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General dIscussIon 
With the introduction of prostaglandins for cervical ripening in the 70s and 
80s the challenges of the unfavourable cervix were thought to be banned. 
Unfortunately, prostaglandin analogues for cervical ripening and induction of 
labour were introduced without robust trials to prove their efficacy and safety, 
and consequently their advantages over older methods, such as a Foley catheter.

In this thesis we aimed to examine the effectiveness and safety of Foley 
catheter compared to prostaglandins, particularly prostaglandin E2. Based on 
the findings of the studies described in this thesis effectiveness, safety, costs, 
patient preference, and applicability for women with prior caesarean birth 
will be conferred. We will then discuss newer methods under study, and the 
implementation of Foley catheter use for induction of labour. This chapter will 
end with a general conclusion on induction using a Foley catheter. 

effectiveness
The main effectiveness outcome of the studies in this thesis was caesarean section 
rate. In chapter 2 and 4, 5 and 6 we found that a strategy using Foley catheter 
for cervical ripening compared to prostaglandin analogues for cervical ripening is 
effective, yielding comparable caesarean section rates. 

A second measure of effectiveness, time from the start of induction to birth, 
has been examined in chapter 2, and 4 through 6. In the review of mechanical 
methods versus prostaglandin analogues, no significant difference was found in 
the number of births within 24 hours after the start of induction. Many studies, 
however, did not report on this outcome. In chapter 4, and 6 we showed that 
the time to birth is longer in the Foley catheter group, when compared to 
prostaglandin E2 gel (median 29 versus 18 hour) and misoprostol (median 36 
versus 25 hours). No difference was found in chapter 5, when comparing Foley 
catheter to slow-release prostaglandin E2 inserts (median 28 versus 27 hours). 

First we need to ask ourselves if this difference is a real difference. Despite 
our protocol, advising to examine women with the same interval in both study 
groups, in clinical practice this advise was not always followed. Women in the Foley 
catheter group mostly did not experience contractions, slept during the night, and 
as a result were examined the following day. In most cases the catheter was found 
lying in the vagina, and the cervix was found to be favourable for further induction. 
Women in the prostaglandin E2 gel and misoprostol group were examined more 
often, due to contractions. As a result, amniotomy was performed earlier than in the 
Foley catheter group, when the cervix was deemed favourable for further induction. 
This is illustrated by the Kaplan Meier curves in chapter 4, where we see that the 
active phase of labour was reached at night in very few women in the Foley catheter 
group, whereas many more women in the PGE2 group reached the active phase 
of labour at night. This phenomenon has also been shown in early studies of the 
Foley catheter, by Embrey and Mollison.1 It was recently confirmed by Cromi and 
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collegues,2 that if women induced with a Foley catheter are offered amniotomy 
earlier, the time to birth will be comparable with prostaglandin E2. Women in the 
prostaglandin inserts group, were generally examined after 24 hours, as were 
women in the Foley catheter group, and no difference in time to birth was found in 
this comparison. This further supports our hypothesis. In conclusion, we cannot be 
sure if the time to birth difference is an actual difference.

Secondly, how relevant is a potential difference in time to birth?
The Cochrane collaboration, WHO and NICE established that birth within 

24 hours of the start of induction is the ‘clinically most relevant measure of 
effectiveness for trials of methods of labour induction’. This is arguable, as 
the goal of labour induction is a safe vaginal delivery for mother and child. To 
optimise the probability of vaginal delivery, adequate time to enter into, and 
progress in labour should be allowed after induction. Adequate time should be 
defined as the medically and psycho-socially acceptable time in the light of safe 
vaginal delivery. Even in women with spontaneous labour, it is well known that 
the duration of the latent phase can vary greatly, and it is difficult to define a 
normal range,3 let alone in women where the natural process of labour is induced. 
Zhang and colleagues4 showed in their retrospective multicenter observational 
study of 62415 women in spontaneous labour, that the active phase often does 
not start before six centimetres dilation. They showed that, even in women with 
spontaneous labour, no change in dilation for 4 hours may be normal in early 
labour, and that it may take more than 6 hours for women to progress from 4 to 5 
cm, and more than three hours to progress from 5 to 6 cm. Zhang and colleagues4 
conclude that allowing labour to take longer before 6 cm of dilation may reduce 
the rate of intrapartum caesarean section due to failure to progress in the first 
stage of labour. Several researchers have shown that standards that we commonly 
use to evaluate adequate progress of labour, do not apply to women in whom 
labour is induced.5,6 Therefore, these women are especially at risk of undergoing 
an unnecessary caesarean section due to failure to progress or failed induction, 
whereas they have not been given adequate trial of labour yet.5,6 Simons and 
Grobman7 undertook a retrospective study of 397 nulliparous women who had 
labour induced at term to study vaginal delivery rates in relation to the time 
spent in the latent phase of labour. They defined latent phase as the beginning 
of oxytocin infusion after amniotomy was performed and the end of the latent 
phase as dilation of 4 cm and 80% effacement, or 5 cm dilation. They found that 
women with a latent phase of 15-18 hours had a vaginal delivery rate of 64%, and 
even women with a latent phase of 18-24 hours had vaginal births in 32%.7 This 
supports the idea of not defining induction of labour as failed, until no regular 
contractions or cervical change occur after at least 24 hours of oxytocin infusion 
with ruptured membranes, providing maternal and fetal condition allows it.8

Rouse and colleagues6 pose that it is reasonable to avoid deeming labour 
induction a failure in the latent phase until oxytocin has been administered for 
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at least 12 hours after membrane rupture, because an additional 40% of women 
with a latent phase longer than 12 hours after membrane rupture deliver vaginally 
if allowed longer oxytocin infusion. Furthermore, the diagnosis of labour arrest 
should be reserved for women who have actually entered the active phase of 
labour, as only after a dilation of 6 cm is reached during induction, labour progress 
is similar to women in spontaneous labour.9 

The goal of induction of labour is to warrant a safe delivery for mother and 
child, but also to prevent caesarean sections in view of the increased maternal 
and neonatal morbidity and mortality in subsequent pregnancies. If we leave 
the idea that women should deliver within 24 hours from the start of induction, 
allow more time in the latent phase of labour, and define arrest disorders as such 
after the active phase of labour has been reached, we could prevent unnecessary 
caesarean deliveries. For the Cochrane collaboration, WHO and NICE, the time 
has come to redefine the ‘clinically most relevant measure of effectiveness’ for 
trials of methods of labour induction. 

safety
The main goal of labour induction is a safe and uncomplicated delivery for mother 
and child. As described in the introduction of this thesis, potential complications 
of induction include hyperstimulation and subsequent neonatal and maternal 
complications, infectious morbidity, and serious adverse events such as uterine 
rupture. The latter especially feared in women with prior caesarean birth. 

Foley catheter versus vaginal PGE 2 gel

In the PROBAAT study (chapter 4), we did not find a difference in hyperstimulation 
rate in the trial, but a significant decrease in hyperstimulation was found in meta-
analysis of studies investigating Foley catheter versus vaginal PGE2 gel. We found 
a significantly lower rate of instrumental deliveries due to fetal distress in the Foley 
catheter group. Furthermore, we showed that fewer women were in need of intra-
partum antibiotic use, and fewer neonates were admitted to a neonatal ward post 
partum after Foley catheter induction. No difference was seen between the groups in 
neonatal infections. We also found a significant decrease in post partum haemorrhage 
when using a Foley catheter in meta-analysis with comparable studies (chapter 4). 
No serious adverse events were found in the Foley catheter group, while one uterine 
rupture in an unscarred uterus, and one uterine perforation due to the introduction of 
an intrauterine pressure catheter occurred in the prostaglandin E2 gel group. 

Foley catheter versus other prostaglandin preparations

In our comparison of Foley catheter to 25 microgram vaginal misoprostol, we 
found fewer cases of hyperstimulation and, in meta-analysis, fewer vaginal 
instrumental deliveries after induction with a Foley catheter. Also fewer contraction 
abnormalities in the ripening phase of induction were seen when a Foley catheter 
is used, compared to 10 mg vaginal prostaglandin E2 inserts. Serious adverse 
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events, such as uterine rupture did not occur in either the Foley catheter group, 
or the prostaglandin groups. 

Based on our randomised controlled trials and meta-analyses we conclude that 
Foley catheter for cervical ripening is safe in term women with an unfavourable 
cervix. We also conclude that it causes fewer cases of hyperstimulation, in 
comparison with all prostaglandin preparations studied. The Foley catheter 
showed clinical benefits, in means of fewer neonatal admissions, a reduction in 
post partum haemorrhage and instrumental deliveries due to suspected fetal 
distress when compared to PGE2 gel.

Very large numbers would be needed to prove statistical differences in rarely 
occurring complications, such as pH <7.10. A cohort study would probably be a 
better design to assess side effects.10 Retrospective cohort studies are generally less 
costly than randomised controlled trials, and therefore more likely to include much 
larger groups of subjects and evaluate rarely occurring side-effects. On the other 
hand, the costs of such a study must be weighed against the impact of these very 
rarely occurring complications, which do not have a great clinical impact. In the case 
of the comparison of Foley catheter with prostaglandins in women without a prior 
caesarean delivery, a large cohort study would probably not have additional value. 

Interestingly, the main ‘drawback’ of Foley catheter use, the longer time from 
the start of induction to birth, also is its main advantage. The Foley catheter causes 
less hyperstimulation with and without fetal heart rate changes, as compared to 
prostaglandins (chapter 2), and does not seem to cause contractions during the 
ripening phase (chapter 3, 4, and 5), in contrast to prostaglandins. 

Based on the outcomes of the PROBAAT studies, and the Cochrane review 
presented in chapter 2, and 4-6, we can conclude that the Foley catheter 
effectuates ripening, without inducing labour contractions, and could therefore 
especially be suitable in situations in which decreased placental blood flow, or 
contractility are unwanted side-effects.

Systematic reviews, including the systematic review in chapter 2, have been 
including different dosing regimens of prostaglandins, and adding them up in 
meta-analysis.11,12 As described in the introduction, different dosing regimens of 
pharmacological agents have different side-effects. It is therefore important to 
conduct adequate comparisons of Foley catheter with one single dosing regimen 
an route of administration of the various prostaglandins. Many researchers have 
investigated Foley catheter in comparison with vaginal misoprostol, however studies 
have been underpowered to prove superiority or non-inferiority of one of both 
methods. A Cochrane review showed that oral misoprostol as opposed to vaginal 
misoprostol has similar effectiveness, but appears to be safer when administered 
orally, with lower rates of hyperstimulation, and fewer Apgar scores <7 after 5 
minutes.13  This is why in 2012 we have started an adequately powered randomised 
controlled trial comparing Foley catheter to oral misoprostol, the PROBAAT 2 trial. 
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costs 
In this time of paucity of economic means and cuts in budgets for medical care, it is 
essential to consider costs of medical interventions, especially when an intervention 
is applied as often as induction of labour. Yearly, labour is induced in over 30% of 
pregnant women in the Netherlands.14 The costs of a method are not only determined 
by the costs of the ripening agent, but the whole period of the treatment of a woman 
before, during and after delivery. As we showed in chapter 7, induction of labour 
using a Foley catheter, as we did in the PROBAAT study, generated comparable 
costs as induction of labour using prostaglandin E2 gel, but Foley catheter induction 
brought along health benefits. The incremental cost to avoid one admission to the 
neonatal ward or PPH/asphyxia by using a Foley catheter instead of prostaglandin E2 
for induction were acceptably low. Outpatient management of women induced with 
a Foley catheter will reduce the time spent on the delivery ward, causing major effect 
on costs and shifting the balance in favour of the Foley catheter.

women’s preference
Effectiveness, side effects, and costs should be weighed with pain and discomfort 
experienced by women. Especially in a time when women are more involved 
in medical choices, women’s preference is essential in the ultimate choice for 
a method. Not studying women’s preferences is one of the major drawbacks 
of most induction of labour trials, including the PROBAAT studies. As we did 
not study women’s preferences, unfortunately we can only presume that women 
would prefer a longer course of ripening with a Foley catheter with possibly less 
discomfort in the ripening phase over ripening with prostaglandins. 

Pennell and colleagues,15 to our knowledge, are the only authors who 
investigated patient satisfaction comparing Foley catheter to vaginal prostaglandin 
E2 gel. They found no difference in overall patient satisfaction but lower pain 
scores in women induced with a Foley catheter, suggesting Foley catheters as a 
women’s preference.15 Future clinical trials should include investigation of patient 
preference, to ensure all aspects of a method are involved when in decision making. 
To evaluate women’s preference in method of induction, validated questionnaires 
will have to be developed first, as they are not available at present.

From studies examining women’s preference for inpatient or outpatient settings 
using prostaglandins, we know that women generally indicate a preference for 
outpatient ripening.16-18 Because of the lack of contractions during the ripening 
phase, outpatient cervical ripening could be considered. Several researchers have 
studied the possibilities of cervical ripening in an outpatient setting, comparing it 
to an inpatient setting. They found no significant differences in mode of delivery, 
maternal and neonatal morbidity, but a significant decrease in hospitalization 
time and costs.19,20 Unfortunately, also in these trials, women’s preferences were 
not studied. More research is needed to confirm the safety of outpatient Foley 
catheter use for cervical ripening and to study patient satisfaction and costs.
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applicability for women with prior caesarean delivery
Methods for induction of labour in women with prior caesarean birth have been studied 
in retrospective manner, however prospective evaluations of these methods are scarce 
and inadequate (chapter 8). As caesarean section rates have risen substantially in 
recent decades,14,21,22 causing a rise in women with prior caesarean birth requiring 
induction of labour in a subsequent pregnancy, we have been confronted with 
a new challenge: a safe en effective method for cervical ripening in these women. 
After the worrying publication on the rate of uterine rupture in induction of labour in 
general, and the use of prostaglandins specifically, in women with a prior caesarean 
birth by Lydon-Rochelle,23 this method has almost completely been abandoned in 
many countries. It has been considered unethical to study prostaglandins in women 
with a prior caesarean delivery. This has stimulated the use of non-pharmacological 
methods, e.g. Foley catheter, or elective repeat caesarean section (chapter 3). Due to 
reduced contractility during ripening, the use of a Foley catheter is a valuable method 
for cervical ripening in women with a caesarean scar. One of the goals of the NHS,22,24 
as well as ACOG,25 is reducing repeat caesareans and its associated morbidity,26 and 
promoting vaginal birth after caesarean section. In this light, Foley catheter induction 
is a means to promote planned vaginal deliveries in women with prior caesarean birth. 
As showed in chapter 8 of this thesis, prospective evaluations of Foley catheter for 
labour induction in these women are scarce and inadequate, but retrospective studies 
show promising results. The applicability of Foley catheters for labour induction in 
women with prior caesarean birth is currently studied in a prospective cohort study of 
methods for induction in women with prior caesarean birth, the PROBAAT S study.27

newer methods
In recent years, Nitric oxide donors have been studied as methods for cervical 
ripening, without inducing uterine contractions. Although nitric oxide donors induce 
cervical ripening without inducing uterine contractions, they do not hasten the 
onset of delivery or reduce the need for additional agents when used for induction 
of labour.28-30 Even more importantly, substantial maternal side effects, such as 
severe headaches, palpitations, nausea and vomiting have been noted using nitric 
oxide donors.31,32 Therefore, at present they have no place in cervical ripening.33 

Double balloon devices, with one balloon filled with 50-80 cc above the 
internal os, and one balloon filled with 50-80 cc below the external os, have been 
proposed for cervical ripening.  Two reasonably sized studies comparing single 
to double balloon devices have been published, both showed no difference in 
efficacy.15,34 Salim et al34 found that there might be more operative deliveries when 
a double balloon is used. Pennell et al15 studied patient preference, and found that 
single balloon caused significantly less pain than a double balloon. Furthermore, 
the Foley catheter is significantly less expensive than an double balloon device. 
Therefore, Foley catheter should be preferred over double balloon devices until 
more adequate comparisons are completed. 
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Little evidence exists on the optimal balloon volume of Foley catheter for 
induction. In most trials, a balloon volume of 30 cc is used.12, as was used in the trials 
described in current thesis. One small study, comparing 30 to 80 cc in the balloon, 
concluded that in the subgroup of nulliparous women, higher balloon volume led to 
more dilation after ripening, decreased rates of oxytocin stimulation and increased 
rates of vaginal delivery within 24 hours. Caesarean delivery rates were comparable 
between the groups.35 Later, Delaney and colleagues36 found that the proportion of 
women who delivered within 12 hours was higher when a 60 cc balloon was used 
compared to a 30 cc balloon, this was not statistically significant in the subgroup of 
nulliparous women. Other outcomes, such as deliveries within 24 hours, caesarean 
deliveries and median time to delivery were not different.36 As existing evidence 
is scarce and inconsistent, adequately powered randomised controlled trials are 
needed before we can advise a higher balloon volume than 30 cc.

IMPleMentatIon
Foley catheter should be considered the primary method for cervical ripening, 
due to comparable efficacy with prostaglandin analogues, low cost, easy storage, 
and fewer cases of hyperstimulation during the ripening phase of induction. 

After the publication of the PROBAAT study, some hospitals in the Netherlands 
already switched to Foley catheter as preferred method. Dutch and international 
guidelines, however, have remained unchanged, still recommending prostaglandins 
as method of first choice in women without prior cesarean delivery and an 
unfavourble cervix.37-39 These guidelines urgently need to be reviewed and adapted. 

Foley catheter is increasingly part of protocols used in hospitals that induce 
labor in women with a scarred uterus, as has been shown in chapter 3. As, at 
present, there are no safe alternatives for induction of labour in women with 
prior cesaeran delivery, Foley catheter should be incorporated in international 
guidelines for this purpose.

Foley catheter could probably be useful as a ripening agent in low-resource 
countries, due to low cost, easy storage, and decreased need of fetal surveillance 
during the ripening phase of induction. Although Foley catheters compared with 
prostaglandin E2 have been studied and found to be effective in low-resource 
settings, these studies were all too small to address safety issues, and further research 
is needed in low-resource settings before implementation of this method.40-43 

conclusIons
Labour can be induced effectively and safely using a Foley catheter. Currently, 
prostaglandins are believed to be a better method for induction of labour in women 
with unfavourable cervix at the start of induction over the use of a Foley catheter. 
The studies in this thesis demonstrate that Foley catheter yields similar caesarean 
section rates compared to vaginally administered prostaglandins, making both 
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methods equally effective. Findings from RCTs and meta-analysis in this thesis 
show reduced side effects with Foley catheter, with comparable costs that could be 
further reduced in favour of Foley catheter when used in outpatient setting. 

This makes Foley catheter a superior method, with potential for outpatient 
cervical ripening, cervical ripening in low-resource settings, and cervical ripening 
in women with prior caesarean birth.
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