
cohort where external  tocodynamometry was used.17

Furthermore, internal monitoring was mainly used for deliveries with increased risks and 
their outcomes were not adjusted for confounding and focused on the maternal infections 
alone.
We found no indication  that use of an intrauterine catheter for monitoring contractions or 
for amnioinfusion increases the risk of infection during labor or in the postpartum period up 
to 3 weeks in mother or newborn.

Declaration of interest: The authors report no conflicts of interest. The authors alone are 
responsible for the content and writing of the paper.
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  ABSTRACT 

Background  It has long been thought that measurement of intrauterine pressure improved 
the outcome of labour, but recently we demonstrated that use of an intrauterine pressure 
catheter did not improve the outcome of labour and delivery. The exact mechanism behind 
this lack of effect remained elusive. To provide insight in this mechanisms, we evaluated 
intrauterine pressure correlated with dysfunctional labour and adverse neonatal outcome.

Methods We performed two secondary analyses on 503 women that had intrauterine 
pressure measured in the intervention arm of a previously published randomised controlled 
trial comparing monitoring of labour with an intrauterine pressure catheter or external 
monitoring. Firstly, we analysed outcomes in four strata of women with different ranges of 
the highest intrauterine pressure registered at any time during labour, women that never 
reached 100 MU, 100-199 MU, 200-299 MU and women that reached intrauterine pressures 
300 MU and higher. Secondly, we assessed the uterine pressure registered at the last vaginal 
examination in the first stage of labour in two study groups; above and below 200 MU. 
Outcomes were mode of delivery and a composite neonatal outcome defined as 5-minute 
Apgar score below 7, an umbilical-artery pH below 7.05, or a neonatal admission longer than 
48 hours.

Results Women in the ranges with lower intrauterine pressures were statistically significant 
older, had pregnancies with a longer gestational age and had longer labours with children 
with a higher birth weight.
We found a decreasing likelihood for a caesarean section as the intrauterine pressure during 
labour increased. In the group women that never reached 100 MU the LR for a caesarean 
section was 1.6, the group between 110 MU and 200 MU the LR was 1.3, the group between 
200 MU and 300 MU the LR was 0.85, the group 300 MU and higher the LR was 0.41.
Intrauterine pressure measured by intrauterine tocodynamometry was not associated with 
poor neonatal outcome.

Conclusion Intrauterine pressure is associated with mode of delivery. However, as demon- 
strated previously, use of internal tocodynamometry does not improve birth outcomes.
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  BACKGROUND 

Induction or augmentation of labour with intravenous oxytocin requires accurate registration 
of contractions. 
Optimal titration of oxytocin is thought to optimize intrauterine pressure, thus resulting in 
progression of labour without fetal distress. In the monitoring of contractions, two strategies 
can be used. First, using external monitoring, oxytocin is increased until contractions are 
regular at a frequency of three to four per ten minutes. Alternatively, uterine activity and 
intrauterine pressure is measured quantitatively with an intrauterine pressure catheter 
(IUPC). Uterine pressure can be expressed in Montevideo Units (MU), defined in 1958 
by Caldeyro-Barcia et al. 1 as the product of frequency and peak pressure over a 10-min 
period. 1;2 Although there is some variation in the one to one measurements, the use of an 
intrauterine pressure catheter is a method that gives reliable information on uterine activity 
over a certain period of time. In their guideline “Dystocia and Augmentation of labor “, the 
American College of Obstetricians and Gynecologists (ACOG) 3 in 2003 defined adequate 
uterine activity during active labour as a contraction pattern exceeding 200 MU. The choice 
for the cut off of 200 MU was based on a retrospective study by Hauth et al., in which 91% of 
the 109 women with oxytocin augmented labours who had spontaneous vaginal deliveries, 
achieved at least 200-224 MU. 2 The ACOG guideline mentions the definition for arrest of 
labour as when firstly the latent phase is completed and secondly an intrauterine pressure 
is present exceeding 200 MU for two hours without cervical change. In the same guideline 
however, the reservation was made that there is no convincing proof that intrauterine 
tocodynamometry results in a reduction in caesarean section rates or better neonatal 
outcome when the uterine activity was measured by internal tocodynamometry. 3 
Indeed, two small randomised trials indicated no benefit from the use of an IUPC. Recently, 
we reported the results of a larger randomised clinical trial comparing external and internal 
monitoring that indicated no benefit from IUPC over external monitoring, both in terms of 
adverse neonatal outcome as well as in terms of the instrumental delivery rate. This was 
confirmed in a meta-analysis on the subject. 4  Moreover, although use of an intra uterine 
pressure catheter is considered safe, numerous case reports link its use to rare but serious 
complications, like abruptio placentae, uterine perforation, placental vessel perforation and 
even maternal anaphylactic shock resulting in neonatal or near maternal deaths. 5-11

Although these epidemiologic data demonstrate no benefit of intrauterine monitoring, many 
clinicians continue to use an intrauterine pressure catheter for monitoring contractions, 
either routinely in oxytocin augmented labours or on an incidental basis. Such management 
is justified in the belief that when intrauterine activity is ‘adequate’ as defined by an 
intrauterine pressure of at least 200 Montevideo Units, this will improve labour outcome. 
Standardisation of intrauterine pressure, however, has never been performed. 
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The exact mechanism behind this lack of effect remained elusive. To provide insight in this 
mechanisms, we evaluated intrauterine pressure correlated with dysfunctional labour and 
adverse neonatal outcome.
In view of this dilemma, we used data from the intervention group of our previous 
randomised trial, and assessed whether intrauterine pressure was predictive for mode of 
delivery and neonatal outcome.

  METHODS 

We performed two secondary analyses of a previously published multicenter randomised 
controlled trial. The study was conducted in six hospitals in the Netherlands between 
May 2004 and November 2007 (ISRCTN 13667534, NTR 285).12 In the trial, we included 
women with a singleton pregnancy with a gestational age of more than 36 weeks, a foetus 
in cephalic position, and an indication for either induction or augmentation of labour 
with intravenous oxytocin. Women with a uterine scar, positive results on serologic tests 
for human immunodeficiency or hepatitis B virus, or signs of an intrauterine infection or 
fetal distress were not eligible. Women were randomised to placement of an IUPC or to 
management by external measurement of contractions. In women allocated to the IUPC 
group, a Koala 1 sensor tipped catheter system intrauterine catheter (Clinical Innovations, 
Inc. Murray, Utah), was inserted at the first vaginal examination after randomisation. At 
subsequent vaginal examinations in which we recorded variables like dilation, effacement 
and engagement of the fetal head, we also noted the intrauterine pressure. 
For the present analysis, we selected women in which at least one measurement of the 
intrauterine pressure was registered at any moment after randomisation during labour. 
We compared patient characteristics between groups, maternal age, parity, body mass 
index, birth weight, gestational age, duration of labour and number of inductions and 
augmentations. Duration of labour was defined as time between start oxytocin drip and 
birth of the child. We then explored a possible correlation between intra uterine pressure 
expressed as MU and mode of delivery in the different study groups. 
Outcome measures were vaginal instrumental delivery rate, caesarean section rate and 
adverse neonatal outcome. Adverse neonatal outcome was defined as the composite of 
a five minute Apgar score below seven and/or an umbilical artery pH below 7.05 and/or a 
neonatal admission longer than 48 hours. In the analysis of the vaginal instrumental delivery 
rate and the caesarean section rate we separately studied both interventions indicated for 
fetal distress and for non-progressive labour.

Analysis
Firstly, we divided women in strata with four different ranges of the highest intrauterine 
pressure registered at any time during labour; women that never reached 100 MU, 200 
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MU, 300 MU and women that reached a intrauterine pressure of 300 MU or higher. We 
calculated likelihood ratios of having a caesarean section or an adverse neonatal outcome 
for women in different ranges of highest pressure reached at any time during labour. 
For the second analysis, we divided women in two study groups according to the last MU 
that	was	registered	during	the	first	stage	of	labour,	the	MU↑	group	(200	MU	or	higher	at	
the	last	vaginal	examination)	and	the	MU↓	group	(lower	than	200	MU	at	the	last	vaginal	
examination).  
Continuous variables were compared with ANOVA for normally distributed variables and 
the Mann-Whitney U test for non-normally distributed data. For categorical variables, we 
used the chi-square test. For dichotomous outcomes, we calculated relative risks and 95% 
confidence intervals. 
Multivariable logistic regression analysis was performed, to adjust the association between 
the intra-uterine pressure and outcomes for possible confounding variables. We adjusted 
for body mass index, birth weight, duration of labour, maternal age, gestational age, 
augmentation or induction and parity. We reported Likelihood Ratio’s (LR) and Adjusted 
Odds Ratios (AOR) and their 95% Confidence Intervals (CI). We calculated two-sided p 
values for all outcomes. P values < 0.05 were considered to indicate statistical significance. 
Analyses were performed with SPSS version 19.

  RESULTS 

Between May 2004 and November 2007, a total of 1456 women participated in the parent 
trial, of whom 734 women were allocated to IUPC. Due to crossover between the study 
groups, 87 women allocated to the external pressure measurement were monitored with 
an intrauterine pressure catheter during labour, while 668 women in the IUPC group had 
intrauterine pressure measured, resulting in 755 women who had intrauterine pressure 
measurement. 
We excluded 15 women as they delivered shortly after randomisation without any 
subsequent vaginal examination. Moreover, we did not analyse data of 237 women where 
no information on uterine pressure was available, as in the first period of the study this 
variable was not included in the case record form. 
Therefore, we could analyse data of 503 women.

1. The highest intrauterine pressure reached at any time during labour
Table 1A reports patient characteristics for women with different ranges of highest 
reached level of intrauterine pressure at any time during labour. Women in the ranges 
with low intrauterine pressures statistically significant older, had pregnancies with a longer 
gestational age and had longer duration of labour with children with a higher birth weight.
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Table 1B reports the Likelihood Ratio (LR) and 95% Confidence Intervals (CI) to have a 
caesarean section or an adverse neonatal outcome, for women in the different categories 
of highest intrauterine pressure reached at any time during labour. In the category women 
who never reached an intrauterine pressure of 100 MU, the LR for a caesarean section 
was 1.6, CI 0.98 to 2.5; for an adverse neonatal outcome the LR was 0.85, CI 0.45 to 2.5. In 
women with an intrauterine pressure between 100 MU and 200 MU, the LR for a caesarean 
section was 1.3, CI 0.98 to 1.8; for an adverse neonatal outcome the LR was 0.90, CI 0.51 
to 1.2. In women with an intrauterine pressure between 200 MU and 300 MU, the LR for a 
caesarean section was 0.85, CI 0.62 to 1.1; for an adverse neonatal outcome the LR was 1.3, 
CI 0.99 to 1.6.
In women with an intrauterine pressure of 300 MU and higher, the LR for a caesarean section 
was 0.41, CI 0.18 to 0.68; for adverse neonatal outcome the LR was 0.77; CI 0.08 to 0.24.
Although these outcomes were not statistically significant different there is a clear trend 
for an increasing likelihood for an caesarean section as the intrauterine pressure decreases.  
We could not find a statistically significant difference in neonatal outcome between 
different categories women. 

Table 1A Patient characteristics study groups of different ranges of highest uterine activity measured during 
labour

Below 100 MU
N=78

100 – 199 MU
N=143

200 to 299 MU
N=206

300 and higher
N=76 P value

Mean maternal age, years (SD) 31(5) 31 (5) 31 (5) 29(5) 0.050

Mean BMI, kg/m2 (SD) 25.7 (5.4) 25.9 (5.6) 25.6 (6.1) 24.2 (5.5) 0.25

BMI > 30, n (%) 27 (25.7%) 57 (27.5%) 33 (27.5%) 24 (31.6%) 0.79

Primiparous, n (%) 52 (66.7%) 83 (69.2%) 142 (68.9%) 55 (72.4%) 0.71

Mean gestational age, days (SD) 281 (11) 282(11) 280 (11) 277.9 (10.9) 0.046

Mean birth weight, grams (SD) 3632 (522) 3614 (603) 3457 (532) 3378 (536) <0.001

Duration of labour, minutes (SD) 317 (221) 410(263) 406 (290) 367 (198) 0.03

Augmentation, n ( %) 30 (38.5) 46 (32.2%) 68 (32.0%) 23 (30.3%) 0.72

Induction,  n(%) 48 (61.5%) 97 (67.8%) 138 (68.0%) 53 (69.7%)

Table 1B Likelihood Ratio’s en 95% confidence intervals  Adverse neonatal outcome defined as 5-minute Apgar 
score below 7, an umbilical-artery pH below 7.05, or a neonatal admission at the intensive care unit longer than 
48 hours.

Caesarean section (n=100) Adverse neonatal outcome (n=89)

n /N LR 95%CI n/N LR 95%CI

Below 100 MU 22/78 1.6 0.98 to 2.5 12/78 0.85 0.45 to 1.5

100 – 199 MU 35/143 1.3 0.93 to 1.8 21/143 0.80 0.51 to 1.2

200 to 299 MU 36/206 0.85 0.62 to 1.1 45/206 1.3 0.99 to 1.6

300 MU and higher 7/76 0.41 0.18 to 0.68 11/76 0.77 0.08 to 0.24
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2. Uterine pressure during last vaginal examination
For the second analysis, we assessed the uterine activity that was registered during the last 
vaginal	examination	during	the		first	stage	of	labour.	We	formed	two	study	groups,	the	MU↑	
group that contained women with a uterine activity of 200 MU or higher (n=200) versus the 
MU↓	group	that	contained	women	with	a	uterine	activity	below	200	MU	(n=305).	These	
two study groups also contain women who never reached second (bearing down) phase 
of labour and had a caesarean section before. There were no differences between study 
groups in maternal age, parity, body mass index and rates of inductions or augmentations. 
In	the	MU↑	group,	women	had	a	shorter	gestational	age,	 little	more	than	two	days,	this	
was	statistically	significant	(279	days	versus	281	days	in	the	MU↓	group,	mean	difference	
2	days,	95%	confidence	interval	0.22	to	4.1,	p	value	0.03).	The	children	in	the	MU↑	group	
were	statistically	significant	smaller	(3433	grams	versus	3586	gram	in	the	MU↓	group,	mean	
difference 163 grams, 95% confidence interval 65.4 to 260.3, p value 0.001). 
A	vaginal	instrumental	delivery	occurred	in	18.5%		of	the	women	in	the	MU↑	group	versus	
12.97%	of	the	women	in	the	MU↓	group	(Adjusted	Odds	Ratio	1.4,	95%	confidence	interval	
0.80 to 2.5 p value 0.24). Vaginal instrumental delivery was indicated because of lack of 
progression	 in	 the	MU↑	group	54.0	%	 (20/37)	women	and	46.2%	 (18/39)	women	 in	 the	
MU↓	group.	
A	caesarean	section	was	statistically	significant	less	frequent	conducted	in	the	MU↑	group,	
12.0%	of	the	women	versus	25.1%	of	the		women	in	the	MU↓	group	(Adjusted	Odds	Ratio	

Table 2A Patient characteristics of the study groups uterine pressure at last vaginal examination,

MU↑
N= 200 (39.8%)

MU↓
N=303 (63.4%)

Relative risk (95% CI)
Mean	difference	(∆)(CI) P value

Mean maternal age, years (SD) 31 (6) 31 (5) ∆0.39	(-0.56	to	1.3) 0.42

Mean BMI, kg/m2 (SD) 24.8 (5.2) 25.9 (6.0) ∆1.02	(-0.08	to	2.1) 0.07

BMI>30, n (%) 55 (39.6%) 84 (60.4%) 1.01 (0.68 to 1.5) 0.95

Primiparous, n (%)

Mean gestational age, days (SD) 279 (11) 281 (11) ∆2.2	(0.22	to	4.1) 0.03

Mean birth weight, grams (SD) 3433 (535) 3586(549) ∆163	(65.4	to	260.3 0.001

Duration of labour, minutes (SD) 409 (278) 357 (183) ∆-28.4	(-75.5	to	18.8 0.24

Augmentation, n (%) 56 (28.0%) 111 (36.3%)

Induction, n (%) 144 (72.0%) 192 (63.4%)

Table 2B Adjusted Odds Ratio and Confidence Interval. Composite neonatal outcome was defined as an Apgar 
score of less than 7 at 5 minutes, an umbilical-artery pH of less than 7.05, or neonatal admission longer than 48 
hours.

Adjusted odds ratio 
(95% CI) P value

Vaginal instrumental delivery n (%) 37 (18.5%) 39(12.9%) 1.4 (0.80 to 2.5) 0.23

Caesarean section, n (%) 24 (12.0%) 76 (25.1%) 0.34 (0.20 to 0.69) 0.002

Composite neonatal outcome, n (%) 39 (19.5%) 50(16.5%) 1.1 (0.13 to 1.8) 0.85
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0.34, 95% confidence interval 0.20 to 0.69, p value 0.002). In both groups caesarean section 
was	mostly	indicated	because	of	lack	of	progression;	MU↑	group	79.1%	(19/24)	women	and	
76.3%	(58/76)	women	in	the	MU↓	group.	
Composite neonatal outcome was not statistically significant different between groups 
19.5%	(39/200)	women	in	the	MU↑	group	versus	16.5%	(50/303)	women	in	the	MU↓	group	
(Adjusted Odds Ratio 1.1, 95% Confidence Interval 0.13 to 182, p value 0.85).
We found that women in ranges with low intrauterine uterine pressures were more 
likely to have an caesarean section. Intrauterine pressure measured by intrauterine 
tocodynamometry was not associated with poor neonatal outcome in any of the analyses.
Reproducibility of intrauterine pressure measurements in labour was assessed by Chua 
et al. , who  performed a prospective study in which they randomly assigned 20 women 
to a group in which two IUPC’s were tied together before insertion in the same pocket of 
amniotic fluid or to a group in which two IUPC’s were inserted in two different pockets 
of amniotic fluid. 13 They concluded that although intrauterine pressure measurements 
provided reliable information on the cumulative pressure wherever the catheter tip 
was sited in the uterus, there were variations in pressures recorded during individual 
contractions. In 1991 Arulkumaran et al found in a similar study small differences between 
the catheters of which they judged to be unlikely of any importance in the management of 
labour. 14 We can conclude that measurement of uterine pressure by use of an IUPC during 
labour has acceptable reliability, however, in our current trial we could not confirm that 
use of an intrauterine pressure catheter as diagnostic tool resulted in more vaginal labours 
compared to women with external monitoring. Assessment of uterine activity measured by 
intrauterine tocodynamometry during labour did not result in a better neonatal outcome in 
our analyses.
In the study of Hauth et al, 91% of the women that had a spontaneous delivery reached at 
least an intrauterine pressure of 200 MU. In our study, only 47% of the women that had a 
spontaneous delivery reached adequate uterine activity as defined by the ACOG guideline, 
an intrauterine pressure higher than 200 MU. 
This is a significant lower percentage of women, explanation for this difference is a guess, 
maybe labour management in oxytocin augmented labour changed over time and oxytocin 
regime is different nowadays. 
In our analysis, we found that women with lower intrauterine pressures were older, had a 
longer gestational age, longer duration of labour and a child with higher birth weight and 
were more likely to have a caesarean section.  
Despite use of an intrauterine pressure catheter for assessment of uterine activity the 
clinician failed to reach high levels of uterine pressure in these women. 
In physics, one calculates pressure as the ratio of force to the area over which that force is 
distributed. In that respect, size does matter; so when the surface is bigger the pressure will 
be lower.
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Moreover, in our analyses we found that although not statistically significant, women with 
higher pressures tend to be more likely to have a vaginal instrumental delivery (18.5% 
versus 12.9%). At the same time, possibly as a trade off, there was a statistically significant 
decreased risk for a caesarean section in these women. An explanation could be that the 
clinician tries to achieve higher intrauterine pressures in women with arrest of labour before 
conducting a caesarean section. So women with higher uterine pressures progressed enough 
to reach second phase of labour and offered the clinician the opportunity  to terminate 
labour by a ventouse or a forcipal extraction instead of a caesarean section. 
There are a few limitations of our study. The parent randomised controlled trial was not 
designed to perform these analyses, so we did not have records of continuous registrations of 
intrauterine pressure in the participating women and no registrations of rates of tachystole. 
Another limitation of our study is that we did not register timing of the caesarean section in 
course of labour and the intrauterine pressure present at that time. One could expect that 
most caesarean sections were performed because of lack of progress during the first phase 
of labour. 
Strength of our study is that, by analysing uterine pressures in a large group of oxytocin 
augmented labours, we could confirm that that low intrauterine pressures have predictive 
value for a caesarean section.
Conclusion of this study is that although level of intrauterine pressure might have a 
predictive value whether labour will be spontaneous, use of internal tocodynamometry 
does not improve birth outcomes.   

proefschrift.indb   87 25-7-2013   14:54:37

Bakker, J_PROEF (all).ps Front - 44     T1 -    Black



88

Chapter 6

  REFERENCE LIST 

 (1)  CALDEYRO-BARCIA R, SICA-BLANCO Y, POSEIRO JJ, GONZALEZ P, V, MENDEZ-BAUER C, FIELITZ C et al. A 
quantitative study of the action of synthetic oxytocin on the pregnant human uterus. J Pharmacol Exp Ther 
1957; 121(1):18-31.

 (2)  Hauth JC, Hankins GD, Gilstrap LC, III, Strickland DM, Vance P. Uterine contraction pressures with oxytocin 
induction/augmentation. Obstet Gynecol 1986; 68(3):305-309.

 (3)  American College of Obstetricians and Gynecologists. ACOG Practice Bulletin Number 49: Dystocia and 
augmentation of labor. ACOG practice bulletin; no 49 2003;1445-1454.

 (4)  Bakker JJ, Janssen PF, van HK, van der Goes BY, Papatsonis DN, van der Post JA et al. Internal versus external 
tocodynamometry during induced or augmented labour. Cochrane Database Syst Rev 2012; 12:CD006947.

 (5)  Domenichini Y, Thoulon JM. [Complications of intra-uterine fetal monitoring (author’s transl)]. J Gynecol 
Obstet Biol Reprod (Paris) 1981; 10(6):591-596.

 (6)  Harbison L, Bell L. Anaphylactoid Syndrome After Intrauterine Pressure Catheter Placement. 115, 407-408. 
2010. 

 (7)  Lind BK. Complications caused by extramembranous placement of intrauterine pressure catheters. Am J 
Obstet Gynecol 1999; 180(4):1034-1035.

 (8)  Madanes AE, David D, Cetrulo C. Major complications associated with intrauterine pressure monitoring. 
Obstet Gynecol 1982; 59(3):389-391.

 (9)  Matsuo K, Lynch MA, Kopelman JN, Atlas RO. Anaphylactoid syndrome of pregnancy immediately after 
intrauterine pressure catheter placement. Am J Obstet Gynecol 2008; 198(2):e8-e9.

 (10)  Trudinger BJ, Pryse-Davies J. Fetal hazards of the intrauterine pressure catheter: five case reports. Br J 
Obstet Gynaecol 1978; 85(8):567-572.

 (11)  Wilmink FA, Wilms FF, Heydanus R, Mol BW, Papatsonis DN. Fetal complications after placement of an 
intrauterine pressure catheter: a report of two cases and review of the literature. J Matern Fetal Neonatal 
Med 2008; 21(12):880-883.

 (12)  Bakker JJ, Verhoeven CJ, Janssen PF, van Lith JM, van Oudgaarden ED, Bloemenkamp KW et al. Outcomes 
after internal versus external tocodynamometry for monitoring labor. N Engl J Med 2010; 362(4):306-313.

 (13)  Chua S, Kurup A, Arulkumaran S, Ratnam SS. Augmentation of labor: does internal tocography result in 
better obstetric outcome than external tocography? Obstet Gynecol 1990; 76(2):164-167.

 (14)  Arulkumaran S, Yang M, Tien CY, Ratnam SS. Reliability of intrauterine pressure measurements. Obstet 
Gynecol 1991; 78(5 Pt 1):800-802.

proefschrift.indb   88 25-7-2013   14:54:37

Bakker, J_PROEF (all).ps Back - 44     T1 -    Black



Internal versus external 
tocodynamometry during induced or 
augmented labour (Review)

Jannet J. H. Bakker
Petra F. Janssen
Karlijn van Halem
Birgit Y. van der Goes
Dimitri N. Papatsonis
Joris A. M. van der Post
Ben Willem J. Mol

Published in the Cochrane Database of Systematic Reviews 2012, Issue 12

7Chapter

proefschrift.indb   89 25-7-2013   14:54:38

Bakker, J_PROEF (all).ps Front - 45     T1 -    Black



90

Chapter 7

 ABSTRACT 

Background Uterine contractions can be registered by external tocodynamometry (ET) 
or, after rupture of the membranes, by internal tocodynamometry (IT). Monitoring of 
the frequency of contractions is important especially when intravenous oxytocin is used 
as excessive uterine activity (hyperstimulation or tachysystole) can cause fetal distress. 
During induction of labour as well as during augmentation with intravenous oxytocin, some 
clinicians choose to monitor frequency and strength of contractions with IT rather than 
with ET as an intrauterine pressure catheter measures intrauterine activity more accurately 
than an extra-abdominal tocodynamometry device. However, insertion of an intrauterine 
catheter has higher costs and also potential risks for mother and child.

Objectives To assess the effectiveness of IT compared with using ET when intravenous 
oxytocin is used for induction or augmentation of labour.

Search methods We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register 
(11 April 2012) and PubMed (1966 to 7 March 2012).

Selection criteria We included all published randomised controlled trials with data from 
women in whom IT was compared with ET in induced or augmented labour with oxytocin. 
We excluded trials that employed quasi-randomised methods of treatment allocation. We 
found no unpublished or ongoing studies on this subject.

Data collection and analysis Two review authors independently assessed trial eligibility and 
risk of bias, and independently extracted data. Data were checked for accuracy. Where 
necessary, we contacted study authors for additional information.

Main results Three studies involving a total of 1945 women were included. Overall, risk of 
bias across the three trials was mixed. No serious complications were reported in the trials 
and no neonatal or maternal deaths occurred. The neonatal outcome was not statistically 
different between groups: Apgar score less than seven at five minutes (RR 1.78, 95% CI 0.83 
to 3.83; three studies, n = 1945); umbilical artery pH less than 7.15 (RR 1.31, 95% CI 0.95 to 
1.79; one study, n = 1456); umbilical artery pH less than 7.16 (RR 1.23, 95% CI 0.39 to 3.92; 
one study, n = 239); admission to the neonatal intensive care unit (RR 0.34, 95% CI 0.07 to 
1.67; two studies, n =489); and more than 48 hours hospitalisation (RR 0.92, 95% CI 0.71 to 
1.20; one study, n = 1456). The pooled risk for instrumental delivery (including caesarean 
section, ventouse and forceps extraction) was not statistically significantly different (RR 
1.05, 95% CI 0.91 to 1.21; three studies, n = 1945). Hyperstimulation was reported in two 
studies (n = 489), but there was no statistically significant difference between groups (RR 
1.21, 95% CI 0.78 to 1.88).
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Authors’ conclusions This review found no differences between the two types of monitoring 
(internal or external tocodynamometry) for any of the maternal or neonatal outcomes. 
Given that this review is based on three studies (N = 1945 women) of moderate quality, 
there is insufficient evidence to recommend the use of one form of tocodynamometry 
over another for women where intravenous oxytocin was administered for induction or 
augmentation of labour.

 BACKGROUND 

Oxytocin in labour
Since 1906 the contractile properties of oxytocin on uterine myometrial smooth muscle 
has been described.1 Initially, an extract of the posterior pituitary was used for treatment 
of postpartum bleeding. Since the cloning of the gene in 1983, synthetic oxytocin is 
now produced in different forms by pharmaceutical companies.2 Oxytocin is usually 
administered in a diluted intravenous infusion; it cannot be administered orally because 
it is quickly metabolized in the gastrointestinal tract. Uterine muscle cells respond rapidly 
to administration, within three to five minutes, and a steady state is achieved within 40 
minutes.3 Oxytocin is quickly metabolized by several enzymes including peptidases in the 
kidneys and oxytocinase excreted by the placenta.3

Administration of intravenous oxytocin is the most common intervention in obstetrical 
care and is used for induction of labour as well as for augmentation in cases of arrest of 
labour. Oxytocin has a positive impact on the strength and frequency of contractions. Some 
obstetricians combine low amniotomy with intravenous oxytocin titrations immediately 
following or within an hour, while others advocate a delay of four to six hours. 4

A Cochrane review demonstrated that the combination of oxytocin administration for 
induction with amniotomy compares well with other forms of induction. 5 Another Cochrane 
review demonstrated that use of prostaglandins is more effective than oxytocin alone for 
ripening of the cervix in the case of an unfavourable cervix, but that oxytocin is as effective 
when used alone in women with ruptured membranes. 6 

Oxytocin complications
Potential complications caused by the use of intravenous oxytocin for induction or 
augmentation of labour are hyponatraemia, hypotension and hyperstimulation. 3 
Hyponatraemia is an electrolyte disturbance in which the sodium concentration in the serum 
is below 135 mEq/L. Excessive uterine activity (hyperstimulation or tachysystole) is defined 
by the American College of Obstetricians and Gynecologists (ACOG) as more than five 
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contractions in 10 minutes, lasting at least two minutes, or contractions of normal duration 
within one minute of each other. 3;7 When contractions are too frequent, the recovery 
period between contractions shortens and this may affect fetal oxygenation, cause fetal 
hypoxia and even lead to brain damage. On the other hand, signs of fetal hypoxia increase 
the risk for instrumental delivery and consequently iatrogenic damage to mother and child. 
Reducing the risk of hyperstimulation and thus fetal hypoxia by accurate measurement of 
contractions could therefore lead to a reduction in fetal and maternal morbidity.

Internal tocodynamometry complications
Intrauterine pressure catheter placement, a routine procedure in labour and delivery, has 
the possibility of infrequent but potentially hazardous risks for mother and child. Insertion 
of an intrauterine catheter during labour is usually an easy procedure to accomplish. In the 
literature, however, there have been reports of an increased risk of intrauterine infections 
and repeated case reports of placental or fetal vessel damage despite management lege 
artis. 8-12 Extramembranous placement occurs 14% to 38% of the time 13, with adverse 
events occurring in one in 1400 placements. 14;15 
More recently two cases were reported with an anaphylactoid syndrome of pregnancy, 
previously known as amniotic fluid embolism, after intrauterine pressure catheter 
placement. This was expressed as a life threatening anaphylactic reaction with acute onset 
of severe hypoxia, neurologic sequelae, and haemodynamic collapse with subsequent 
cardiopulmonary failure followed by disseminated intravascular coagulation. 15-17

Internal tocodynamometry versus external tocodynamometry
Uterine contractions can be assessed by palpation of the fundus of the uterus and 
observation of the mother. 
With this method the obstetrician gets a snapshot and no long term hard copy registration 
of the contraction in relation to the fetal heart rate. Therefore, this method will not be 
included.
External tocodynamometry (ET) is a method that continuously records contractions by 
using a belt to place a transducer on the fundus; these recordings are affected by maternal 
movements. ET measures the change of the shape of the uterus in relation to the abdominal 
wall during a contraction. This method is used to measure the frequency of the contractions, 
but not the intrauterine change of pressure.
Internal tocodynamometry (IT) monitors uterine activity with a strain gauge (an intrauterine 
pressure catheter) inserted into the cavity of the uterus next to the fetus, which provides 
data on the frequency and duration of uterine contractions. Insertion of an intrauterine 
pressure catheter is done during a vaginal examination and is a simple procedure that is 
carried out by both midwives and doctors. The device measures the intrauterine pressure, 
expressed in Montevideo units, at rest and during contractions. All methods provide good 
information on the frequency of contractions and an indication of their duration.
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Both during induction of labour as well as augmentation, some clinicians choose to 
monitor the frequency and strength of contractions with IT rather than ET, as IT measures 
intrauterine activity more accurately. 18

There are several arguments in favour of IT.
1.  When using oxytocin, exact monitoring of contractions is demanded in order to prevent 

hyperstimulation. ET does not accurately register contractions in all women and in all 
positions of the labouring woman so it can underestimate the uterine contractions, 
which may lead to excessive use of oxytocin and thus hyperstimulation. Some state that 
the use of IT, by accurately measuring uterine contractions, leads to a more moderate 
amount of oxytocin and reduces the risk of hyperstimulation.

2.  Among women in their child bearing years, 8% have severe obesity with a body mass 
index above 40 kg/m2. 19

  This group have more obstetric complications such as pre-eclampsia and gestational 
diabetes. Induction of labour is common in this group of women and uterine activity 
can be difficult to assess with ET. The distance from the external tocodynamometer 
on the skin to the uterine wall could be such that reliable measurement of uterine 
contractions is not possible. IT could therefore be more useful in this group of women.

3.  Some argue that the use of IT might facilitate the clinical diagnosis of uterine rupture, 
especially in women with a previous caesarean section, because the expectation is 
that the pressure inside the uterine cavity flattens and lowers when the uterinewall 
is ruptured. This, however, is not supported by the literature. 20 In this review of 76 
cases of uterine rupture, 39 were monitored with an intrauterine pressure catheter. 
The classic description of a loss of intrauterine pressure or cessation of labour was not 
observed in any of the patients.

 Furthermore, routine use of IT in every induced or augmented woman is costly as 
the rates of induction and augmentation are increasing. Labour induction rates in the 
United States has risen from less than 10% of deliveries to more than 22% between 
1990 and 2008; and augmentation took place in more than 20% of all deliveries in 2008 
according to data from the Centers for Disease Control and Prevention. 21 Routine use 
of IT in 40% of all deliveries would add significant public health costs, of roughly USD 
200 million/year.

  OBJECTIVES 

The primary aim of this review was to evaluate the effectiveness of internal tocodynamometry 
(IT) compared with external tocodynamometry (ET) when intravenous oxytocin is used for 
induction or augmentation of labour.
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  METHODS 

Criteria for considering studies for this review

Types of studies
We included all published, unpublished and ongoing randomised controlled trials in which IT 
was compared with external monitoring or no monitoring in women undergoing induction or 
augmentation of labour with oxytocin. Cluster-randomised trials and trials using a crossover 
design were excluded. We excluded trials that employed quasi-randomised methods of 
treatment allocation.

Types of participants 
Pregnant women undergoing induction of labour or augmentation of labour with intravenous 
oxytocin.

Types of interventions
Insertion of all types of intrauterine pressure catheters during labour compared with ET or 
no monitoring

Types of outcome measures
Primary outcomes
•		 Uterine	rupture
•		 Hyperstimulation
•		 Apgar	score	less	than	seven	at	five	minutes
•		 Umbilical	artery	pH
•		 Admission	of	newborn	to	neonatal	intensive	care	unit

Secondary outcomes
These included other measures of effectiveness, complications and health service use.

Maternal
•		 Mode	of	delivery
•		 Number	of	instrumental	deliveries
•		 Antepartum	haemorrhage
•		 Postpartum	haemorrhage
•		 Placental	or	fetal	vessel	damage
•		 Duration	of	hospital	stay

•		 Serious	maternal	outcomes	(defined	as	death,	coma,	cardiac	arrest,	respiratory	arrest,	
use of a mechanical  ventilator, admission to intensive care unit)

•		 Maternal	infection
•		 Women’s	satisfaction

Neonatal
•	Time	to	delivery
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•		 Neonatal	morbidity
•		 Neonatal	infection
•		 Respiratory	distress	syndrome

•		 Use	of	mechanical	ventilation
•		 Intraventricular	haemorrhage
•		 Neonatal	jaundice
•		 Neonatal	sepsis
•		 Neonatal	death

Health service
•		 Neonatal	length	of	hospital	stay
•		 Maternal	admission	to	intensive	care	unit
•		 Total	hospital	costs
•		 Use	of	health	services

Electronic searches
We searched the Cochrane Pregnancy and Childbirth Group’s Trials Register by contacting 
the Trials Search Co-ordinator (11 April 2012). The Cochrane Pregnancy and Childbirth 
Group’s Trials Register is maintained by the Trials Search Coordinator and contains trials 
identified from:
1.  monthly searches of the Cochrane Central Register of Controlled Trials (CENTRAL);
2.  weekly searches of MEDLINE;
3.  weekly searches of EMBASE;
4.  hand searches of 30 journals and the proceedings of major conferences;
5.  weekly current awareness alerts for a further 44 journals plus monthly BioMed Central 

email alerts.
Trials identified through the searching activities described above were each assigned to a 
review topic (or topics). 
The Trials Search Coordinator searched the register for each review using the topic list 
rather than keywords.
In addition, we searched PubMed (1966 to 7 March 2012) using the search terms detailed in 
Appendix 1.
We did not apply any language restrictions.

Data collection and analysis 

Selection of studies
Two review authors, PF Jansen (PJ) and JJH Bakker(JB), independently assessed all the 
potential studies identified as a result of the search strategy. BY van der Goes (BG) was 
asked to assess the Bakker 2010 trial as she was not involved in the conducting or writing up 
of this study. Disagreements were resolved through discussion.
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Data extraction and management
We designed a form to extract data. For eligible studies, two review authors PJ and JB 
independently extracted the data using the agreed form. For the Bakker 2010 trial, co-author 
BG was asked to extract data from the trial. We resolved discrepancies through discussion. 
We used the Review Manager software (RevMan 2011) to double enter all the data, or a 
subsample. When information regarding any of the above was unclear, we attempted to 
contact the authors of the original reports for them to provide additional information or 
data.

Assessment of risk of bias in included studies
Two authors (PJ and JB) independently assessed the risk of bias for each study using 
the criteria outlined in section 8 of the Cochrane Handbook for Systematic Reviews of 
Interventions. 22 There was no disagreement. We considered two major sources of potential 
bias and the methods of avoidance of these biases when assessing trial quality. Moreover, 
we looked specifically at declared sample size calculations, defined inclusion and exclusion 
criteria, baseline comparability and whether a conflict of interest was present, absent or 
unclear.

(1) Random sequence generation (checking for possible selection bias)

We described for each included study the method used to generate the allocation sequence 
to allow an assessment of whether it should produce comparable groups.
We assessed the method as:
•	low	risk	of	bias	(any	truly	random	process,	e.g.	random	number	table;	computer	random	
number generator);
•	high	risk	of	bias	(any	non-random	process,	e.g.	odd	or	even	date	of	birth;	hospital	or	clinic	
record number); or
•	unclear	risk	of	bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal allocation to interventions 
prior to assignment and assessed whether intervention allocation could have been foreseen 
in advance of or during recruitment, or changed after assignment.
We assessed the methods as:
•	low	risk	of	bias	(e.g.	telephone	or	central	randomisation;	consecutively	numbered	sealed	
opaque envelopes;

•	high	risk	of	bias	(open	random	allocation;	unsealed	or	nonopaque	envelopes;	alternation;	
date of birth);
•	unclear	risk	of	bias.
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(3.1) Blinding of participants and personnel (checking for possible performance bias)

We described for each included study the methods used, if any, to blind study participants 
and personnel from knowledge of which intervention a participant received. We considered 
that studies were at low risk of bias if they were blinded, or if we judged that the lack of 
blinding would be unlikely to affect results. We assessed blinding separately for different 
outcomes or classes of outcomes. We assessed the methods as:
•	low,	high	or	unclear	risk	of	bias	for	participants;

•	low,	high	or	unclear	risk	of	bias	for	personnel

(3.2) Blinding of outcome assessment (checking for possible detection bias)

We described for each included study the methods used, if any, to blind outcome assessors 
from knowledge of which intervention a participant received. We assessed blinding 
separately for different outcomes or classes of outcomes.
We assessed methods used to blind outcome assessment as:
•	low,	high	or	unclear	risk	of	bias.

(4) Incomplete outcome data (checking for possible attrition bias due to the amount, 
nature and handling of incomplete outcome data)

We described for each included study, and for each outcome or class of outcomes, the 
completeness of data including attrition and exclusions from the analysis. We stated whether 
attrition and exclusions were reported and the numbers included in the analysis at each 
stage (compared with the total number of randomised participants), reasons for attrition or 
exclusion where reported, and whether missing data were balanced across groups or were 
related to outcomes. Where sufficient information was reported, or could be supplied by 
the trial authors, we re-included missing data in the analyses which we undertook.
We assessed methods as:
•	 low	 risk	 of	 bias	 (e.g.	 no	missing	 outcome	data;	missing	 outcome	data	 balanced	 across	
groups);
•	high	risk	of	bias	(e.g.	numbers	or	reasons	for	missing	data	imbalanced	across	groups;	‘as	
treated’ analysis done with substantial departure of the intervention received from that 
assigned at randomisation);
•	unclear	risk	of	bias.

(5) Selective reporting (checking for reporting bias)

We described for each included study how we investigated the possibility of selective 
outcome reporting bias and what we found.
We assessed the methods as:
•	low	risk	of	bias	(where	it	was	clear	that	all	of	the	study’s	pre-pecified	outcomes	and	all	
expected outcomes of interest to the review have been reported);
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•	high	risk	of	bias	(where	not	all	the	study’s	pre-specified	outcomes	have	been	reported;	
one or more reported primary
outcome was not pre-specified; outcomes of interest were reported incompletely and so 
cannot be used; study failed to include results of a key outcome that would have been 
expected to have been reported);
•	unclear	risk	of	bias.

(6) Other bias (checking for bias due to problems not covered by (1) to (5) above)

We described for each included study any important concerns we had about other possible 
sources of bias.
We assessed whether each study was free of other problems that
could put it at risk of bias:
•	low	risk	of	other	bias;
•	high	risk	of	other	bias;
•	unclear	whether	there	was	a	risk	of	other	bias.

(7) Overall risk of bias

We made explicit judgements about whether studies were at high risk of bias, according 
to the criteria given in the Handbook for Systematic Reviews of Interventions. 22 With 
reference to (1) to (6) above, we assessed the likely magnitude and direction of the bias and 
whether we considered it likely to impact on the findings. We explored the impact of the 
level of bias through undertaking sensitivity analyses (see Sensitivity analysis).

Measures of treatment effect
We carried out statistical analysis using the Review Manager software (RevMan 2011). We 
used fixed-effect model meta-analysis for combining data in the absence of significant 
heterogeneity if trials were sufficiently similar. If heterogeneity was found, this was explored 
by sensitivity analysis followed by use of a random-effects model if required. Probable 
causes of heterogeneity could be the body mass index (BMI) of the woman in labour, parity, 
gestational age and birthweight. For dichotomous data, we presented results as summary 
relative risk with 95% confidence interval.
For continuous data, we used the median as outcomes were measured in the same way 
between trials.

Dealing with missing data
For included studies, we noted levels of attrition. We explored the impact of including 
studies with high levels of missing data in the overall assessment of treatment effect by 
using sensitivity analysis. For all outcomes we carried out analyses, as far as possible, on 
an intention-to-treat basis. That is, we attempted to include all participants randomised 
to each group in the analyses, and all participants were analysed in the group to which 
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they were allocated regardless of whether or not they received the allocated intervention. 
The denominator for each outcome in each trial was the number randomised minus any 
participants whose outcomes were known to be missing.
We assessed statistical heterogeneity in each meta-analysis using the T², I² and Chi² 
statistics. We regarded heterogeneity as substantial if I² was greater than 30% and either 
T² was greater than zero or there was a low P value (less than 0.10) in the Chi² test for 
heterogeneity.

Assessment of reporting biases
In future updates of this review, if there are 10 or more studies in the meta-analysis we 
will investigate reporting biases (such as publication bias) using funnel plots. We will assess 
funnel plot asymmetry visually, and also use formal tests for funnel plot asymmetry. For 
continuous outcomes we will use the test proposed by Egger 23, and for dichotomous 
outcomes we will use the test proposed by Harbord. 24 If asymmetry is detected in any of 
these tests or is suggested by a visual assessment, we will perform exploratory analyses to 
further investigate the causes.

Data synthesis
We carried out statistical analysis using the Review Manager software. We used fixed-effect 
model meta-analysis for combining data where it was reasonable to assume that studies 
were estimating the same underlying treatment effect; that is where trials were examining 
the same intervention, and the trials’ populations and methods were judged sufficiently 
similar. If there was clinical heterogeneity sufficient to expect that the underlying treatment 
effects would differ between trials, or if substantial statistical heterogeneity was detected, 
we explored the reason for the heterogeneity by subgroup analysis. We discussed the 
clinical implications of treatment effects differing between trials. If the average treatment 
effect was not clinically meaningful we did not combine trials.

Subgroup analysis and investigation of heterogeneity
If we identified substantial heterogeneity, we investigated it using subgroup analyses and 
sensitivity analyses. We considered whether an overall summary was meaningful and, if it 
was, used randomeffects model meta-analysis to produce it. We planned to carry out the 
following subgroup analyses for the outcome ’duration of labour’:
1.  induction of labour;
2.  augmentation of labour.
We planned to carry out subgroup analysis in the group of women with a previous caesarean 
section.
For fixed effect model inverse variance meta-analyses we assessed differences between 
subgroups by interaction tests. 
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For random effects and fixed effect model meta-analyses using methods other than inverse 
variance, we assessed differences between subgroups by inspection of the confidence 
intervals; non-overlapping confidence intervals indicate a statistically significant difference 
in treatment effect between the subgroups.

Sensitivity analysis
In future updates of this review, as more data become available, we will carry out sensitivity 
analysis to explore the effect of trial quality if trials of differing quality are included in the 
review. This will involve analysis based on our assessment of whether trials are at risk of 
selection bias or attrition bias. Studies of poor quality (those rated as ’high’ or ’unclear’ risk 
of bias for sequence generation, allocation concealment, or incomplete outcome data) will 
be excluded in the analysis in order to assess any substantive difference compared to the 
overall result.

  RESULTS 

Description of studies

Results of the search
The search of the Pregnancy and Childbirth Group Trials Register found 14 reports and 
our search of Pub Med found 189. After screening the titles and abstracts we selected 
25 reports of 19 studies. We included three and excluded 16 titles. Two review authors 
(PJ and JB) independently assessed all the potential studies identified as a result of the 
search strategy. Both authors used a data form to assess the quality of the studies and 
extract data from the included studies. There were four potentially eligible randomised 
controlled trials with a randomised comparison of external tocodynamometry (ET) and 
internal tocodynamometry (IT). We found no unpublished or ongoing studies on this 
subject.

Included studies
We included three studies (Chua 1990; Chia 1993; Bakker 2010) involving 1945 women. 
25-27 Furthermore we used the report of van Halem 2011 28, a follow up of the randomised 
controlled trial of Bakker 2010, that contained data for the infection outcome. The two 
studies of Chia and Chua were performed in Singapore, and the third study was performed 
in the Netherlands. All studies were in hospital settings. The methodological quality of the 
trials was considered good. The three randomised controlled trials had good comparable 
methods and outcomes. In the trials of Chia 1993 and Chua 1990, it remained unclear 
whether the study population included women with a previous caesarean section. In the 
trial of Bakker 2010 women with a previous caesarean section were excluded.
For details of the included studies, see the table Characteristics of included studies.
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Excluded studies
We excluded 16 studies. There were many publications about intra- and extramembranous 
placement of the catheter, differences between different types of catheters and case 
reports about adverse events. We did not include these studies in this review but focused 
on the randomised comparison of ET and IT. We agreed to exclude one study that compared 
ET and IT, the study of Panayotopoulos 29, because of the invalid randomisation method, 
which involved selecting every second case and ended up with two unequal study groups. 
We did not identify any studies comparing tocodynamometry with no monitoring.
For details of excluded studies, see the table Characteristics of excluded studies.

Risk of bias in included studies

Allocation
The Bakker 2010 trial used a central, computerised randomisation program that provided 
the allocation of included women at the different study sites, so it was ensured that the 
sequence was concealed. Women in the studies of Chia 1993 and Chua 1990 were randomly 
allocated to the different methods of tocography by using a random number table; this 
method was acceptable at the time and has a low risk of selection bias. Chia 1993 and Chua 
reported no losses to follow up and they did not keep a record of eligible non-randomised 
women. The trial by Bakker 2010 reported no losses to follow up cases but had a substantial 
number of non-participants. More than 72% of the eligible women declined participation or 
were not informed about the trial due to various reasons, mostly workload of the caregivers 
(information first author). We judged adequate generation of the randomisation sequence 
in all three trials and the risk for bias was low.

Blinding
Due to the nature of the interventions, in all included studies the allocation was not 
blinded for the doctor or the women. Although it is highly unlikely that women or caregiver 
knowledge of the allocation could influence outcomes, the lack of blinding down-graded the 
level of quality assessment of findings. In the study of van Halem 2011, the assessor of the 
medical files was blinded to the allocation.

Incomplete outcome data
The trial by Bakker 2010 reported the outcomes according the intention-to-treat principle, 
that is the women were analysed in the group they were allocated to; and also according to 
the per protocol principle, that is the women were analysed in the group with the treatment 
they actually received. Chia 1993 and Chua 1990 reported no crossover in their study 
groups. For the pooled risk we used the data from the intention-to-treat analysis.

Selective reporting
The included studies had clear and specific pre-specified outcomes and so appeared 
to be free of selective reporting. The trial by Bakker 2010 did not report the outcome 
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hyperstimulation. In the study protocol published in the trials register this outcome was not 
planned.

Effects of interventions

Primary outcomes
Uterine rupture did not occur in any of the three trials. Hyperstimulation was reported in 
two of the included trials, Chia 1993 and Chua 1990 (involving 489 women), but was not 
different between the study groups (risk ratio (RR) 1.21, 95% confidence interval (CI) 0.78 to 
1.88; Analysis 1.2).
The neonatal outcome was no different between the control group which used ET and the 
intervention group which used an intrauterine pressure catheter. An Apgar score less than 
seven at five minutes was reported in all included trials and was not statistically significantly 
different between groups (RR 1.78, 95% CI 0.83 to 3.83; N = 1945; Analysis 1.3). Umbilical 
artery pH less than 7.15 was reported in one trial (Bakker 2010) (RR 1.31, 95% CI 0.95 to 
1.79; N = 1456; Analysis 1.4); pH less than 7.16 was reported in the trial of Chia 1993 (RR 
1.23, 95% CI 0.39 to 3.92;N =239; Analysis 1.6). Admission to the neonatal intensive care unit 
was reported in two studies (Chua 1990; Chia 1993) and was not statistically significantly 
different between groups (RR 0.34, 95% CI 0.07 to 1.67; N = 489; Analysis 1.7). One study 
(Bakker 2010)reported more than 48 hours hospitalisation instead (RR 0.92, 95% CI 0.71 to 
1.20; N = 1456; Analysis 1.8).

Secondary outcomes
There were no serious complications, like placenta or vessel perforation, or abruptio placentae, 
reported in the trials from the use of the intrauterine pressure catheter, and no neonatal 
deaths or serious maternal complications (defined as death, coma, cardiac arrest, respiratory 
arrest, use of a mechanical ventilator, admission to intensive care unit) occurred in either 
study group. All three studies reported rates of instrumental vaginal delivery and caesarean 
section. The pooled risk for instrumental delivery (caesarean section, ventouse and forceps 
extraction) was not statistically significant different (RR 1.05, 95% CI 0.9 to 1.2; three studies, 
N = 1945; Analysis 1.11). There was variance between the studies. The differences in crude 
percentages between the studies were probably due to the different policies and increasing 
interventions in obstetrics over time (1993 versus 2010), but most of all the variance was due 
to different aetiology: induced labour versus augmented labour in cases of arrest of labour. 
Therefore, we performed a subgroup analysis. The pooled risk for instrumental delivery for 
women with induced labour was more in favour of IT yet not statistically significantly different 
(RR 0.91, 95% CI 0.75 to 1.1; two studies, N = 1195; Analysis 1.11). 
The pooled risk for instrumental delivery for women with augmented labour, however, was 
in favour of ET and just statistically significantly different (RR 1.25, 95% CI 1.02 to 1.5; two 
studies, N = 750; Analysis 1.11). The interaction test for subgroup differences was significant 
for this subgroup analysis (P = 0.02; Analysis 1.11) suggesting a difference between the 
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induced and augmented subgroups. When the risk for instrumental delivery was specified as 
vaginal instrumental delivery or operative delivery (that is caesarean section) the difference 
between the augmented group women and the induced group women disappeared. The 
pooled risk for a caesarean section was not statistically significant between study groups 
(RR 1.04, 95% CI 0.85 to 1.29; three studies, N = 1945; Analysis 1.13). This CI corresponds 
to a plausible reduction of the caesarean section rate of 15% up to a nearly 30% increase. 
The risk for caesarean section was not different between the subgroups. The pooled risk 
for vaginal instrumental deliveries (ventouse or forceps extraction) was not statistically 
significant different (RR 1.06, 95% CI 0.85 to 1.32; three studies, N = 1945; Analysis 1.12).
There was no increased risk of infection when an intrauterine catheter was used: infection 
during labour (RR 0.69, 95% CI 0.44 to 1.08; one study, N = 1456; Analysis 1.17), and no 
increased risk of infection in mother or child up to three weeks postpartum (van Halem 
2011) (RR 0.84, 95% CI 0.61 to 1.16; one study, N= 1435; Analysis 1.16). For the outcome 
“infection up to three weeks postpartum”, women with an indication for prophylactic 
antibiotic during labour (i.e. for known positive Group B Streptococcus (GBS) status, heart 
disease, or other reasons for prophylaxis) were excluded for analysis. Median times to 
delivery in the subgroups induced and augmented labour were not statistically significantly 
different between study groups (see Table 1). Mean time to delivery was extracted for 
this review from the dataset of the Bakker 2010 trial, no statistically significant difference 
was found between the groups (mean difference (MD) -15.60 minutes, 95% CI -40.99 
to 9.79; 1 study, N = 1456; Analysis 1.14). Other secondary outcomes were not reported 
(antepartum or postpartum haemorrhage, duration of hospital stay for mother or child, 
women’s satisfaction; specified neonatal outcomes like respiratory distress syndrome, use 
of mechanical ventilation, intraventricular haemorrhage, neonatal jaundice or sepsis; total 
hospital costs, use of health service).
No subgroup analysis could be performed for women with a previous caesarean section.

  DISCUSSION 

The aim of this review was to compare the effectiveness of IT compared with ET. We included 
three randomised controlled studies (1945 women) of moderate quality. The results suggest 
no benefit for the routine use of internal tocodynamometry (IT) for monitoring contractions 
in women with induced or augmented labour with intravenous oxytocin. However, there is 
insufficient evidence to recommend the use of one form of tocodynamometry over another 
form for women where intravenous oxytocin is administered for induction or augmentation 
of labour.
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Summary of main results
Three studies were included in this review. Although on theoretical grounds one might 
expect a better neonatal outcome and a more effective stimulation when the contractions 
are accurately measured, the robust results of the included studies do not support this 
concept. The pooled risk for instrumental delivery was not statistically different between 
study groups, however in the subgroup of women with augmented labour there was a just 
statistically significant difference in favour of ET. When the variable instrumental delivery 
was specified into instrumental vaginal delivery or caesarean section, this benefit for ET 
was not found; moreover we lack a clinical explanation for a possible advantage of external 
registration of contractions when labour is augmented. 
This review found insufficient evidence for a benefit of the routine use of IT on rates of 
adverse neonatal outcomes, rates of instrumental deliveries, use of analgesia, infection, or 
time to delivery. Moreover, case reports state that IT has rare but serious risks, including 
placental or fetal-vessel damage, infection and anaphylactic shock. In this review involving 
922 women who were monitored with IT, no such events occurred.

Overall completeness and applicability of evidence
In the Bakker 2010 trial, 12% of the women assigned to external monitoring were 
nonetheless treated with an intrauterine pressure catheter at the physician’s discretion. 
The protocol of this study permitted crossover if cervical progression was absent for two 
hours, the frequency of uterine contractions was not sufficient, or caesarean section was 
being considered. These 12% of women were more likely to be primiparous (82.6% versus 
63.2%), had a higher mean pre-pregnancy BMI (27.4 versus 25.3), and were more likely to 
have hypertension or pre-eclampsia (33.8% versus 10.3%); they were also more likely to 
have a caesarean section (33.0% versus 16.0%). Analysis per protocol, for example according 
to the treatment actually given, had similar results in the rate of operative deliveries and for 
adverse neonatal outcomes. The two smaller studies (Chua 1990; Chia 1993) did not report 
crossover between study groups.
The study population of this review included women who were treated with intravenous 
oxytocin to stimulate contractions but did not involve women with a previous caesarean 
section. Whether an intrauterine pressure catheter should be used in these women is still 
controversial. Some clinicians state that the risk for uterus rupture is increased because of 
insertion of the catheter; others advocate the use of IT in women with a previous caesarean 
section, because they expect that the diagnosis of uterus rupture is easier. This review does 
not answer this question for this subgroup of women.

Quality of the evidence
The methodological quality of the trials was considered moderate.
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Potential biases in the review process
We acknowledge that there is always a possibility of introducing bias at every stage of the 
review process. We attempted to minimise bias in a number of ways; two review authors 
independently assessed eligibility for inclusion and risk of bias, and carried out data 
extraction; moreover, assessment and data extraction of the largest trial (Bakker 2010) was 
done by a review co-author (BG) who was not involved in the trial.

Agreements and disagreements with other studies or reviews
The three included studies agree in their conclusion that there is no benefit with routine IT. 

  AUTHORS’ CONCLUSIONS 

Implications for practice
There is insufficient evidence to recommend the use of one form of tocodynamometry 
over another for women where intravenous oxytocin is administered for induction or 
augmentation of labour.
In women with lack of progress of labour, cervical progression absent for two hours, 
or unclear frequency of uterine contractions, one-to-one observation of the labouring 
woman and her contractions is a realistic alternative to IT in the absence of a non-invasive 
alternative.

Implications for research
Future trials could focus on examining the strength of contractions during labour by improving 
the quality of extra-abdominal methods. These trials should include hyperstimulation and 
women’s satisfaction.
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‘This review is published as a Cochrane Review in the Cochrane Database of Systematic 
Reviews 2012, Issue 12. Cochrane Reviews are regularly updated as new evidence emerges 
and in response to comments and criticisms, and the Cochrane Database of Systematic 
Reviews should be consulted for the most recent version of the Review.’

Bakker JJH, Janssen PF, van Halem K, van der Goes BY, Papatsonis DN, van der Post JAM, 
Mol BWJ. Internal versus external tocodynamometry during induced or augmented 
labour. Cochrane Database of Systematic Reviews 2012, Issue 12. Art. No.: CD006947. DOI: 
10.1002/14651858.CD006947.pub2 (http://onlinelibrary.wiley.com/doi/10.1002/14651858.
CD006947)
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by year of study]

Chua 1990

Methods Randomised controlled trial.

Participants 250 women with spontaneous onset of labour, slow progress and the 
indication for augmentation with oxytocin

Interventions Intervention: 125 women were allocated to internal tocodynamometry 
Control: 125 women were allocated to external tocodynamometry

Outcomes Length of labour.
Dose of oxytocin.
Rate of caesarean section. Vaginal instrumental deliveries. Apgar score 
< 4 at 1 minute. Apgar score < 6 at 5 minutes. Neonatal admission for 
asphyxia. 
Birthweight. 
The number of times the dose of oxytocin had to be reduced for reasons 
of hyperstimulation (i.e. more than seven contractions in 15 minutes) or 
fetal heart rate changes

Notes Women with a caesarean section were likely to be excluded (personal 
communication Prof Arulkumaran)
No primary outcome defined. Sources of funding not stated.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection 
bias)

Low risk Quote: “Randomly assigned using a random 
number table”.

Allocation concealment (selection bias) Unclear risk No report of method of concealment.

Blinding of participants and personnel 
(performance bias) All outcomes

Unclear risk Not reported but due to the kind of intervention 
we expect no blinding

Blinding of outcome assessment 
(detection bias) All outcomes

Unclear risk Not reported.

Incomplete outcome data (attrition bias) 
All outcomes

Unclear risk Not reported, no crossover reported so we 
assume the participants were analysed in the 
group they were assigned to

Selective reporting (reporting bias) Low risk No missing relevant outcomes.

Other bias Low risk None

Chia 1993

Methods Randomised controlled trial. 

Participants 239 women with induced labour.

Interventions Intervention: 118 women were allocated to internal tocodynamometry
Control: 121 women were allocated to external tocodynamometry

Outcomes Length of labour.
Dose of oxytocin.
Rate of caesarean section. Vaginal instrumental deliveries. Apgar score 
< 5 at 1 minute. Apgar score < 7 at 5 minutes. Cord arterial blood pH < 
7.16. Neonatal admission for asphyxia. Birthweight.
The number of times reduction in oxytocin was needed for 
hyperstimulation or cardiotocographic changes. Hyperstimulation was 
defined as a contraction frequency > 7 contractions in 15 minutes or a 
rise in baseline tone between contractions for more than 3 minutes

Notes Women with a caesarean section were likely to be excluded (personal 
communication Prof Arulkumaran)
No primary outcome defined. Sources of funding not stated.
Calculation error in percentages in table 3, arterial blood pH
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Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation 
(selection bias)

Low risk Quote: “Randomly assigned using a random 
number table”.

Allocation concealment (selection bias) Unclear risk No report of method of concealment.

Blinding of participants and ersonnel 
(performance bias) All outcomes

Unclear risk Not reported but due to the kind of intervention 
we expect no blinding

Blinding of outcome assessment 
(detection bias) All outcomes

Unclear risk Not reported.

Incomplete outcome data (attrition bias) 
All outcomes

Unclear risk Not reported, no crossover reported so we 
assume the participants were analysed in the 
group they were assigned to

Selective reporting (reporting bias) Low risk No missing relevant outcomes.

Other bias Low risk None

Bakker 2010

Methods Randomised controlled trial.

Participants 1456 women with a singleton pregnancy and gestational age beyond 36 
weeks, a child in cephalic position and an indication for either induction 
or augmentation of labour with intravenous oxytocin

Interventions Intervention: 734 women were allocated to internal tocodynamometry 
Control: 722 women were allocated to external internal 
tocodynamometry

Outcomes Operative deliveries, including both caesarean sections and instrumental 
vaginal deliveries
Use of antibiotics during labour.
Length of labour.
Adverse neonatal outcomes (defined as any of the following: an Apgar 
score at 5 minutes of less than 7, umbilical artery pH of less than 7.05, 
and neonatal hospital stay of longer than 48 hours)

Notes Follow-up trial van Halem 2011.

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection 
bias)

Low risk Quote: “Randomisation was done by a computer 
program”.

Allocation concealment (selection bias) Low risk Allocation was concealed because of the 
computerized method of randomisation with 
use of a minimisation method 
Sequence was generated at a central location in 
the department of epidemiology

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Arulkumaran 1991 No comparison.

Bsat 1992 No comparison between extrauterine and intrauterine registration

Chua 1992 No randomised comparison. 

Chua 1998 No randomised comparison. 

Lemus 1997 No use of oxytocin.

Panayotopoulos 1998 Quasi-RCT; answers the research question but was excluded because the 
randomisation method was not valid

Sciscione 2005 No randomised comparison.
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DATA AND ANALYSES 
Monitoring of contractions with internal tocodynamometry compared to external tocodynamometry

Outcome or subgroup title No. of 
studies

No. of 
participants

Statistical method Effect size

1 Uterine rupture 3 1945 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

2 Hyperstimulation 2 489 Risk Ratio (M-H, Fixed, 95% CI) 1.21 [0.78, 1.88]

3 Apgar less than 7 at 5 minutes 3 1945 Risk Ratio (M-H, Fixed, 95% CI) 1.78 [0.83, 3.83]

4 Umbilical artery pH < 7.15 1 1456 Risk Ratio (M-H, Fixed, 95% CI) 1.31 [0.95, 1.79]

5 Umbilical artery pH < 7.05 1 1456 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.40, 2.03]

6 Umbilical artery pH < 7.16 1 239 Risk Ratio (M-H, Fixed, 95% CI) 1.23 [0.39, 3.92]

7 Admission to NICU 2 489 Risk Ratio (M-H, Fixed, 95% CI) 0.34 [0.07, 1.67]

8 Neonatal admission > 48  
hours

1 1456 Risk Ratio (M-H, Fixed, 95% CI) 0.92 [0.71, 1.20]

9 Perinatal mortality 3 1945 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

10 Serious maternal outcomes* 3 1945 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

11 Instrumental delivery 3 1945 Risk Ratio (M-H, Fixed, 95% CI) 1.05 [0.91, 1.21]

11.1 Induced labour 2 1195 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.75, 1.10]

11.2 Augmented labour 2 750 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [1.02, 1.53]

12 Instrumental vaginal delivery 3 1945 Risk Ratio (M-H, Fixed, 95% CI) 1.06 [0.85, 1.32]

12.1 Induced labour 2 1195 Risk Ratio (M-H, Fixed, 95% CI) 0.90 [0.66, 1.24]

12.2 Augmented labour 2 750 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [0.91, 1.73]

13 Caesarean section 3 1945 Risk Ratio (M-H, Fixed, 95% CI) 1.04 [0.85, 1.29]

13.1 Induced labour 2 1195 Risk Ratio (M-H, Fixed, 95% CI) 0.91 [0.68, 1.21]

13.2 Augmented labour 2 750 Risk Ratio (M-H, Fixed, 95% CI) 1.25 [0.91, 1.71]

14 Mean time to delivery 1 1456 Mean Difference (IV, Fixed, 95% CI) -15.60 [-40.99, 9.79]

14.1 induced labour 1 956 Mean Difference (IV, Fixed, 95% CI) -25.78 [-58.57, 7.01]

14.2 Augmented labour 1 500 Mean Difference (IV, Fixed, 95% CI) -0.35 [-40.47, 39.77]

15 Placental or fetal vessel 
damage

3 1945 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

16 Indication of infection up to 
three weeks postpartum in 
mother or child

1 1435 Risk Ratio (M-H, Fixed, 95% CI) 0.84 [0.61, 1.16]

17 Signs intrauterine infection 
during labor

1 1456 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.44, 1.08]

*defined as death, coma, cardiac arrest, respiratory arrest, use of a mechanical ventilator, admission to intensive 
care unit)

proefschrift.indb   111 25-7-2013   14:54:40

Bakker, J_PROEF (all).ps Front - 56     T1 -    Black



112

Chapter 7

Analysis 1.7. Comparison 1 Monitoring of contractions with internal tocodynamometry compared to external 
tocodynamometry, Outcome 7 Admission to neonatal intensive care.

Analysis 1.3. Comparison 1 Monitoring of contractions with internal tocodynamometry compared to external 
tocodynamometry, Outcome 3 Apgar score less than seven at five minutes.

Analysis 1.2. Comparison 1 Monitoring of contractions with internal tocodynamometry compared to external 
tocodynamometry, Outcome 2 Hyperstimulation.

Study or Subgroup

Chia 1993
Chua 1990

Total (95% CI)
Total events
Heterogeneity: Chi² = 0.80, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 1.33 (P = 0.18)

Events

1
1

2

Total

118
125

243

Events

5
1

6

Total

121
125

246

Weight

83.2%
16.8%

100.0%

M-H, Fixed, 95% CI

0.21 [0.02, 1.73]
1.00 [0.06, 15.81]

0.34 [0.07, 1.67]

IT ET Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours IT Favours ET

Study or Subgroup

Bakker 2010
Chia 1993
Chua 1990

Total (95% CI)
Total events
Heterogeneity: Chi² = 0.38, df = 2 (P = 0.83); I² = 0%
Test for overall effect: Z = 1.47 (P = 0.14)

Events

16
1
1

18

Total

734
118
125

977

Events

8
1
1

10

Total

722
121
125

968

Weight

80.2%
9.8%
9.9%

100.0%

M-H, Fixed, 95% CI

1.97 [0.85, 4.57]
1.03 [0.06, 16.20]
1.00 [0.06, 15.81]

1.78 [0.83, 3.83]

IT ET Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours IT Favours ET

Study or Subgroup

Chia 1993
Chua 1990

Total (95% CI)
Total events
Heterogeneity: Chi² = 1.15, df = 1 (P = 0.28); I² = 13%
Test for overall effect: Z = 0.83 (P = 0.40)

Events

11
25

36

Total

118
125

243

Events

6
24

30

Total

121
125

246

Weight

19.8%
80.2%

100.0%

M-H, Fixed, 95% CI

1.88 [0.72, 4.92]
1.04 [0.63, 1.72]

1.21 [0.78, 1.88]

IT ET Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours IT Favours ET
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Analysis 1.13. Comparison 1 Monitoring of contractions with internal tocodynamometry compared to external 
tocodynamometry, Outcome 13 Caesarean section.

Analysis 1.12. Comparison 1 Monitoring of contractions with internal tocodynamometry compared to external 
tocodynamometry, Outcome 12 Instrumental vaginal delivery

Study or Subgroup
1.13.1 Induced labour
Bakker 2010
Chia 1993
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.36, df = 1 (P = 0.55); I² = 0%
Test for overall effect: Z = 0.66 (P = 0.51)

1.13.2 Augmented labour
Bakker 2010
Chua 1990
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.04, df = 1 (P = 0.85); I² = 0%
Test for overall effect: Z = 1.38 (P = 0.17)

Total (95% CI)
Total events
Heterogeneity: Chi² = 2.51, df = 3 (P = 0.47); I² = 0%
Test for overall effect: Z = 0.40 (P = 0.69)
Test for subgroup differences: Chi² = 2.15, df = 1 (P = 0.14), I² = 53.5%

Events

69
10

79

51
21

72

151

Total

482
118
600

252
125
377

977

Events

72
14

86

41
16

57

143

Total

474
121
595

248
125
373

968

Weight

50.5%
9.6%

60.1%

28.7%
11.1%
39.9%

100.0%

M-H, Fixed, 95% CI

0.94 [0.69, 1.28]
0.73 [0.34, 1.58]
0.91 [0.68, 1.21]

1.22 [0.84, 1.78]
1.31 [0.72, 2.39]
1.25 [0.91, 1.71]

1.04 [0.85, 1.29]

IT ET Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours IT Favours ET

Study or Subgroup
1.12.1 Induced labour
Bakker 2010
Chia 1993
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.82, df = 1 (P = 0.37); I² = 0%
Test for overall effect: Z = 0.63 (P = 0.53)

1.12.2 Augmented labour
Bakker 2010
Chua 1990
Subtotal (95% CI)
Total events
Heterogeneity: Chi² = 0.00, df = 1 (P = 0.95); I² = 0%
Test for overall effect: Z = 1.39 (P = 0.17)

Total (95% CI)
Total events
Heterogeneity: Chi² = 2.78, df = 3 (P = 0.43); I² = 0%
Test for overall effect: Z = 0.50 (P = 0.62)
Test for subgroup differences: Chi² = 2.03, df = 1 (P = 0.15), I² = 50.8%

Events

60
5

65

50
21

71

136

Total

482
118
600

252
125
377

977

Events

62
9

71

39
17

56

127

Total

474
121
595

248
125
373

968

Weight

49.0%
7.0%

55.9%

30.8%
13.3%
44.1%

100.0%

M-H, Fixed, 95% CI

0.95 [0.68, 1.33]
0.57 [0.20, 1.65]
0.90 [0.66, 1.24]

1.26 [0.86, 1.85]
1.24 [0.69, 2.23]
1.25 [0.91, 1.73]

1.06 [0.85, 1.32]

IT ET Risk Ratio Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours IT Favours ET
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  SUMMARY 

Induction and augmentation of labor with intravenous oxytocin is one of the most common 
interventions in obstetrics. Almost one in every four women is induced, mostly for reasons 
related to increased risk for the mother such as high blood pressure, diabetes or increased 
risk for the infant such as suspected growth retardation or post term pregnancy.
Induction of labor takes place in a clinical setting with a traditional start in the early morning 
and all women are monitored with cardiotocography for assessment of fetal condition and 
contractions.

Chapter 1 outlines the history of induction of labor and method to monitor uterine activity 
and describes the objectives of this thesis.

In Part I timing of start of induction of labor with intravenous oxytocin in the morning is 
compared to a start in the evening.  

In Chapter 2  we present the results of multicenter randomized controlled trial that compared 
start of induction of labor with oxytocin in the morning with a start in the evening. 

Traditionally, in most hospitals, induction of labor starts early in the morning, with the start 
of the working day. In human and animal studies however, spontaneous onset of labor is 
proven to have a circadian rhythm with preference for start in the evening. Moreover, when 
spontaneous labor starts in the evening, total duration of labor shortens and less obstetric 
interventions are needed. Based on these observations one might assume, that starting 
induction of labor in harmony with the circadian rhythm of natural birth is more beneficial. 
Three hospitals in Amsterdam, the Netherlands participated in the trial, women with an 
indication for induction of labor with intravenous oxytocin were eligible. Included women 
were randomized to either the evening group with a start of induction of labor at 21:00 
hours, or the morning group with a start at 07:00 hours. 
Primary outcome was duration of labor. Secondary outcomes were instrumental delivery 
rate, adverse neonatal outcome defined as an Apgar score below 7 after 5 minutes, number 
and indications of pediatric consults and neonatal admissions, duration of second stage, 
number of intrapartum infections and necessity of pain relief. 
We randomised 371 women. Mean duration of labor was not significantly different 
(primiparae: morning 12 hours and 8 minutes versus evening 11 hours and 22 minutes, P 
value 0.29; multiparae: morning 7 hours and 34 minutes versus evening 7 hours and 46 
minutes, P value 0.70). There were no significant differences in instrumental deliveries 
rates, number of infections or patient satisfaction. Unexpectedly, neonatal outcome was 
better in women induced in the evening.
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We concluded that induction of labor with intravenous oxytocin in the evening is equally 
effective and safe as induction in the morning.

In Chapter 3 we present a systematic review titled: morning versus evening induction of 
labor for improving outcomes. 
In this review we included three studies that were of high quality with a total of 1150 
women randomly allocated to induction in the morning or the evening. There were no other 
trials on the subject that used intravenous oxytocin and two trials used prostaglandins to 
induce labor. Prostaglandins are hormones also used for cervical ripening; intravenous 
oxytocin can be used afterwards to get labor started. Therefore, these two different 
methods, prostaglandins and intravenous oxytocin, rely on a different mechanism and were 
assessed separately. This review found no differences in effect between starting induction 
in morning or evening on outcomes for mother or child. The risk for instrumental vaginal 
delivery, or risk for a cesarean section or use of epidural anesthesia did not differ between 
groups. One study reported that women had a preference to start induction of labor with 
prostaglandins in the morning, and more women in the evening admission group did not like 
the interruptions to sleep that were associated with the induction protocol. This review, with 
only three studies with two different comparisons, concludes that induction of labor in the 
evening is as effective and safe as induction in the morning. However, given the preference 
of most women, administration of prostaglandins should preferably be done in the morning.

In Part II risks and benefits of use of internal tocodynamometry (IT) for monitoring 
contractions during oxytocin augmented or induced labor are compared to external 
monitoring (ET).

In Chapter 4 we present the results of the randomized controlled trial: outcomes after 
internal versus external tocodynamometry for monitoring labor. It has been hypothesized 
that internal tocodynamometry, as compared with external monitoring, may provide a 
more accurate assessment of contractions and thus improve the ability to adjust the dose of 
oxytocin effectively, resulting in fewer operative deliveries and less fetal distress. However, 
few data are available to test this hypothesis.
We performed a randomized, controlled trial in six hospitals in the Netherlands to compare 
internal tocodynamometry with external monitoring of uterine activity in women for 
whom induced or augmented labor was required. The primary outcome was the rate of 
operative deliveries, including both cesarean sections and instrumented vaginal deliveries. 
Secondary outcomes included the use of antibiotics during labor, time from randomization 
to delivery, and adverse neonatal outcomes (defined as any of the following: an Apgar score 
at 5 minutes of less than 7, umbilical-artery pH of less than 7.05, and neonatal hospital stay 
of  longer than 48 hours).

proefschrift.indb   118 25-7-2013   14:54:44

Bakker, J_PROEF (all).ps Back - 59     T1 -    Black



Summary and discussion

119

Chapter

8

We randomly assigned 1456 women to either IT (734) or ET(722). The operative delivery 
rate was not statistically significant different: 31.3% in the IT group and 29.6% in the ET 
group. Secondary outcomes did also not differ between the two study groups. No serious 
adverse events associated with the use of the intrauterine pressure catheter were reported 
during the trial. 
We concluded that internal tocodynamometry during induced or augmented labor, as 
compared with external monitoring, did not significantly reduce the rate of operative 
deliveries or of adverse neonatal outcomes.

According to former studies the risk for infection during labor or postpartum is increased 
when an intra uterine catheter is used for monitoring or for amnioinfusion. In Chapter 5 we 
reported follow up of randomised controlled trial that assigned women in whom labor was 
induced or augmented with intravenous oxytocin, to internal or external tocodynamometry. 
We sought to determine whether use of an intrauterine catheter during labor is related 
to occurrence of infection in mother or newborn during labor and up to three weeks 
postpartum. The primary outcome was indication of infection, defined as a composite 
measure of any clinical sign of infection, treatment with antibiotics or sepsis during labor or 
in the postpartum period up to three weeks in mother or newborn. We found no indication 
that use of an intrauterine catheter for monitoring contractions or for amnioinfusion 
increases the risk of infection during labor or in the postpartum period up to three weeks in 
mother or newborn. 

Although our trial as described in Chapter 4 demonstrated no benefit of intrauterine 
monitoring, many clinicians continue to use an intrauterine pressure catheter for monitoring 
contractions, either routinely in oxytocin augmented labors or on an incidental basis. 
Such management is justified in the belief that when intrauterine activity is ‘adequate’ as 
defined by an intrauterine pressure of at least 200 Montevideo Units, this will improve labor 
outcome. 

To provide more insight in this mechanisms, we evaluated in Chapter 6 whether measure-
ment of intrauterine pressure has predictive value for the outcome of delivery in oxytocin 
augmented labor. We performed two secondary analyses on 503 women that had 
intra-uterine pressure measured in the intervention arm in the trial as reported in chapter 
4. First we analyzed outcomes in four strata of women with different ranges of the highest 
intrauterine pressure registered at any time during labor, women that never reached 100 
MU, 100-199 MU, 200-299 MU and women that reached intrauterine pressures 300 MU and 
higher. Second we assessed the uterine pressure registered at the last vaginal examination in 
the first stage of labor in two study groups; above and below 200 MU. Outcomes were mode 
of delivery and a composite neonatal outcome defined as 5-minute Apgar score below 7, an 
umbilical-artery pH below 7.05, or a neonatal admission longer than 48 hours. Women in the 
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ranges with lower intrauterine pressures were statistically significant older, had pregnancies 
with a longer gestational age and had longer labors with children with a higher birth weight.
We found a decreasing likelihood for a cesarean section as the intrauterine pressure during 
labor increased. In the group women that never reached 100 MU the LR for a cesarean 
section was 1.6, the group between 110 MU and 200 MU the LR was 1.3, the group between 
200 MU and 300 MU the LR was 0.85, the group 300 MU and higher the LR was 0.41. 
Intrauterine pressure measured by intrauterine tocodynamometry was not associated with 
poor neonatal outcome.
Conclusion of this study is that level of intrauterine pressure has a predictive value whether 
labor will be spontaneous.

In Chapter 7 we summarized literature in a systematic review to evaluate the effectiveness 
of internal tocodynamometry (IT) compared with external tocodynamometry (ET) when 
intravenous oxytocin is used for induction or augmentation of labor. Three studies were 
included in this review. The pooled risk for instrumental delivery was not statistically 
different between study groups, however in the subgroup of women with augmented labor 
there was a statistically significant difference in favor of ET. When the variable instrumental 
delivery was specified into instrumental vaginal delivery or cesarean section, this benefit 
for ET was not found; moreover we lack a clinical explanation for a possible advantage of 
external registration of contractions when labor is augmented. This review found insufficient 
evidence for a benefit of the routine use of IT on rates of adverse neonatal outcomes, rates 
of instrumental deliveries, use of analgesia, infection, or time to delivery. 

In chapter 8 and 9 we discuss our findings and make suggestions for future studies.   

  DISCUSSION 

The possibility to end a complicated pregnancy in a controlled and safe way, is one of the 
blessings of our time and often results in better health outcomes for mothers and infants. 
Induction of labor allows smart timing of birth in time and place and opens possibilities 
to plan complicated high risk deliveries in daytime with guaranteed ample availability of 
pediatric and obstetrical specialists. 
A guideline from the Dutch Association of Obstetrics and Gynecology (NVOG) states that 
ideally uterine activity and course of induced labor should resemble a spontaneous birth. 1  
Onset of spontaneous labor has a circadian rhythm with a preference for the evening. 2 In 
our randomized controlled trial, we compared starting induction of labor with intravenous 
oxytocin in the morning with starting in the evening, in order to try to resemble natural 
onset of labor. We found no statistically significant difference in duration of labor between 
the approaches. This could be related to the fact that the decision to increase dosage of 
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oxytocin during labor, is a clinical judgement of the frequency of uterine contractions, and 
not a standard oxytocin dosage according to a medication protocol. Indeed, in our study we 
found a tendency for increased amounts of oxytocin used during the day time inductions 
compared to the night and unexpectedly oxytocin dosage was more slowly increased during 
night time by attending obstetrical personnel. More importantly, in the discussion of her 
recent thesis, C. Verhoeven strongly advises against use of duration of labor as primary 
outcome, and against reporting neonatal and maternal outcomes as secondary outcomes, as 
we did in the above mentioned trial. 3 Although duration of labor can be related to neonatal 
and maternal outcomes, in fact length of labor is a surrogate outcome for the mother and 
child, and merely has economic or logistic value for the obstetric ward. 
We found no difference in length of labor between the evening and the morning group, but 
unexpectedly we found that significantly fewer neonates from mothers in the evening group 
were admitted for pediatric care. 
Because our study was not powered to asses a difference in neonatal outcome and the 
difference was unanticipated and unexplained, we have to be careful to draw conclusions. 
However, an interesting hypothesis is that because during the night shift the oxytocin 
dosage was raised more slowly, this might have resulted in less tachystole and consequently 
less fetal distress and pediatric involvement. The combination with other non significant 
factors like shorter second stage of labor and a reduced amount of obstetric interventions 
needed, could account for a better neonatal outcome in the evening group.
Although the Dutch Association of Obstetrics and Gynecology in her guideline warns against 
tachysystole during labor and states that a long latent phase up to 12 hours should be 
accepted,  in busy daily labor wards economic motives are undeniably present. 4

The risks involved in the use of intravenous oxytocin and fast increasing doses of oxytocin 
are often underestimated. A recent editorial comment in the American Journal of Obstetrics  
gives us a clear warning of risks involved in daily routine use of intravenous oxytocin. 5 
Quote : Although considered safe when administered judiciously, the inappropriate use 
of oxytocin, specifically related to dosing regimens that cause or fail to recognize excess 
uterine contractions and resultant poor fetal oxygenation, is a common and serious problem. 
According to a survey of liability cases, approximately 50% of paid liability claims involve 
alleged misuse of oxytocin.
For these reasons, oxytocin is considered 1 of the 12 most dangerous medications in a 
hospital. 6

In 2007, the Canadian Institute for Safe Medication Practices added intravenous synthetic 
oxytocin to their short list of high-alert medications; medications that have a heightened 
risk of causing significant patient harm when they are used in error. 7 Rare complications 
of oxytocin are uterine rupture, mostly in women with a scarred uterus, and hyponatremia 
as result of the anti-diuretic hormone effect. Moreover, recent research hypotheses that 
synthetic oxytocin given during labor crosses the placental barrier, and fetal exposure to 
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synthetic oxytocin might have long term effects on behavioural development of the child. 8 
Since use of synthetic oxytocin in obstetrics is increasingly common, in 2010 nearly 30 % of 
all labors in the Netherlands were oxytocin augmented 9, further research on this subject is 
mandatory. 
A common complication of oxytocin is hyperstimulation or tachystole, which is defined as 
either a series of single contractions lasting two or more minutes or a contraction frequency 
of five or more in 10 minutes. 4 When the contractions are that frequent or long, relaxation 
time between contractions is too short for the infant to recover and can lead to fetal distress, 
especially when the reason to induce labor was declining fetal condition. Use of oxytocin 
almost doubles the likelihood of tachystole with fetal heart rate changes and triples the 
likelihood of tachystole leading to intervention. 10 
To prevent tachystole, a logical step could be complete discontinuation of oxytocin once 
active labor is achieved.
The diagnose “active labor” is in this context defined as, four cm dilation with complete 
effacement and regular contractions every five minutes. In literature there are four 
randomized trials with low statistical power addressing this issue. 11-14 
The most recent trial, Diven et al faced severe inclusion problems and protocol adherence. 
The trial was stopped after 30 months with 83% of the intended inclusions because of lack 
of cooperation of the caregivers involved. Furthermore, only 25 of the 125 women that were 
randomized to discontinuation of oxytocin were treated according to protocol because of 
what the authors named as “growing clinician anxiety about potentially prolonging the 
length of labor inductions in a very busy labor unit” .13 The failure to complete inclusion 
and treat according to protocol, reflects the impatience caused by circumstances that 
sometimes urges caregivers to act for no medical reasons. The primary outcome in these 
studies was the duration of labor or instrumental delivery rate; they found no clinically 
relevant differences between study groups and were consistent in their conclusion that 
oxytocin may be discontinued if regular contractions continue to generate cervical change, 
without increasing the cesarean delivery rate or significantly prolonging labor.
The endpoint of interest, neonatal outcome, was different in the study of Girard et al in the 
sense that significantly more infants were hospitalized in the neonatology department when 
oxytocin was continued. The other studies reported no differences in neonatal outcome 
between study groups. In the study of Ustunyurt et al, the rate of uterine hyperstimulation 
was significantly higher in oxytocin-continued group but this did not lead to worse neonatal 
outcomes. 
The above mentioned issue certainly merits further investigation with larger sample sizes.  

For timely recognition of tachystole caused by overdosing of oxytocin, accurate and 
preferably graphical simultaneous registration of the fetal heart frequency and uterine 
activity is of utmost importance. Moreover, correct assessment of uterine activity during 
use of oxytocin is important to confirm sufficient stimulation. 
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In our randomized controlled trial (IUPC trial) and the Cochrane systematic review, we 
concluded that there is no evidence that use of internal tocodynamometry for monitoring 
contractions in women with induced or augmented labor leads to better outcomes for 
mother or child.  Implementation of this finding in daily practice is however difficult. One 
argument for clinicians to keep on using  internal tocodynamometry is that the attractive 
precise graphical reproduction of the contractions, mùst result in better birth outcomes, 
although studies proved otherwise. Furthermore, the risks associated with use of an 
intrauterine catheter are often thought to be related to incorrect placement of the catheter. 
Some clinicians want to continue using intrauterine pressure catheters especially in women 
with labors after a cesarean section (VBAC), with the expectation that it may facilitate early 
diagnosis of a uterine rupture. Rodriguez et al studied 39 women that had a uterine rupture 
during labor and were monitored with an intrauterine pressure catheter. He did not find the 
classic description of a sudden loss of intrauterine pressure in any of the women. The clinical 
signs of a uterine rupture, fetal distress, and severe pain are so compelling that diagnosis 
does not depend on the uterine pressure. Moreover although the risk may be small, one 
could cause a uterine rupture by and during insertion of the catheter. 
Apparently introduction of new diagnostic tools or extension of medical interventions are 
more easy to implement than abandoning an inadequate diagnostic tool caregivers are 
accustomed to. 
Another argument used is that without intrauterine registration of the contractions, the 
laboring woman might need more attention of her caregivers. Sometimes the registration 
is vague and one will have to be present in the labor room to asses the contractions by 
clinical observation, this will be especially the case when the woman is obese. In 2012, 
after publication of our studies, Rood published a case report of uterine perforation after 
insertion of an intra uterine pressure catheter in a woman with a body mass index of 45 
kg/m2. 15 In this case, fortunately mother and child survived after an emergency cesarean 
section. In our randomised controlled trial we analysed a subgroup of 206 women with a 
body mass index above 30 kg/m2 and found no benefit for use of an intra uterine pressure 
catheter for these women. However because this analysis was post hoc and the statistical 
power limited, we cannot draw conclusions.   
The proportion of maternal obesity is increasing, in the United States the prevalence of 
maternal obesity has increased over a 10-year period, from 13% to 22% and the Netherlands 
will probably follow the same trend. 16 Besides all the risks involved like gestational diabetes 
and hypertension, obesity of the mother provides a challenge for monitoring contractions 
during labor, especially because obese women appear to be prone for dysfunctional labor.17 
The caregiver will have to weigh the potential hazardous risks of use of an intra uterine 
pressure catheter to the (not proven) benefit of an accurate monitoring of contractions for 
these women.
New technology has been developed that hopefully will overcome the drawbacks of the 
other methods: 
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electro hysterography which reports the electrical activity of the myometrium of the 
uterus through electrodes placed on the maternal abdomen. The method is non invasive 
and registers contractions accurately regardless of the mothers body mass index. 18-20

Although a randomized trial is considered to be the highest level of evidence, performing 
one can be time consuming and costly. Both trials published in this thesis were performed 
without additional financing by the government. The outcomes of the IUPC trial that 
compared internal tocodynamometry with external tocodynamometry resulted in less use 
of intrauterine pressure catheters in obstetrics worldwide. 
We calculated a saving of 570 000 euro every year in the Netherlands with an implementation 
of 80% for a onetime investment of 350 000 euro for performing the study. 
The IUPC trial is a typical example of studies performed by the Dutch Consortium of 
Obstetrics and Gynecology; relative small investments save the community significant 
amounts of money on healthcare costs and provide evidence for efficient care for women 
and their children. 

By studies described in this thesis, we aimed to obtain evidence for the effectiveness of a 
few methods used for labor induction. Ideally, any decision to intervene in medicine should 
be evidence based, which means with conscientious, explicit and judicious use of current 
best evidence respecting patient values and expectations of the individual patient. 21 When 
the decision to induce labor is evidence based, this implicates that the characteristics of the 
individual woman resemble those of the women in the study for whom the benefits of the 
intervention, expeditious birth, outweighed the risk of expectant management, continuing 
the pregnancy. 
As an example: women with a complicated pregnancy caused by pregnancy induced 
hypertension or mild preeclampsia at a gestational age between 36 and 41 weeks, have 
better maternal outcomes when labor is induced. Results of the HYPITAT trial were quickly 
implemented in daily practice, especially in the 39 hospitals in the Netherlands that 
participated in the trial. Maternal outcomes in those hospitals improved within a year after 
publication; the prevalence of eclampsia decreased from 0.95% to 0.13%, a clear example of 
improving healthcare as result of well performed and implemented studies. 23

However, reasons to induce labor are not always based on sound evidence but often decided 
on because of uneasiness to wait and concerns or convenience of parents or caregivers.

Although there can be good reason to do so, nowadays the induction rate is increasing in an 
excessive way and the elective induction adds its share in the exploding healthcare costs; 
in developed countries, almost one in every four women is induced. For example, according 
to data from the Centers for Disease Control and Prevention,  the rate of induction in the 
United States of America in 2009 was 23.3% which represented  a 144% increase since 
1990. 16 In developing countries, the rates are generally lower, but in some settings they 

proefschrift.indb   124 25-7-2013   14:54:45

Bakker, J_PROEF (all).ps Back - 62     T1 -    Black



Summary and discussion

125

Chapter

8

can be as high as those observed in developed countries. The Netherlands is following the 
United States with the same growing trend, about one-fourth of all deliveries are induced 
for the presumed benefit of mother or baby, while in 1993, this intervention apparently 
was necessary in around 12% of women. 9 There is a large variation between hospitals in 
percentage of induced labor even when corrected for case-mix. 
Practice variation of induction and the doubling of inductions in the last 20 years suggest 
that a lot of these interventions are not based on solid evidence
Although the World Health Organization recommended in 2011 “Induction of labour should 
be performed only when there is a clear medical indication and the expected benefits 
outweigh its potential harms”, a psychosocial indication has become a common rationale 
for elective induction on maternal request for personal convenience, physical discomfort 
and provider’s convenience. 24 
Elective induction is side effect of medicalization and can lead to a cascade of interventions 
that frequently accompany labor induction, and puts healthy women and infants at 
unnecessary risk of complications. 25 
The size of risks involved with an elective induction is still under debate, as no prospective 
trials are available in which healthy women with an uncomplicated medical and obstetrical 
history and uncomplicated pregnancy are randomised to either expectant management 
or induction of labor. The definition of elective induction is often unclear and can involve 
mixed motivations, furthermore the definition of a low risk pregnancy is not unequivocal 
in international literature. A retrospective comparison of birth outcomes of women with 
spontaneous onset and induced labor does not account for the specific moment in time the 
decision for an expectant management or intervention takes place. 
Given the exploding healthcare costs and the fact that all interventions bare potential risks, 
unnecessary medical interventions should be considered like withheld necessary treatment 
and critically appraised and abandoned if judged not beneficial. 
Since at least half of our interventions in childbirth are opinion based, this thesis is hopefully 
one of many to follow that adds sound evidence for the best care to our clinical practise.  
Midwives must be educated in science and encouraged to participate in answering the 
clinical dilemmas in treatment decisions, and add their expertise on physiology of childbirth 
to development of multidisciplinary guidelines. For pregnant women and their partners 
there should be no walls between midwife and gynecologist, home and hospital, physiology 
and pathology. Ideally, parents to be, should feel free in their choices and experience wide 
open doors to enter any safe place to deliver after being informed on perinatal care based 
on proper and transparent evidence. 
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  SAMENVATTING EN DISCUSSIE 

De mogelijkheid een gecompliceerde zwangerschap te beëindigen en de bevalling op 
te wekken als de gezondheid van moeder of kind bedreigd wordt, kan resulteren in 
gezondheidswinst bij moeder of kind en kan zelfs levensreddend zijn. Dit proefschrift 
behandelt een tweetal aspecten die betrekking hebben op het inleiden of bijstimuleren van 
de baring met intraveneus oxytocine.  

Deel 1 van het proefschrift bevat een gerandomiseerd onderzoek en een systematische 
review van de literatuur naar de vergelijking van de traditionele start van de inleiding in de 
vroege ochtend met een start volgens het endogene circadiane ritme van de natuurlijke 
bevalling, in de avond.
Deel 2 behandelt studies die betrekking hebben op het gebruik van een intra-uteriene 
drukkatheter voor de registratie van weeënactiviteit.

Hoofdstuk 1 beschrijft de achtergronden en historie van methoden voor het registreren van 
uterusactiviteit, en van oxytocine als medicatie voor het opwekken van weeënactiviteit. 
Het kunstmatig eerder op gang willen brengen van de bevalling stamt al uit de tijd van 
Hippocrates, tegenwoordig wordt bij ongeveer een kwart van de vrouwen de baring 
ingeleid. Dit gebeurt meestal in verband met toenemende medische risico’s voor moeder 
of verslechtering van de neonatale conditie zoals in geval van pre-eclampsie of placenta-
insufficiëntie. 
In de Richtlijn van de Nederlandse Vereniging voor Obstetrie en Gynaecologie (NVOG) 
“Inductie van de baring” wordt beschreven dat idealiter het verloop van de kunstmatig 
opgewekte bevalling zoveel mogelijk zou moeten overeenkomen met een natuurlijke 
bevalling. Hierbij dient gestreefd te worden naar fysiologische weeënactiviteit waarbij 
een beginfase of latente fase, tot wel 12 uur acceptabel is, voordat het weeënpatroon 
accelereert en de ontsluiting lineair vordert. Spontane baringen vertonen een circadiaan 
patroon met een voorkeur van het begin van de weeën in de avonduren en een geboorte 
van het kind in de vroege ochtend. Uit eerder wetenschappelijk onderzoek blijkt dat 
spontane bevallingen, die beginnen op deze bioritmische tijd gemiddeld korter duren, 
en met minder complicaties lijken te verlopen, dan bevallingen die op een ander 
moment van de dag beginnen. De biologische verklaring voor dit fenomeen ligt in een 
verhoogde gevoeligheid voor oxytocine van het myometrium door een verhoogd aantal 
oxytocinereceptoren in de avond. 
De huidige werkwijze in de ziekenhuizen wat betreft inleidingen met oxytocine per infuus 
houdt geen rekening met dit natuurlijke bioritme en start traditioneel in de ochtend. 
Men zou kunnen veronderstellen dat als de inleiding van de baring plaats vindt volgens het 
natuurlijke bioritme, met een startpunt in de avond, een verkorting van de duur van de 
partus op zal treden vergelijkbaar met die van een spontane baring.
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Hoofdstuk 2 presenteert de uitkomsten van de trial met de werktitel “Dauwtrappen 
versus Nachtbraken” waarbij 371 vrouwen uit drie ziekenhuizen in Amsterdam werden 
gerandomiseerd voor een start van de inleiding in de ochtend (07:00 uur) of een start 
in de avond (21:00 uur). Vrouwen met een zwangerschapsduur voorbij 36 weken en een 
rijpe cervix (Bishops score >6) en een indicatie voor inleiding van de baring kwamen in 
aanmerking voor randomisatie. De zwangeren werden gerandomiseerd per ziekenhuis 
in strata; primi-  en multipariteit. De primaire uitkomstmaat was duur van de baring, 
gedefinieerd als tijd van het moment van start van het oxytocine-infuus en gelijktijdige 
amniotomie (in het geval van nog intacte vliezen) tot het moment van de geboorte van 
het (eerste) kind. De powerberekening was gebaseerd op een klinisch relevant verschil in 
baringsduur van twee uur. 
De gemiddelde duur van de baring bleek niet statistisch significant verschillend (primiparae: 
ochtend 12:08 uur versus avond 11:22 uur, P waarde 0.29; multiparae: ochtend 7:34 uur 
versus avond 7:46 uur, P waarde 0.70). 
Er waren geen statistisch significante verschillen tussen beide groepen in het aantal 
verrichtte sectio’s, vaginale kunstverlossingen of antibiotica gebruik durante partu. 
Bij primiparae was in de avondgroep wat meer behoefte aan pijnstilling (epidurale 
anaesthesie en/of morfine) dan in de ochtendgroep ( 47% versus 35%, relatief risico 0.77, 
95% retrouwbaarheidsinterval 0.6–1.0, P waarde 0.06), dit verschil was niet statistisch 
significant. Onverwacht was er een statistisch significante betere neonatale uitkomst 
voor de kinderen van primiparae uit de avondgroep; in de ochtendgroep werden meer 
kinderen opgenomen op de afdeling neonatologie (30% versus 18%, relatief risico 1.5, 95% 
betrouwbaarheidsinterval 1.0–2.1, P waarde 0.03). Bij de kinderen van multiparae was het 
verschil in het aantal opgenomen kinderen niet statistisch significant. Voor dit verschil in 
neonatale uitkomst is geen eenduidige verklaring, een voorzichtige hypothese zou kunnen 
zijn dat een aantal niet significante verschillen zoals minder gebruik van oxytocine, een 
kortere uitdrijving en minder instrumentele baringen in de avondgroep, gezamenlijk 
verantwoordelijk waren voor een betere conditie van de kinderen. Patiënttevredenheid 
met vragen over vermoeidheid van de vrouw, beschikbare tijd en aandacht van 
hulpverleners, werd gemeten middels een korte vragenlijst; er was geen verschil tussen 
beide groepen.
De conclusie van de trial is dat het starten van de inleiding in de avond veilig is en net zo 
effectief als een inleiding in de morgen. 

Hoofdstuk 3 presenteert de resultaten van de systematische review over start van de 
inleiding van de baring in de ochtend versus start in de avond, onafhankelijk van de 
methode die werd gebruikt voor het inleiden van de bevalling. Op gestructureerde en 
systematische wijze werd naar alle gepubliceerde en ongepubliceerde literatuur gezocht, 
zonder taalrestricties en alleen die gerandomiseerde studies werden geïncludeerd die 
voldeden aan vooraf in het protocol vastgestelde hoge methodologische kwaliteitseisen 
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en uitkomstmaten. In het trialregister van de Cochrane Pregnancy and Childbirth groep 
(zoekdatum 28 februari 2012), MEDLINE (1966 to 16 februari 2012) en EMBASE (1980 to 16 
februari 2012) werden 2693 titels gevonden die door twee auteurs onafhankelijk van elkaar 
op titel en abstract werden gescreend op relevantie. Dertien studies werden geselecteerd 
voor een methodologische kwaliteitsbeoordeling van de volledige tekst onafhankelijk van 
elkaar door twee auteurs; drie gerandomiseerde trials van voldoende goede kwaliteit 
werden geïncludeerd waaraan in totaal 1150 vrouwen deelnamen. Twee gerandomiseerde 
studies werden gevonden die het toedienen van vaginale prostaglandine in de ochtend en 
de avond met elkaar vergeleken bij vrouwen met een onrijpe cervix. Onze eigen studie, 
behandeld in Hoofdstuk 2, werd door een onafhankelijke auteur (BG) op methodologische 
kwaliteit beoordeeld en ook geïncludeerd. Omdat een inleiding van de baring van 
vrouwen met een rijpe cervix en amniotomie een geheel ander klinisch verloop heeft 
dan het inleiden van vrouwen met een onrijpe cervix met prostaglandine, werden deze 
vergelijkingen apart beschouwd. Deze review vond geen verschillen in baringsuitkomsten 
tussen de groepen wat betreft sectio’s, instrumentele vaginale baringen, neonatale 
uitkomsten of noodzaak voor pijnstilling. De studie van Oei et al rapporteerde dat 20% van 
de vrouwen uit de avondgroep ontevreden was met de timing van de start van de inleiding 
met prostaglandine in verband met een verstoorde nachtrust, dit was een statistisch 
significant verschil met de 4.2% van de vrouwen in de ochtendgroep.
De conclusie van deze review is dat, gezien de voorkeur van de vrouwen, een inleiding met 
prostaglandine bij voorkeur dient te starten in de ochtend. 
Een inleiding met oxytocine met een start in de avond is even effectief en veilig als de 
inleiding met een start in de ochtend.

Een inleiding van de bevalling vindt plaats in een klinische setting onder continue bewaking 
van de foetale conditie en monitoring van de contracties door middel van cardiotocografie 
(CTG). Gelijktijdige registratie van de weeën en de foetale hartfrequentie is van groot belang 
als oxytocine wordt toegediend. Een te hoge dosering oxytocine kan een overstimulatie 
veroorzaken, te frequente weeën en te korte weeënpauzes, met foetale nood als mogelijk 
gevolg. Een te lage oxytocine kan de baring nodeloos verlengen met meer risico op een 
instrumentele baring of behoefte aan pijnstilling bij de moeder. 
Monitoring van de contracties kan met behulp van uitwendige tocodynamometrie (ET), deze 
meet de uitzetting van het abdomen van de moeder, of met inwendige tocodynamometrrie 
(IT), deze meet rechtstreeks de druk in de uterus met een intra-uteriene drukkatheter 
(IUPC). De laatste methode geeft een grafisch strakke accurate weergave van de frequentie 
van de weeën, onafhankelijk van beweeglijkheid of body mass index van de moeder. 
Hoewel twee kleine studies geen voordeel aantoonden en er geen enkel bewijs was dat 
de betere registratie van de contracties betere baringsuitkomsten gaf, werd de IUPC op 
steeds grotere schaal routinematig toegepast bij het gebruik van oxytocine en werd het 
gebruik ervan zelfs uitgebreid naar de spontane baringen. 
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Behalve dat een IUPC hogere kosten heeft dan een uitwendige tocometer, brengt het gebruik 
van een IUPC, ondanks gebruik lege artis, zeldzame maar potentieel levensbedreigende 
risico’s met zich mee voor moeder en/of kind zoals het risico op perforatie van de placenta 
of foetale vaten, uterusperforatie of zelfs anafylactische shock. 

Hoofdstuk 4 presenteert de uitkomsten van de studie, de IUPC trial, waarin vrouwen 
die werden ingeleid of bijgestimuleerd met oxytocine, werden gerandomiseerd voor of 
registratie van contracties met inwendige tocodynamometrie (IT) met gebruik van een 
intra-uteriene drukkatheter (IUPC), of voor uitwendige tocodynamometrie (ET). De trial 
werd uitgevoerd in zes ziekenhuizen in Nederland en 1456 vrouwen namen deel. Vrouwen 
met een zwangerschapsduur meer dan 36 weken, met één kind in hoofdligging en een 
indicatie voor gebruik van intraveneus oxytocine voor inleiding of bijstimulatie, kwamen 
in aanmerking voor randomisatie. Vrouwen met een litteken uterus, een positieve HIV 
of Hepatitis B serologie, tekenen van een intra-uteriene infectie of tekenen van foetale 
nood, kwamen niet in aanmerking voor deelname aan de trial. De powerberekening was 
gebaseerd op een verwachte reductie van het aantal instrumentele baringen (sectio’s en 
vaginale instrumentele baringen) van 35% naar 28%. 
Dit bleek niet het geval, het aantal instrumentele baringen was niet statistisch significant 
verschillend tussen de groepen, 31.3% in de IT groep versus 29.6% in de ET groep (relatief 
risico 1.1, 95% betrouwbaarheidsinterval 0.91 -1.2). De neonatale uitkomst was een 
samengestelde variabele voor een slechte uitkomst, gedefinieerd als een Apgarscore na 
vijf minuten lager dan zeven, een navelstreng pH lager dan 7.05 of een opname langer dan 
48 uur op de neonatale afdeling. Deze verschilde niet tussen beide onderzoeksgroepen, 
14.3% van de kinderen in de IT groep versus 15.0% in de ET groep (relatief risico 0.95, 95% 
betrouwbaarheidsinterval 0.74 -1.2). Het gebruik van pijnstilling, of antibiotica of tijd tot de 
partus verschilden niet tussen beide onderzoeksgroepen. 
In de groep vrouwen met een BMI hoger dan 30 kg/m2 waren uitkomsten overeenkomstig en 
kon ook voor hen geen voordeel van het gebruik van de IUPC worden aangetoond.
De conclusie van de trial was dat, bij inleiding of bijstimulatie van de baring met oxytocine, 
het aantal instrumentele baringen of slechte neonatale uitkomst niet verlaagd wordt bij het 
gebruik van inwendige tocodynamometrie vergeleken met uitwendige tocodynamometrie.

Hoofdstuk 5 presenteert de resultaten van de follow up studie van de IUPC studie. Eén van de 
veronderstelde risico’s van gebruik van een intra-uteriene katheter voor monitoring van de 
weeën is een verondersteld verhoogd risico voor een infectie bij moeder of kind tijdens de 
baring of in de kraambedperiode. We verrichtten een status onderzoek van alle deelnemende 
vrouwen die tijdens de IUPC studie een drukkatheter kregen voor monitoring van de weeën 
maar ook als deze durante partu alleen werd ingebracht voor amnioinfusie. Vrouwen die 
profylactisch werden behandeld met antibiotica werden geëxcludeerd. We onderzochten in 
totaal statussen van 1435 vrouwen.
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De primaire uitkomstmaat was een samengestelde variabele: tekenen van een infectie. 
Deze omvatte klinische verschijnselen en/of behandeling met antibiotica en/of een sepsis 
tot drie weken postpartum bij moeder of kind. Er waren 64 vrouwen of kinderen met 
tekenen van een infectie in de IUPC groep en 74 vrouwen of kinderen in de uitwendige 
monitoring groep, dit was niet statistisch significant verschillend (relatieve risico: 0.91, 95% 
betrouwbaarheidsinterval: 0.77–1.1, p waarde 0.33).
De conclusie van de studie was dat gebruik van een intra-uteriene katheter de kans 
op een infectie niet vergroot.
 
Ondanks het feit, dat de gerandomiseerde studie zoals weergegeven in hoofdstuk 4 van dit 
proefschrift, aantoonde, dat gebruik van inwendige tocodynamometrie  geen voordelen 
biedt voor moeder of kind, blijkt deze in de dagelijkse klinische praktijk toch nog regelmatig 
toegepast te worden. De motivatie van de zorgverlener is veelal de veronderstelling dat 
als de intra-uteriene druk 200 Montevideo Eenheden (MU) bereikt, de vrouw optimaal 
gestimuleerd wordt en dus meer kans heeft op een spontane baring.

Hoofdstuk 6 rapporteert de uitkomsten van de studie naar de voorspellende waarde van de 
gemeten intra-uteriene druk op de kans op een instrumentele baring (vaginale kunstverlossing 
en sectio) of een slechte neonatale uitkomst, bij vrouwen die deelnamen aan de IUPC trial. 
Slechte neonatale uitkomst was een samengestelde maat gedefinieerd als Apgarscore na vijf 
minuten lager dan zeven en/of een navelstreng pH lager dan 7.05 en/of een opname langer 
dan 48 uur op de neonatale intensive care.
In de IUPC trial werden 734 vrouwen gerandomiseerd voor het gebruik van IT. Er was 
cross-over tussen de studiegroepen, uiteindelijk kregen 755 vrouwen een intra-uteriene 
druklijn voor monitoring van de weeën. Wij includeerden vrouwen waarbij tenminste één 
keer een intra-uteriene druk geregistreerd was in het case record form. Bij de start van de 
studie werd dit nog niet geregistreerd dus uiteindelijk hadden wij volledige case record forms 
van 503 vrouwen. 
Wij bestudeerden de intra-uteriene druk door vrouwen op twee manieren in te delen.
Ten eerste in strata van honderdtallen van hoogst bereikte intra-uteriene druk op enig 
moment tijdens de bevalling (lager dan 100 MU, 100t/m199 MU, 200 t/m 299 MU, 300 MU 
en hoger). In deze analyse vonden wij dat vrouwen met lage drukken ouder waren, een 
langere zwangerschapsduur hadden en bevielen van een zwaarder kind. Wij berekenden 
de likelihood ratio’s en de 95% betrouwbaarheidsintervallen voor de kans op een sectio en 
de kans op een slechte neonatale uitkomst voor de vrouwen in de verschillende strata. De 
likelihood ratio’s waren niet statistisch significant verschillend. Wel was er een duidelijke 
tendens naar een afname van de kans op een sectio bij het toenemen van de intra-uteriene 
druk. Wij vonden geen verschillen in de kans op een slechte neonatale uitkomst tussen de 
verschillende strata. 
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De tweede analyse betrof de intra-uteriene druk, boven 200 MU of onder 200 MU, die 
gemeten was tijdens het laatste vaginale toucher in de ontsluitingsfase dus voor de start 
van de uitdrijving of de sectio als deze plaats vond tijdens de ontsluitingsfase. Vrouwen 
met een intra-uteriene druk lager dan 200 MU hadden vaker een zwaarder kind, de overige 
patiëntkarakteristieken waren niet statistisch significant verschillend. In onze analyse 
corrigeerden wij voor verschillen tussen beide onderzoeksgroepen. 
Vrouwen met een intra-uteriene druk boven de 200 MU hadden een niet statistisch 
significante verhoogde kans op een vaginale instrumentele baring (18.5% versus 12.9%) 
en een statistisch significante verlaagde kans op een sectio. Het tijdstip waarop de sectio 
plaatsvond, ontsluitingsfase of uitdrijving, was niet vastgelegd in ons case record form. 
Mogelijk bereikten meer vrouwen met een intra-uteriene druk boven de 200 MU de 
uitdrijvingsfase zodat de clinicus de keuze had voor een vaginale instrumentele baring.
In beide analyses was er geen verschil in de kans op een slechte neonatale uitkomst.
Onze conclusie was, dat een intra-uteriene druk boven de 200 MU inderdaad een 
voorspellende waarde heeft op het krijgen van een sectio. Voor de dagelijkse praktijk is het 
echter zo dat in een grote groep vrouwen (53%) deze druk blijkbaar niet bereikt kan worden 
en dat het gebruik van inwendige tocodynamometry de baringsuitkomsten niet verbetert.

Hoofdstuk 7 presenteert de resultaten van de systematische review van de literatuur naar 
de vergelijking van inwendige tocodynamometrie met uitwendige tocodynamometrie bij 
baringen waar oxytocine gebruikt werd om de weeën te stimuleren. Op gestructureerde en 
systematische wijze werd naar alle gepubliceerde en ongepubliceerde literatuur gezocht, 
zonder taalrestricties en alleen die gerandomiseerde studies werden geïncludeerd die 
voldeden aan vooraf in het protocol vastgestelde hoge methodologische kwaliteitseisen 
en uitkomstmaten. In het trialregister van de Cochrane Pregnancy and Childbirth groep 
(zoekdatum 11 april 2012) en Pubmed (1966 tot 7 maart 2012) werden 203 titels gevonden 
die door twee onafhankelijke auteurs werden gescreend op relevantie op titel en abstract. 
Negentien studies werden geselecteerd voor een methodologische kwaliteitsbeoordeling 
van de volledige tekst onafhankelijk van elkaar door twee auteurs; de IUPC trial werd 
beoordeeld door een onafhankelijke auteur (BG). 
Drie gerandomiseerde trials van voldoende goede kwaliteit werden geïncludeerd waaraan 
in totaal 1945 vrouwen deelnamen. Waar mogelijk werden de resultaten gepoold. 
Deze systematische review kon geen statistisch significante verschillen aantonen in 
neonatale uitkomsten, aantal instrumentele baringen tussen uitwendige of inwendige 
tocodynamometrie.

De discussie bespreekt de uitkomsten van onze studies in relatie met het inleiden van de 
baring in de dagelijkse klinische praktijk. 
De Nederlandse Vereniging voor Obstetrie en Gynaecologie (NVOG) zegt in haar richtlijn 
“inductie van de baring” dat, idealiter, de clinicus moet trachten met de ingeleide bevalling 
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de spontane baring te kopiëren. Een spontane baring begint meestal in loop van de avond, 
overeenkomstig het circadiane ritme van de oxytocine receptoren in het myometrium van 
de uterus.
In onze gerandomiseerde studie naar het beste tijdstip van de start van de bevalling, in 
de ochtend of in de avond, vonden wij geen statistisch significante verschillen tussen 
beide onderzoeksgroepen. Als primaire uitkomstmaat kozen wij de duur van de bevalling, 
gedefinieerd als de start van het oxytocine infuus tot de geboorte van het (eerste) kind. Dat 
wij geen verschil vonden, kan te maken hebben met het feit dat bij vrouwen in de nacht de 
medicatie minder snel werd opgehoogd. Bij een strikter protocol zouden deze uitkomsten 
anders kunnen zijn. Verder is achteraf de “duur van de bevalling” als primaire uitkomstmaat 
geen goede keuze geweest. Weliswaar is de kans op interventies groter als de baring erg lang 
duurt, maar zoals C. Verhoeven terecht in haar recente thesis al aangaf, is de duur van de 
bevalling voor de moeder in feite een surrogaatuitkomst.
In onze studie vonden wij onverwacht statistisch significante verschillen in neonatale 
uitkomst. De kinderen uit de avondgroep werden minder vaak, en korter, opgenomen op 
de afdeling neonatologie. Deze uitkomst is niet direct verklaarbaar maar een interessante 
hypothese is dat door de lagere dosering van oxytocine tijdens de nachtelijke uren, een 
frequent voorkomende bijwerking van de oxytocine, overstimulatie met zeer frequente 
weeën en foetale nood, minder voorkwam. Daarnaast is er de mogelijkheid dat een aantal 
andere statistisch niet significante factoren zoals minder interventies en een kortere 
uitdrijving gezamenlijk verantwoordelijk zijn voor dit verschil.
Oxytocine hoort tot de top 12 van “meest gevaarlijke medicaties gebruikt in een ziekenhuis” 
(short list of high alert medications) volgens Canadian Institute for Safe Medication 
Practices. Daarnaast is gebruik van oxytocine verantwoordelijk voor bijna 50 % van de 
beroepsaansprakelijkheid claims tegen zorgverleners, die gehonoreerd werden met een 
financiële uitkering. Deze cijfers komen uit Amerika; in Nederland is gelukkig nog een ander 
juridisch kader. 
De risico’s die gepaard gaan met het gebruik van oxytocine worden door het routineuze, 
frequente, dagelijkse gebruik onderschat. Interessant in dit verband is de link die recent 
onderzoek van de EPIIC groep legt tussen gebruik van de moeder van synthetisch oxytocine 
tijdens de baring en de kans op ontwikkelingsstoornissen van het kind op lange termijn zoals 
autisme. Synthetisch oxytocine passeert de placentabarrière en heeft zo ook invloed op het 
endogene oxytocine van het kind dat bij spontane bevallingen zelfs nog hogere niveaus in 
het bloed bereikt dan bij de moeder. Omdat het gebruik van synthetisch oxytocine in de 
verloskunde op grote schaal wordt toegepast, in Nederland bijna 30% in 2010, is lange termijn 
onderzoek nodig op dit gebied.

Een veel voorkomende complicatie is overstimulatie of tachystole, gedefinieerd als een serie 
van enkele weeën met een duur van twee minuten of langer, of een weeënfrequentie van 5 
of meer per 10 minuten. Voor het kind is de relaxatietijd bij een tachystole tussen de weeën 
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te kort om te herstellen, en foetale nood kan het gevolg zijn, zeker als de indicatie voor de 
inleiding verslechterende foetale conditie was. Zeldzame risico’s met verstrekkende gevolgen 
bij gebruik van oxytocine zijn uterusruptuur, vooral bij vrouwen met een litteken uterus, of 
hyponatriëmie als gevolg van de dehydrerende werking van oxytocine.
In plaats van tachystole te behandelen, zou men beter tachystole voorkomen. Een logische 
stap zou kunnen zijn de oxytocine volledig te stoppen als de vrouw goed in partu is. De 
diagnose “in partu zijn” is niet eenvoudig, in dit verband wordt een vrouw in partu verklaard 
bij 4 cm ontsluiting met een verstreken portio en regelmatige weeën om de 5 minuten. 
Er zijn vier kleine gerandomiseerde studies met kleine patiëntengroepen die dit hebben 
onderzocht. De meest recente trial van Diven et al werd voortijdig gestopt in verband met 
ernstige problemen met het behalen van het aantal benodigde inclusies. Verder was er 
onvoldoende draagvlak op de werkvloer en waren er veel protocol violations; bij slechts 25 
van de 125 vrouwen werd de oxytocine daadwerkelijk gestopt. De auteurs verwoorden het 
zelf als een groeiende ongerustheid bij de zorgverleners over mogelijke verlenging van de 
duur van de inleiding op een erg drukke verlosafdeling. Het falen om de studie te completeren 
en deelnemende vrouwen te behandelen volgens studie protocol is een voorbeeld van de 
tijdsdruk en ongeduld die soms heerst op drukke verlosafdelingen en die de zorgverlener ertoe 
zetten in te grijpen zonder goede medische noodzaak. In alle vier studies over dit onderwerp 
was er geen significant verschil in duur van de baring of in het aantal instrumentele baringen. 
In de studie van Girard et al werden significant minder ziekenhuisopnames bij kinderen van 
moeders waarbij de oxytocine was gestopt. De drie andere studies vonden geen verschillen 
in neonatale uitkomst. 
Herhaling van dit onderzoek naar het stoppen van de oxytocine bij ingeleide vrouwen 
als zij goed in partu zijn, met een grote onderzoeksgroep, en focus op overstimulatie 
en foetale conditie zou zeker toegevoegde waarde hebben. Met de samenwerking op 
onderzoeksverband van ziekenhuizen die bestaat in Nederland, en onze ervaring in grote 
multicenter studies zou deze studie goed uitvoerbaar zijn. 

Om overstimulatie tijdig te herkennen is accurate en bij voorkeur grafische weergave van de 
uterusactiviteit simultaan met de foetale hartfrequentie zeer belangrijk. Bovendien is een 
goede weergave van de weeënfrequentie belangrijk om te verifiëren of de weeën voldoende 
gestimuleerd worden. 
In de Cochrane systematic review concludeerden wij dat er geen voordeel te constateren is 
van inwendige weeënregistratie met behulp van een druklijn boven de uitwendige methode 
van registreren. Volledige implementatie van deze resultaten in de dagelijkse praktijk is echter 
moeizaam. De argumenten die gebruikt worden om druklijnen te gebruiken, zijn gebaseerd 
op de overtuiging dat precieze grafische weergave van de weeën wel moet resulteren in 
betere baringsuitkomsten, hoewel studies het tegendeel bewezen. De risico’s die gepaard 
gaan met insertie van de druklijn worden wel verondersteld eerder te zijn gerelateerd met 
een incorrecte wijze van plaatsen van de katheter. Sommige artsen willen de inwendige 
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druklijn vooral gebruiken bij vrouwen met een sectio in de anamnese in de veronderstelling 
dat de diagnose uterusruptuur vergemakkelijkt wordt door een plotselinge daling van de 
druk.
Rodriguez et al bestudeerden in retrospect 39 vrouwen met een intra-uteriene druklijn 
die een uterusruptuur kregen durante partu. De klassieke beschrijving van een plotselinge 
daling van de druk vond hij in geen van de vrouwen. Verder waren de klinische symptomen, 
foetale nood, heftige constante pijn, zo duidelijk, dat de diagnose op basis van deze gegevens 
eenvoudig gesteld kon worden. Een extra argument tegen gebruik van een druklijn bij 
vrouwen met een sectio in de anamnese is dat ook al is het risico klein, men bij insertie juist 
een ruptuur zou kunnen veroorzaken.
Blijkbaar is toch de introductie van nieuwe diagnostiek of uitbreiding de indicaties voor 
interventies makkelijker te implementeren, dan het loslaten van medische handelingen waar 
men aan gewend is.
Een argument dat ook wel gebruikt wordt, is dat zonder inwendige registratie de barende 
vrouw wellicht meer tijd en aandacht vraagt van de zorgverleners. Soms is de uitwendige 
registratie onnauwkeurig, vooral bij obese of beweeglijke vrouwen, en is de aanwezigheid van 
een zorgverlener in de verloskamer is noodzakelijk om een indruk te krijgen van de weeën. 
In 2012 nog  publiceerde Rood et al een case report uit Nederland, van een vrouw met een 
body mass index (BMI) boven de 45 kg/m2 , met een uterusruptuur na het inbrengen van een 
intra-uteriene druklijn. In dit geval overleefden moeder en kind gelukkig na een spoedsectio. 
In de IUPC studie (Hoofdstuk 4) analyseerden wij een subgroep van 206 vrouwen met een 
BMI boven de 30 kg/m2 en vonden geen voordeel voor het gebruik van een druklijn in deze 
groep vrouwen. Omdat de studie niet gepowerd is op dit (kleine) aantal vrouwen kunnen wij 
hieruit geen definitieve conclusies trekken.
Het percentage vrouwen in de fertiele levensfase met obesitas is groeiend; in de United 
States is de prevalentie van maternal obesitas toegenomen over 10 jaar van 13% naar 22%, 
Nederland zal waarschijnlijk volgen met dezelfde trend. Naast alle bekende risico’s zoals 
zwangerschapsdiabetes en hypertensie, hebben zwangeren met een overgewicht een 
verhoogd risico op niet vorderen van de ontsluiting of uitdrijving. 17 De zorgverlener zal de 
(niet bewezen) voordelen van intra-uteriene drukmeting zorgvuldig moeten afwegen tegen 
de potentieel gevaarlijke risico’s voor deze groep vrouwen.
Er is een nieuwe technologie ontwikkeld welke hopelijk de nadelen van de andere methodes 
niet in zich draagt, electrohysteroscopie. Deze meet de elektrische activiteit van het 
myometrium door op de buik van de moeder geplaatste elektrodes. De methode is dus 
non-invasief en registreert de weeën nauwkeurig onafhankelijk van de BMI of beweeglijkheid 
van de moeder. 

Een gerandomiseerd onderzoek geldt als het hoogst haalbare niveau van bewijs, maar het 
uitvoeren van een RCT kost veel tijd en geld. Beide RCT’s in deze thesis weergegeven, werden 
uitgevoerd zonder aanvullende financiële ondersteuning van de overheid. De uitkomsten van 
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de IUPC trial en de Cochrane review resulteerden in een drastische afname van het gebruik 
van intra-uteriene druklijnen wereldwijd.
Wij berekenden een besparing van 570 000 euro per jaar in Nederland bij een 
implementatiegraad van 80% na een eenmalige investering van 350 000 euro aan kosten van 
het onderzoek.
De IUPC trial is een typisch voorbeeld van de studies die uitgevoerd worden door 
het Nederlandse verloskundig consortium; relatief kleine investeringen besparen de 
gemeenschap aanzienlijke gezondheidszorgkosten en voorzien in gedegen bewijs voor de 
meest efficiënte en beste zorg voor moeder en kind. 
Met de studies zoals gepubliceerd in deze thesis, beoogden wij bewijs te verkrijgen voor 
de effectiviteit van een aantal methoden. Idealiter zou alle medische zorg evidence based 
moeten zijn dat wil zeggen met expliciet, oordeelkundig en consciëntieus gebruikmaken 
van het beste beschikbare bewijs bij het maken van een keuze voor de behandeling van de 
individuele patiënt. Wanneer de beslissing wordt genomen om de zwangerschap te beëindigen 
voor de spontane weeën beginnen, zou dit gebaseerd moeten zijn op wetenschappelijk 
bewijs waarbij de karakteristieken van de individuele vrouw overeenkomen met die van 
de onderzoeksgroep waarin het voordeliger was de baring in te leiden. Vrouwen met een 
zwangerschapshypertensie of een milde pre-eclampsie en een zwangerschapsduur tussen 
de 36 en 41 weken, hebben betere maternale uitkomsten als niet wordt afgewacht maar de 
bevalling wordt opgewekt, bij gelijke neonatale uitkomsten. De resultaten van de HYPITAT 
studie werden snel geïmplementeerd, speciaal in de 39 ziekenhuizen die hadden deelgenomen 
aan de trial. De maternale uitkomsten verbeterden binnen een jaar na publicatie van de 
studie, de prevalentie van eclampsie daalde van 0.95% tot 0.13%; een duidelijk voorbeeld van 
verbeterde zorg door goed uitgevoerde en geïmplementeerde studies.

Hoewel er een zeer goede reden kan zijn om een bevalling in te leiden, neemt het 
aantal inleidingen enorm toe waarbij de electieve inleiding zijn deel toevoegt aan de 
exploderende gezondheidszorgkosten. In ontwikkelde landen wordt bijna een kwart van 
de vrouwen ingeleid (23.3% in 2009 in de USA) wat een 144% toename is sinds 1990. In 
ontwikkelingslanden zijn deze aantallen over het algemeen lager maar in sommige gebieden 
komt het overeen. Nederland volgt de trend van de USA met een kwart van alle bevallingen 
die worden ingeleid, terwijl in 1993 dit aantal nog 12% was. De variatie tussen vergelijkbare 
klinieken en de verdubbeling van het aantal inleidingen in de laatste 20 jaar, suggereert 
dat een aantal van de inleidingen niet geïndiceerd is op wetenschappelijk bewijs. Hoewel 
de Wereldgezondheidsorganisatie in 2011 in haar aanbevelingen stelde, dat een inleiding 
van een baring alleen dient plaats te vinden als hier een duidelijke medische indicatie voor 
bestaat, komt een electieve indicatie op verzoek van de ouders of om logistieke redenen vaak 
voor.
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Dit is een voorbeeld van overmedicalisering en kan leiden tot een cascade van interventies die 
frequent gepaard gaan met het inleiden van de baring en die gezonde moeders en kinderen 
blootstelt aan onnodige kans op complicaties. Hoe groot deze risico’s zijn is onzeker, omdat 
er geen prospectieve trials verricht zijn waarin gezonde vrouwen met een ongecompliceerde 
medische en obstetrische voorgeschiedenis gerandomiseerd zijn voor of een afwachtend 
beleid of het inleiden van de bevalling. De definities in de internationale literatuur van 
de begrippen “een electieve inleiding” en “een laagrisico zwangerschap”  zijn vaak niet 
eenduidig. Veel onderzoek op dit gebied is retrospectief en mist daardoor het moment in de 
tijd waarop de clinicus voor de beslissing staat inleiden of afwachten. 
Gezien de exploderende kosten in de gezondheidszorg, het adagium voor de medicus “do 
no harm” en het feit dat elke medische interventie potentiële risico’s in zich draagt, groot 
of klein, zou men elke onnodige medische interventie kritisch moeten beschouwen en 
veroordelen zoals het onterecht onthouden van een medische handeling veroordeeld wordt. 

Tenminste de helft van onze interventies in de verloskunde zijn gebaseerd op gewoonte 
of overtuiging, hopelijk zullen veel onderzoeken de onze volgen die ons medisch handelen 
kritisch beschouwen.
Verloskundigen moeten onderwezen worden in wetenschappelijk onderzoek en gestimuleerd 
deel te nemen in het zoeken naar antwoorden voor klinische dilemma’s en hun ervaring in de 
fysiologie van de zwangerschap en geboorte toe te voegen bij de ontwikkeling van evidence 
based richtlijnen en standaarden.
Voor zwangere vrouwen en hun partners zouden er geen drempels horen te zijn tussen 
gynaecologen en verloskunde, thuis en ziekenhuis, fysiologie en pathologie. 
Het ideaal is dat de ouders in wording vrij hun keuzes in gewenste zorg kunnen maken, na 
objectieve en transparante counseling, en in hun zorgvraag geen drempels ontmoeten maar 
alleen open deuren naar een veilige plaats om te bevallen.
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  DANKWOORD  

Allereerst bedank ik alle vrouwen die belangeloos deelnamen aan de twee gerandomiseerde 
onderzoeken. Zonder hun medewerking en toestemming de medische gegevens over 
zwangerschap en bevalling te mogen gebruiken was dit proefschrift niet tot stand gekomen.

Mijn promotoren Hooggeleerde Prof. Dr. J.A.M. van der Post en Hooggeleerde prof. B.W.J. 
Mol 
Beste Joris, bedankt voor je vertrouwen en ondersteuning, je was altijd makkelijk 
aanspreekbaar voor mij en hebt mij alle kansen en vooral veel tijd gegund. Jij begreep dat ik 
het hele promotiegebeuren nogal afschrikwekkend vond en hebt me toegestaan zonder die 
stress boven mijn hoofd lekker onderzoek te doen. Nu is het toch zover de nietjes kunnen 
erdoor…..    
Beste Ben Willem, ik heb respect voor je enorme drive en overstijgend inzicht in processen 
en deskundigheid. Je hebt tevergeefs geprobeerd me nog wat op te voeden, af en toe wees 
je me op het hogere doel waar ik in details bleef steken. In eigenwijsheid lijken we wel wat 
op elkaar maar zoals je fijntjes opmerkte heb jij zeer vele malen meer Pubmed hits dan ik.   
Onze strijd over het artikel met de drukken heb jij natuurlijk gewonnen. 

De leden van de promotiecommissie:  prof. dr. D.F. Swaab, prof. dr. F. van der Veen, Prof. dr. 
E.K. Hutton, dr. E. de Miranda, prof. dr. C.J.M. de Groot en dr. S.V. Koenen wil ik bedanken 
voor hun tijd en moeite genomen voor het beoordelen van mijn proefschrift.

Alle medeauteurs dank ik voor hun grote of kleinere bijdrage of het nu aanleveren van 
inclusies of echt meeschrijven of analyseren van de data was. Met name bedank ik Dr (!) 
Corine Verhoeven die de data van het NEJM artikel onafhankelijk van mij analyseerde ter 
controle. 
Birgit van der Goes, ik ben blij met jou als paranimf naast me, zo heb je altijd actief 
meegedacht, geschreven en gelezen aan de stukken en de vragen waar ik mee zat. Op het 
moment dat ik de handdoek in de ring wilde gooien heb je het echt voor me opgenomen. Ik 
hoop het ooit eens voor je terug te kunnen doen. 
Karlijn van Halem, je dochter als paranimf, dat is toch wel heel bijzonder. Wat was het leuk 
samen wetenschappelijk onderzoek te doen, en wat ben ik trots op mijn kleine dokter! 
Frances Kellie, Therese Dowswell, Lynn Hampson, Sonja Henderson van de Cochrane 
Childbirth and Pregnancy group en Rene Spijker, librarian AMC voor het begeleiden van 
beide Cochrane reviews.
Kees Boer, Peter Ruimschotel en Lambert Zijp voor het kritisch reviewen en het verbeteren van 
mijn Nederlands-Engels; Marianne en Ronald Sanders voor het rode schoolmeesterpennetje 
in de Nederlandse samenvatting. 
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Het team klinische verloskundigen van het AMC, ik bedank jullie voor de vriendschappelijke 
collegialiteit, de warme ondersteuning en de extra ruimte die ik toch vaak kreeg ondanks de 
drukke roosters. 
 
Verpleegkundigen, dokter cq afdelingsassistenten, arts assistenten, studenten, echoscopistes, 
polimedewerkers en artsen en iedereen die verder ongenoemd is, het Academisch Medisch 
Centrum is een tweede thuis geworden voor mij, als een dorp met veel bekende gezichten. Ik 
hoop dat het AMC zijn Eigen-Wijsheid lang mag behouden. 

Marian van Huis, jij hebt me destijds aangenomen in het AMC en zag veel eerder dan ik 
mijn mogelijkheden en stimuleerde mij verder te studeren. Het eerste auteurschap van het 
Dauwtrappen/Nachtbraken dwong jij voor mij af en daarmee legde je de eerste bouwsteen 
voor deze promotie. Zoals jij opkwam voor het team verloskundigen is ongekend, al was het 
maar het regelen van de parkeer privileges.

Familie en vriendinnen en vrienden, bedankt voor de belangstelling die er altijd was voor 
waar ik mee bezig was. 
Hans, ik bedank je voor de ruimte die je me altijd hebt gegeven om mezelf te ontwikkelen, 
verder te studeren ondanks het drukke gezin en de twee banen.
Mijn kinderen Karlijn, Gijs, Sjoerd en Cato, de grootste vreugde en trots in mijn leven, ieder 
van jullie heeft op eigen wijze  bijgedragen aan deze spannende dag. 
Peter, “never a dull moment”, goed dat je me af en toe afleidde en me liet spijbelen, jij 
voorkwam dat het me allemaal boven het hoofd groeide en bovendien organiseerde jij het 
feest, het wordt ongetwijfeld iets bijzonders net zoals jij enig bent in je soort!       
Tenslotte als laatste wil ik postuum mijn ouders bedanken, Steven Bakker en Anna de Visser 
voor een gelukkige jeugd. In het drukke dierenartsengezin legden zij met hun stimulerende 
liefdevolle opvoeding de basis voor doorzettingsvermogen, zelfstandigheid, ambitie en 
eigenwijsheid. 
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  CURRICULUM VITAE 

Jannet Bakker was born on May 20th 1956 in Midwolda, Groningen. 
She is mother of four children. 

After graduating the Midwifery School in Amsterdam (1979), she worked with colleagues in 
a primary care home practise in Maarssen, Breukelen and Loenen aan de Vecht for 18 years.
She works as a clinical midwife from 1997 till now in the Academic Medical Hospital in 
Amsterdam. In 2001 she followed and graduated a course for biostatistics and epidemiology 
in the AMC and in 2005 she graduated as Master of Science in Midwifery at the University 
of Amsterdam. 
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