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1Introduction

Preterm birth

Every year, throughout the world approximately 12.9 million children are born before 
37 weeks of gestation, adding up to a global prevalence of preterm birth of 9.6%.1 In 
the Netherlands, 7.1% of all children that are born after a gestational age of at least 
22 weeks are born before 37 weeks and 1.1% even before 32 weeks.2 The neonatal 
mortality in the first 28 days of life is 3.8% and 21% for these two groups respectively. 
A total of 22% of all children born preterm are admitted to a Neonatal Intensive Care 
Unit (NICU). Preterm children who survive the neonatal period are at considerable risk 
of developing handicaps later in life. Thus, preterm birth is one of the major causes of 
perinatal mortality and morbidity and therefore a major issue in obstetrics.

Several factors are known to increase the risk of spontaneous preterm birth. Among 
these are multiple gestation, a history of preterm birth, cervical shortening, uterine or 
cervical anomalies, a history of uterine or cervical surgery and bacterial vaginosis. 
Demographic factors such as ethnicity and socio-economic status are also associated 
with preterm birth risk. 

In women with a singleton pregnancy and a history of preterm birth, the risk of 
recurrent preterm birth before 35 weeks is increased to about 15%.3 The most notable 
preterm birth risk can be seen in women with a multiple pregnancy. In the Netherlands, 
48% of women with a multiple pregnancy deliver before 37 weeks, and 9% even before 
32 weeks.2 Part of the preterm birth rate in multiple pregnancies can be attributed to 
iatrogenic preterm birth, as there is higher risk of maternal morbidity during pregnancy in 
this group. However, even when iatrogenic premature birth is excluded, the risk ratio of 
delivering preterm in multiple versus singleton pregnancies remains similar. The risk rises 
with an increasing number of foetuses. The cause of prematurity in these pregnancies is 
often hypothesized to lie in mechanical factors such as overdistension of the uterus and 
increased pressure on the cervix.

In pregnant women both with and without symptoms of preterm labour, transvaginal 
sonography of the cervix is able to identify women who are at increased risk of preterm 
birth. However, the exact attribution of cervical length to the risk of preterm birth is 
difficult to express in numbers due to a large variety in measurement techniques, cervical 
length cut-off values and outcome measures that have been used to study this risk factor.

Prevention of preterm birth

Strategies to prevent preterm birth have proven to be largely unsuccessful. When preterm 
labour has already been initiated, a treatment strategy consisting of administration of 
corticosteroids in conjunction with 48 hours of tocolysis has been proven to significantly 
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reduce neonatal morbidity.4 Extended tocolysis beyond 48 hours has not been shown to 
further improve neonatal outcome.

Systematic reviews on preventive measures such as bed rest, monitoring uterine 
activity and prophylactic hospital admission have all failed to show a beneficial effect on 
gestational age and neonatal outcome.5, 6

Many studies have focussed on the application of cervical cerclage, where a suture is 
placed around the cervix. Prophylactic cerclage before 16 weeks of gestation is sometimes 
applied in women with a history of multiple extremely preterm births, even though a 
systematic review on this intervention has shown no beneficial effect on the occurrence 
of preterm birth or neonatal outcome.7 Emergency cerclage remains a controversial 
intervention in pregnant women with cervical shortening, with trials generating mixed 
results. A meta-analysis indicated that cerclage in case of cervical shortening might 
prevent preterm birth in women with singleton gestations, especially in those with a 
prior preterm birth.8 No randomized controlled trials have been conducted to determine 
optimal gestational age at which to perform screening and intervention or optimal cut-
off value for cervical length. In multiple gestations, cerclage has been found to increase 
pregnancy loss or neonatal death before discharge from the hospital.9

Progesterone

The steroid progesterone was discovered in the late 1920s and turned out to be one 
of the most important factors in maintaining pregnancy due to its role in endometrial 
proliferation. This discovery was ensued by the theory that administration of exogenous 
progesterone can increase the duration of pregnancy. In several species of mammals, 
a marked drop in the serum progesterone concentration can be observed preceding 
delivery.10 In sheep and cows this drop can be attributed to a decreased placental 
secretion; in other mammals progesterone levels decline due to regression of the corpus 
luteum. In humans however, where the production of progesterone is passed on from 
the corpus luteum to the placenta in the 12th week of gestation, such a decrease in 
serum progesterone cannot be observed. The working mechanism of progesterone 
after the first trimester of pregnancy is probably based on several factors. In vitro it has 
been shown that progesterone has an inhibitory effect on prostaglandins and oxytocin, 
and that it can decrease the number of oxytocin receptors and gap junctions in the 
myometrium.11, 12 Mifepristone, a progesterone antagonist, is an effective inductor 
of abortion.13 How progesterone suppletion is able prevent preterm birth in pregnant 
women who already have very high endogenous progesterone concentrations, is 
unclear. Exogenous progestogens are available in forms suitable for oral, vaginal and 
intramuscular administration. For intramuscular injection 17-alpha hydroxyprogesterone 
caproate (17OHPC) is used. 
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In the first decade of the new millennium numerous studies have been conducted 
on progesterone as a preventive treatment for preterm birth. Interest in the subject was 
sparked by two randomised controlled trials, both indicating a substantial decrease in 
recurrent spontaneous preterm birth after the use of progesterone.14, 15 These findings 
led to trials being performed in several groups of pregnant women with a high risk of 
spontaneous preterm birth. Trials have so far indicated a reduction in preterm birth 
rate in women with a previous preterm birth and women with asymptomatic cervical 
shortening in the second trimester.16, 17

Study aim

The aim of this thesis was to explore the application of progesterone treatment for 
the prevention of recurrent preterm birth in the Netherlands and to study the effect of 
progesterone treatment in multiple pregnancies.

The specific research questions were:
Does progesterone treatment decrease the recurrent preterm birth rate in the 
Netherlands?
To what extent are new and established strategies to prevent recurrent preterm birth 
applied in the Netherlands?
Which factors hamper or facilitate the use of progesterone treatment for the prevention 
of recurrent preterm birth in clinical practice?
Can progesterone treatment reduce the incidence of neonatal morbidity in multiple 
pregnancies?
Is second trimester cervical length a predictor for the effect of progesterone treatment 
on neonatal outcome in multiple pregnancies?
Does progesterone treatment have an effect on cervical shortening in multiple 
pregnancies?
How accurately can cervical length predict preterm birth in asymptomatic women with 
a multiple pregnancy?

Outline of the thesis

Part 1: Prevention of recurrent preterm birth
In chapter 2 the results are presented of a cohort of Dutch women that were treated with 
progesterone to prevent recurrent preterm birth. The pregnancy outcomes of this group 
are compared to those of matched control patients who delivered before progesterone 
treatment was applied in the Netherlands.
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In chapter 3 data are presented on the application of new and established strategies 
to prevent recurrent preterm birth in six different obstetric clinics in the Netherlands.

In chapter 4 the results are presented of a questionnaire study that was held among 
obstetricians, midwives and patients to identify factors that can hamper of facilitate the 
use of progesterone treatment for the prevention of recurrent preterm birth in clinical 
practice.

Part 2: Preterm birth in multiple pregnancies
In chapter 5 the results are presented of the AMPHIA-trial, a randomized controlled 
trial that addresses the question whether progesterone treatment can reduce neonatal 
morbidity in multiple pregnancies by decreasing the preterm birth rate. A subgroup 
analysis was performed on women with a short cervix in the second trimester.

In chapter 6 a secondary analysis of data from the AMPHIA-trial is performed that 
assesses the effect of progesterone treatment on cervical shortening during pregnancy 
in multiple gestations.

In chapter 7 the results of a systematic review on cervical length measurement for 
the prediction of preterm birth in multiple pregnancies are presented. A bivariate meta-
analysis was performed on the collected data.

Part 3: Overview of the literature
In chapter 8 an overview is given of the literature that has been published on 
progesterone treatment for the prevention of preterm birth. 

Part 4: General discussion, conclusion and summary
In chapter 9 the results are discussed and clinical implications and implications for 
future research are given. 

In chapters 10 and 11 we summarize the results presented in this thesis in English 
and Dutch.
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Abstract

Objective To compare the outcomes of the first group of patients treated with 17-alpha 
hydroxyprogesterone caproate (17OHPC) to prevent recurrent preterm birth in the 
Netherlands with historical control subjects.
Methods Between October 2003 and December 2006, 56 pregnant women who 
received 17OHPC treatment to prevent recurrent preterm birth in 12 Dutch obstetric 
clinics were registered. The course of these pregnancies was compared to that of a 
cohort of 56 historical control subjects. Main outcome measures were gestational age at 
delivery, preterm birth, neonatal mortality and neonatal morbidity.
Results Baseline characteristics were similar for both groups. The recurrence risk of 
preterm birth before 37 weeks was 43% after treatment with 17OHPC and 34% without 
such treatment (p=0.44). No clinically or statistically significant differences between 
women treated with 17OHPC and control subjects were found with regard to gestational 
age at delivery, number of preterm births before 32 and 35 weeks, perinatal mortality 
and neonatal admission.
Conclusions In this observational study, we could not confirm the beneficial effect of 
progestogens in the prevention of recurrent preterm birth that was found in previous 
studies. There is a need for more randomised trials before progestogens can be 
prescribed to women with a previous preterm birth.

Introduction

Preterm birth is a major issue in perinatology and the most important cause of mortality 
and morbidity in newborns. While neonatal care is constantly developing and the 
gestational age at which a foetus is considered to be viable is decreasing, the capacity 
to prevent preterm birth is limited. Treatment for the prevention of spontaneous preterm 
birth was until recently limited to the administration of tocolytics in case of preterm 
labour. Tocolytics are proven to delay delivery by 48 hours significantly more often 
than placebo.1 This creates an opportunity to administer corticosteroids for foetal lung 
maturation, as this treatment has an optimal dosage effect after 48 hours.2 Effective 
preventive measures have not been available so far.

As the incidence of preterm birth in healthy primigravids with a singleton pregnancy 
is relatively low, preventive measures in this group are usually not effective. Most studies 
therefore focus on women with known risk factors, such as a multiple pregnancy, previous 
surgical interventions on the cervix, asymptomatic cervical shortening or a previous 
preterm birth. In the latter group, the risk of preterm birth before 35 weeks is increased 
to about 15%.3
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The role of progesterone in the aetiology of preterm birth has been researched 
for several decades. Theories on the mechanism of action of progesterone include a 
reduction of the number of oxytocin receptors in the myometrium and inhibition of the 
production of prostaglandins.4 In sheep and other mammals, a marked drop in the 
serum progesterone concentration can be observed preceding delivery.5 This serum 
decrease is absent in humans. The observations in sheep did however lead to the 
hypothesis that progesterone suppletion may prevent preterm birth. In the second half of 
the twentieth century, several randomised trials exploring various forms of progestogens 
were performed. In 1990, Keirse et al. published a meta-analysis of trials using 17-alpha 
hydroxyprogesterone caproate (17OHPC) which indicated that this treatment reduces 
the incidence of preterm birth in women with a history of pregnancy loss.6 

This finding led to a trial that randomised women with a previous preterm birth to 
either treatment with weekly intramuscular injections of 250 mg 17OHPC or placebo.7 
The results of this trial, which were published in 2003, showed that 17OHPC strongly 
reduced the risk of recurrent preterm birth before 37 weeks (relative risk [RR] 0.66, 
95% confidence interval [CI] 0.54 to 0.81). Simultaneously with this study, the results 
of a trial using daily vaginal progesterone were published.8 This trial showed similar 
outcomes (RR for preterm birth before 37 weeks 0.49, 95% CI 0.25-0.96). The side 
effects of progestogens that were described in both studies were minor and occurred 
mainly around the injection site. A follow-up study of children from the Meis trial at four 
years of age did not show any negative effect of progestogens on either physical or 
mental development.9

Based on these data, gynaecologists in 12 Dutch hospitals decided to mention 
17OHPC treatment in their advice to pregnant women with a history of spontaneous 
preterm birth before 34 weeks. Furthermore, in the guideline ‘Prevention of recurrent 
spontaneous preterm birth’ that was drawn up by the Netherlands College of Obstetricians 
and Gynaecologists in 2007, it was stated that the possibility of 17OHPC treatment in 
this group of pregnant women should be discussed with the patient. In this article, we 
report on our first experiences with 17OHPC treatment for the prevention of recurrent 
preterm birth.

Methods

We performed a cohort study in which patients with a previous spontaneous preterm birth 
that received treatment with 17OHPC were compared to historical control subjects. In 
October 2003, 12 obstetric clinics in the Netherlands initiated prescription of 17OHPC 
to women with a previous preterm birth before 34 weeks or two previous preterm births 
before 37 weeks. This group of clinics comprised two academic centres, eight non-
academic teaching hospitals and two non-academic, non-teaching hospitals. Treatment 
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consisted of weekly intramuscular injections with 250 mg 17OHPC, starting between 16 
and 20 weeks of gestation. Treatment was continued until a gestational age of 36 weeks. 
This protocol is similar to the one that was applied in the study by Meis et al.7

Patients were registered prospectively in all centres. At the start of treatment, patient 
data were sent to the central investigator by fax. After a patient had delivered, all data 
concerning the pregnancy, delivery and neonatal outcome were entered on a case 
record form (CRF) by the treating physician. 

The control group consisted of patients that had received specialized prenatal 
care before 2003 because of a history of preterm birth, and who were not treated 
with 17OHPC. For every patient treated with 17OHPC, a control patient was selected 
who had delivered in the same hospital or region. The control patient had to meet 
the following criteria: 1) a history of spontaneous preterm birth between January 1st 
1998 and December 31st 2002; 2) a subsequent pregnancy that took place after the 
preterm birth but before October 2003, so that the possibility of this patient having been 
treated with progestogens was virtually excluded. To ensure that the risk profiles of both 
groups were comparable, they were also matched on the gestational age of the previous 
preterm delivery (a difference of five days at the most was allowed) and the number of 
foetuses in that pregnancy.

Controls were selected by means of the Dutch Perinatal Registration database and 
the delivery databases of the participating centres. If there were multiple suitable control 
subjects for one treated patient, the subject was chosen that corresponded most to the 
treated patient in terms of parity, ethnicity and gestational age of the previous delivery.

The control group that was thus selected was then compared to the group that was 
treated with 17OHPC between October 2003 and December 2006. Primary outcome 
measure was the gestational age at delivery. Secondary outcome measures were delivery 
before 32, 35 and 37 weeks, additional treatment for threatened preterm labour and 
neonatal condition. Neonatal condition was assessed by means of Apgar scores, 
birth weight, perinatal mortality and neonatal admission. Kaplan-Meier curves were 
constructed in both groups for time to delivery. Log rank test was used to test whether 
time to delivery differed significantly between the two groups. Binomial outcomes were 
compared using Fisher exact test and by calculating odds ratios with 95% confidence 
intervals.

Results

During the study period, 139 patients were reported to have received treatment with 
17OHPC. For 56 of these patients, a historical control subject could be found. Baseline 
characteristics of both groups are mentioned in Table I. Patients who were treated with 
17OHPC and control subjects were comparable with regard to hospital type, age, parity 
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Table I: Baseline characteristics

17OHPC (n=56) Controls (n=56) p-value

Type of clinic
Academic hospital
Non-academic teaching hospital
Non-academic non-teaching hospital

28 (50%)
22 (39%)
7 (13%)

27 (48%)
22 (39%)
6 (11%)

0.9
1.0
0.8

Ethnicity
Caucasian
Mediterranean
African
Asian
Other/unknown

36 (64%)
5 (9%)
2 (4%)
1 (2%)

12 (21%)

47 (84%)
1 (2%)
5 (9%)
1 (2%)
2 (4%)

0.02
0.09
0.24
1.0

0.004

Age (years)* 32.4 (±4.5) 31.3 (±54.9) 0.22

Obstetric history
Parity >1
>1 previous preterm births
Gestational age index delivery (weeks)

11 (20%)
5 (9%)

27.8 (±5.0)

10 (18%)
5 (9%)

27.7 (±5.1)

0.81
1.0

0.96

17OHPC: 17-alpha hydroxyprogesterone caproate

Table II: Results

17OHPC (n=56) Controls (n=56) Odds Ratio p-value

Admission
Reason admission

Preterm labour
Preterm rupture of membranes 
Vaginal blood loss
Other/unknown

Tocolysis
Corticosteroids
Cerclage
Indication cerclage

Prophylactic
Emergency

32 (57%)

18 (32%)
2 (4%)
2 (4%)

10 (18%)
12 (21%)
11 (20%)
12 (21%)

6 (11%)
6 (11%)

22 (39%)

11 (20%)
4 (7%)
1 (2%)
6 (11%)
8 (14%)
9 (16%)
7 (13%)

4 (7%)
3 (5%)

2.1 (1.0-4.4)

1.9 (0.8-4.5)
0.5 (0.1-2.4)
2.0 (0.3-16)
1.8 (0.6-5.2)
1.6 (0.6-4.3)
1.3 (0.5-3.3)
1.9 (0.7-5.1)

1.6 (0.4-5.5)
2.1 (0.5-8.1)

0.09

0.13
0.68
1.0
0.42
0.46
0.81
0.31

0.74
0.49

Progesterone
Gestational age first dose (weeks)
Gestational age last dose (weeks)
Total number of injections

17,1 (±2,5)
33,5 (±3,7)
17,2 (±4.0)

n/a
n/a
n/a

n/a
n/a
n/a

n/a
n/a
n/a

Pregnancy outcome
Delivery < 37 weeks
Delivery < 35 weeks
Delivery < 32 weeks
Gestational age at delivery (weeks)

24 (43%)
8 (14%)
3 (5%)

37,0 (±3,6)

19 (34%)
11 (20%)
6 (11%)

37,0 (±4,3)

1.5 (0.7-3.1)
0.7 (0.3-1.8)
0.5 (0.1-1.8)

0.44
0.62
0.49
1.0

Neonatal outcome
Birth weight (grams)
Apgar Score <7 after 5 minutes
Perinatal death
Neonatal admission

2912 (±708)
1 (2%)
1 (2%)

20 (36%)

2958 (±919)
2 (4%)
4 (7%)

26 (46%)

0.5 (0.1-3.9)
0.2 (0.04-1.6)
0.6 (0.3-1.4)

0.77
1.0
0.36
0.34

17OHPC: 17-alpha hydroxyprogesterone caproate; N/A: not applicable

and gestational age of the previous preterm delivery. For one patient who delivered in 
a non-academic, non-teaching hospital, a control subject was selected who delivered 
in an academic hospital. As ethnicity was not registered in all patients, differences in 
ethnicity between the two groups cannot be ruled out.
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Table II and Figure I describe the results concerning treatment during pregnancy, delivery 
outcome and neonatal outcome. Both Kaplan-Meier curves show a comparable course 
(log rank test p=0.29). No statistically significant differences were found between treated 
patients and control subjects in gestational age at delivery (37.0 vs. 37.0 weeks, p=1.0).

The number of patients who remained pregnant at 32, 35 and 37 weeks of gestation 
was 53, 48 and 32 in the 17OHPC group and 50, 45 and 37 in the control group. 
There was a trend towards more maternal admissions and more interventions during 
pregnancy (tocolysis, corticosteroids, cerclage) in the 17OHPC-group. In the control 
group, there was a higher incidence of perinatal mortality and neonates were more often 
admitted, but these differences were not statistically significant.

Not all cervical length measurements that were performed in the study population 
could be retrieved. In 35 17OHPC patients (63%) and 32 control subjects (57%) at least 
one cervical length measurement was performed during pregnancy. The shortest cervical 
length was <25 mm in 9 17OHPC patients (16%) and 9 control subjects (16%). Pregnancy 
outcomes and neonatal outcomes were not different between these two groups.
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Discussion

The aim of this study was to describe the outcomes of the first group of patients in the 
Netherlands who were treated with 17OHPC for the prevention of recurrent preterm 
birth, and to compare these outcomes to those of a historical control group.

The choice for historical controls reduces the risk of selection bias regarding whether 
or not women were treated with progestogens, as 17OHPC treatment for the prevention 
of recurrent preterm birth was rarely performed in the Netherlands before 2003. There 
could however be a difference in the standard of care that was applied to both groups 
due to the two different time periods in which the patients were treated and the new 
developments and insights that have occurred between these periods. This disparity 
could affect outcomes. The trend in the 17OHPC group towards more therapeutic 
and prophylactic treatments for the prevention of preterm birth and the improvement 
of neonatal outcome is likely to be a reflection of the increased experience with these 
treatments and the new developments in this subject area during recent years. Strikingly, 
the difference in interventions in our study population did not affect pregnancy outcome.

The small percentage of registered 17OHPC patients that could be matched to 
historical controls is due to the fact that the field in the Dutch Perinatal Registration 
database that contains the gestational age of previous deliveries is not mandatory and 
often left blank. This strongly limited the number of eligible control subjects.

In this prospective cohort study with historical control subjects, no difference in 
preterm birth was found between women who received 17OHPC treatment and those 
who did not. This is in contrast with the results of previous randomised controlled trials 
by Meis and Da Fonseca. Although we did not perform a formal sample size calculation 
in our study, one would expect at least a trend towards better outcomes in the 17OHPC-
group, based on the results of earlier trials. This trend however, cannot be found.

The results of a trial by O’Brien et al., where the intervention consisted of daily 
vaginal progesterone instead of intramuscular injections, were published in 2007.10 
In this randomised, placebo-controlled trial, 611 women with a singleton pregnancy 
and a history of preterm birth were recruited. No differences were found between the 
progesterone group and the placebo group with regard to gestational age at delivery 
(36.6 vs. 36.6 weeks), preterm birth before 28, 32, 35 or 37 weeks and neonatal 
outcome. This is a notable difference with the results of the trial of Da Fonseca et al., 
who also used vaginal administration of progesterone.8 The authors suggested that this 
discrepancy might be due to a difference in risk profile of the study population. A trial 
published in 2007 by Fonseca et al showed that progestogen treatment may prevent 
preterm birth in pregnant women with asymptomatic cervical shortening. Patients with a 
cervical length below 25 mm and/or and indication for primary cerclage were excluded 
from the study by O’Brien, while this was not the case in the mentioned trials of 2003. 
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By doing this, O’Brien may have left out the subgroup that would profit most from 
progestogen treatment.

In 2003, a number of Dutch perinatologists agreed to offer prophylactic 17OHPC 
treatment to women with a previous spontaneous preterm birth, based on a meta-analysis 
by Keirse et al. and two randomised controlled trials with a markedly positive effect. 
The evidence that was available at that time was of such high quality that repeating a 
randomised trial did not seem justifiable. After the findings of O’Brien et al. and the 
present analysis, we consider the situation to be changed. In our opinion, it has become 
less likely that progestogens are effective in women with a history of preterm birth. 
Although it could be stated that the negative results of O’Brien et al. can be attributed 
to the vaginal administration, this would also imply that the positive results that were 
found by Fonseca et al with this route of administration, are a chance finding. This would 
mean that the evidence for the preventive effect of 17OHPC on recurrent preterm birth 
is based on only one randomised controlled trials and on a meta-analysis that grouped 
studies with various study populations. At the moment, at least six randomised controlled 
trials are performed in this subject area throughout the world. We propose to await the 
results of these trials and, if necessary, start a new RCT to investigate the effectiveness of 
progestogens for this indication.

In conclusion, we could not confirm that 17OHPC is effective in women who 
are pregnant after a previous preterm birth. The effectiveness of progestogens in the 
prevention of preterm birth in women with a history of preterm birth without additional 
risk factors has become uncertain with the publication of a recent negative trial. Our 
data confirm that new RCT’s are needed to determine which subgroup of pregnant 
women truly profits from progestogen treatment.
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Abstract

Objective Treatments that have proven to be effective in large randomized controlled 
trials are implemented in clinical practice at varying rates. We measured to what extent 
new and established strategies were applied to prevent recurrent preterm birth in the 
Netherlands. 
Methods In two academic hospitals, two non-academic teaching hospitals and two 
non-academic, nonteaching hospitals, we reviewed charts of all women who had 
delivered in 2006 and at that time had a history of spontaneous preterm birth before 34 
weeks. We compared the application of preventive treatments between different types of 
hospitals. 
Results Ninety-one records were identified. In academic centers, screening for bacterial 
vaginosis and progesterone treatment were applied more often than in other centers (49 
vs. 14%, p-value 0.001 and 63 vs. 22%, p-value <0.001, respectively). Cervical length 
measurement was applied more often in nonacademic hospitals (58 vs. 39%, p-value 
0.07), but with fewer measurements per patient (average of 3.3 vs. 5.8). 
Conclusion In the management of women with a history of preterm birth, there is 
large practice variation. Relatively new treatments such as progesterone injections and 
screening for bacterial vaginosis are applied more frequently in academic centers, 
whereas cervical length measurement is more often performed in nonacademic hospitals.

Introduction

New evidence became available in 2003 on the prevention of recurrent preterm birth 
in women with a previous preterm birth. Treatment with progesterone from 20 weeks of 
gestation onwards turned out to be effective in reducing the rate of recurrent spontaneous 
delivery before 37 weeks with 30–40%1, 2. After the publication of this finding, two 
academic hospitals in the Netherlands (UMC Utrecht, AMC Amsterdam) initiated 
application of this strategy in a group of 10 affiliated teaching hospitals. Participating 
hospitals agreed on a short protocol for treatment of pregnant women with either one 
previous spontaneous delivery before 34 weeks or two spontaneous deliveries before 
37 weeks. Treatment consisted of weekly injections with 17-α hydroxyprogesterone 
caproate from 16–20 weeks until 37 weeks of gestation and an optional gram stain of 
vaginal discharge at approximately 14 weeks, with subsequent antibiotic treatment if the 
Nugent score was higher than 4. At that time, no national guideline on the prevention 
of recurrent preterm birth existed. All patients treated according to the new protocol 
were registered. This registration showed that, primarily in non-academic hospitals, 
progesterone treatment was applied in only a fraction of the number of eligible patients. 
Reasons for this were unknown. 
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While generating knowledge on the effectiveness of treatments is the first step in 
improving patient care, the implementation of this knowledge is a second and equally 
important step3. In the past, various treatment strategies for the prevention of recurrent 
preterm delivery have been studied. It has been demonstrated that screening for 
bacterial vaginosis with subsequent antibiotic treatment can reduce the risk of recurrent 
preterm birth4. The evidence on the effectiveness of prophylactic cerclage or, in case of 
cervical shortening, emergency cerclage, is conflicting5. Since at present it is unknown 
to what extent these treatments are applied in clinical practice, we investigated which of 
the mentioned interventions are part of local protocols for the prevention of recurrent 
preterm birth and to what degree these protocols are adhered to by practitioners in a 
sample of six Dutch hospitals representing different types of clinics. In the Netherlands, 
low-risk pregnant women are managed by community based midwives, whereas high-
risk pregnant women are managed by hospital-based gynecologists or obstetricians. 
Prophylactic interventions for recurrent preterm birth are therefore generally not 
performed outside the hospital setting. 

Methods

This was a retrospective cohort study. From the delivery registration of six hospitals, we 
identified all patients who delivered in the year 2006 while having been referred to a 
gynecologist early on in pregnancy due to a history of spontaneous preterm birth before 
34 weeks. 

The six hospitals were representatives of three different types: academic centers 
(Academic Medical Centre Amsterdam [A], University Medical Centre Utrecht [B]), 
non-academic teaching hospitals (Máxima Medical Centre Veldhoven [C], Onze Lieve 
Vrouwe Gasthuis Amsterdam [D]) and non-academic, nonteaching hospitals (Tergooi 
hospitals Blaricum [E], BovenIJ hospital Amsterdam [F]). The number of deliveries in 
these centers varied between 1100 (E) and 2300 (D) per year. 

We excluded patients in whom the previous preterm birth was indicated for maternal 
reasons, congenital anomalies, fetal distress or intra uterine fetal death. 

For each patient, we completed a case record form which contained questions on 
obstetric history and the use of medical tests and treatments in the current pregnancy. With 
regard to treatment, we more specifically addressed screening for bacterial vaginosis, 
progesterone treatment, cervical length measurement and prophylactic and emergency 
cerclage. For preventive strategies, we attempted to find out whether treatment was offered 
to the patient, whether it was actually initiated and if not, what reasons existed for this. 
Furthermore, we recorded admission for preterm labor, use of tocolysis, corticosteroids 
and antibiotics as well as pregnancy outcome. In the participating centers, we also 
sought to find out whether there was a local protocol for prevention of recurrent preterm 
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birth and requested a copy. In case such a protocol did not exist in written form, an 
obstetric staff member was consulted on the standard procedures in that centre. 

We compared characteristics of patients who received preventive treatment to 
indications set in the local protocol. Moreover, we compared the utilization of screening 
for bacterial vaginosis, use of progesterone, cervical length measurement, as well as 
prophylactic and emergency cerclage in academic hospitals, nonacademic teaching 
hospitals and non-academic, non-teaching hospitals. Results are reported as absolute 
numbers and percentages or by mean and standard deviation. For each characteristic, 
the p value was calculated using Chi square for categorical variables and Student’s t-test 
for continuous variables.

Results

Two out of the six included clinics, one academic and one nonacademic teaching 
hospital were using a written protocol which contained detailed instructions on treatment 
of patients with a previous preterm birth. In other clinics, no extensive written protocol 

Table 1 Details of protocol for prevention of recurrent preterm birth in participating hospitals

Centre Screening for bacterial 
vaginosis

Progesterone treatment Prophylactic cerclage Cervical length 
measurement

Emergency cerclage

A (academic) PPB at GA 16-32 weeks
GA £12 weeks
AB if Nugent score ³4
Clindamycin orally 300 mg 
2/day for 5 days

PPB at GA 16-32 weeks
GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks

History of ³3 PPB in second 
trimester
McDonald technique

PPB at GA 16-32 weeks
GA 18, 20, 22 and 24 
weeks

Cervical length <25 mm
McDonald technique

B (academic) GA 14-16 weeks GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks 

Strong suspicion of cervical 
incompetence or history of 
primary cerclage
GA 12 weeks

Suspicion of cervical 
incompetence
GA 12, 14, 16, 18, 20-22 
weeks

Cervical length <25-30 
mm

C (non-academic, 
teaching)

GA 12-13  weeks
AB if Nugent score ³7

GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks

Suspicion of cervical 
incompetence

GA 16, 18, 20, 22, 24, 28 
and 30 weeks

Cervical length <15 mm

D (non-academic, 
teaching)

GA 12-13  weeks
AB if Nugent score ³7 or 
culture positive for microflora 
associated with bacterial 
vaginosis
Metronidazol orally 500  
mg 2/day for 7 days

GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks

Selected cases
GA 12-14 weeks

Selected cases
GA 16, 18, 20, 22 , 24 
and 26 weeks

Cervical length <25 mm

E (non-academic, 
non-teaching)

Not in protocol Not in protocol History of ³2 PPB in 
second trimester or history of 
cerclage

History
GA 16, every two weeks 
thereafter

Cervical length <25 mm or  
funneling
McDonald technique

F (non-academic, 
non-teaching)

Not in protocol Not in protocol History PPB in second 
trimester with suspicion of 
cervical incompetence

Not in protocol Not in protocol

PPB= previous preterm birth; GA= gestational age; AB= antibiotics
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existed and oral information was provided by one of the obstetricians, reflecting what he 
or she considered to be common practice in that clinic. 

Screening for bacterial vaginosis was standard procedure in all hospitals except the 
non-academic, non-teaching clinics. Gestational age at which this screening ought to 
take place varied from <12 weeks to 14–16 weeks. In all four clinics, the Nugent 
score was used as a diagnostic criterion for bacterial vaginosis6. The cut-off value for 
the Nugent score at which to start antibiotic treatment differed between hospitals. Only 
one local protocol also specified the type, dose and duration of antibiotics to be used. 
Progesterone treatment was part of standard treatment in four out of six clinics and all 
prescribed the same regimen. 

In two clinics, a history of prophylactic cerclage was mentioned as an indication to 
repeat cerclage in a subsequent pregnancy. Other indications for prophylactic cerclage 
were multiple previous preterm births in the second trimester or ‘a suspicion of cervical 
incompetence’. Criteria for this diagnosis were not explicitly defined. Two hospitals 
mentioned a preferred gestational age at which to perform a prophylactic cerclage. 

Indications for cervical length measurement based on obstetric history varied between 
clinics. Most local protocols recommended a regimen of fortnightly measurements, 
starting between 12 and 18 weeks of gestation. In all clinics, except one, emergency 

Table 1 Details of protocol for prevention of recurrent preterm birth in participating hospitals

Centre Screening for bacterial 
vaginosis

Progesterone treatment Prophylactic cerclage Cervical length 
measurement

Emergency cerclage

A (academic) PPB at GA 16-32 weeks
GA £12 weeks
AB if Nugent score ³4
Clindamycin orally 300 mg 
2/day for 5 days

PPB at GA 16-32 weeks
GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks

History of ³3 PPB in second 
trimester
McDonald technique

PPB at GA 16-32 weeks
GA 18, 20, 22 and 24 
weeks

Cervical length <25 mm
McDonald technique

B (academic) GA 14-16 weeks GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks 

Strong suspicion of cervical 
incompetence or history of 
primary cerclage
GA 12 weeks

Suspicion of cervical 
incompetence
GA 12, 14, 16, 18, 20-22 
weeks

Cervical length <25-30 
mm

C (non-academic, 
teaching)

GA 12-13  weeks
AB if Nugent score ³7

GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks

Suspicion of cervical 
incompetence

GA 16, 18, 20, 22, 24, 28 
and 30 weeks

Cervical length <15 mm

D (non-academic, 
teaching)

GA 12-13  weeks
AB if Nugent score ³7 or 
culture positive for microflora 
associated with bacterial 
vaginosis
Metronidazol orally 500  
mg 2/day for 7 days

GA start 16 weeks
17OHPC intramuscularly 
250 mg/week until 34 weeks

Selected cases
GA 12-14 weeks

Selected cases
GA 16, 18, 20, 22 , 24 
and 26 weeks

Cervical length <25 mm

E (non-academic, 
non-teaching)

Not in protocol Not in protocol History of ³2 PPB in 
second trimester or history of 
cerclage

History
GA 16, every two weeks 
thereafter

Cervical length <25 mm or  
funneling
McDonald technique

F (non-academic, 
non-teaching)

Not in protocol Not in protocol History PPB in second 
trimester with suspicion of 
cervical incompetence

Not in protocol Not in protocol

PPB= previous preterm birth; GA= gestational age; AB= antibiotics
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cerclage was to be performed in case of cervical shortening below 25 mm. In the 
remaining clinic, a cut-off value of 15 mm was used. One protocol mentioned funneling 
as an alternative indication. As with prophylactic cerclage, McDonald technique was 
the only preferred method mentioned. Table 1 shows details of the local protocol or 
standard procedure in each of the hospitals. 

Population characteristics concerning obstetric history did not differ between academic 
centers and non-academic teaching hospitals. In the six hospitals, we identified 91 
patients who had delivered in 2006 with a history of previous spontaneous preterm birth 
before 34 weeks. Of these patients, 21 (23%) had a history of more than one preterm 
birth, whereas 29 (32%) women had also delivered one or more term infants before the 
current pregnancy. In 14 (48%) women with a history of term delivery, this was in fact the 
most recent delivery, which had therefore taken place after the qualifying preterm birth. 
Mean gestational age of the most recent preterm birth was 28 weeks and 6 days. 

When treatment was offered to patients, it was in most cases also performed. Of the 
patients who were offered screening for bacterial vaginosis, 29 (97%) actually received 
screening, while this number was 14 (93%) for prophylactic cerclage, 54 (98%) for 
cervical length measurement and 5 (100%) for emergency cerclage. Progesterone 
treatment, however, was only performed in 26 out of 39 patients (67%), to whom the 
treatment was initially offered. Reasons for not executing treatment were undocumented 
in seven cases, whereas in four cases, it was documented that the patient declined 
treatment. 

Table 2 shows details of patients’ obstetric history in relation to gynecologists’ offering 
of preventive treatments. Patients who were offered progesterone treatment had a slightly 
more severe obstetric history than patients who were not offered this treatment, although 
this was not statistically significant. Whether or not screening for bacterial vaginosis was 
offered depended on the severity of the most recent preterm birth. Both prophylactic 
cerclage and cervical length measurement were offered more frequently in case of a very 
severe previous preterm birth. 

Surprisingly, the mean number of previous preterm births was lower in the group that 
was offered emergency cerclage than in the group that was not offered this treatment, 
and this remained true even after exclusion of patients with a prophylactic cerclage. This 
might be a chance finding, as the total number of offered emergency cerclages was very 
low in this study population (n = 5). 

Overall, 49 patients with previous preterm births were monitored in an academic 
hospital, 36 patients were monitored in a non-academic teaching hospital and 6 
patients were monitored in a non-academic, non teaching hospital. Table 3 shows the 
characteristics of treatment as applied by different clinics. Due to the low number of 
patients in non-teaching hospitals, we did not include this center type in the analysis of 
differences between centers. 
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Both screening for bacterial vaginosis and progesterone treatment were applied more 
frequently in academic centers (49 vs. 14%, p-value 0.001 and 63 vs. 22%, p-value 
<0.001, respectively) and in this type of clinic screening also took place at an earlier 
gestational age (15.0 vs. 22.6 weeks, p-value 0.02). The application of prophylactic 
cerclage was similar in both types of clinics. Cervical length measurement was applied 
more often in patients in nonacademic hospitals (58 vs. 39%, p-value 0.07), but once 
cervical length measurement was applied, there were fewer measurements per patient in 
this type of clinic (average of 3.3 vs. 5.8). 

Twenty-six women (29%) were admitted for threatened preterm labor, and 13 (50%) 
of these women received corticosteroids, whereas 12 were treated with tocolytic agents. 
There were 15 women (16%) who delivered before 34 weeks, whereas 17 women (19%) 
delivered between 34 and 37 weeks. The mean gestational age at birth was 37 weeks 
and 2 days.

Table 2 Obstetric history related to offering preventive treatment by gynecologists

Offered Not offered p-value*

Screening for bacterial vaginosis n=30 n=61

Mean number of previous preterm births
Mean number of previous term births
Most recent birth is term birth
Mean GA of most severe preterm birth (weeks)
Mean GA of most recent preterm birth (weeks)

1.30 (±0.54)
0.47 (±0.86)

3 (21%)
26.9 (±4.3)
27.3 (±4.6)

1.23 (±0.46)
0.52 (±1.09)

11 (79%)
28.4 (±5.1)
29.5 (±5.0)

0.52
0.80
0.32
0.17

0.048

Progesterone treatment n=39 n=52

Mean number of previous preterm births
Mean number of previous term births
Most recent birth is term birth
Mean GA of most severe preterm birth (weeks)
Mean GA of most recent preterm birth (weeks)

1.23 (±0.49)
0.36 (±0.67)

5 (36%)
27.1 (±4.3)
27.7 (±4.5)

1.27 (±0.49)
0.62 (±1.21)

9 (64%)
28.4 (±5.3)
29.7 (±5.2)

0.71
0.24
0.56
0.22
0.07

Primary cerclage n=15 n=76

Mean number of previous preterm births
Mean number of previous term births
Most recent birth is term birth
Mean GA of most severe preterm birth (weeks)
Mean GA of most recent preterm birth (weeks)

1.47 (±0.52)
0.40 (±0.74)

4 (29%)
22.8 (±4.0)
25.4 (±5.1)

1.21 (±0.47)
0.53 (±1.06)

10 (71%)
28.9 (±4.5)
29.5 (±4.7)

0.06
0.66
0.19

<0.001
0.003

Cervical length measurement n=55 n=36

Mean number of previous preterm births
Mean number of previous term births
Most recent birth is term birth
Mean GA of most severe preterm birth (weeks)
Mean GA of most recent preterm birth (weeks)

1.24 (±0.47)
0.60 (±1.15)

9 (64%)
26.4 (±5.0)
27.4 (±5.2)

1.28 (±0.51)
0.36 (±0.76)

5 (36%)
30.1 (±3.9)
30.9 (±3.8)

0.69
0.28
0.75

<0.001
<0.001

Secondary cerclage n=5 n=86

Mean number of previous preterm births
Mean number of previous term births
Most recent birth is term birth
Mean GA of most severe preterm birth (weeks)
Mean GA of most recent preterm birth (weeks)

1.00 (±0.00)
0.80 (±0.84)

1 (7%)
27.6 (±4.9)
27.6 (±4.9)

1.27 (±0.50)
0.49 (±1.03)

13 (93%)
27.9 (±4.9)
28.9 (±5.0)

<0.001
0.51
0.77
0.89
0.57

GA = gestational age. For all continuous variables, mean values and standard deviations are given.
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Discussion

In this study, we report a strong heterogeneity of local protocols, which are usually 
drawn up by local staff members dedicated to the subject area. For most indications, 
protocols are drafted along the lines of a national guideline. However, the guideline on 
management of women with a previous preterm birth was not provided until 2007, a 
year after our study took place. 

In absence of a guideline, the role of evidence in composing a local protocol can 
vary substantially. The fact that we only found a written protocol on the prevention of 
recurrent preterm birth in two out of six clinics may be due to the fact that the literature on 
this subject was until recently conflicting and often incomplete with respect to treatment 
details. 

Although evidence-based medicine has been internationally accepted as the superior 
way of practice since halfway through the 1990s, penetration of this dogma to the doctor 
patient level is still varying7, 8. New scientific evidence reaches the individual clinician 
intermittently and usually with substantial delay. In an environment where research is 
largely integrated in clinical practice and there is a more active procurement of scientific 

Table 3 Characteristics of treatment as applied per type of clinic

Clinic A NAT NANT All clinics A vs. NAT p-value

N patients with previous spontaneous preterm delivery <34 weeks 49 36 6 91

Population characteristics
Mean number of previous preterm births
Mean number of previous term births
Most recent birth is term birth
Mean GA of most severe preterm birth (weeks)
Mean GA of most recent preterm birth (weeks)

1.27 (±0.49)
0.33 (±0.66)

6 (12%)
28.5 (±4.2)
29.1 (±4.5)

1.22 (±0.49)
0.61 (±1.29)

6 (17%)
27.5 (±5.4)
29.0 (±5.4)

1.33 (±0.52)
1.33 (±1.21)

2 (33%)
25.1 (±6.5)
25.7 (±6.2)

1.25 (±0.49)
0.51 (±1.02)

14 (15%)
27.9 (±4.9)
28.8 (±5.0)

0.69
0.19
0.56
0.34
0.90

Screening for bacterial vaginosis (n patients)
GA at screening (weeks)

24 (49%)
15.0 (±5.8)

5 (14%)
22.6 (±7.3)

0
n/a

29 (32%)
16.3 (±6.6)

0.001
0.02

Progesterone treatment offered (n patients)
Progesterone treatment (n patients)

GA at first injection (weeks)

31 (63%)
21 (43%)

17.3 (±2.9)

8 (22%)
5 (14%)

18.4 (±2.2)

0
0

n/a

39 (43%)
26 (29%)

17.6 (±2.8)

<0.001
0.004
0.44

Prophylactic cerclage (n patients)
GA at intervention (days)
GA at intervention (weeks)

7 (14%)
94.1 (±10.2)

13.4

5 (14%)
94.2 (±15.7)

13.5

2 (40%)
112.0 (±1.4)

16.0

14 (15%)
96.7 (±12.9)
13.8 (±1.8)

0.96
0.99
0.99

Cervical length measurement (n patients)
GA at first measurement (weeks)
GA at last measurement (weeks)
Number of measurements
Shortest cervical length measured

19 (39%)
16.7 (±5.1)
27.9 (±3.3)
5.8 (±4.2)

29.4 (±11.1)

21 (58%)
19.0 (±3.3)
25.0 (±6.0)
3.3 (±2.7)

30.0 (±11.1)

2 (40%)
18.1 (±3.2)
27.8 (±0.9)
4.0 (±1.4)

35.5 (±6.4)

42 (46%)
17.9 (±4.3)
26.5 (±4.9)
4.5 (±3.6)

30.0 (±10.8)

0.07
0.11
0.07
0.08
0.46

Emergency cerclage (n patients)
Cervical length at intervention (mm)

3 (6%)

19.0 (±0.0)

2 (6%)

12.0 (±0.0)

0

n/a

5 (5%)

17.3 (±3.5)

0.91

0.55

A = academic hospital; NAT = non-academic teaching hospital; NANT = non-academic non-teaching 
hospital; GA = gestational age; N/A = not applicable. For all continuous variables, mean values and 
standard deviations are given.
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Table 3 Characteristics of treatment as applied per type of clinic

Clinic A NAT NANT All clinics A vs. NAT p-value

N patients with previous spontaneous preterm delivery <34 weeks 49 36 6 91

Population characteristics
Mean number of previous preterm births
Mean number of previous term births
Most recent birth is term birth
Mean GA of most severe preterm birth (weeks)
Mean GA of most recent preterm birth (weeks)

1.27 (±0.49)
0.33 (±0.66)

6 (12%)
28.5 (±4.2)
29.1 (±4.5)

1.22 (±0.49)
0.61 (±1.29)

6 (17%)
27.5 (±5.4)
29.0 (±5.4)

1.33 (±0.52)
1.33 (±1.21)

2 (33%)
25.1 (±6.5)
25.7 (±6.2)

1.25 (±0.49)
0.51 (±1.02)

14 (15%)
27.9 (±4.9)
28.8 (±5.0)

0.69
0.19
0.56
0.34
0.90

Screening for bacterial vaginosis (n patients)
GA at screening (weeks)

24 (49%)
15.0 (±5.8)

5 (14%)
22.6 (±7.3)

0
n/a

29 (32%)
16.3 (±6.6)

0.001
0.02

Progesterone treatment offered (n patients)
Progesterone treatment (n patients)

GA at first injection (weeks)

31 (63%)
21 (43%)

17.3 (±2.9)

8 (22%)
5 (14%)

18.4 (±2.2)

0
0

n/a

39 (43%)
26 (29%)

17.6 (±2.8)

<0.001
0.004
0.44

Prophylactic cerclage (n patients)
GA at intervention (days)
GA at intervention (weeks)

7 (14%)
94.1 (±10.2)

13.4

5 (14%)
94.2 (±15.7)

13.5

2 (40%)
112.0 (±1.4)

16.0

14 (15%)
96.7 (±12.9)
13.8 (±1.8)

0.96
0.99
0.99

Cervical length measurement (n patients)
GA at first measurement (weeks)
GA at last measurement (weeks)
Number of measurements
Shortest cervical length measured

19 (39%)
16.7 (±5.1)
27.9 (±3.3)
5.8 (±4.2)

29.4 (±11.1)

21 (58%)
19.0 (±3.3)
25.0 (±6.0)
3.3 (±2.7)

30.0 (±11.1)

2 (40%)
18.1 (±3.2)
27.8 (±0.9)
4.0 (±1.4)

35.5 (±6.4)

42 (46%)
17.9 (±4.3)
26.5 (±4.9)
4.5 (±3.6)

30.0 (±10.8)

0.07
0.11
0.07
0.08
0.46

Emergency cerclage (n patients)
Cervical length at intervention (mm)

3 (6%)

19.0 (±0.0)

2 (6%)

12.0 (±0.0)

0

n/a

5 (5%)

17.3 (±3.5)

0.91

0.55

A = academic hospital; NAT = non-academic teaching hospital; NANT = non-academic non-teaching 
hospital; GA = gestational age; N/A = not applicable. For all continuous variables, mean values and 
standard deviations are given. knowledge, as is generally the case in academic centers, evidence- based medicine can 

be well implemented. However, in smaller clinics where access to literature, knowledge 
on how to interpret the evidence and most importantly time can be limited, personal 
experience and habits of the doctor may play a larger role in determining which treatment 
is offered. 

As mentioned earlier, application of progesterone treatment in order to prevent 
recurrent preterm birth was initiated by two academic centers in 2004. Four out of six 
clinics that we investigated in our study participated in the application of this treatment. 
Treatment regimen was therefore the same in all local protocols in these 4 centers and 
in accordance with the procedure studied by Meis2. 

Prophylactic cerclage was the only preventive treatment that was mentioned as part 
of local protocol or standard treatment in all hospitals, even though a systematic review 
on this intervention has shown no beneficial effect on the occurrence of preterm birth or 
neonatal outcome5. Optimal timing and technique in performing a prophylactic cerclage 
have never been studied in randomized controlled trials. However, when preferred timing 
and technique were mentioned in the local protocol, this was generally adhered to by 
gynecologists. As indications for prophylactic cerclage were ill-defined in most protocols, 
it was not possible to find out whether the indication was set correctly in treated patients. 

Short cervical length has been shown to be a risk indicator for preterm birth9. The 
clinical value of cervical length measurement depends largely on the effectiveness of 
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interventions in the group of women that is identified to have a short cervix. In 2007, a 
trial by Fonseca et al. showed that progesterone administration reduces the risk of preterm 
birth in asymptomatic pregnant women with a cervical length below 15 mm at 22 weeks 
of gestation with 50%10. However, before the publication of this finding, cerclage was 
the only available treatment in pregnant women with cervical shortening, and even to 
date, this intervention remains controversial with trials generating mixed results. A meta-
analysis by Berghella et al. indicated that cerclage in case of cervical shortening might 
prevent preterm birth in women with singleton gestations, especially those with a prior 
preterm birth11. No randomized controlled trials have been conducted to determine 
optimal gestational age at which to perform screening and intervention or optimal cut-
off value for cervical length. In the study by Berghella et al., all included patients were 
screened at a gestational age between 14 and 27 weeks and all interventions were 
performed when cervical length was below 25 mm. Interestingly, multivariable analysis 
of these data showed that cervical length below 15 mm was a significant predictor 
of cerclage failure. As for optimal technique, a secondary analysis using data from 
previously published trials evaluating cerclage showed no difference in prevention of 
preterm birth between Shirodkar and McDonald’s procedure12. 

In this study, four women underwent intermittent cervical length measurement until after 
30 weeks of gestation. Cervical length measurement can either be used as a means of 
identifying patients eligible for emergency cerclage, or as a diagnostic tool to confirm the 
diagnosis of threatened preterm labor in the presence of premature contractions or vaginal 
blood loss. After a gestational age of 28–30 weeks, emergency cerclage has not proven to 
be effective and is generally not performed. When signs of preterm labor are absent, it is 
therefore not clinically useful to measure cervical length after this gestational age. 

A possible limitation of this study is that patients were selected based on the medical 
indication for hospital-based pregnancy care that was registered in delivery records. 
Errors in this registration, for instance due to multiple indications in one patient, may 
have caused eligible patients to be missed. 

Although this study was not set up to evaluate efficacy of treatment, delivery outcomes 
show a moderately higher incidence of recurrent preterm birth (16% deliveries before 
34 weeks and 35%  deliveries before 37 weeks) than that which has been described in 
an unselected population (15% deliveries before 35 weeks)13. This indicates that a more 
accurate application of interventions may lead to an improvement in delivery outcomes. 

In conclusion, there is large practice variation in the management of women with 
a history of preterm birth according to the existence of protocols and the utilization of 
treatments. In academic centers, relatively new treatments such as progesterone injections 
and screening for bacterial vaginosis with subsequent antibiotic treatment are applied 
more frequently, and cervical length measurement is performed more intensively. These 
differences in application of treatment between types of clinics cannot be attributed to 
discordance in patient risk profiles, but are more likely a reflection of the dissemination 
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rate of new evidence. There is a need for frequent updating of both national guidelines 
and local protocols to ensure equal treatment strategies for similar patients in different 
types of clinics.
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Abstract

Progesterone treatment has proven to be effective in preventing recurrent preterm 
birth. The use of progesterone varies widely between different obstetric clinics in the 
Netherlands. The study aimed to identify factors that hamper or facilitate the use of 
progesterone to create an implementation strategy. A Web-based survey was developed 
containing questions on socio-political factors, organizational factors, knowledge, and 
attitude. This survey was spread among 212 gynecologists, 203 midwives, and 130 
women with a recent preterm birth. Response rates were 46% for gynecologists, 57% for 
midwives, and 78% for patients. Twenty-five percent of gynecologists were prescribing 
progesterone, 21% of midwives would recommend progesterone, and 54% of patients 
were willing to undergo treatment in future pregnancies. Specific factors hampering 
implementation for gynecologists were working in nonteaching hospitals and absence 
of progesterone treatment in local protocols. For midwives and patients, unfamiliarity 
with progesterone was the most notable finding. The major reason for failure of 
implementation of progesterone treatment to prevent recurrent preterm birth is absence 
of this treatment in protocols and lack of familiarity with this treatment in midwives and 
patients. This may be overcome through adjustment of clinical protocols on regional and 
national levels.

Introduction

Preterm birth is the most important cause of perinatal morbidity and mortality in the 
Western world. It affects 12,000 pregnancies per year in the Netherlands and over half 
a million pregnancies yearly in the United States1-3. Women with a history of preterm 
birth are at three- to fourfold increased risk of delivering before 37 weeks of gestation 
in a subsequent pregnancy4, 5. In 2003, evidence became available that administration 
of progesterone is a highly effective intervention in this high-risk subgroup of women.6, 7 

The role of progesterone in the process of preterm birth has been explored and 
debated for many decades. Recently, there has been a renewed interest after the 
publication of two randomized controlled trials on the prevention of recurrent preterm 
birth with progesterone in 2003 and a meta-analysis in 2005.6-8 The  randomized 
clinical trials of Meis et al and Da Fonseca et al, the first using weekly intramuscular 
injections and the second daily vaginal suppositories, both showed that progesterone 
administration between 20 and 36 weeks of gestation reduced the risk of delivery before 
37 weeks in women with a previous preterm birth substantially (relative risk 0.66, 95% 
confidence interval 0.54 to 0.81 and relative risk 0.49, 95% confidence interval 0.25 
to 0.94, respectively).6, 7
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After the effectiveness of this intervention became apparent, 12 obstetric departments 
in the Netherlands agreed on adoption of this evidence in clinical practice. However, a 
prospective registration over 3 years of all patients treated in these 12 centers according 
to the new strategy (i.e., weekly intramuscular injections) showed a substantial variability 
in the use of treatment. The treatment was reasonably well implemented in two academic 
hospitals, with over 75% of patients being treated according to the new protocol, but in 
nonacademic hospitals, this was only the case in a small part of the patients. Reasons for 
this noncompliance were unknown. 

Although generating knowledge on the effectiveness of treatments is the first step 
in improving patient outcome, the implementation of this knowledge is a second and 
equally important step. Our study aim was to identify factors that either facilitate or 
hamper the implementation of progesterone treatment, an evidence- based intervention 
for the prevention of recurrent preterm birth. This knowledge was used to develop an 
implementation strategy.

Methods

Study Design and Population
To identify factors that can hamper or facilitate implementation, we developed a 
questionnaire to assess the knowledge and attitude of 100 gynecologists, 100 midwives, 
and 100 patients. We invited all gynecologists with surnames starting with the letters 
A to D who were registered in the database of the Dutch Society for Obstetrics and 
Gynecology (NVOG). In doing so, we randomly approached doctors from both clinics 
that had participated in the previous adoption of the protocol and clinics that had not. 
As we anticipated a response rate of ~50%, we initially invited 217 gynecologists to 
participate. All were contacted through e-mail and were sent a link to a Web-based 
survey. 

Midwives were contacted through e-mail addresses that were available on the Web 
sites of midwife practices in the Netherlands. The Web sites were either located through 
the Web site of the Dutch Royal Organization of Midwives or through the Dutch national 
telephone book. In addition, five randomly chosen circles of midwives spread around 
the Netherlands were contacted to collect individual e-mail addresses of their members. 
An e-mail containing a link to a Web-based survey was sent to a total of 200 addresses. 

Patients were identified from delivery records in two academic hospitals, three 
nonacademic teaching hospitals, and one nonteaching hospital. As participation 
of patients in this study required ethical approval, we chose to invite patients from a 
limited number of hospitals. Five of these clinics had participated in the 2004 adoption 
of the protocol that was initiated by the University Medical Centre in Utrecht and the 
Academic Medical Centre in Amsterdam. All women who could be identified to have 
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had a spontaneous preterm birth <34 weeks that occurred in one of these six clinics in 
2006 were contacted by telephone. Women with an iatrogenic preterm delivery were 
excluded. Only women who were currently pregnant or had a desire to become pregnant 
in the future were invited to participate in the study. For this part of the study, approval 
of a medical ethics committee was obtained. Participating women received an e-mailed 
invitation to take part in an online Web-based survey or a paper questionnaire was sent 
to their postal address. As all women were contacted by telephone prior to receiving the 
questionnaire, we expected a response rate of 75%. Therefore, questionnaires were sent 
to a total group of 130 women. All questionnaires incorporated in this study were sent 
and returned between April and December 2007. 

Questionnaire Development 
First, a panel of five experts defined potential facilitators and limitations of implementation. 
For classification of these factors, a framework was used that distinguishes between 
sociopolitical factors (i.e., opinion stated by opinion leaders in the field, comments in 
international journals, opinion of experts within the own department, attitude of the 
head of the department), organizational factors (i.e., logistic problems in obtaining the 
medication, failing identification of women with a previous preterm birth, insurance 
problems), factors within the user of the new technique (i.e., lack of knowledge on 
the risk of recurrence of preterm birth, lack of knowledge on the potential benefit of 
progesterone treatment, disbelief in the available evidence at the doctor or patient level, 
time restrictions for adequate counseling, anxiety for potential toxicological agents, skills 
and habits of the potential user), and factors within the innovation to be implemented itself 
(i.e., impracticality to be treated on a weekly basis within the given outpatient settings).9 
Furthermore, two focus group discussions were held with gynecologists, midwives, and 
a representative from a patient organization (association of parents of preterm children 
[VOC]). With this information, a structured and extensive interview was designed that was 
administered to 10 gynecologists, 10 midwives, and 10 patients. Based on the results of 
these interviews, validity, clarity, and internal consistency of the questions were assessed 
and a questionnaire was developed, containing both open-ended and multiple-choice 
questions.

Questionnaires
The questionnaire that was sent to gynecologists contained 37 questions on five major 
subjects: preterm birth, prevention of preterm birth, progesterone, obstacles in the field, 
and personal characteristics. Questions were mainly aimed at assessing knowledge, 
experience, habits, and preferences. Midwives received a similar, but condensed version 
of the survey with 22 questions. Because midwives generally do not initiate treatment for 
the prevention of recurrent preterm birth, the primary goal in this group was to assess 
knowledge and attitude toward different treatments. 
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The patient questionnaire contained 27 similar, but adjusted questions on the same 
subjects. Focus in this group was predominantly on knowledge and preferences. 

Statistical Analysis
Results are reported as absolute numbers and percentages or by mean/median and 
standard deviation. For each characteristic, the odds of whether or not a respondent was 
willing to use progesterone was calculated by using odds ratios and 95% confidence 
intervals, as well as Student t test for continuous variables. Factors that were statistically 
significant in univariate analysis were incorporated into a multivariate analysis.

Survey Methods
For the digital version of the survey, we used a Web based provider of survey software 
(QuestionPro, Seattle, WA). In case of no response, a reminder was sent 3 weeks after the 
initial sending of the survey invitation. This was repeated after another 3 weeks. Responses 
were collected through computer-generated reports 3 weeks after the last reminder. 

For the women in the patient group who preferred receiving the questionnaire by 
postal service, paper versions of the survey were generated, which were identical to 
the digital survey in both content and layout. The paper survey was resent in case of no 
response after 4 weeks.

Results

Gynecologists
Out of the 212 gynecologists who were initially contacted, 93 finished the online survey. 
Of the remaining 119 people, nine returned an e-mail stating that they were not currently 
active in the obstetric field and therefore not eligible for participation. Five others sent 
e-mails saying they were not willing to participate for various reasons (e.g., lack of 
trust in Web-based data exchange, dissatisfaction with the content of the survey). One 
hundred five gynecologists did not finish the survey or did not respond. The response rate 
among gynecologists was therefore 46% (93/203). Nonresponders did not differ from 
the responding group with respect to center (academic or nonacademic) or participation 
in the 2004 initiated implementation of progesterone treatment in that center. 

Of all respondents, 13 gynecologists (14%) were unaware of the beneficial role 
of progesterone in the prevention of preterm birth. Of the remaining 80 respondents, 
70% had obtained information on the subject from scientific publications, 68% from 
colleagues, and 46% from conferences. Nineteen respondents said that offering 
progesterone treatment for the prevention of recurrent preterm birth was part of their 
center’s protocol. Of the remaining 74 respondents who stated that progesterone 
treatment was not in their center’s protocol, 41 said that they would like to prescribe 
progesterone nevertheless. A total of 23 gynecologists (25%) actually prescribed 
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Table 1 Factors determining gynecologists’ frequency of prescribing progesterone to prevent recurrent 
preterm birth

Frequently prescribing 
progesterone (n=23)

Rarely/never 
prescribing 
progesterone (n=70)

Univariate analysis
Odds Ratio (95% CI)/p-
value

Multivariate analysis
Odds Ratio (95% CI)

General characteristics

Practice
Academic
Non-academic teaching
Non-teaching

10 (38%)
12 (30%)
1 (4%)

16 (62%)
28 (70%)
26 (96%)

1.0
0.69 (0.24 to 1.9)
0.06 (0.01 to 0.53) 0.04 (0.002 to 1.0)

Estimated number of patients with history of preterm 
birth <34 wks treated in clinic per year 

mean 157.2 (±141.1)*
median 80.0 (12-480)†

mean 94.0 (±133.2)*
median 70.0 (10-278)†

p=0.067

Implementation of new treatment within clinic
<2 yrs
2-5 yrs
after issue of national guideline
other/unknown

4 (24%)
2 (29%)
3 (13%)
14 (31%)

13 (76%)
5 (71%)
21 (88%)
31 (69%)

1.0
1.3 (0.18 to 9.5)
0.46 (0.09 to 2.4)
1.5 (0.41 to 5.3)

Age
<40 yrs
41-50 yrs
>50 yrs

8 (22%)
7 (22%)
8 (33%)

29 (78%)
25 (78%)
16 (67%)

1.0
1.0 (0.32 to 3.2)
1.8 (0.57 to 5.8)

Knowledge of preterm birth (estimates made by 
interviewed gynecologists)

Estimated incidence preterm birth mean 9.0% (±3.9)*
median 10.0% (3-19)†

mean 10.7% (±6.1)*
median 10.0% (4-25)†

p=0.213

Estimated incidence mortality mean 8.5% (±9.0)*
median 7.5% (0.4-37)†

mean 10.5% (±9.4)*
median 8.0% (1-30)†

p=0.376

Estimated incidence handicaps at age 10 mean 30.7% (±19.5)*
median 30.0% (5-79)†

mean 37.2% (±23.1)*
median 31.5% (5-82)†

p=0.221

Estimated recurrence risk mean 21.8% (±9.8)*
median 20.0% (10-57)†

mean 21.8% (±11.8)*
median 20.0% (5-46)†

p=0.986

Habits in treatment

Frequently applying primary cerclage 16 (12%) 46 (88%) 1.2 (0.44-3.2)

Frequently screening for bacterial vaginosis 18 (32%) 38 (68%) 3.0 (1.0-8.7) 0.68 (0.14-3.4)

Attitude towards treatment

Subjective number allowed to treat to prevent one 
preterm birth

mean 16.2 (±18.2)*
median 10.0 (1-70)†

mean 29.3 (±53.4)*
median 10.0 (1-123)†

p=0.366

Belief in treatment safety for child 13 (33%) 27 (68%) 1.4 (0.55 to 3.8)

Belief in treatment safety for mother 17 (29%) 41 (71%) 1.1 (0.38 to 3.2)

progesterone on a regular basis. Factors that may determine the frequency of applying 
progesterone treatment are displayed in Table 1. Odds ratios in this table reflect frequent 
use versus rare or no use of progesterone. 

Factors associated with rarely or never prescribing progesterone were: working in a 
nonteaching hospital; rarely or never screening for bacterial vaginosis in patients with 
a history of preterm birth; not having progesterone treatment in the local protocol; and 
not feeling supported by the clinic and opinion leaders in the field. After multivariable 
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Table 1 Factors determining gynecologists’ frequency of prescribing progesterone to prevent recurrent 
preterm birth

Frequently prescribing 
progesterone (n=23)

Rarely/never 
prescribing 
progesterone (n=70)

Univariate analysis
Odds Ratio (95% CI)/p-
value

Multivariate analysis
Odds Ratio (95% CI)

General characteristics

Practice
Academic
Non-academic teaching
Non-teaching

10 (38%)
12 (30%)
1 (4%)

16 (62%)
28 (70%)
26 (96%)

1.0
0.69 (0.24 to 1.9)
0.06 (0.01 to 0.53) 0.04 (0.002 to 1.0)

Estimated number of patients with history of preterm 
birth <34 wks treated in clinic per year 

mean 157.2 (±141.1)*
median 80.0 (12-480)†

mean 94.0 (±133.2)*
median 70.0 (10-278)†

p=0.067

Implementation of new treatment within clinic
<2 yrs
2-5 yrs
after issue of national guideline
other/unknown

4 (24%)
2 (29%)
3 (13%)
14 (31%)

13 (76%)
5 (71%)
21 (88%)
31 (69%)

1.0
1.3 (0.18 to 9.5)
0.46 (0.09 to 2.4)
1.5 (0.41 to 5.3)

Age
<40 yrs
41-50 yrs
>50 yrs

8 (22%)
7 (22%)
8 (33%)

29 (78%)
25 (78%)
16 (67%)

1.0
1.0 (0.32 to 3.2)
1.8 (0.57 to 5.8)

Knowledge of preterm birth (estimates made by 
interviewed gynecologists)

Estimated incidence preterm birth mean 9.0% (±3.9)*
median 10.0% (3-19)†

mean 10.7% (±6.1)*
median 10.0% (4-25)†

p=0.213

Estimated incidence mortality mean 8.5% (±9.0)*
median 7.5% (0.4-37)†

mean 10.5% (±9.4)*
median 8.0% (1-30)†

p=0.376

Estimated incidence handicaps at age 10 mean 30.7% (±19.5)*
median 30.0% (5-79)†

mean 37.2% (±23.1)*
median 31.5% (5-82)†

p=0.221

Estimated recurrence risk mean 21.8% (±9.8)*
median 20.0% (10-57)†

mean 21.8% (±11.8)*
median 20.0% (5-46)†

p=0.986

Habits in treatment

Frequently applying primary cerclage 16 (12%) 46 (88%) 1.2 (0.44-3.2)

Frequently screening for bacterial vaginosis 18 (32%) 38 (68%) 3.0 (1.0-8.7) 0.68 (0.14-3.4)

Attitude towards treatment

Subjective number allowed to treat to prevent one 
preterm birth

mean 16.2 (±18.2)*
median 10.0 (1-70)†

mean 29.3 (±53.4)*
median 10.0 (1-123)†

p=0.366

Belief in treatment safety for child 13 (33%) 27 (68%) 1.4 (0.55 to 3.8)

Belief in treatment safety for mother 17 (29%) 41 (71%) 1.1 (0.38 to 3.2)

analysis, absence of progesterone treatment in the local protocol and working in a 
nonteaching hospital remained significant factors.

Midwives
Two hundred three e-mail invitations were sent to midwives. Eighteen e-mail addresses 
turned out to be nonexistent or inaccessible. Three persons responded stating that they 
were not, or no longer, active as a midwife. A total of 103 midwives finished the online 
survey, yielding a response rate of 57% (103/182). 
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Table 1 (Continued)

Frequently prescribing 
progesterone (n=23)

Rarely/never 
prescribing 
progesterone (n=70)

Univariate analysis
Odds Ratio (95% CI)/p-
value

Multivariate analysis
Odds Ratio (95% CI)

Clinical environment

Support of clinic 19 (41%) 27 (59%) 7.6 (2.4 to 23.5) 4.5 (0.62 to 33.2)

Progesterone in protocol 16 (84%) 3 (16%) 28.2 (6.7 to 115.6) 71.9 (7.4 to 702.3)

Support of opinion leaders in the field 19 (31%) 42 (69%) 3.2 (1.0 to 9.8) 8.2 (0.63 to 106.2)

Obstacles in practice
Time
Insurance
Pharmacy
Other
None

4 (57%)
2 (15%)
5 (26%)
3 (14%)
14 (28%)

3 (43%)
11 (85%)
14 (74%)
19 (86%)
36 (72%)

4.7 (1.1 to 20.5)
0.51 (0.12 to 2.3)
1.1 (0.37 to 3.4)
0.40 (0.12 to 1.4)
1.5 (0.57 to 3.8)

2.5 (0.12 to 52.2)

Knowledge of treatment

Estimated relative risk
0.5-0.7
<0.5
>0.7
do not know

18 (44%)
2 (13%)
0 
3 (19 %)

23 (56%)
13 (87%)
8 (100%)
13 (81%)

1.0
0.31 (0.06 to 1.5)
n/a
0.46 (0.12 to 1.8)

* Standard deviation; † 5th - 95th percentile; N/A: not applicable

Fifty-three respondents (51%) in this group were unaware of the effectiveness of 
progesterone in preventing preterm birth. In the remaining 50 respondents, information 
on the subject was most often obtained from colleagues (50%) or scientific publications 
(36%). Of all midwives with previous knowledge of progesterone treatment, 20% said 
that they would not recommend progesterone if an eligible patient came to them for 
advice, 44% said that they would recommend progesterone, whereas the remaining 36% 
had no opinion. 

No factors could be identified that were of any influence on midwives’ knowledge of 
and attitude toward treatment with progesterone. Factors that may determine midwives’ 
inclination to recommend progesterone treatment are displayed in Table 2.

Patients
One hundred eighty patients from five different hospitals were contacted by telephone. 
Patients with a desire to become pregnant in the future, or with a current pregnancy, 
were asked to participate in the survey. Out of the 132 women meeting these criteria, 
130 agreed to participate. A paper version of the survey was sent to 56 women; 74 
received an e-mail containing a link to the Web-based survey. Three e-mails could not 
be delivered due to technical problems. A total of 99 women responded to the survey. 
The response rate was therefore 78%, with rates of 77% and 79% for post and e-mail, 
respectively. 

Of all treatment strategies mentioned in the questionnaire (bed rest, prophylactic 
hospital admission, primary cerclage, cervical length measurement, secondary cerclage, 
progesterone treatment, and screening for bacterial vaginosis with subsequent antibiotic 
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Table 1 (Continued)

Frequently prescribing 
progesterone (n=23)

Rarely/never 
prescribing 
progesterone (n=70)

Univariate analysis
Odds Ratio (95% CI)/p-
value

Multivariate analysis
Odds Ratio (95% CI)

Clinical environment

Support of clinic 19 (41%) 27 (59%) 7.6 (2.4 to 23.5) 4.5 (0.62 to 33.2)

Progesterone in protocol 16 (84%) 3 (16%) 28.2 (6.7 to 115.6) 71.9 (7.4 to 702.3)

Support of opinion leaders in the field 19 (31%) 42 (69%) 3.2 (1.0 to 9.8) 8.2 (0.63 to 106.2)

Obstacles in practice
Time
Insurance
Pharmacy
Other
None

4 (57%)
2 (15%)
5 (26%)
3 (14%)
14 (28%)

3 (43%)
11 (85%)
14 (74%)
19 (86%)
36 (72%)

4.7 (1.1 to 20.5)
0.51 (0.12 to 2.3)
1.1 (0.37 to 3.4)
0.40 (0.12 to 1.4)
1.5 (0.57 to 3.8)

2.5 (0.12 to 52.2)

Knowledge of treatment

Estimated relative risk
0.5-0.7
<0.5
>0.7
do not know

18 (44%)
2 (13%)
0 
3 (19 %)

23 (56%)
13 (87%)
8 (100%)
13 (81%)

1.0
0.31 (0.06 to 1.5)
n/a
0.46 (0.12 to 1.8)

* Standard deviation; † 5th - 95th percentile; N/A: not applicable

treatment), bed rest was best known (79%) and progesterone treatment was least known 
(27%). Most respondents were willing to undergo screening for bacterial vaginosis with, if 
necessary, subsequent antibiotic treatment (87%). Primary cerclage was the least popular 
treatment, with 49% willing to try this. Fifty-four percent stated that they were willing to 
undergo progesterone treatment in a future pregnancy. In the group with previously 
existing knowledge of progesterone treatment, this percentage was significantly higher 
than in the group without previous knowledge (74% versus 46%, odds ratio 3.4, 95% 
confidence interval 1.3 to 8.8). Factors that may determine patients’ willingness to 
undergo progesterone treatment are displayed in Table 3. 

Willingness to undergo progesterone treatment was lower in women with a lower 
level of education, a more advanced gestational age of the most recent or most severe 
preterm birth, and disbelief in the safety of treatment. After multivariate analysis, low 
educational level and more advanced gestational age of the most recent preterm birth 
remained significant factors.

Discussion

Although in the results of the questionnaire no factors stood out that influence midwives’ 
attitude toward progesterone treatment, it was striking that many midwives were unfamiliar 
with this strategy. Notable also was that, when asked whether patients consulted them for 
advice on a subsequent pregnancy following a preterm birth, 41% of midwives said they 
were consulted regularly. On the question how much information they would provide in 
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Table 2 Factors determining attitudes towards progesterone to prevent recurrent preterm birth in 
midwives with previous knowledge of progesterone treatment

Would recommend 
progesterone (n=22)

Would not recommend 
progesterone or no 
opinion (n=28)

Univariate analysis
Odds Ratio (95% 
CI)/p-value

General characteristics

Age
<30 yrs
31-40 yrs
>40 yrs

8 (42%)
6 (33%)
8 (62%)

11 (58%)
12 (67%)
5 (38%)

1.5 (0.39 to 5.4)
1.0 
3.2 (0.75 to 13.7)

Number of articles read per 
month

<1
1-5
>5

8 (44%)
10 (40%)
4 (57%)

10 (56%)
15 (60%)
3 (43%)

1.0
0.83 (0.25 to 2.8)
1.7 (0.31 to 8.8)

Number of deliveries per 
practice per year

Mean 509.8 (±580.9)* 
median 300.0 (100-2100)†

mean 335.5 (±211.6)* 
median 350.0 (65-1200)†

p=0.192

Number of deliveries per 
midwife per year

Mean 91.7 (±34.9)* 
median 90.8 (40-188)†

mean 88.3 (±25.7)* 
median 88.8 (50-150)†

p=0.695

Percentage of referrals for 
(threatened) preterm birth

Mean 3.9% (±3.1%)* 
median 3.1% (0-10)†

mean 5.9% (±7.1%)* 
median 4.2% (2-40)†

p=0.302

Frequently consulted for 
information

8 (40%) 12 (60%) 0.76 (0.25 to 2.4)

Knowledge of treatment

Estimated relative risk Mean 0.47 (±0.18)* 
median 0.40 (0.2-0.8)†

mean 0.52 (±0.25)* 
median 0.50 (0.1-1.0)†

p=0.472

Attitude towards treatment

Treatment is safe for child
agree
disagree
unknown

8 (50%)
0
14 (50%)

8 (50%)
6 (100%)
14 (50.0%)

1.0
n/a
1.0 (0.30 to 3.3)

Treatment is safe for mother
agree
disagree
unknown

8 (44%)
0
14 (52%)

10 (56%)
5 (100%)
13 (48%)

1.0
n/a
1.1 (0.32 to 3.6)

Knowledge of preterm birth

Estimated incidence of 
preterm birth 

Mean 10.2% (±6.7)*
median 10.0% (2-30)†

mean 9.3% (±7.1)* 
median 8.0% (1-35)†

p=0.665

Estimated incidence mortality Mean 18.0% (±16.8)* 
median 10.0% (1-60)†

mean 16.3% (±14.4)* 
median 10.0% (5-60)†

p=0.710

Estimated incidence 
handicaps at age 10 

Mean 48.2% (±23.6)* 
median 47.5% (10-90)†

mean 41.6% (±24.8)* 
median 40.0% (3-80)†

p=0.347

Estimated recurrence risk
20+0 - 27+6 wks

28+0 - 33+6 wks

34+0 - 36+6 wks

mean 40.1% (±20.3)* 
median 40.0% (10-80)†
mean 26.9% (±17.7)* 
median 24.0% (9-70)†
mean 15.3% (±9.7)* 
median 15.0% (3-30)†

mean 30.0% (±17.4)* 
median 27.5% (5-70)†
mean 21.9% (±12.7)* 
median 20.0% (3-50)†
mean 12.9% (±10.4)* 
median 10.0% (0.5-30)†

p=0.065

p=0.25

p=0.41

* Standard deviation; † 5th - 95th percentile; N/A: not applicable
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case of such a consultation, 56% answered they would give basic information. Seven 
percent would give detailed information, whereas 37% would give no information and 
refer to a gynecologist directly. Considering that over 60% of midwives would give at 
least some information, it is remarkable to note that only 2% of all patients had heard 
of progesterone treatment through their midwife. These numbers further support the 
observation that progesterone treatment to prevent recurrent preterm birth is a largely 
unknown strategy among midwives. 

It should be noted here that in the Dutch system, obstetric care is provided to low-risk 
women by midwives only, whereas gynecologists are involved in the care for high-
risk pregnancies. A formal list of obstetric referral indications, which is composed by 
obstetricians and midwives together, states that a previous spontaneous preterm birth 
that occurred before 33 weeks of gestation is an indication for referral.10 However, when 
a term pregnancy has taken place after the preterm birth, the indication is canceled. 
Moreover, unfamiliarity with the potential effectiveness of progesterone might, in absence 
of other effective treatments, be a cause of nonreferral to gynecologists. Better education 
and information of midwives on this subject may help to clear away this barrier. 

As with midwives, unfamiliarity with treatment options was the most noticeable finding 
in the patient questionnaire. Treatment was known in only 27% of patients. Another issue 
that needs to be addressed is the uncertainty among patients with regard to the safety of 
progesterone treatment. 

The motive for the current study arose during the registration of patients treated 
with progesterone between 2004 and 2006. The Dutch Society for Obstetrics and 
Gynecology (NVOG) had not issued a guideline on the prevention of recurrent preterm 
birth until March 2007. Of note, however, all surveys in this study were conducted after 
April 1, 2007, and knowledge of the guideline was therefore measured to a certain 
extent, albeit not fully intentionally. 

A 2005 survey conducted among board-certified maternal-fetal medicine specialists 
in the United States showed that 67% of respondents were using progesterone in 
clinical practice. In our study, this was only 25%.11 This may in part be due to a slower 
dissemination process of evidence that has been produced abroad. In comparison, 
progesterone use among maternal-fetal medicine specialists in late 2003, shortly after 
the publication of the trials by Meis et al and Da Fonseca et al, was only 38%.12

Evidence-based treatments are not self-implementing.13 Studies suggest that, in 
addition to publication and dissemination of guidelines, more intensive intervention 
strategies are necessary to promote implementation of evidence.14-16 It is increasingly 
recognized that these intervention strategies should be based upon assessment of 
potential barriers, as we did in the present study. 

In the Netherlands, national guidelines generally leave some room for interpretation, 
which causes a variation in local protocols throughout the country. In certain regions, 
however, arrangements have been made so as to attune local management to facilitate 
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Table 3 Factors determining patients’ willingness to undergo treatment with progesterone to prevent 
recurrent preterm birth

Willing to use 
progesterone (n=53)

Unwilling to use 
progesterone (n=46)

Univariate analysis
Odds Ratio (95% CI)/p-value

Multivariate analysis 
Odds Ratio (95% CI)

General characteristics

Previous awareness of progesterone treatment 20 (74%) 7 (26%) 3.4 (1.3 to 9.0) 1.9 (0.63 to 5.9)

Age
26-30 yrs
£25 yrs
31-35
³36 yrs

19 (56%)
7 (64%)
18 (56%)
9 (41%)

15 (44%)
4 (36%)
14 (44%)
13 (59%)

1.0
1.4 (0.34 to 5.6)
1.0 (0.38 to 2.7)
0.55 (0.18 to 1.6)

Level of education: high school or higher 46 (61%) 30 (39%) 3.5 (1.3 to 9.3) 4.7 (1.2 to 18.8)

Ethnicity: white/Caucasian 42 (54%) 36 (46%) 1.1 (0.41 to 2.7)

Obstetric History

2 or more previous preterm births 11 (69%) 5 (31%) 2.1 (0.71 to 6.4)

1 or more previous term births 5 (31%) 11 (69%) 0.33 (0.11 to 1.0)

1 or more deceased children 13 (65%) 7 (35%) 1.8 (0.67 to 4.9)

GA most severe preterm birth mean 27.6 (±4.0)*
median 28.0 (19.1-32.3)†

mean 29.4 (±3.9)*
median 30.5 (20.0-33.7)†

p=0.033 1.1 (0.9 to 1.3)

GA of most recent preterm birth mean 28.6 (±3.0)*
median 29.5 (24.0-32.3)†

mean 30.2 (±2.8)*
median 31.0 (26.0-34.0)†

p=0.007 0.74 (0.57 to 0.96)

Neonatal outcome of most recent preterm birth
MC admittance
NICU admittance
Deceased within 24 hours

4 (33%)
46 (57%)
3 (50%)

8 (67%)
35 (43%)
3 (50%)

1.0
2.6 (0.73 to 9.4)
2.0 (0.27 to 14.8)

Length of stay on NICU most recently preterm born 
child

mean 34.3 (±33.8)*
median 20.0 (0-100.8)†

mean 24.6 (±26.6)*
median 14.5 (0-77.0)†

p=0.115

Current condition most recently preterm born child
Healthy
Moderately handicapped
Deceased

45 (51%)
1 (100%)
7 (70%)

43 (49%)
0 
3 (30%)

0.39 (0.11 to 1.5)
n/a
2.2 (0.57 to 8.2)

Knowledge of preterm birth

Estimated incidence of preterm birth mean 20.7% (±17.5)*
median 15.0% (3.6-75.0)†

mean 23.3% (±20.2)*
median 15.0% (5.0-77.8)†

p=0.504

Estimated incidence mortality mean 14.1% (±14.4)*
median 8.0% (1.0-52.0)†

mean 13.0% (±14.0)*
median 6.0% (0.7-48.5)†

p=0.705

Estimated incidence handicaps at age 10 mean 27.3% (±18.0)*
median 25.0% (3.1-62.3)†

mean 26.7% (±19.1)*
median 25.0% (2.2-68.0)†

p=0.889

Estimated recurrence risk mean 31.9% (±17.4)*
median 33.3% (3.4-64.5)†

mean 33.3% (±19.2)*
median 30.0% (5.0-78.9)†

p=0.706

Attitude towards treatment

Belief in treatment safety for child 15 (83%) 3 (17%) 5.4 (1.5 to 18.9) 3.8 (0.6 to 23.7)

Belief in treatment safety for mother 22 (76%) 7 (24%) 3.8 (1.5 to 10.0) 1.6 (0.37 to 6.5)

Discomfort expected from treatment on scale 1-5
intramuscular injections

weekly visits to hospital or GP

possible direct side effects

mean 2.7% (±1.2)*
median 3.0% (1-5)†
mean 2.6% (±1.2)*
median 3.0% (1-5)†
mean 2.8% (±1.3)*
median 3.0% (1-5)†

mean 3.1% (±1.3)*
median 3.0% (1-5)†
mean 2.7% (±1.4)*
median 3.0% (1-5)†
mean 3.5% (±1.2)*
median 4.0% (1-5)†

p=0.108

p=0.688

p=0.015 0.7 (0.46 to 1.06)

* Standard deviation; † 5th - 95th percentile; GA: gestational age; N/A: not applicable
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Table 3 Factors determining patients’ willingness to undergo treatment with progesterone to prevent 
recurrent preterm birth

Willing to use 
progesterone (n=53)

Unwilling to use 
progesterone (n=46)

Univariate analysis
Odds Ratio (95% CI)/p-value

Multivariate analysis 
Odds Ratio (95% CI)

General characteristics

Previous awareness of progesterone treatment 20 (74%) 7 (26%) 3.4 (1.3 to 9.0) 1.9 (0.63 to 5.9)

Age
26-30 yrs
£25 yrs
31-35
³36 yrs

19 (56%)
7 (64%)
18 (56%)
9 (41%)

15 (44%)
4 (36%)
14 (44%)
13 (59%)

1.0
1.4 (0.34 to 5.6)
1.0 (0.38 to 2.7)
0.55 (0.18 to 1.6)

Level of education: high school or higher 46 (61%) 30 (39%) 3.5 (1.3 to 9.3) 4.7 (1.2 to 18.8)

Ethnicity: white/Caucasian 42 (54%) 36 (46%) 1.1 (0.41 to 2.7)

Obstetric History

2 or more previous preterm births 11 (69%) 5 (31%) 2.1 (0.71 to 6.4)

1 or more previous term births 5 (31%) 11 (69%) 0.33 (0.11 to 1.0)

1 or more deceased children 13 (65%) 7 (35%) 1.8 (0.67 to 4.9)

GA most severe preterm birth mean 27.6 (±4.0)*
median 28.0 (19.1-32.3)†

mean 29.4 (±3.9)*
median 30.5 (20.0-33.7)†

p=0.033 1.1 (0.9 to 1.3)

GA of most recent preterm birth mean 28.6 (±3.0)*
median 29.5 (24.0-32.3)†

mean 30.2 (±2.8)*
median 31.0 (26.0-34.0)†

p=0.007 0.74 (0.57 to 0.96)

Neonatal outcome of most recent preterm birth
MC admittance
NICU admittance
Deceased within 24 hours

4 (33%)
46 (57%)
3 (50%)

8 (67%)
35 (43%)
3 (50%)

1.0
2.6 (0.73 to 9.4)
2.0 (0.27 to 14.8)

Length of stay on NICU most recently preterm born 
child

mean 34.3 (±33.8)*
median 20.0 (0-100.8)†

mean 24.6 (±26.6)*
median 14.5 (0-77.0)†

p=0.115

Current condition most recently preterm born child
Healthy
Moderately handicapped
Deceased

45 (51%)
1 (100%)
7 (70%)

43 (49%)
0 
3 (30%)

0.39 (0.11 to 1.5)
n/a
2.2 (0.57 to 8.2)

Knowledge of preterm birth

Estimated incidence of preterm birth mean 20.7% (±17.5)*
median 15.0% (3.6-75.0)†

mean 23.3% (±20.2)*
median 15.0% (5.0-77.8)†

p=0.504

Estimated incidence mortality mean 14.1% (±14.4)*
median 8.0% (1.0-52.0)†

mean 13.0% (±14.0)*
median 6.0% (0.7-48.5)†

p=0.705

Estimated incidence handicaps at age 10 mean 27.3% (±18.0)*
median 25.0% (3.1-62.3)†

mean 26.7% (±19.1)*
median 25.0% (2.2-68.0)†

p=0.889

Estimated recurrence risk mean 31.9% (±17.4)*
median 33.3% (3.4-64.5)†

mean 33.3% (±19.2)*
median 30.0% (5.0-78.9)†

p=0.706

Attitude towards treatment

Belief in treatment safety for child 15 (83%) 3 (17%) 5.4 (1.5 to 18.9) 3.8 (0.6 to 23.7)

Belief in treatment safety for mother 22 (76%) 7 (24%) 3.8 (1.5 to 10.0) 1.6 (0.37 to 6.5)

Discomfort expected from treatment on scale 1-5
intramuscular injections

weekly visits to hospital or GP

possible direct side effects

mean 2.7% (±1.2)*
median 3.0% (1-5)†
mean 2.6% (±1.2)*
median 3.0% (1-5)†
mean 2.8% (±1.3)*
median 3.0% (1-5)†

mean 3.1% (±1.3)*
median 3.0% (1-5)†
mean 2.7% (±1.4)*
median 3.0% (1-5)†
mean 3.5% (±1.2)*
median 4.0% (1-5)†

p=0.108

p=0.688

p=0.015 0.7 (0.46 to 1.06)

* Standard deviation; † 5th - 95th percentile; GA: gestational age; N/A: not applicable
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referral between different hospitals and more particularly referral to academic centers. 
In our opinion, implementation of new treatments in nonacademic and nonteaching 
hospitals is best reached through these regional clusters. 

As earlier studies have shown, guidelines can be disseminated effectively through 
opinion leaders in the field.17 At present, a plan is being formed by several gynecologists 
in collaboration with Dutch government health organizations, where both an obstetrician 
and a neonatologist from an academic hospital visit all non-academic hospitals in their 
referral circle to discuss perinatal management. Each hospital is to be visited twice 
yearly, and during these meetings protocol content will be an important item. Thus, new 
developments that are generally more quickly observed by academic centers will be 
implemented throughout the rest of the country more rapidly. 

Classic ways of education such as lectures and written materials may aid in achieving 
implementation, but further measures are needed. In this study, 70% of patients who were 
aware of progesterone treatment were willing to try this in a future pregnancy versus 46% 
of patients who were previously unaware. Patients with previously existing knowledge had 
received information from their gynecologist in 82% of cases. It is likely that willingness 
to use progesterone at the doctor level will translate directly to patient level. To improve 
implementation in gynecologists, dissemination of knowledge by academic opinion 
leaders on a regional level will probably be the most effective approach.

Conclusion

In view of the results of the questionnaire, we conclude that most ground can be won in 
implementation of progesterone treatment for the prevention of recurrent preterm birth 
when this strategy is included in local protocols, thereby expressing toward gynecologists 
the support of the clinic and opinion leaders in the field. Focus of implementation should 
be mainly on gynecologists in nonacademic and more specifically nonteaching hospitals.
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Abstract

Objective To estimate whether administration of 17α- hydroxyprogesterone caproate 
can prevent neonatal morbidity in multiple pregnancies by reducing the preterm birth 
rate.
Methods We conducted a multicenter, double-blind, placebo-controlled randomized 
trial in 55 obstetric clinics in the Netherlands. Women with a multiple pregnancy were 
randomized to weekly injections of either 250 mg 17α-hydroxyprogesterone caproate or 
placebo, starting between 16 and 20 weeks of gestation and continuing until 36 weeks 
of gestation. The main outcome measure was adverse neonatal outcome. Secondary 
outcome measures were gestational age at delivery and delivery before 28, 32, and 37 
weeks of gestation.
Results  We randomized 671 women. A composite measure of adverse neonatal outcome 
was present in 110 children (16%) born to mothers in the 17α-hydroxyprogesterone 
caproate group, and in 80 children (12%) of mothers in the placebo group (relative 
risk [RR] 1.34; 95% confidence interval [CI] 0.95 1.89). The mean gestational age at 
delivery was 35.4 weeks for the 17α-hydroxyprogesterone caproate group and 35.7 
weeks for the placebo group (P .32). Treatment with 17α-hydroxyprogesterone caproate 
did not reduce the delivery rate before 28 weeks (6% in the 17α-hydroxyprogesterone 
caproate group compared with 5% in the placebo group, RR 1.04; 95% CI 0.56 –1.94), 
32 weeks (14% compared with 10%, RR 1.37; 95% CI 0.91–2.05), or 37 weeks of 
gestation (55% compared with 50%, RR 1.11; 95% CI 0.97–1.28).
Conclusion 17α-hydroxyprogesterone caproate does not prevent neonatal morbidity 
or preterm birth in multiple pregnancies.

Introduction

Throughout the world, approximately 13 million neonates are born before 37 weeks of 
gestation each year, adding up to a global prevalence of preterm birth of almost 10%.1 
Women with a multiple pregnancy are at strongly increased risk of delivering preterm. In 
the Netherlands, 48% of women with a multiple pregnancy deliver before 37 weeks, and 
9% even before 32 weeks.2 Premature children not only require intensive medical care 
in the first period after birth but are also at high risk of handicaps and developmental 
problems later in life.3 

In the past decade, it has been shown that prophylactic administration of progesterone 
to women with a singleton pregnancy and a history of spontaneous preterm birth can 
significantly reduce the incidence of preterm birth.4, 5 The exact mechanism of action by 
which progesterone suppletion can prevent preterm birth is not known. As progesterone 
appears to reduce the risk of preterm birth in case of asymptomatic cervical shortening, 
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its potency might be attributed to an effect on cervical ripening. One randomized trial 
demonstrated a reduction in preterm birth rate before 34 weeks after progesterone 
treatment in both singleton and twin pregnancies with second-trimester cervical shortening 
(RR 0.56, 95% CI 0.36–0.86).6 The proportion of twin pregnancies in that trial was small 
(24 twin compared with 226 singleton pregnancies) and for this subgroup the RR did not 
reach statistical significance. Randomized trials in unselected populations of women with 
a multiple pregnancy have failed to show a beneficial effect of prophylactic progesterone 
so far.7-9 

In the AMPHIA trial (17-Alpha hydroxyprogesterone caproate in Multiple pregnancies 
to Prevent Handicapped InfAnts, ISRCTN 40512715), the hypothesis was tested that 
administration of 17α-hydroxyprogesterone caproate can prevent neonatal morbidity in 
multiple pregnancies by reducing the preterm birth rate. Furthermore, we tested whether 
women with a multiple pregnancy and asymptomatic cervical shortening in the second 
trimester were more likely to benefit from 17α hydroxyprogesterone caproate than others.

Materials and Methods

We conducted a multicenter, double-blind, placebocontrolled, randomized trial. The 
study was approved by the research ethics committee of the Academic Medical Center 
in Amsterdam (Ref MEC 05/102) and written informed consent was provided by the 
participant. A total of 55 obstetric clinics in the Netherlands participated in this study, 
which was positioned within a nationwide consortium for women’s health research (www.
studies-obsgyn.nl). Women with a multiple pregnancy and a gestational age between 
15 and 19 weeks were eligible for participation in the AMPHIA trial. Before inclusion, 
chorionicity had to be accurately determined by means of ultrasonography. Women 
with a previous spontaneous preterm birth before 34 weeks, serious congenital defects 
or death of one or more fetuses, early signs of twin-to-twin transfusion syndrome, or 
primary cerclage were excluded from participation. Patients were counseled by their 
own gynecologist or by a research assistant from our nationwide network. After written 
informed consent was obtained, patients were randomized in a 1:1 ratio to either weekly 
intramuscular injections of 250 mg 17α-hydroxyprogesterone caproate or placebo 
injections. 

An independent data manager rendered a computer- generated list that was stratified 
by chorionicity (monochorionic compared with multichorionic), parity (nulliparous 
compared with multiparous), and number of multiples (twin compared with higher order), 
using random blocks of maximum block size 6. Randomization was accessible through 
a website. Monochorionicity was defined as at least two fetuses sharing one chorion. A 
nonstandardized transvaginal ultrasound examination for cervical length measurement 
was performed at randomization or at the next visit. Baseline demographics, obstetric 
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histories, and medical histories were recorded into online accessible case record forms 
by trained research nurses. 

Each randomization prompted an e-mail notification to ACE Pharmaceuticals, 
Zeewolde, The Netherlands, to have a study pack containing 20 ampoules with either 
1 mL 17α-hydroxyprogesterone caproate (250 mg/mL in castor oil) or placebo (castor 
oil) delivered to the clinic. Study medication and placebo were identical in packaging, 
color, and consistency. Allocation code was known only to ACE Pharmaceuticals. Study 
medication was prepared by Bayer HealthCare (formerly Schering AG), Berlin, Germany. 
Patients received their first injection between 16 and 20 weeks of gestation, after which 
they received weekly injections until 36 weeks of gestation or until delivery, whichever 
came first. Injections were administered at the clinic, by a general practitioner or, in 
case the patient or a family member had a background in medical practice, at the 
patient’s home. Forms containing injection dates and possible side effects were kept 
in the patient’s file as well as by the patient herself. All details of delivery, maternal 
assessments, and admissions during pregnancy were recorded in a web-based case 
record form. In case of admission of one or more children to the neonatal intensive care 
unit (NICU), details of this admission were also recorded. Participants, caregivers, and 
data collectors were all blinded to allocation. 

The primary outcome measure was composite adverse neonatal outcome. This 
composite outcome contained severe respiratory distress syndrome, bronchopulmonary 
dysplasia, intraventricular hemorrhage grade II B or worse, necrotizing enterocolitis, 
proven sepsis, and death before discharge from the hospital. Presence of any of 
the components of neonatal morbidity was defined by the neonatologist’s diagnosis 
at discharge. Secondary outcome measures were side effects (soreness, itching, and 
swelling), gestational age at delivery, preterm birth before 28, 32, and 37 weeks, length 
of admission at the NICU, maternal morbidity, hospitalization of the mother due to 
(threatened) preterm labor, and costs. 

Assuming a decrease of the incidence of adverse neonatal outcome from 7.2% 
without to 3.8% with progesterone, using a two-sided test with an α of 0.05 and a β of 
0.2, a sample size of 660 women (330 per arm) was needed for this study. 

All analyses were based on the intention-to-treat principle and prespecified in the 
trial protocol. For the primary outcome, the effectiveness of progesterone compared 
with placebo was assessed by calculating a risk ratio (RR) with 95% confidence intervals 
(95% CIs). The RR was determined using binomial generalized estimating equations 
with a log link function. The generalized estimating equations were used to account 
for dependency of children from the same pregnancy by using the mother as a cluster 
variable.10 The use of generalized estimating equations is necessary because regression 
models that ignore the dependency are likely to incorrectly estimate the precision of 
covariate effects (ie, variances of regression parameters).11 Furthermore, to account 
for the stratified randomization, the analysis was adjusted for chorionicity, number 
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of multiples, and previous vaginal birth by including these stratification variables as 
covariates in the regression models. Consequently, equal percentages in both treatment 
groups do not necessarily result in a risk ratio of 1, but can be different from 1 as a result 
of different distributions of the stratification variables within both treatment groups. 

For continuous outcome variables on the child level, linear generalized estimating 
equations were used to estimate the mean difference with 95% CIs. Secondary outcomes 
on the mother level were compared between treatment groups using a log-binomial 
model, again estimating risk ratios. Differences in continuous variables such as 
gestational age and birth weight were analyzed by means of linear regression analysis. 
Furthermore, the time to delivery or death of the first fetus was compared between the 
treatment groups by Cox proportional hazards model, and were graphically presented 
in a Kaplan-Meier curve. 

We also planned a predefined subgroup analysis in women with a cervical length less 
than 25 mm in the second trimester to assess whether treatment effects were related to 
cervical length. 

All statistical analyses were conducted in R for Windows 2.10.0. Pooled meta-analysis 
of the current and previous studies was performed using Review Manager 5.1.

Results

Between August 1, 2006, and July 1, 2009, a total of 1,865 women who met the 
inclusion criteria were counseled for the trial, of which 671 (36%) agreed to participate. 
There were 653 women (97%) with a twin pregnancy, 17 (3%) with a triplet, and one with 
a quadruplet (Fig. 1). Baseline characteristics are described in Table 1. Randomization 
took place at a mean gestational age of 16.7 weeks. 

A total of 1,322 children were liveborn in this trial. The primary outcome was 
available for 681 children (100%) in the 17α-hydroxyprogesterone caproate group and 
674 children (99%) in the placebo group (Fig. 1). Study outcomes are presented in 
Table 2. After birth, 269 children were admitted to a NICU. A composite measure of 
adverse neonatal outcome was present in 110 children (16%) born to mothers in the 
17α-hydroxyprogesterone caproate group and in 80 children (12%) of mothers in the 
placebo group (RR 1.34; 95% CI 0.95– 1.89). Congenital anomalies were present in 
4% of all children. The most commonly reported congenital anomalies were hypospadias 
and epispadias,5 ventricular septal defect,4 and preauricular tag.4 The occurrence of 
congenital anomalies did not differ between the 17α-hydroxyprogesterone caproate 
and placebo group (5% compared with 4%, RR 1.28; 95% CI 0.75–2.18). Twenty-
three pregnancies (3.4%) resulted in intrauterine fetal death or delivery before 24 
weeks of at least one of the fetuses. These numbers did not differ between the 17α 
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hydroxyprogesterone caproate and placebo groups (3% compared with 4%, RR 0.75; 
95% CI 0.33 1.68). 

The average gestational age at delivery was 35.4 weeks in the 17α-hydroxyprogesterone 
caproate group and 35.7 weeks in the placebo group (P.32). Treatment with 17α 
hydroxyprogesterone caproate did not reduce delivery before 28 weeks (6% in the 17α 
hydroxyprogesterone caproate group compared with 5% in the placebo group, RR 1.04; 
95% CI 0.56 1.94), 32 weeks (14% compared with 10%, RR 1.37; 95% CI 0.91–2.05), 
or 37 weeks (55% compared with 50%, RR 1.11; 95% CI 0.97–1.28). There was a 
statistically significant difference in gestational age at preterm premature rupture of 
membranes between the 17α-hydroxyprogesterone caproate and the placebo group 
(31.1 compared with 33.9 weeks; P.04). However, due to the large number of variables 
that were tested, this is likely to be a chance finding. Time to delivery in both groups was 
assessed using Kaplan-Meier analysis (Fig. 2). Log-rank test resulted in a P value of .123. 

1865 women met inclusion criteria

1194 women declined 
participation

671 women entered trial

335 women randomised to 
Placebo

326 twins
8 triplets

1 quadruplet

681 children born 680 children born

681 neonatal outcome 
available

336 women randomised to 
17-OHPC

327 twins
9 triplets

0 women lost to follow up 4 women lost to follow up

674 neonatal outcome 
available

Figure 1. Patient enrolment
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Table 1. Baseline characteristics

Maternal characteristics 17OHPC N=336 Placebo N=335

Maternal age at randomisation (years) 32.7 ± 4.4 32.8 ± 4.7

Body Mass Index 24.9 ± 5.1 24.3 ± 4.5

Race
Caucasian
African
Mediterranean
Asian
Other

287 (85%)
9 (3%)
6 (2%)

15 (4%)
6 (2%)

288 (86%)
7 (2%)

12 (4%)
9 (3%)
8 (2%)

Higher professional education 109 (32%) 133 (40%)

Nulliparous 176 (52%) 180 (54%)

Smoking during pregnancy 33 (10%) 30 (9%)

Pregnancy characteristics

Gestational age at randomisation (weeks) 16.7 ± 1.5 16.8 ± 1.6

Pregnant after fertility treatment* 140 (42%) 120 (36%)

Higher order multiple 9 (3%) 9 (3%)

Monochorionic 57 (17%) 57 (17%)

Figure 2. Gestational age at delivery. Log-rank test resulted in a P value of .123.
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Table 2. Outcomes according to study group

Neonatal outcome 17OHPC
N=681

Placebo
N=680

Relative Risk 
(95% CI)

Composite adverse neonatal outcome
Infant respiratory distress syndrome
Necrotizing enterocolitis
Intraventricular hemorrhage
Bronchopulmonary dysplasia
Sepsis
Death before discharge

110 (16%)
82 (12%)

8 (1%)
4 (1%)
16 (2%)
23 (3%)
13 (2%)

80 (12%)
51 (8%)
5 (1%)
2 (0%)
9 (1%)

11 (2%)
21 (3%)

1.3 (1.0-1.9)
1.5 (1.0-2.4)
1.6 (0.5-5.1)

2.0 (0.4-10.7)
1.7 (0.6-4.4)
2.1 (0.9-4.7)
0.6 (0.3-1.4)

Mean Birth weight
Birth weight (grams)

<2500 grams
<1500 grams

2318 ± 684

363 (53%)
90 (13%)

2374 ± 666

354 (53%)
63 (10%)

P = 0.29

1.0 (0.9-1.1)
1.3 (0.9-1.9)

Congenital anomalies 32 (5%) 25 (4%) 1.3 (0.8-2.2)
5 minute Apgar Score <7 53 (8%) 52 (8%) 1.0 (0.6-1.6)
NICU admittance 153 (22%) 116 (16%) 1.3 (1.0-1.7)
Delivery N=336 N=335
Gestational age at delivery (weeks)

<37 weeks (all)
<32 weeks
<28 weeks

35.4 ± 3.6
186 (55%)
48 (14%)
19 (6%)

35.7 ± 3.8
165 (49%)
34 (10%)
18 (5%)

P = 0.32
1.1 (1.0-1.3)
1.4 (0.9-2.1)
1.0 (0.6-2.0)

Labour induction
Fetal indication
Maternal indication
Combined
Elective

134 (40%)
23 (17%)
44 (33%)

6 (4%)
61 (46%)

151 (45%)
29 (19%)
57 (38%)

6 (4%)
59 (39%)

0.9 (0.7-1.0)
0.9 (0.6-1.5)
0.9 (0.6-1.2)
1.1 (0.4-3.3)
1.1 (0.9-1.5)

Mode of delivery
Spontaneous
Planned caesarean section
Emergency caesarean section
Forceps or venteuse

143 (43%)
75 (22%)
71 (21%)
45 (13%)

160 (48%)
60 (18%)
76 (23%)
34 (10%)

0.9 (0.7-1.0)
1.2 (0.9-1.7)
0.9 (0.7-1.2)
1.3 (0.9-2.0)

2 live births
≥1 child died during delivery

325 (97%)
5 (1%)

324 (97%)
7 (2%)

1.0 (1.0-1.0)
0.7 (0.2-2.2)

Pregnancy N=336 N=335
Tocolytic therapy 73 (22%) 64 (19%) 1.1 (0.8-1.5)
Corticosteroids 100 (30%) 84 (25%) 1.2 (0.9-1.5)
Cerclage placement 4 (1%) 5 (1%) 0.8 (0.2-3.0)
PPROM

Gestational age at PPROM (weeks)
34 (10%)

31.1 ± 6.1
28 (8%)

33.9 ± 4.0
1.2 (0.8-2.0)

p = 0. 04
Hypertensive disorder*

Intravenous medication
54 (16%)
20 (37%)

57 (17%)
18 (32%)

0.9 (0.7-1.3)
1.2 (0.7-2.0)

Gestational diabetes 7 (2%) 7 (2%) 1.0 (0.4-2.8)
Chorioamnionitis** 20 (6%) 15 (5%) 1.3 (0.7-2.5)
Intra-uterine fetal death before onset of labour 0 (0%) 2 (1%) n/a
Side effects (self-reported) N=336 N=335
Any side effects

Swelling
Soreness
Itching
Bruising
Systemic reaction
Other

Leading to discontinuation of study drug

57 (17%)
11 (3%)
30 (9%)
16 (5%)
6 (2%)
2 (1%)
12 (4%)
10 (2%)

76 (23%)
16 (5%)
40 (12%)
22 (7%)
9 (3%)
1 (0%)

13 (4%)
12 (3%)

0.7 (0.5-1.0)
0.7 (0.3-1.5)
0.7 (0.5-1.2)
0.7 (0.4-1.3)
0.7 (0.2-1.8)

2.0 (0.2-21.7)
0.9 (0.4-2.0)
0.8 (0.4-1.9)

*Pre-eclampsia and/or hypertension with need for antihypertensive medication. **As determined through 
pathology assessment of placenta 
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Of the 671 randomized women, 30 (9%) women in the 17α-hydroxyprogesterone 
caproate group and 35 (10%) in the placebo group stopped treatment early. A mean 
number of 12.7 injections were administered per patient, with a mean interval of 7.5 
days between injections. Reasons for stopping treatment early were side effects (2.4%), 
“too stressful” (2.2%), related to pregnancy (1.9%), other (1.5%), or unknown (1.2%). 
Five patients were lost to follow-up. 

Side effects of treatment were reported by 57 women (17%) in the 17α-hydro-
xyprogesterone caproate group and 76 women (23%) in the placebo group (RR 0.74; 
95% CI 0.54–1.00). Most frequently reported side effects were soreness, itching, and 
swelling. On account of side effects 22 women (3.3%) discontinued injections before the 
end point (36 weeks or delivery before 36 weeks of gestation) was reached. 

At baseline (less than 24 weeks of gestation) a cervical length measurement was 
performed in 542 women (81%). Thirteen women (2.4%) had a cervical length less than 
25 mm, whereas in 61 women (11.3%) the cervix was shorter than 35 mm. Subgroup 
analysis for women with a cervix shorter than 25 mm at baseline showed no effect of 
17α hydroxyprogesterone caproate on preterm birth (Table 3). In view of the low number 
of women with a cervix below 25 mm, we also performed a post hoc subgroup analysis 
for women with a cervix shorter than 35 mm. Within this group there were fewer preterm 
births in the 17α-hydroxyprogesterone caproate group, although this difference was not 
statistically significant (Table 3).

Discussion

This randomized controlled trial among women with a multiple pregnancy shows no 
reduction of preterm birth or neonatal morbidity after treatment with 17α- hydro-

Table 3. Subgroup Analysis for Cervical Length Less Than 25 mm and Less Than 35 mm

17OPHC Placebo Relative Risk (95% CI)

Cervical length < 25 mm n=9 n=9

composite adverse neonatal 
condition in at least one child 

5 (56%) 3 (33%) 2.1 (0.7-6.5)

< 37 Wk 6 (67%) 7 (78%) 0.9 (0.5-1.6)

< 32 Wk 4 (44%) 4 (44%) 1.0 (0.3-3.2)

< 28 Wk 2 (22%) 2 (22%) 1.7 (0.2-13.4)

Cervical length < 35 mm N=42 N=32

composite adverse neonatal 
condition in at least one child 

11 (26%) 10 (31%) 1.1 (0.5-2.5)

< 37 Wk 25 (60%) 23 (72%) 0.8 (0.6-1.2)

< 32 Wk 8 (19%) 10 (31%) 0.7 (0.3-1.7)

< 28 Wk 6 (14%) 6 (19%) 0.9 (0.3-2.6)
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Figure 3. Meta-analysis of the effect of progestogens in the prevention of preterm delivery before 34 
weeks of gestation. *Reported outcome is delivery before 35 weeks of gestation.

xyprogesterone caproate. A planned subgroup analysis of women with a second-trimester 
cervical length below 25 mm showed no increased effect of 17α-hydroxyprogesterone 
caproate on neonatal morbidity or preterm birth rate compared with women with a 
longer cervix, although this may be caused by the small number of women with a short 
cervix in this study. 

A total of 55 Dutch obstetric clinics participated in this trial. Although this large 
number of hospitals provides a reliable representation of obstetric care in the Netherlands, 
overseeing inclusion of patients into trials can be difficult. This may be the reason why, 
during the recruitment period of nearly 3 years, only 1,865 patients were counseled, 
whereas registration numbers show that at least twice as many eligible patients would 
have presented themselves at these hospitals. Even so, baseline characteristics of patients 
included in the study reflect national statistics on women with a multiple pregnancy, 
which suggests that inclusion bias did not play a role in this trial. 

In contrast with previous studies on this subject that used preterm delivery as the 
primary outcome measure, we used a composite measure of neonatal morbidity and 
mortality. This outcome is in our opinion more relevant from a clinical and societal 
perspective compared with duration of pregnancy. Because we found no effect on 
either outcome, the discussion is rather academic. However, studies reporting on the 
effectiveness of progestogens in women with a short cervix showed a significant effect on 
duration of pregnancy, yet not on neonatal outcome.6 

In accordance with the results of previous trials, there were more preterm births in 
the 17α hydroxyprogesterone caproate group than in the placebo group in this study, 
although the difference was not statistically significant. The trial by Rouse et al that was 
published in 2007 showed a RR of 1.1 (95% CI 0.9–1.3) for delivery or fetal death before 
35 weeks after treatment with 17α hydroxyprogesterone caproate in twin pregnancies.9 
Norman et al carried out a trial in twin pregnancies using vaginal progesterone, with an 
OR for delivery or fetal death before 34 weeks of 1.36 (95% CI 0.89 –2.09).8 When we 
add our study data, the results of a randomized trial in triplets by Caritis et al7 and data 
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from a recently published trial by Combs et al12 to their meta-analysis, we find a pooled 
OR of 1.1 (95% CI 0.9 –1.4) for delivery before 34 weeks of gestation (Fig. 3). 

The possibility that progesterone has a harmful effect on multiple pregnancies should 
not be ruled out based on lack of statistical significance. Although there is no clear 
explanation as to how progesterone can induce preterm birth, these findings should raise 
caution in researchers planning future studies on this intervention in multiple pregnancies. 

The percentage of women with a cervical length shorter than 25 mm at 15–20 weeks 
(3%) was lower in our study population than has been described in the literature for 
multiple pregnancies in the second trimester (9–13%).13-15 This may be a result of the 
relatively early gestational age at which the cervix was measured in our study. We decided 
to perform an additional unplanned subgroup analysis on 71 women with a cervix shorter 
than 35 mm. Within this group, there was a nonsignificant trend toward less neonatal 
morbidity and less preterm birth in patients treated with 17α-hydroxyprogesterone 
caproate. As this was a post hoc analysis and relative risks did not reach statistical 
significance, we cannot draw any conclusions from this finding. However, there is an 
indication that second-trimester cervical length measurement may be able to select 
patients with a multiple pregnancy who can benefit from 17α-hydroxyprogesterone 
caproate treatment. Further studies are needed to test this hypothesis. 

Although the exact mechanism of action by which progesterone prevents preterm 
delivery remains unknown, in vitro studies have shown that progesterone has an 
inhibitory effect on prostaglandins and oxytocin, and that it can decrease the number 
of oxytocin receptors and gap junctions in the myometrium.16, 17 The available studies 
on the effectiveness of progesterone to prevent preterm birth show that progesterone is 
effective in women with a previous preterm birth and can be effective in women with a 
short cervix in the second trimester. Our study confirms that such a beneficial effect is 
not present in unselected women with a multiple pregnancy. One might hypothesize that 
in women with a singleton pregnancy who deliver preterm, some have a disorder that 
disenables them to carry a pregnancy to term. In women with a multiple pregnancy, on 
the other hand, there is a high risk of preterm birth because carrying multiple fetuses 
presents an increased burden to a woman’s body. Progesterone might be effective in the 
first category, but not in the second. 

However, we should be aware that a fraction of women with a multiple pregnancy 
also have an intrinsic decreased capacity to carry a pregnancy to term. Thus, the search 
for subgroups of women with a singleton pregnancy who are at increased risk for preterm 
birth and benefit from progesterone should also continue for women with a multiple 
pregnancy. Such subgroup analysis should in our opinion also be performed, if possible, 
in the previous studies assessing progesterone in multiple pregnancies. 

In conclusion, our study confirms that 17-alpha hydroxyprogesterone caproate 
does not prevent neonatal morbidity or preterm birth in multiple pregnancies. In fact, 
there were slightly more preterm births in the 17α-hydroxyprogesterone caproate group 
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as a whole. This study was underpowered to determine a beneficial effect of 17α 
hydroxyprogesterone caproate in women with a multiple pregnancy and a short cervical 
length in the second trimester. 
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Abstract

Objectives Previous studies in singleton pregnancies have indicated that progestogens 
may reduce the rate of cervical shortening during pregnancy. The aim of this study was 
to investigate whether 17-alpha hydroxyprogesterone caproate (17OHPC) treatment has 
an effect on cervical shortening in twin pregnancies.
Methods This was a secondary analysis on patients who had participated in a multicenter 
randomized clinical trial on the effectiveness of 17OHPC in preventing preterm birth in 
multiple pregnancies (the AMPHIA-trial). We included all trial participants with a twin 
gestation who had undergone repeated cervical length measurements during pregnancy. 
We performed a separate analysis for women with repeated measurements in centers 
where this was standard protocol for multiple pregnancies. The rate of cervical shortening 
for both the 17OHPC group and the placebo group was analyzed using a linear mixed 
model.
Results Of the 671 patients who participated in the trial, 282 (42%) carried a twin 
pregnancy and underwent two or more cervical length measurements. Of these women, 
140 were monitored in centers where repeated measurements were standard protocol. 
We observed an overall reduction of cervical length from 41.6 mm at randomization to 
26.9 mm at 32 weeks. In the 17OHPC group, cervical length decreased by 1.04 mm 
each gestational week, while this was 1.11 mm per week for the placebo group (p=0.6). 
For the overall group, each 10% decrease in cervical length lead to an increase in the 
risk for preterm birth (HR 1.14; 95% CI 1.08-1.21).
Conclusions In women with a twin pregnancy, there is progressive shortening of the 
cervix during pregnancy regardless of 17OHPC use.

Introduction

In the first decade of the new millennium numerous studies have been conducted on 
progestogens as a preventive treatment for preterm birth. Interest in the subject was 
sparked by two randomized controlled trials, both indicating a substantial decrease in 
recurrent spontaneous preterm birth after the use of progestogens.1,2 These findings 
led to trials being performed in several groups of pregnant women with a high risk 
of spontaneous preterm birth. Although trials have shown a benefit of progestogens 
in both women with a previous preterm birth and women with asymptomatic cervical 
shortening in the second trimester, the exact mechanism of action whereby progestogens 
prevent preterm birth remains unknown.1-4 Two secondary analyses of randomized trials 
in singleton pregnancies have indicated that progestogen treatment may reduce the rate 
of cervical shortening.5,6 
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Progestogens have proven to be ineffective in preventing preterm birth in women with 
a multiple pregnancy.7-11 Whether this is due to an inadequate selection of patients who 
may benefit from this treatment or an altogether absence of treatment effect in multiple 
pregnancies is unclear.

Regardless of this uncertainty, the observation that progesterone reduced shortening 
of the cervix in singleton pregnancies raised the question whether this phenomenon is 
also present in women with a multiple pregnancy. To address this issue, we performed 
a secondary analysis of a multicenter, randomized placebo-controlled trial studying 
the effectiveness of 17-alpha hydroxyprogesterone caproate (17OHPC) in preventing 
preterm birth in multiple pregnancies.12 Our aim was to investigate whether 17OHPC 
treatment has an effect on cervical shortening in twin pregnancies.

Materials and Methods

From August 2006 until June 2009, 671 women with a multiple pregnancy (twin or 
higher order) were recruited in the AMPHIA-trial. Details on the methods in this trial 
have been described elsewhere.12 In short, consenting women were randomized to 
weekly injections of either 250 mg 17OHPC or placebo. Treatment started between 
16 and 20 weeks of gestation and was continued until 36 weeks or delivery, whichever 
came first. The study was approved by the Institutional Review Board of the Academic 
Medical Centre in Amsterdam, and 52 centers participated in the trial. A transvaginal 
ultrasound at randomization to measure cervical length was part of the trial protocol. 
In nine participating centers, serial cervical length measurements during the course of 
pregnancy were part of standard management in multiple pregnancies. 

In this secondary analysis, we included all women with a twin pregnancy who had 
participated in the AMPHIA trial and who had undergone more than one cervical length 
measurement during pregnancy. We performed a separate analysis for women with 
repeated measurements in the nine centers were this was standard practice for women 
with a multiple pregnancy. Data on cervical length measurements were extracted from 
clinical records and were entered into a web based case record form by trained research 
assistants. All caregivers, sonographers and research assistants were blinded to the trial 
allocation (17OHPC or placebo).

Statistical analysis
We performed a repeated measurements analysis in which we assessed the impact of 
increasing gestational age, treatment allocation as well as the interaction between the two. 
We used a linear mixed model to account for the fact that each subject had undergone 
a different number of measurements at varying gestational ages. The rate of cervical 
shortening in millimeters per gestational week was calculated for the 17OHPC group 
and the placebo group separately. We performed a separate analysis for women with 
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repeated measurements in the nine centers where this was standard practice for multiple 
pregnancies. The mean cervical length at various gestational ages was compared using 
Student’s t-test. 

Subsequently, we evaluated whether the amount of shortening of the cervix was 
associated with the risk of preterm delivery. To do so, we expressed cervical length at 
each measurement as the percentage of the cervical length that was measured at the first 
measurement. We then used Cox regression analysis to evaluate whether the amount 
of shortening of cervical length was related to time to delivery. P-values below .05 were 
considered to be statistically significant. All statistical analyses were conducted in R for 
Windows (version 2.10.0).

Results

A total of 671 patients participated in the trial. In 602 women the cervix was measured 
by means of transvaginal ultrasound at least once during pregnancy and 282 (42%) of 
these women carried a twin pregnancy and underwent two or more measurements. Of 
these 282 women, 150 women (53%) had been allocated to 17OHPC treatment and 
132 women (47%) to placebo. Baseline characteristics are shown in Table 1. 

In the 17OHPC group, the mean number of cervical length measurements was 
4.1 per subject, while there were 4.0 measurements per subject in the placebo group 
(p=0.65) (Table 2). The rate of delivery before 37 weeks was similar in both groups 
(59% for 17OHPC vs. 52% for placebo, p=0.3), as was the percentage of women 
who received tocolysis for preterm labor (27% vs. 24%, p=0.7). The mean cervical 
length at 14 to 22 weeks of gestation calculated per subject was not statistically different 
between the 17OHPC group and the placebo group (44.9 vs. 43.6 mm at 14-18 weeks, 
p=0.5, 42.6 vs. 42.6 mm at 18-22 weeks, p=1.0). Overall, we observed a reduction of 
cervical length from a mean of 44.3 mm at 14-18 weeks to a mean of 30.0 mm at 30 

Table 1 Baseline characteristics

17OHPC (n=150) Placebo (n=132) p-value

Monochorionic 26 (17%) 21 (16%) 0.8

Assisted reproductive techniques 56 (37%) 59 (45%) 0.2

Caucasian 129 (86%) 106 (80%) 0.2

Nulliparous 71 (47%) 79 (60%) 0.04

Smoking during pregnancy 17 (11%) 9 (7%) 0.2

History of cervical surgery 2 (1%) 4 (3%) 0.4

Maternal age (years)* 33.8 (±4.7) 33.7 (±4.6) 0.9

Body Mass Index at booking* 24.2 (±4.5) 24.2 (±4.5) 0.9

17OHPC = 17-alpha hydroxyprogesterone caproate; *Values are represented as mean (± standard 
deviation)
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Figure 1 Cervical length during pregnancy (all measurements)
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Figure 2 Cervical length during pregnancy (centers with standard repeated measurements)
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to 34 weeks. When all measurements were analyzed using a mixed model, there was a 
statistically significant effect of gestational age on cervical length (p<0.001), but not of 
17OHPC treatment (p=0.6). In the 17OHPC group, cervical length decreased by 1.04 
mm each gestational week, while this was 1.11 mm per week for the placebo group 
(p=0.6) (Figure 1). 

In the nine centers where repeated cervical length measurement was part of the 
standard protocol for multiple pregnancies, 140 women were included, with 79 women 
(56%) allocated to 17OHPC and 61 women (44%) to placebo. The mean number of 
measurements per patient in this group was 5.0 (±2.9). When we restricted the analysis 
to these patients, the linear mixed model showed a decrease in cervical length of 1.07 
mm per gestational week for the 17OHPC group and a decrease of 1.24 mm per week 
for the placebo group (p=0.6) (Figure 2).

The mean percentage of cervical shortening, defined as the cervical length at the last 
measurement relative to the first measurement, was 28.3% with an interquartile range 
from 9.0% to 47.5%. Cox regression showed that, overall, each 10% decrease of the 
cervical length lead to an increase in the risk for preterm birth (hazard ratio [HR] 1.14; 95% 
confidence interval [CI] 1.08-1.21). In the 65 (23%) women that had a cervical shortening 
of more than 50% as compared to 217 (77%) women with a shortening less than 50%, the 
risk for preterm birth was increased even further (HR 1.97; 95% CI 1.39-2.77).

Discussion

In this secondary analysis of a large, randomized controlled trial evaluating the 
effectiveness of 17OHPC in women with a multiple pregnancy, we did not find an effect of 
17OHPC treatment on the process of cervical shortening in twin pregnancies. However, 
both cervical length at randomization and the percentage of shortening between 16 and 
26 weeks were strongly predictive for preterm delivery. 

Table 2 Measurements in all patients included in the analysis

Gestational age at measurement 17OHPC (n=150) Placebo (n=132) p-value

Patients (n)  Measurements (n) Cervical length (mm)* Patients (n) Measurements (n) Cervical length (mm)*

14.0-17.9 weeks 45 48 44.9 (±8.4) 39 41 43.6 (±8.5) 0.5

18.0-21.9 weeks 96 127 42.6 (±10.2) 79 94 42.6 (±10.4) 1.0

22.0-25.9 weeks 98 138 37.4 (±11.2) 81 120 38.3 (±10.6) 0.6

26.0-29.9 weeks 94 151  34.9 (±11.7) 91 138 35.1 (±12.5) 0.9

30.0-33.9 weeks 77 132 30.2 (±11.5) 68 107 29.8 (±12.4) 0.8

≥34.0 weeks 12 16 26.3 (±10.4) 14 18 24.3 (±10.9) 0.6

Number of measurements per patient* 4.1 (±2.6) 4.0 (±2.4) 0.6

17OHPC = 17-alpha hydroxyprogesterone caproate; *Values are represented as mean (± standard 
deviation)
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For our analysis, we included patients who underwent multiple measurements of the 
cervix. In centers where repeated measurements are not part of the standard treatment 
protocol, it is to be expected that a large proportion of the women who undergo repeated 
measurements do so because of symptoms of preterm delivery. To estimate the effect of 
17OHPC on cervical shortening in asymptomatic women, we performed a separate 
analysis in women who underwent repeated measurements as part of a standard protocol, 
regardless of symptoms of preterm labor. As we did not find a difference between the 
results of the two analyses, we think our findings are robust. 

A limitation of this study was that the trial protocol did not predefine measurement 
techniques, nor was there a trial-based certification of sonographers. However, as 
measurement techniques are often standardized within individual centers, we expect 
the rate of cervical shortening measured in individual patients to be independent of 
measurement technique.

Our data show a marked decrease in cervical length during the course of pregnancy 
in all patients, regardless of treatment with 17OHPC. Previous studies have indicated 
that progestogens may reduce the rate of cervical shortening in singleton pregnancies. 
Facchinetti et al. performed a randomized, non-blinded trial in patients who had 
undergone a successful episode of 48 hours of tocolysis for preterm labour.5 Women 
were randomly assigned to 341 mg of 17OHPC every 4 days or no treatment. 
Transvaginal cervical length measurements at randomization, 7 days later and 21 days 
later showed a decreased rate of cervical shortening in the 17OHPC group (p=0.002). 
In a randomized trial by O’Brien et al. women with a history of preterm birth and/or 
asymptomatic cervical shortening in the second trimester were randomized to either a 
daily dose of 90 mg vaginal progesterone or placebo.6 Cervical length was measured at 
randomization and at 28 weeks of gestation. Between these two measurements, patients 
treated with progesterone had significantly less cervical shortening than patients in the 
placebo group (p=0.02).

Table 2 Measurements in all patients included in the analysis

Gestational age at measurement 17OHPC (n=150) Placebo (n=132) p-value

Patients (n)  Measurements (n) Cervical length (mm)* Patients (n) Measurements (n) Cervical length (mm)*

14.0-17.9 weeks 45 48 44.9 (±8.4) 39 41 43.6 (±8.5) 0.5

18.0-21.9 weeks 96 127 42.6 (±10.2) 79 94 42.6 (±10.4) 1.0

22.0-25.9 weeks 98 138 37.4 (±11.2) 81 120 38.3 (±10.6) 0.6

26.0-29.9 weeks 94 151  34.9 (±11.7) 91 138 35.1 (±12.5) 0.9

30.0-33.9 weeks 77 132 30.2 (±11.5) 68 107 29.8 (±12.4) 0.8

≥34.0 weeks 12 16 26.3 (±10.4) 14 18 24.3 (±10.9) 0.6

Number of measurements per patient* 4.1 (±2.6) 4.0 (±2.4) 0.6

17OHPC = 17-alpha hydroxyprogesterone caproate; *Values are represented as mean (± standard 
deviation)
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The observation that progestogen treatment reduces the rate of cervical shortening in 
singleton pregnancies could not be reproduced in twin pregnancies. Apparently, cervical 
length is a consequence of the process of preterm birth that occurs relatively late in the 
chain of events, and is a sign of the process of preterm delivery that has been started, 
rather than a causative factor. If this were to be true, progestogens are able to stop the 
process that is occurring in women with a short cervix in a singleton pregnancy, but not 
in women with a short cervix in a multiple pregnancy.

This finding may also explain the inefficacy of progestogens in this population. 
Theoretically, cervical shortening in multiple pregnancies is mainly caused by mechanical 
factors, whereas in singleton pregnancies other factors, such as inflammation and 
production of prostaglandins and oxytocin, may play a larger role. The latter factors are 
more likely to be mediated by exogenous administration of progestogens.

In the main trial 17OHPC did not reduce preterm birth or neonatal morbidity in 
multiple pregnancies.8 The study was underpowered to detect a reduction of preterm 
birth or neonatal morbidity after 17OHPC treatment in women with a cervical length 
below 25 mm before 24 weeks. Although this hypothesis needs further research, our 
finding that cervical shortening in twin pregnancies is not influenced by 17OHPC 
treatment, renders a beneficial effect of 17OHPC on women with a multiple pregnancy 
and asymptomatic cervical shortening less probable.
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Abstract

Objectives To review the literature on cervical length as a predictor of preterm birth in 
asymptomatic women with a multiple pregnancy. 
Methods We searched MEDLINE, Embase and reference lists of included articles to 
identify all studies that reported on the accuracy of cervical length for predicting preterm 
birth in asymptomatic women with a multiple pregnancy. We scored study characteristics 
and study quality, and extracted data in order to construct two-by two tables cross-
classifying cervical length and preterm delivery. Meta-analysis using a bivariate model 
was performed. Summary receiver–operating characteristics (ROC) curves were 
generated for various test characteristics and outcome definitions.
Results We found 21 studies reporting on 2757 women. There was a large variation 
in gestational age at measurement, cut-off point for cervical length and definition of 
preterm birth. The summary ROC curve indicated a good predictive capacity of short 
cervical length for preterm birth. Summary estimates of sensitivity and specificity for 
preterm birth before 34 weeks’ gestation were 78% and 66%, respectively, for 35 mm, 
41% and 87% for 30 mm, 36% and 94% for 25 mm and 30% and 94% for 20 mm.
Conclusions In women with a multiple pregnancy, second-trimester cervical length is a 
strong predictor of preterm birth. In the absence of effective preventive strategies, there is 
currently no place in clinical practice for cervical length measurement in this population. 
However, future studies should evaluate preventive interventions in women with multiple 
pregnancies and a short cervix, and cervical length should be measured in any trial 
studying preventive strategies in multiple pregnancies. 

Introduction

Despite the enormous advances in neonatal care during recent years, preterm birth 
remains the major cause of handicap in children without congenital anomalies or 
genetic disorders. Many studies have been conducted into the clinical relevance of 
cervical length as a predictor of preterm birth. In both symptomatic and asymptomatic 
pregnant women, it has been shown that transvaginal sonography of the cervix is able 
to identify women who are at increased risk for preterm birth.1 This finding has led 
to randomized controlled trials in which women with asymptomatic cervical shortening 
during the second trimester were treated with progesterone or placebo. In the first trial 
that was reported, daily vaginal progesterone turned out to reduce the risk of preterm 
birth by 40%.2 Similar results with progesterone had previously been obtained in women 
with a singleton pregnancy and a history of preterm birth.3, 4 In unselected women with 
multiple pregnancies, progesterone has appeared to be ineffective in reducing preterm 
birth rates so far.5, 6 
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The mechanism of preterm birth in women with a multiple pregnancy is likely to differ 
from that in women with singleton pregnancies. The human body often seems to lack the 
natural capacity to carry multiple fetuses to term, whereas the cause of preterm birth in 
singleton pregnancies is more likely to be found in individual maternal or fetal factors. 
However, it might be possible that these individual factors also play a role in a minority 
of women with a multiple pregnancy. Consequently, tests used to predict preterm birth in 
women with a singleton pregnancy may be useful in women with a multiple pregnancy, 
although the relative over-distension of the uterus in multiple pregnancies might affect 
the cervix and therefore the predictive value of cervical length measurement. 

We conducted a systematic review to assess whether sonographically measured 
cervical length can be used to predict preterm birth in multiple pregnancies. We limited 
our search to asymptomatic women in the second trimester. We planned a meta-analysis 
using bivariate regression analysis, accounting for correlation between sensitivity and 
specificity.

Methods

Electronic searches
With the help of a librarian, we carried out electronic searches of MEDLINE and Embase 
from inception (1966 and 1947, respectively) to January 2009. The search strategy 
consisted of MeSH or key terms related to multiple pregnancy, cervix and preterm birth. 
We checked reference lists of relevant studies to identify cited articles not captured by 
electronic searches and contacted authors of primary studies where contact addresses 
were available. We aimed to identify studies that reported on cervical length as a 
predictor of preterm birth in asymptomatic women with a multiple pregnancy. We did 
not use any restricting criteria for the study design. Reference Manager 11.0 (Thomson 
ISI ResearchSoft, Carlsbad, CA, USA) databases were established incorporating results 
of all searches. 

Selection of studies
Articles identified through the initial search were first screened on title and, where 
available, on abstract by two independent reviewers (A.L. and M.H.V.). Studies were 
included if they reported on women with a multiple pregnancy in whom cervical length 
was sonographically measured during pregnancy, and for whom gestational age at birth 
was known. When studies could not be excluded based on their title or abstract, a full 
manuscript was obtained. These were then independently scored by two reviewers (A.L. 
and M.H.). When a manuscript was written in a language other than English or Dutch, 
the article was translated by a colleague with both fluency in the language and expertise 
in the subject area. At this stage a fourth inclusion criterion was added: the reviewer had 
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to be able to subtract a two-by-two table cross-classifying cervical length and gestational 
age from the article. In cases where this was not possible, but where the results that were 
presented indicated that the original data would allow for the generation of a two-by-two 
table, the authors were contacted by e mail and/or post. We included studies examining 
pregnant women at any level of risk and in any healthcare setting. Any disagreements were 
resolved by consensus or a third reviewer (B.M.). No language restrictions were applied.

Data extraction
For all articles that were included, two reviewers (A.L. and M.H.) independently extracted 
descriptive data (first author and year of publication), study design characteristics, test 
characteristics (transvaginal, transperineal or abdominal ultrasound and cut-off values 
for cervical length and gestational age at measurement), definition of outcome (cut-off 
values for preterm birth) and data on study quality and test accuracy, using a pre-
designed and piloted data extraction form. 

The two reviewers independently assessed all included manuscripts for study quality 
according to an adapted version of QUADAS.7 Studies were classified as having an 
adequate description of the testing procedure when at least the following two aspects 
were mentioned: (1) the bladder was emptied before testing; (2) whether or not funneling 
was included in the cervical length. 

Data synthesis
We calculated sensitivity and specificity with 95% confidence intervals (CIs) for each study 
individually, created forest plots to explore heterogeneity for sensitivity and specificity 
and plotted their combined results in receiver–operating characteristics (ROC) space 
(sensitivity vs. 1 − specificity). Bivariate regression analysis was used to obtain summary 
estimates of sensitivity and specificity and their 95% CIs, and to construct summary ROC 
(sROC) curves.8 With a bivariate regression model summary estimates can be calculated 
simultaneously for sensitivity and specificity within a single model. Sensitivity and specificity 
within a study are often negatively correlated, owing to implicit variation of threshold 
values. The bivariate regression model statistically incorporates the negative correlation 
that might exist between sensitivity and specificity. Variation or heterogeneity between 
the results of the studies included in the meta-analysis can be the result of differences in 
thresholds, but also of chance, bias due to flawed design, different clinical subgroups 
and unexplained variation. When necessary, the bivariate model uses a random effects 
approach, due to which clinical heterogeneity beyond chance is accounted for. 

Different studies often reported a different threshold value to define a positive test 
result for cervical length, and several studies also reported accuracy for multiple threshold 
values. In addition, studies used different threshold values for gestational age at delivery 
to define preterm birth. If we estimated accuracy for a single combination of threshold 
values for cervical length and preterm birth, this estimate would be based on only a 
limited number of studies. Furthermore, it is not clear which is the appropriate threshold 
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for either definition. In order to evaluate accuracy measures over the whole range of 
possible thresholds, however, we did not limit our analysis to a single threshold value, 
but estimated accuracy measures for all reported threshold values by assuming that the 
shift in accuracy (higher sensitivity and lower specificity) due to different thresholds is 
accounted for by the correlation term, as specified in the bivariate model. 

As the recommended bivariate modeling approach cannot appropriately account for 
covariates (such as threshold) with multiple observations from the same study, we used 
the following strategy to statistically incorporate differences in cervical length thresholds 
and definitions of preterm birth in the model. We performed three types of analysis, and 
integrated their results into summary estimates for different cervical length and preterm 
birth threshold combinations. The first type includes all reported accuracy estimates, 
irrespective of threshold values for cervical length and preterm birth or gestational age 
at which cervical length was measured; the second type analyzes the bivariate model for 
four different cervical length thresholds (20, 25, 30 and 35 mm); and the third type fitted 
the bivariate model for three preterm birth thresholds (29, 34 and 37 weeks). 

In order to avoid results being biased towards studies reporting on many different 
thresholds, we estimated each model in 100 stratified bootstrap samples, in which only 
one accuracy estimate from each study was randomly selected. For each parameter the 
average overall estimates from 100 bootstrap samples is reported. The results of the 
model were used to estimate summary ROC curves, where the increase in sensitivity 
and decrease in specificity reflect the shift in threshold value of cervical length in the 
model, resulting in separate ROC curves for different criteria to define preterm birth 
(<34 weeks, >34 weeks). In a subgroup analysis, we also performed separate analyses 
for twins and triplets.

Results

Figure 1 summarizes the flow of studies through the review. Out of 382 potentially 
relevant abstracts, 21 studies screening 2757 women were included. Authors of a 
further 13 studies were contacted about unclear information in their articles. None of 
the contacted authors provided information that could clarify our uncertainties, the main 
reason given being that ‘data were no longer available’. These studies were therefore 
not included in our analysis. 

Twelve studies were prospective and nine studies were retrospective cohort studies. 
Sample sizes ranged from 14 to 383 women. Table 1 shows the study characteristics of 
all included studies. Most studies reported on several measurement times, cut offs for 
cervical length and cutoffs for preterm birth, allowing for multiple two-by-two tables to be 
extracted from one study. The number of two-by-two tables per study ranged from 1 to 20.
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Quality assessment
Table 2 summarizes the results of the quality assessment. Of the 16 studies with an 
adequate description of the test, the study by Yang et al.9 was the only one that included 
funneling in cervical length. Several authors referred to previous publications by others 
for a description of the testing technique. Most often cited in this context were studies by 
Andersen et al.10 and Iams et al11. Practitioners were blinded to the results of cervical 
length measurement and no interventions based on cervical length were performed in 
only five studies. In 15 studies patients who had either a cerclage or an indicated preterm 
birth were excluded from the analysis.

Figure 1 Flow chart to illustrate study method.

Triplets 
(n=5)

Potentially relevant citations identified from electronic searches 
(n=382)

Articles excluded on title and abstract (n=287)

Primary articles retrieved for detailed evaluation after screening on title and abstract (n=95)

Articles excluded (n=74)
 - Outcome not preterm delivery (n=3)
 - Multiples not analysed separately (n=4)
 - Screening test not cervical length (n=9)
 - Patients not asymptomatic (n=3)
 - Insufficient data to construct 2x2 table (n=18)
 - Reviews, letters, comments or editorials (n=24)
 - Guidelines (n=1)
 - Other reasons (n=12)

Primary articles included in systematic review 
(n=21)

Twins 
(n=16)
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Table 1 Study characteristics

Study Inclusion 
criteria

Exclusion criteria n Gestational 
age at testing 
(weeks+days)

Cutoff points 
for cervical 
length (mm)

Cutoff 
points for 
gestational 
age at birth 
(weeks)

Asymptomatic twin pregnancies

Arabin, 
2006 18

twin pregnancy iatrogenic PTB 153 15 - 19+6 
20 - 24+6
25 - 29+6

15, 20, 25, 3036

Fait, 
2005 19

twin pregnancy
selective 
reduction from 
triplet

fetal anomalies
placental abruption
Intrauterine growth 
retardation
pre-eclampsia

20 15 - 17 35 33

Gibson, 
2004 20

twin pregnancy fetal anomalies
TTTS

82 18
24
28
32

20, 22, 25 35

Goldenberg, 
1996 21

twin pregnancy cerclage
fetal anomalies
placenta praevia

147 22 - 24
27 - 28

25 32, 35, 37

Guzman, 
20001 22

twin pregnancy cerclage
iatrogenic PTB

117 15 - 20
21 - 24
25 - 28

20 28, 30, 32, 
34

Imseis, 
1997 23

twin pregnancy cerclage

iatrogenic PTB

85 24 - 26 35 34

Klein, 
2008 24

twin pregnancy fetal anomalies
ruptured membranes
vaginal blood loss
maternal pathology 

223 20-25 25,30,35 34

McMahon, 
2002 25

twin/triplet 
pregnancy

cerclage
ruptured membranes
iatrogenic PTB

109 20
24

30 32

Naba, 
2000 26

twin pregnancy - 14 24 - 34 25, 30 37

Robyr, 
2005 27

twin pregnancy
treated for TTTS

iatrogenic PTB 137 16 - 26 20, 25, 30, 3528, 32, 34

Sayin, 
2005 28

twin pregnancy cerclage
iatrogenic PTB

434 22 - 24 15, 20, 25 33

Soriano, 
2002 29

twin pregnancy
nulliparous
ART

uterine anomalies
DES exposure
selective reduction
iatrogenic PTB

44 18 - 24 35 34

Souka, 
1999 30

twin pregnancy cerclage
TTTS

212 22 - 24 15, 25, 35, 4528, 30, 32, 
34

Sperling, 
2005 31

twin pregnancy iatrogenic PTB
cerclage
prior conization

383 23 21, 26, 31, 3628, 32, 33, 
34, 35

Venditelli, 
2001 32

twin pregnancy iatrogenic PTB 26 18 - 36 30 37
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Data analysis
Figure 2 shows an ROC space of the individual studies, as well as the bootstrapped 
sROC curve plot for all studies in asymptomatic women with a twin or triplet pregnancy. 
Studies in which cervical length was measured before 20 weeks show an overall high 
specificity, but sensitivity in these studies does not exceed 70%. The overall sROC curve 
shows a moderate accuracy, with sensitivity being slightly better than specificity. 

Table 1 (Continued)

Study Inclusion 
criteria

Exclusion criteria n Gestational 
age at testing 
(weeks+days)

Cutoff points 
for cervical 
length (mm)

Cutoff 
points for 
gestational 
age at birth 
(weeks)

Yang, 
2000 9

twin pregnancy cerclage
placenta praevia
preterm labor
vaginal blood loss
iatrogenic PTB

65 18
22
26

25, 30, 35 32, 35, 37

Asymptomatic triplet pregnancies

Guzman, 
20002 33

triplet pregnancy cerclage
iatrogenic PTB

50 15 - 20
21 - 24
25 - 28

20, 25 28, 30, 32

Maslovitz, 
2004 34

triplet pregnancy
trichorionic

selective reduction
iatrogenic PTB

36 14 - 20 25 32

Maymon, 
2001 35

triplet pregnancy cerclage
selective reduction
uterine contractions

34 23
26
29

25 33

Missfelder-
Lobos, 
2003 36

triplet pregnancy - 29 20 - 26 none none

To, 
2000 37

triplet pregnancy - 38 22 - 24 15, 25, 30 33

Figure 2 Summary receiver–operating characteristics curve for all studies (twin and triplet).
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Figure 3 shows summary point estimates for sensitivity and specificity with 95% CIs 
for four different cut-offs of cervical length. The sensitivity and specificity for birth before 
34 weeks are 78% and 66% for 35 mm, 41% and 87% for 30 mm, 36% and 94% for 
25 mm and 30% and 94% for 20 mm. As is to be expected, cervical length cutoff is 
positively correlated with sensitivity, but negatively correlated with specificity. 

Figure 4 shows the accuracy of the test per cut-off point for preterm birth. Accuracy was 
slightly better for preterm birth before 30 weeks than after 30 weeks and overall accuracy 
of cervical length measured after 24 weeks was slightly better than measurements before 
24 weeks (results not shown). 

Subgroup analysis showed that estimates of sensitivity and specificity were similar 
for twins (sensitivity 55%, specificity 90%) and triplets (sensitivity 51%, specificity 89%). 
When analysis was restricted to blinded studies only, cervical length measurement was 
less sensitive (35%), but this was not statistically significant. Exclusion from the analysis 

Figure 4 Summary receiver–operating characteristics curves for different cut-off points of preterm birth.

Figure 3 Summary receiver–operating characteristics space for different cut-off points of cervical length.
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of the studies in which treatment for twin-to-twin transfusion syndrome (Robyr et al.12) or 
selective reduction (Fait et al.13) was performed, did not change estimates of sensitivity 
or specificity.

Discussion

We reviewed the literature on cervical length measurement for the prediction of preterm 
birth in asymptomatic women with a multiple pregnancy. Bivariate meta-analysis of 
the available data showed a strong association of short cervical length with preterm 
birth in multiple pregnancies. However, owing to a large variation in gestational age 
at measurement, cut-off points for cervical length and definitions of preterm birth, and 
due to the lack of effective treatments, no specific recommendations can be made for 
the application of this test in clinical practice. Sensitivity of the test is generally low and 

Table 2 Study quality.

Study Design Adequate description of 

test procedure

Cut-off points determined 

with ROC-curve

Practitioner blinded to 

measurement results

Intervention based on cervical 

length

Exclusion of patients with 

intervention or indicated PTB

Arabin, 2006 18 prospective cohort yes unclear no yes yes

Fait, 2005 19 retrospective cohort yes no unclear no yes

Gibson, 2004 20 prospective cohort yes yes yes no yes

Goldenberg, 1996 21 prospective cohort yes no yes no no

Guzman, 20001 22 prospective cohort no yes no yes yes

Guzman, 20002 33 prospective cohort no yes no yes yes

Imseis, 1997 23 retrospective cohort yes yes no yes yes

Klein, 2008 24 retrospective cohort yes unclear unclear no unclear

Maslovitz, 2004 34 retrospective cohort yes no no unclear yes

Maymon, 2001 35 prospective cohort yes yes unclear unclear yes

McMahon, 2002 25 prospective cohort no yes* yes no yes

Missfelder-Lobos, 2003 36 retrospective cohort yes no† no yes unclear

Naba, 2000 26 prospective cohort no unclear unclear unclear no

Robyr, 2005 27 retrospective cohort no no no yes yes

Sayin, 2005 28 retrospective cohort yes no no yes unclear

Soriano, 2002 29 prospective cohort yes unclear yes no yes

Souka, 1999 30 retrospective cohort yes no no yes yes

Sperling, 2005 31 prospective cohort yes no no‡ yes yes

To, 2000 37 retrospective cohort yes no no yes yes

Venditelli, 2001 32 prospective cohort yes no yes no no

Yang, 2000 9 prospective cohort yes no no yes yes

* Cut-off point determined with ROC-curve at 27 mm, but adjusted to 30 mm for optimal clinical 
usefulness; † No cut-off points used, original data available ; ‡ Measurements ≥15 mm and higher were 
blinded to the caregiver, patients with measurements <15 mm received treatment
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increases with higher cut-off points for cervical length and preterm birth, at the expense 
of specificity. Specificity on the other hand is relatively high and increases with an earlier 
gestational age at testing. 

This review has some strengths and limitations. We carried out extensive literature 
searches without language restrictions and systematically assessed the quality of studies. 
We have included all available studies reporting on the accuracy of cervical length, 
for a variety of definitions of preterm birth and thresholds for a positive test result and 
for different gestational ages at which cervical length was measured, as at present 
it is unclear which is the most appropriate value to use. This heterogeneity in study 
characteristics could not, however, be incorporated into the bivariate model commonly 
used for meta-analyses of diagnostic studies of test accuracy. An adjusted approach 
based on stratified bootstrap analysis was used to avoid the results being biased towards 
studies reporting accuracy for multiple thresholds for cervical length, preterm birth and/
or gestational age at measurement. Until more sophisticated methods become available 
to deal with this within-study heterogeneity, this approach may be a viable alternative for 
evaluating the impact of this heterogeneity on diagnostic accuracy. 

Table 2 Study quality.

Study Design Adequate description of 

test procedure

Cut-off points determined 

with ROC-curve

Practitioner blinded to 

measurement results

Intervention based on cervical 

length

Exclusion of patients with 

intervention or indicated PTB

Arabin, 2006 18 prospective cohort yes unclear no yes yes

Fait, 2005 19 retrospective cohort yes no unclear no yes

Gibson, 2004 20 prospective cohort yes yes yes no yes

Goldenberg, 1996 21 prospective cohort yes no yes no no

Guzman, 20001 22 prospective cohort no yes no yes yes

Guzman, 20002 33 prospective cohort no yes no yes yes

Imseis, 1997 23 retrospective cohort yes yes no yes yes

Klein, 2008 24 retrospective cohort yes unclear unclear no unclear

Maslovitz, 2004 34 retrospective cohort yes no no unclear yes

Maymon, 2001 35 prospective cohort yes yes unclear unclear yes

McMahon, 2002 25 prospective cohort no yes* yes no yes

Missfelder-Lobos, 2003 36 retrospective cohort yes no† no yes unclear

Naba, 2000 26 prospective cohort no unclear unclear unclear no

Robyr, 2005 27 retrospective cohort no no no yes yes

Sayin, 2005 28 retrospective cohort yes no no yes unclear

Soriano, 2002 29 prospective cohort yes unclear yes no yes

Souka, 1999 30 retrospective cohort yes no no yes yes

Sperling, 2005 31 prospective cohort yes no no‡ yes yes

To, 2000 37 retrospective cohort yes no no yes yes

Venditelli, 2001 32 prospective cohort yes no yes no no

Yang, 2000 9 prospective cohort yes no no yes yes

* Cut-off point determined with ROC-curve at 27 mm, but adjusted to 30 mm for optimal clinical 
usefulness; † No cut-off points used, original data available ; ‡ Measurements ≥15 mm and higher were 
blinded to the caregiver, patients with measurements <15 mm received treatment
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Many of these methodological problems may be overcome by using individual patient 
data meta analysis. From such data sets, population and patient characteristics, testing 
conditions and outcome variables can be made as uniform as possible before applying 
meta-analysis. Currently, initiatives in this field are being employed.14 Individual patient 
data meta-analysis may also allow mono- and multichorionic twins to be analyzed 
separately, as the risk for preterm birth is strongly influenced by chorionicity.15 

In most of the studies included in this review the results of cervical length measurement 
were not blinded to the caregiver, and interventions were performed based on these 
findings. Irrespective of whether or not patients with an intervention are included in 
the analysis, not blinding the caregiver causes information bias. However, we did not 
observe clinically relevant differences between the potentially biased studies and the 
studies in which information on cervical length measurement was unknown to the 
clinician managing the patient. 

In spite of the large amount of research that has already been conducted in this subject 
area, effective strategies for the prevention of preterm birth in multiple pregnancies have 
yet to be established. Although in one trial progesterone appeared to be effective in both 
singleton and twin pregnancies with second-trimester cervical shortening, the proportion 
of twin pregnancies in that trial was only small (24 twin vs. 226 singleton pregnancies) 
and the effect of progesterone in women with a twin pregnancy was not statistically 
significant2. Three large trials in multiple pregnancies did not show a reduction in 
preterm birth after the use of progesterone.5, 6, 16 In fact, there was a statistically non-
significant trend towards more preterm births in the progesterone group in these trials. 
Cervical length measurements were not reported in any of the studies. 

Two treatment strategies that have been explored in the past even seem to have a 
detrimental effect on unselected multiple pregnancies. A Cochrane review showed that 
women with an uncomplicated twin pregnancy who were hospitalized for bed rest had 
a significantly higher risk of delivering before 34 weeks (odds ratio (OR), 1.8; 95% CI, 
1.01–3.3).17 In an individual patient data meta-analysis, cerclage in multiple gestations 
was also found to increase pregnancy loss or death before discharge from the hospital 
(OR, 5.9; 95% CI, 1.1–30).18 Another meta-analysis showed a significant increase in 
preterm birth at less than 35 weeks in twin gestations after cerclage (relative risk, 2.2; 
95% CI, 1.2–4.0).19 

An intervention that deserves further research is the vaginal pessary. Retrospective 
studies on this treatment have shown promising results, and several randomized 
controlled trials are currently being conducted.20 One of these trials will include only 
women with a multiple pregnancy and will incorporate a cervical length measurement 
before the start of treatment in the second trimester.21 

Despite the lack of an effective intervention seen in unselected populations of women 
with twin pregnancy, the strong predictive value of cervical length measurement for 
preterm birth possibly allows the identification of a subgroup of women with a multiple 
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pregnancy that can benefit from preventive treatments such as progesterone. Past efforts 
to find a preventive treatment for preterm birth have mostly focused on women with a 
multiple pregnancy in general. Although it is true that this entire group is at increased 
risk for preterm birth as compared to singleton pregnancies, it is very likely that the 
individual risk varies and that a subgroup of women with a multiple pregnancy is at an 
even higher risk for delivering preterm. Just as progesterone and cerclage only seem 
to have an effect in selected subgroups of women with a singleton pregnancy, these 
and other interventions may only be effective in a selected proportion of women with a 
multiple pregnancy. 

In this meta-analysis we did not address the risk of delivery within 14 days based 
on cervical length. This could be an interesting subject for future research, as cervical 
length may help to select patients who are likely to benefit from treatment with a course 
of corticosteroids. 

In summary, the results of this meta-analysis show that in asymptomatic women with 
a multiple pregnancy, measurement of second-trimester cervical length can be used 
to identify a group of women who are at increased risk for preterm birth. Sensitivity, 
however, is low, indicating that a large percentage of women with a multiple pregnancy 
will deliver prematurely in spite of a long cervix in the second trimester. In view of the 
fact that cerclage is known to increase complications, a high specificity is also important, 
as a limited specificity would increase the exposure of women with a low risk of preterm 
delivery to unnecessary and potentially harmful interventions. For example, a cut-off of 
35 mm with a sensitivity of 78% and specificity of 66%, and a prevalence of preterm 
delivery of 20% would indicate that 60% of women with a cervix shorter than 35 mm 
would not deliver before 34 weeks. We think that in future trials on preventive strategies 
for preterm birth in multiple pregnancies, a blinded second trimester measurement of 
cervical length should be part of the study protocol. In this way, planned subgroup 
analyses can ascertain whether women with a short cervix will benefit from treatment 
more than others. If preventive treatments are then found to be effective in these women, 
cervical length measurement could establish a role in the clinical management of women 
with a multiple pregnancy.
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Abstract

Since the discovery of progesterone, researchers have studied whether administration of 
exogenous progesterone can prevent preterm birth.  Incited by a meta-analysis of trials 
performed in the 20th century, two trials were published in 2003 that showed a positive 
effect of progesterone in the prevention of recurrent preterm birth. More recent data 
cannot support these findings. In multiple pregnancies the use of progesterone does 
not seem to reduce the number of preterm births. The results in pregnant women with 
asymptomatic shortening of the cervix are promising, although more research is needed 
in this group.

Introduction

Of the approximately 175,000 live born children who are delivered after a gestational 
age of 22 weeks in the Netherlands each year, 7.1% is born before 37 weeks and 1.1% 
even before 32 weeks.1 Of these children 3.8 and 21% will decease within 28 days 
after birth, respectively. A total of 22% of all prematurely born children are admitted to 
a Neonatal Intensive Care Unit. Preterm birth thus forms one of the largest problems in 
perinatology and is therefore a continuous topic of interest in scientific research.
At the end of the 1920s, George Corner and Willard Allen discovered the steroid 
progesterone, which turned out to be one of the most important factors in maintaining 
pregnancy due to its role in endometrial proliferation. This discovery was ensued by 
the theory that administration of exogenous progesterone may delay birth. In several 
animal species, delivery is preceded by a decrease in serum progesterone. In cows and 
sheep, this decrease is caused by diminished placental secretion; in other mammals 
the progesterone concentration is reduced due to regression of the corpus luteum.2 
In humans however, where production of progesterone is passed on from the corpus 
luteum to the placenta in the 12th week of pregnancy, a decrease in serum progesterone 
cannot be observed. As an explanation for this, Csapo developed the ‘see-saw’ theory 
in the 1960s.3 This theory hypothesizes that there is a relative decrease in progesterone 
due to an increase in oxytocin and prostaglandins.
After the first trimester, progesterone most likely acts in several ways. In vitro, it has 
been shown that progesterone has an inhibitory effect on prostaglandins and oxytocin, 
and that it can decrease the number of oxytocin receptors and gap junctions in the 
myometrium.4, 5

It is a fact that mifepristone, a progesterone antagonist, is effective in inducing abortion.6 
How progesterone suppletion can be effective in preventing preterm birth in pregnant 
women who already have very high serum progesterone concentrations, remains unclear.
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History
The first randomized controlled trials (RCTs) that studied progesterone treatment for the 
prevention of preterm birth date from the 1960s (table 1).
In these studies, 17-alpha hydroxyprogesterone caproate (17OHPC) was used, a synthetic 
form of progesterone that has a structure similar to that of medroxyprogesterone acetate 
(MPA) and is administered through intramuscular injection. In 1990, Keirse et al. published 
a meta-analysis of the RCTs that were published thus far, leaving out the trial by Hauth 
which did not study a high-risk population.7 This analysis yielded an odds ratio (OR) of 
0.50 (95% CI 0.30-0.85) for preterm birth before 37 weeks when 17OHPC was used. 

Table 1 Randomized trials until the year 2000, studying progesterone administration for the prevention 
of preterm birth

1st author; year patient 
characteristics

intervention at 
gestational age

n relative risk (95%-CI) 
for preterm birth*

Levine; 
1964 28

3 previous 
miscarriages

17OHPC 500 mg / week
16-36 weeks

30 0.67 (0.14-3.04)

Papiernik-Berkhauer; 
1970 29

‘high risk’ 17OHPC 250 mg / 3 days
28-32 weeks

99 0.22 (0.05-0.83)

Johnson; 
1975 30

2 previous 
miscarriages or
1 previous preterm 
birth

17OHPC 250 mg / week
24-37 weeks

50 0.23 (0.06-0.75)

Hartikainen; 
1980 31

twin pregnancy 17OHPC 250 mg / week
28-37 weeks

77 1.62 (0.83-3.27)

Hauth; 
1983 32

women in the military 17OHPC 100 mg / week
16-36 weeks

168 1.10 (0.33-3.47)

Yemini; 
1985 33

2 previous 
miscarriages or
2 previous preterm 
births

17OHPC 250 mg / week
16-36 weeks

80 0.37 (0.15-0.87)

n = number of patients; 17OHPC = 17-α-hydroxyprogesterone caproate. *For each trial the primary 
outcome was delivery < 37 weeks.

Table 2 gives an overview of randomized trials studying progesterone for the prevention 
of preterm birth that were published after the year 2000. In 2003, a placebo controlled 
RCT was published by Meis et al. on women with a singleton pregnancy and a history 
of one or more spontaneous preterm births.8 Women who participated in the trial 
received weekly intramuscular injections of 250 mg 17OHPC or placebo, starting at 
16-20 weeks of gestation. Treatment was continued until 36 weeks; the primary outcome 
measure was delivery before 37 weeks. A total of 463 women were randomized in a 
2:1 (17OHPC:placebo) ratio. In the 17OHPC group 36.3% delivered before 37 weeks, 
versus 54.9% in the placebo group (relative risk [RR] 0.66; 95% CI 0.54-0.81). Similar 
relative risks were found for delivery before 35 weeks (RR 0.67; 95% CI 0.48-0.93) and 
32 weeks (RR 0.58; 95% CI 0.37-0.91). Furthermore, a trend was observed towards less 
neonatal morbidity in the 17OHPC group.
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In the same year, a placebo controlled RCT by Fonseca et al. was published, in which 
not only pregnant women with one or more previous spontaneous preterm births (94%) 
were included, but also pregnant women with a uterine anomaly (3%) or an incompetent 
cervix (3%).9 The intervention was daily vaginal administration of 100 mg progesterone 
from 24 to 34 weeks of gestation. In this study 157 women were randomized, of which 
142 were eventually analyzed. The relative risks for preterm birth before 37 and 34 
weeks were 0.48 (13.8% vs. 28.5%, 95% CI 0.25-0.94) and 0.15 (2.8% vs. 18.6%, 
95% CI 0.04-0.56), respectively. After the publication of the trials by Meis et al. and 
Fonseca et al. there was a renewed worldwide interest in progesterone for the prevention 
of preterm birth. Since then, multiple RCTs in other high risk groups have been published, 
or are currently being conducted. 

Table 2 Randomized trials after the year 2000, studying progesterone administration for the prevention 
of preterm birth

1st author; year patient 
characteristics

intervention at 
gestational age

primary 
outcome

n relative risk 
(95%-CI)
for preterm birth

Meis; 
20038

≥1 previous preterm 
births

17OHPC 250 mg / 
week
20-36 weeks

delivery <37 
weeks

463 0.66 (0.54-0.81)

da Fonseca; 
20039

≥1 previous 
preterm births or 
uterine anomaly or 
‘incompetent cervix’

progesterone 100 mg 
vaginally / day
24-34 weeks

delivery <37 
weeks

142 0.49 (0.25-0.94)

Rouse; 
200711

twin pregnancy 17OHPC 250 mg / 
week
20-36 weeks

delivery <35 
weeks

655 1.2 (0.9-1.5)

Fonseca; 
200715

cervix <15 mm at 20-
25 weeks

progesterone 200 mg 
vaginally / day
24-34 weeks

delivery <34 
weeks

250 0.56 (0.32-0.91)

Facchinetti; 
200717

successful tocolysis 17OHPC 341 mg / 
4 days

delivery <37 
weeks

60 0.15 (0.04-0.58)

O’brien; 
200710

≥1 previous preterm 
births

progesterone 90 mg 
vaginally / day
23-37 weeks

delivery <37 
weeks

659 1.03 (0.85-1.23)

Borna; 
200816

successful tocolysis progesterone 400 mg 
vaginally / day

number of 
days until 
delivery

70 p-value= 0.037

Caritis; 
200912

triplet pregnancy 17OHPC 250 mg / 
week
20-35 weeks

delivery <35 
weeks

134 1.1 (0.8-1.6)

Norman; 
200913

twin pregnancy progesterone 90 mg 
vaginally / day
24-34 weeks

delivery <34 
weeks

247 1.27 (0.91-1.78)

n = number of patients; 17OHPC = 17-α-hydroxyprogesterone caproate.
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History of preterm birth
As previously mentioned, the trials by Meis et al. and Fonseca et al. from 2003 showed 
a clear decrease of the number of recurrent preterm births after the use of progesterone 
and 17OHPC.
In 2007 however, an RCT was published that randomized women with a history of 
spontaneous preterm birth to either daily vaginal administration of 90 mg progesterone 
gel of to placebo.10 No difference was found between progesterone and placebo 
respectively in the occurrence of preterm birth before 37 weeks (42 and 41%, RR 1.02, 
95% CI 0.85-1.23), 35 weeks (23% and 27%, RR 0.85, 95% CI 0.65-1.13) and 32 
weeks (10 and 11%, RR 0.91, 95% CI 0.56-1.41).

Multiple gestation
In 2007 the results of an RCT by Rouse et al. were published.11 In this study 655 women 
with a twin pregnancy were randomized to 17OHPC or placebo. In the 17OHPC group, 
women received the same treatment as in the previously mentioned trail by Meis et al. 
from 2003. The percentage of spontaneous preterm birth was not significantly different 
between the 17OHPC group and the placebo group (31.2 and 26.1%, RR 1.2, 95% CI 
0.9-1.5). 
Another trial by the same research group with a similar setup was published in 2009.12 
In this trial 134 women with a triplet pregnancy were included. There was no difference 
in effect of 17OHPC or placebo on the risk of spontaneous preterm birth before 35 
weeks (48 and 43%, RR 1.1, 95% CI 0.8-1.6).
An RCT in twin pregnancies that was published in 2009 did not show a decrease in 
preterm birth or intra-uterine foetal death before 34 weeks after treatment with daily 
doses of 90 mg vaginal progesterone between 24 and 34 weeks of gestation (25% in 
the progesterone group vs. 19% in the placebo group, RR 1.27, 95% CI 0.91-1.78).13 
During the course of 2010 the results of the Dutch AMPHIA-trial will become available.14 
This RCT studied whether weekly intramuscular injections of 250 mg 17OHPC reduce 
the risk of neonatal morbidity in multiple pregnancies (twin, triplet and quadruplet). 
In each participant, cervical length was measured at a gestational age of 20 weeks 
to determine whether 17OHPC is effective in women with a multiple pregnancy and 
asymptomatic cervical shortening.

Asymptomatic cervical shortening
Fonseca et al. published a new trial in 2007.15 In this trial, they performed a transvaginal 
measurement of cervical length in pregnant women without signs of preterm labour at 
a gestational age of 20-25 weeks. If cervical length was below 15 mm, the woman was 
asked to participate in a randomized, placebo-controlled trial, where she would receive 
daily vaginal doses of 200 mg progesterone or placebo between 24 and 34 weeks of 
gestation. A total of 24,620 pregnant women underwent cervical length measurement; 
the cervix was shorter than 15 mm in 413 women (1.7%). Two hundred and fifty women 
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in this group consented to participation in the trial. The relative risk of spontaneous 
preterm birth before 34 weeks was 0.56 after use of progesterone, compared to placebo 
(19.2% for progesterone and 34.4% for placebo; 95% CI: 0.32-0.91). The results also 
showed a non-significant trend towards less neonatal morbidity and mortality in the 
progesterone group.
Recently, the Triple P-study has started recruiting in the Netherlands. In this study, 
asymptomatic pregnant women undergo a transvaginal cervical length measurement 
at 18-22 weeks, and are asked to participate in a placebo-controlled RCT if cervical 
length is below 25 mm. The intervention consists of daily vaginal administration of 
200 mg progesterone or placebo. The primary outcome is a composite measure of 
neonatal morbidity, consisting of infant respiratory distress syndrome, bronchopulmonary 
dysplasia, intraventricular haemorrhage grade 2b or more, necrotizing enterocolitis, 
proven sepsis and neonatal mortality.

Threatened preterm labour
Two recent studies have investigated whether progesterone can increase time to delivery 
after threatened preterm labour has successfully been treated with tocolysis.16, 17 An RCT 
published in 2007 showed that the percentage of preterm births before 37 weeks was 
lower in pregnant women who had received 341 mg 17OHPC intramuscularly every 
four days after a 48 hour treatment with atosiban (16 vs. 57%; RR 0.15; 95% CI 0.04-
0.58).17 In a group of pregnant women that was studied in 2008, the number of days 
until delivery after 48 hours of tocolysis  with magnesium sulphate and subsequent daily 
vaginal administration of 400 mg progesterone was higher in the progesterone group 
than in the control group (36.1 ±17.9 vs. 24.5 ±27.2; p=0.037).16 
It is important to mention that magnesium sulphate is not used as a tocolytic agent in the 
Netherlands. Neither of the studies was placebo controlled.

Safety
The safety of progesterone treatment during pregnancy has been studied extensively. In 
three retrospective cohort studies published in the 1980s, a total of 2962 children that 
had been exposed to 17OHPC, medroxyprogesterone acetate or other progestogens 
during pregnancy were studied.18-20 This group was compared with a group of 3550 
children of mothers who had not been treated with progestogens. No differences in 
congenital anomalies were found.
In 2007 the results of a follow-up study on 278 children whose mothers had participated 
in the trial by Meis et al. in 2003 were published. The average age of the children was 4 
years; no differences were found between children of mothers in the 17OHPC group and 
children of mothers in the placebo group with respect to congenital anomalies, physical 
health and behavioural problems.21

A retrospective cohort study from 2007 indicated that treatment with 17OHPC increases 
the risk of gestational diabetes (12.9 vs. 4.9%; OR 2.9; 95% CI 2.1-4.1).22 These 
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results are contradicted by a secondary analysis of the trials by Meis et al. and Rouse 
et al. which reports no increased incidence of gestational diabetes after treatment with 
17OHPC in either singleton or twin pregnancies.23

Discussion

Although there are implications for a possible beneficial effect of exogenous progesterone 
administration on the prevention of preterm birth, no clear conclusion can be drawn 
based on the available literature.
A possible explanation for the conflicting results that have been found until now is that 
the cause of preterm birth is multifactorial. It is not only the balance in pregnancy related 
hormones that plays a role, but also inflammation, ischemia and anatomical anomalies. 
Often there is a combination of factors at work, which has lead to the use of the term 
“preterm labour syndrome” in the literature. This complex aetiology makes it difficult to 
develop preventive treatment strategies and to select the right target group for a certain 
treatment. The latter is also hindered by the fact that the majority of spontaneous preterm 
births occur in pregnant women without previously established risk factors.
In the past studies have assessed whether preterm birth could be prevented by bed 
rest, cervical cerclage and monitoring of the uterine activity. A 2004 Cochrane review, 
including only one RCT, did now show any difference in preterm births between women 
having been prescribed bed rest and a control group (RR 0.92; 95% CI 0.62-1.37).24 
An individual patient data meta-analysis published in 2007 did not show a significant 
difference in gestational age at delivery between women with a singleton pregnancy 
who had been treated with a cervical cerclage and those who had not, regardless of 
the indication; the authors concluded that more research is needed to draw a clear 
conclusion on the effectiveness of this treatment.25 In the cerclage group, there were 
more cases of fever (6.2 vs. 2.6%, OR 2.35; 95% CI 1.37-4.05. In women with a 
twin pregnancy, cerclage even had a detrimental effect on perinatal mortality and 
miscarriages (OR 5.88; 95% CI 1.14-30.19). A meta-analysis from 1995 showed that 
home monitoring of the uterine activity reduced the number of preterm births (RR 0.76; 
95% CI 0.59-0.98), but this had no effect on neonatal outcome.26

In March 2007, the guideline “Prevention of recurrent spontaneous preterm birth” was 
issued by the Netherlands Organisation for Obstetrics and Gynaecology. This guideline 
mentions as one of its key recommendations that the effectiveness of progesterone 
in the prevention of preterm birth should be discussed with women with a history of 
spontaneous preterm birth before 34 weeks. An inventarisation during the second half 
of 2007 showed that at that time, only 25% of the interviewed Dutch gynaecologists 
applied progesterone treatment for the prevention of preterm birth in practice.27
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The long history of 17OHPC treatment and the results of the follow-up of children from 
the trial by Meis et al. make it sufficiently convincing that administration of 17OHPC 
during pregnancy is not harmful for the child. Opportunities for long term follow up of 
children in future trials should however not remain unused. Special focus on a potentially 
elevated glucose intolerance as a result of 17OHPC treatment is also recommended, as 
the findings on this subject are conflicting.

Conclusions

So far, progesterone seems to be the most promising treatment in the prevention of 
preterm birth. In the literature, asymptomatic cervical shortening, is the only risk factor 
for which a univocal beneficial effect is found. However, in view of the uncertain theoretic 
background of the mechanism of action of exogenous progesterone, the fact that only 
one trial on women with asymptomatic cervical shortening has been published and 
the limited reports on neonatal outcome so far, more studies are needed to establish 
treatment effects and side effects. In addition, more research should be conducted into the 
optimal administration and dosage of progesterone. It is preferable to restrict treatment 
with progesterone for the prevention of preterm birth to trial settings. International trial 
registers show that multiple studies are being conducted into progesterone for the 
prevention of preterm birth worldwide. The now finished AMPHIA trial and recently 
started Triple P-study in the Netherlands will contribute to answer to this question.
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Progesterone for the prevention of preterm birth: the long awaited remedy for a major 
obstetric problem or a large-scale consumer of research funding with little chance of 
success? With conflicting trial results and disputable biological plausibility, the question 
is still open for debate.

History of preterm birth

The publication of the trial by Meis in 2003 that proved to be the motive for many 
subsequent studies on progesterone as a preventive treatment for preterm birth, was 
accompanied by an editorial titled: ‘Progesterone and preterm delivery – déjà vu all over 
again’.1, 2 Although the title of this editorial has a rather sceptical ring to it, the text itself 
strikes a more optimistic note, concluding that “17P [17-alpha hydroxyprogesterone 
caproate] may be only the first in a series of successful interventions to reduce the rate of 
preterm delivery”. This statement can be interpreted as both a recommendation for the 
use of 17P in clinical care and an encouragement for further research on the subject. 

Following the publication of the trial by Meis and a similar one by da Fonseca in 
the same year, twelve obstetric clinics in the Netherlands initiated the application of 
17OHPC treatment in clinical practice.2, 3 All patients treated in the following three years 
were registered. This registration showed that only a fraction of women with a singleton 
pregnancy and a history of preterm birth were actually treated with progesterone.

Motivated by this finding, we conducted a study on the application of new and 
established treatment strategies for the prevention of recurrent preterm birth in the year 
2006. We found that treatment with progesterone was offered to 43% of eligible patients 
and applied in only 29%, and that treatment was offered considerably more often in 
academic hospitals than in non-academic hospitals. This led to the conclusion that, 
in the absence of a national guideline, recently published findings are more readily 
implemented in academic hospitals. Another interesting finding in our study was that in 
only 67% of patients to whom progesterone treatment was offered, this treatment was 
actually carried out.

We set out to find reasons for not offering or not administering progesterone treatment 
by conducting a questionnaire study. We interviewed obstetricians, midwives and women 
with a previous preterm birth and a current pregnancy or a desire to become pregnant 
in the future. The results showed that absence of progesterone treatment in protocols 
and guidelines and unfamiliarity with this treatment were the most important reasons 
for not offering, accepting and executing progesterone treatment. Lack of belief in the 
effectiveness of this intervention was generally not an issue.

The lack of doubt on the effectiveness of progesterone treatment in Dutch obstetricians 
who were familiar with the treatment, was not shared by all internationally. In contrast 
with the editorial accompanying the Meis publication in 2003, a commentary on both 
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the Meis and da Fonseca trials in Birth 2004, was considerably less praising.4 The 
commentary titled ‘Progesterone and Preterm: Seventy Years of ‘Déjà Vu’ or ‘Still To Be 
Seen’?’ was written by the author who had also published a meta-analysis on 17P for 
the prevention of preterm birth in 1990 that largely motivated both trials.5 Proving not 
to be a relentless and uncritical believer in the effectiveness of progesterone, the author 
rather convincingly exposes several flaws in the methodology and reporting of both 
trials, concluding that “Critical analysis of the reports provides no convincing evidence 
that either one of these treatments [intramuscular 17P or vaginal progesterone] is worth 
pursuing outside the context of controlled research to determine, first, whether and, 
second, how the treatments might work”.

In 2007, a guideline for the prevention of recurrent spontaneous preterm birth was 
issued by the Netherlands Society for Obstetrics and Gynaecology (NVOG). A national 
guideline for this indication did not exist until that time. In the guideline it is stated that “the 
effectiveness of progesterone treatment should be discussed with any pregnant woman 
with a history of spontaneous preterm birth before 34 weeks”. Although this statement 
supports practitioners in applying progesterone treatment, it also reflects some doubt on 
the effectiveness among the drafters of the guideline. The Dutch results of 17P treatment 
for the prevention of recurrent preterm birth might aid in formulating a more explicit 
recommendation. In a matched cohort study, we set out to compare the pregnancy 
outcomes of women treated with progesterone to those of a group of historical control 
subjects. Unfortunately, matching patients who received treatment after initiation in 2003 
with women who had delivered before that time, proved to be extremely difficult due to 
limited data in the Dutch Perinatal Registration. We were able to find matching control 
subjects for only 56 registered patients. In this group, the recurrence risk of preterm birth 
before 37 weeks was 43% after treatment with 17P and 34% without such treatment. 
No statistically significant differences were found in gestational age at delivery, number 
of preterm births before 32 and 35 weeks, perinatal mortality and neonatal admission. 
Although the numbers in this study are small, they support the notion that universal 
progesterone treatment in all women with a singleton pregnancy and a history of preterm 
birth can for the present not be considered ‘evidence based medicine’.

In 2009 a Cochrane systematic review and meta-analysis was performed on the 
studies that had been published thus far.6 For the population of women with a history 
of spontaneous preterm birth and the outcome “preterm birth less than 37 weeks”, 
four studies were included. Two of these studies used vaginal progesterone, while the 
other two used intramuscular progesterone. Three studies showed a marked reduction 
of recurrent preterm birth after treatment with progesterone. However, the most recent 
study out of these four shows no effect of (vaginal) progesterone treatment.7 In the 
meta-analysis, this causes the beneficial effect of vaginal progesterone to disappear, 
while the overall effect of progesterone for this indication and outcome is reduced to a 
risk ratio of 0.80 (95% CI 0.70-0.92). More study results will be published in the near 
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future, as several trials on progestogens for the prevention of recurrent preterm birth 
are still recruiting. Some of these trials will focus on comparing vaginal progesterone 
to intramuscular dosage forms. Whether the beneficial effect of progesterone that was 
shown in the 2009 Cochrane review will remain significant, diminish further or will be 
extinguished altogether when more trial data are added, remains to be seen. 

Multiple gestation
Infected by the progesterone virus that spread in 2003, our study group set up a 
randomized, placebo-controlled trial to find out whether 17P could reduce adverse 
neonatal outcome in children born from multiple pregnancies. A composite measure 
of adverse neonatal outcome was present in 16% of children born to mothers in the 
17P group, and in 12% of children in the placebo group. The mean gestational age at 
delivery was similar for the 17P group and the placebo group. Treatment with 17P did 
not reduce the delivery rate before 28 weeks, 32 weeks, or 37 weeks of gestation. A 
mid-trimester cervical length measurement in participating women yielded an insufficient 
number of women with a cervix below 25 mm to draw any conclusions on the effect of 
17P in this group. 

During the inclusion period of the trial, it turned out that a progestogen epidemic had 
developed; multiple research groups all over the world were now studying the effects of 
17P or vaginal progesterone in women at risk of delivering preterm. Approaching other 
trial groups has lead to an individual patient data meta-analysis on nine trials in multiple 
pregnancies so far. Preliminary analysis on the 6,608 children born to mothers included 
in these trials shows no effect of progestogens on adverse neonatal outcome in twin 
pregnancies (RR 1.05; 95% CI 0.91-1.2). There is a potential effect in the 55 women in 
this meta-analysis with a cervical length below 25 mm in the second trimester, but the 
numbers were again too small to reach statistical significance (41% vs. 61%; RR 0.67; 
95% CI 0.40-1.1).

Short cervix
Could it be that the key to the success of progesterone treatment lies in women with 
asymptomatic cervical shortening? Two large trials in singleton pregnancies are strongly 
pointing in that direction. The first trial was published in 2007 and enrolled 250 women 
with either a singleton or multiple gestation who had a cervical length below 15 mm 
without signs of preterm labour at a gestational age of 20-25 weeks.8 Participants 
were randomized to either daily vaginal doses of 200 mg progesterone or placebo. 
The relative risk of spontaneous preterm birth before 34 weeks was 0.56 after use of 
progesterone. The results also showed a non-significant trend towards less neonatal 
morbidity and mortality in the progesterone group. The second study was published in 
2011 and randomized 465 women with a cervical length between 10 and 20 mm at 
19–24 weeks’ gestation to either 90 mg progesterone in bioadhesive gel or a placebo 
gel transvaginally daily.9 Progesterone caused a significant reduction in deliveries < 
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33 weeks (RR 0.55) and < 28 weeks (RR 0.50) compared to the placebo group. In the 
treatment group there was also a significant reduction in adverse neonatal outcome 
(RR 0.57). More trials with a similar design are currently recruiting, among which is the 
Dutch Triple P study.10 So far, the findings of the two mentioned trials have not been 
contradicted and their methodology seems valid.

Women with a singleton gestation and asymptomatic cervical shortening have 
repeatedly been shown to have an increased preterm birth risk. We performed a 
systematic review and bivariate meta-analysis on the accuracy of cervical length for 
predicting preterm birth in asymptomatic women with a multiple pregnancy and found 
21 studies reporting on 2757 women. Although there was a large variation in gestational 
age at measurement, cut-off point for cervical length and definition of preterm birth, the 
summary ROC curve indicated a good predictive capacity of short cervical length for 
preterm birth. 

Progesterone treatment in women with a multiple pregnancy and asymptomatic 
cervical shortening in the second trimester has thus far not been studied extensively. 
Although a secondary analysis of our trial in multiple pregnancies showed that 17P 
had no effect on the rate of cervical shortening during pregnancy, the positive results in 
women with a singleton pregnancy and a short cervix and the potentially beneficial effect 
seen in analyses of short cervix subgroups in multiple gestation trials, may give incentive 
for future research in this specific risk group.

Safety
Hormone treatment during pregnancy has been under intense scrutiny since the 
diethylstilbestrol drama. Several retrospective studies on the safety of progestogen 
treatment during pregnancy show no increased risk of congenital anomalies.11-13 In 
a follow-up study on children whose mothers had participated in a large 17P trial, no 
differences were found between children born in the 17P group and children born in the 
placebo group with respect to congenital anomalies, physical health and behavioural 
problems.14

A retrospective cohort study from 2007 indicated that treatment with 17P increases 
the risk of gestational diabetes, but this has been contradicted by a secondary analysis 
of two randomised trials which showed no increased incidence of gestational diabetes 
after treatment with 17P.15, 16 Although research so far indicates that progestogens are 
safe for both mother and child, researchers and clinicians should remain careful not to 
assume that progestogens will never ‘hurt to try’.

Biological plausibility
Summarizing the current literature and the findings reported in this thesis, it seems that 
progesterone is very likely to be effective in preventing preterm birth and subsequent 
adverse neonatal outcome in women with asymptomatic cervical shortening. For these 
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trial results to be truly convincing, one remaining question needs to be answered: How 
does progesterone work?

To a certain level, the need for progesterone to sustain gestation seems perfectly 
logical. Facts are that progesterone is an important factor in maintaining pregnancy 
and that suppletion improves implantation and pregnancy rates in IVF treatment.17 
Another fact is that mifepristone, a progesterone antagonist, is effective in inducing 
abortion.18 Some in vitro studies have shown that progesterone has an inhibitory effect on 
prostaglandins and oxytocin, and that it can decrease the number of oxytocin receptors 
and gap junctions in the myometrium.19, 20 From this point forward however, facts are 
replaced by theory which may turn out to be fiction. 

The lack of a clear starting point on which any treatment for preterm delivery is 
likely to be based, is largely due to the complicated nature of the condition itself. 
The designation ‘preterm labour syndrome’ reflects the heterogeneous nature of the 
problem. Inflammatory processes are an indisputable part of this syndrome, but whether 
as a cause or consequence remains an unsolved ‘chicken or egg’ dilemma. There are 
indications that the local production of pro-inflammatory cytokines is the first link in a 
chain of events that lead to effacement of the cervix. Cervical shortening would then be 
a symptom of a process already in motion, thus making progesterone a rescue treatment 
rather than a preventive one.

Perhaps the most unsatisfying lack of support for the effectiveness of progesterone 
treatment is that no difference in serum progesterone levels can be found between 
women delivering preterm and those who deliver at term.21 This makes finding the right 
dosage form, frequency and amount a matter of guessing, trial and error.

Recommendations for clinical practice
The research presented in this thesis was not focused on in vitro or laboratory science, 
but on clinical evaluation. The actual question may not be whether progesterone is an 
effective treatment or not, but at what point we allow ourselves to be convinced by results 
generated by clinical trials in the absence of biological plausibility. In today’s research 
climate, where the generation of positive results still attributes to a researchers status and 
publication bias is all but extinct, we should remain very critical. 

A positive effect of progestogen treatment in women with a previous preterm birth 
seemed to be firmly supported by trial results in 2003, but is now under debate due to 
conflicting evidence. The same could prove to be true for treatment in women with a short 
cervix. The currently available evidence is therefore insufficient to promote progestogen 
treatment beyond the realm of research. The progress and results of progestogen studies 
that are now recruiting should be observed carefully. If initial positive trial results are 
confirmed by more than one study group in large numbers, recommendations can 
be included in guidelines and new starting points may be found for further research.  
Until that time, patients should be encouraged to participate in ongoing trials. In case 
of asymptomatic cervical shortening in the second trimester and ineligibility for trial 
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participation, progestogen treatment can be justified based on the available evidence, 
but only after clear counselling on the uncertainty of that evidence. In all other patients 
with an increased risk of preterm birth, progestogen treatment should not be applied 
outside of research settings.
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Chapter 1 gives an outline and describes the objectives of this thesis.

Chapter 2 reports the results of progestogen treatment for the prevention of recurrent 
preterm birth in the Netherlands during the first three years following the publication 
of two positive trials. The objective was to compare the results with those of a group 
of historical control subjects. Due to the limited information on obstetric history in the 
database of the Dutch Perinatal Registration, we were able to find matching control 
subjects for only 56 registered patients. Baseline characteristics were similar for both 
groups. The recurrence risk of preterm birth before 37 weeks was 43% after treatment 
with 17OHPC and 34% without such treatment (p=0.44). No clinically or statistically 
significant differences between women treated with 17OHPC and control subjects were 
found with regard to gestational age at delivery, number of preterm births before 32 
and 35 weeks, perinatal mortality and neonatal admission. The beneficial effect of 
progestogens in the prevention of recurrent preterm birth that was found in previous 
studies could not be confirmed.

Chapter 3 describes the findings of a study on the application of new and established 
treatment strategies for the prevention of recurrent preterm birth in the year 2006. In the 
six obstetric clinics that were studied, 91 records were identified. In academic centres, 
screening for bacterial vaginosis and progesterone treatment were applied more often 
than in other centres (49 vs. 14%, p-value 0.001 and 63 vs. 22%, p-value <0.001, 
respectively). Cervical length measurement was applied more often in non-academic 
hospitals (58 vs. 39%, p-value 0.07), but with fewer measurements per patient (average 
of 3.3 vs. 5.8). There is large practice variation in the management of women with 
a history of preterm birth. Relatively new treatments are applied more frequently in 
academic centres. The differences in application of treatment between types of clinics 
are probably a reflection of the dissemination rate of new evidence.

Chapter 4 shows the results of a questionnaire study on reasons for not offering or 
not administering progesterone treatment. We interviewed obstetricians, midwives 
and women with a previous preterm birth and a current pregnancy or a desire to 
become pregnant in the future. Twenty-five percent of gynaecologists were prescribing 
progesterone, 21% of midwives would recommend progesterone, and 54% of patients 
were willing to undergo treatment in future pregnancies. Specific factors hampering 
implementation for gynaecologists were working in nonteaching hospitals and absence 
of progesterone treatment in local protocols. For midwives and patients, unfamiliarity 
with progesterone was the most notable finding. The major reason for failure of 
implementation of progesterone treatment to prevent recurrent preterm birth is absence 
of this treatment in protocols and lack of familiarity with this treatment in midwives and 
patients.
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Chapter 5 presents the results of a randomized, placebo-controlled trial on 17P for the 
reduction of adverse neonatal outcome in children born from multiple pregnancies (the 
AMPHIA trial). We randomized 671 women. A composite measure of adverse neonatal 
outcome was present in 110 children (16%) born to mothers in the 17P group, and 
in 80 children (12%) of mothers in the placebo group (RR 1.34; 95% CI 0.95-1.89). 
The mean gestational age at delivery was 35.4 weeks for the 17P group and 35.7 
weeks for the placebo group (P=.32). Treatment with 17P did not reduce the delivery 
rate before 28 weeks (6% in the 17P group compared with 5% in the placebo group, 
RR 1.04; 95% CI 0.56-1.94), 32 weeks (14% compared with 10%, RR 1.37; 95% CI 
0.91–2.05), or 37 weeks of gestation (55% compared with 50%, RR 1.11; 95% CI 
0.97–1.28). In conclusion, 17P does not prevent neonatal morbidity or preterm birth 
in multiple pregnancies. A mid-trimester cervical length measurement in participating 
women yielded an insufficient number of women with a cervix below 25 mm to draw any 
conclusions on the effect of 17P in this group. 

Chapter 6 gives the findings of a secondary analysis on patients who had participated in 
the AMPHIA-trial. A total of 282 trial participants carried a twin pregnancy and underwent 
two or more cervical length measurements. Of these women, 140 were monitored in 
centres where repeated measurements were standard protocol. We observed an overall 
reduction of cervical length from 41.6 mm at randomization to 26.9 mm at 32 weeks. 
In the 17OHPC group, cervical length decreased by 1.04 mm each gestational week, 
while this was 1.11 mm per week for the placebo group (p=0.6). For the overall group, 
each 10% decrease in cervical length lead to an increase in the risk for preterm birth (HR 
1.14; 95% CI 1.08-1.21). We found that there is progressive shortening of the cervix 
during twin pregnancy regardless of 17OHPC use.

Chapter 7 shows the results of a systematic review and bivariate meta-analysis on the 
accuracy of cervical length for predicting preterm birth in asymptomatic women with 
a multiple pregnancy. We found 21 studies reporting on 2757 women. There was a 
large variation in gestational age at measurement, cut-off point for cervical length and 
definition of preterm birth. The summary ROC curve indicated a good predictive capacity 
of short cervical length for preterm birth. Summary estimates of sensitivity and specificity 
for preterm birth before 34 weeks’ gestation were 78% and 66%, respectively, for 35 
mm, 41% and 87% for 30 mm, 36% and 94% for 25 mm and 30% and 94% for 20 mm. 
We concluded that in women with a multiple pregnancy, second-trimester cervical length 
is a strong predictor of preterm birth. In the absence of effective preventive strategies, 
there is currently no place in clinical practice for cervical length measurement in this 
population. 
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Chapter 8 gives an overview of the available literature on progestogens for the 
prevention of preterm birth. Two trials published in 2003 showed a positive effect of 
progesterone in the prevention of recurrent preterm birth. However, more recent data 
cannot support these findings. In multiple pregnancies the use of progesterone does 
not seem to reduce the number of preterm births. The results in pregnant women with 
asymptomatic shortening of the cervix are promising, although more research is needed 
in this group.

Chapter 9 discusses the findings in this thesis.
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Hoofdstuk 1 geeft een overzicht en beschrijving van de doelstellingen van dit 
proefschrift.

Hoofdstuk 2 geeft de resultaten weer van progesteronbehandeling voor de preventie 
van herhaalde vroeggeboorte in Nederland gedurende de eerste drie jaar na de 
publicatie van twee positieve trials. Het doel was om deze resultaten te vergelijken met 
die van een groep historische controlepatiënten. Vanwege de beperkte beschikbaarheid 
van informatie over de obstetrische voorgeschiedenis in de database van de Perinatale 
Registratie Nederland, werden slechts voor 56 cases controlepatiënten gevonden. De 
basiskarakteristieken waren vergelijkbaar in beide groepen. Het herhalingsrisico op een 
vroeggeboorte voor 37 weken was 43% na behandeling met 17OHPC en 34% zonder 
deze behandeling (p=0,44). Er werden geen klinisch of statistisch significante verschillen 
gevonden tussen vrouwen die behandeld waren met 17OHPC en controlepatiënten met 
betrekking tot amenorroeduur bij geboorte, aantal vroeggeboortes voor 32 en 35 weken, 
perinatale sterfte en opname van de neonaat. Het positieve effect van progestagenen bij 
de preventie van vroeggeboorte dat in eerdere studies gevonden was, kon niet worden 
bevestigd.

Hoofdstuk 3 beschrijft de resultaten van een studie naar de toepassing van nieuwe en 
bestaande behandelingen voor de preventie van herhaalde vroeggeboorte in het jaar 
2006. In de zes onderzochte obstetrische klinieken werden 91 cases geïdentificeerd. 
In academische centra werden screening op bacteriële vaginose en behandeling met 
progesteron vaker toegepast dan in andere centra (respectievelijk 49 versus 14%, 
p=0,001 en 63 versus 22%, p<0,001). Cervixlengtemetingen werden vaker uitgevoerd 
in niet-academische centra (58 versus 39%, p=0.07), maar met minder metingen per 
patiënt (gemiddeld 3,3 tegenover 5,8). Relatief nieuwe behandelingen worden vaker 
toegepast in academische centra. De verschillen die tussen de centra bestaan in het 
toepassen van behandelingen zijn waarschijnlijk een weerspiegeling van de mate en het 
tempo waarin nieuwe onderzoeksresultaten verspreid worden. 

Hoofdstuk 4 laat de resultaten zien van een vragenlijststudie naar redenen om 
progesteronbehandeling niet aan te bieden of toe te passen. Interviews werden 
afgenomen bij obstetrici, verloskundigen en vrouwen met een vroeggeboorte in de 
anamnese en een huidige zwangerschap of zwangerschapswens. Vijfentwintig procent 
van de gynaecologen schreef progesteron voor, 21% van de verloskundigen zou 
progesteron aanbevelen en 54% van de patiënten was bereid om behandeling met 
progesteron te ondergaan in een volgende zwangerschap. Specifieke factoren die de 
implementatie van progesteronbehandeling voor gynaecologen belemmerden waren 
het werkzaam zijn in een niet-opleidingsziekenhuis en het niet genoemd worden van 
progesteronbehandeling in lokale protocollen. Voor verloskundigen en patiënten was 
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onbekendheid met progesteron de meest belemmerende factor. De belangrijkste reden 
voor het gebrek aan implementatie van progesteronbehandeling waren de afwezigheid 
van deze behandeling in protocollen en een gebrek aan bekendheid.

Hoofdstuk 5 presenteert de resultaten van een gerandomiseerde, placebo-
gecontroleerde trial naar 17P ter preventie van slechte neonatale uitkomsten bij kinderen 
die geboren werden uit meerlingzwangerschappen (de AMPHIA trial). Er werden 671 
vrouwen gerandomiseerd. Een samengestelde maat van slechte neonatale uitkomst was 
aanwezig bij 110 kinderen (16%) van vrouwen in de 17P groep en bij 80 kinderen 
(12%) van moeders in de placebogroep (RR 1,34; 95% BI 0,95-1,89). De gemiddelde 
amenorroeduur ten tijde van de partus was 35,4 weken voor de 17P groep en 35,7 
weken voor de placebogroep (p=0,32). Behandeling met 17P gaf geen vermindering 
van het risico op vroeggeboorte voor 28 weken (6% in de 17P groep versus 5% in 
de placebogroep, RR 1,04; 95% BI 0,56-1,94), 32 weken (14% versus 10%, RR 
1,37; 95% BI 0,91-2,05) of 37 weken (55% versus 50%, RR 1,11; 95% BI 0,97-
1,28). Concluderend is 17P niet in staat om neonatale morbiditeit of vroeggeboorte te 
voorkomen bij meerlingzwangerschappen. Een cervixlengtemeting in het tweede trimester 
bij deelnemende zwangeren leverde een onvoldoende aantal vrouwen met een cervix 
korter dan 25 mm op om uitspraken te doen over het effect van 17P in deze groep.

Hoofdstuk 6 laat de bevindingen zien van een secundaire analyse van patiënten 
die deelnamen aan de AMPHIA trial. In totaal waren er 282 vrouwen die een 
tweelingzwangerschap hadden en twee of meer cervixlengtemetingen ondergingen 
tijdens de zwangerschap. Van deze vrouwen werden er 140 gecontroleerd in centra 
waar herhaalde cervixmetingen onderdeel waren van het standaard protocol. Er werd 
een afname van de cervixlengte gezien van 41,6 mm bij randomisatie tot 26,9 mm bij 
32 weken. In de 17OHPC groep nam de cervixlengte af met 1,04 mm per week, terwijl 
dit 1,11 mm per week was voor de placebogroep (p=0,06). In de totale groep leidde 
iedere 10% afname in cervixlengte tot een toename van het vroeggeboorterisico (HR 
1,14; 95% BI 1,08-1,21). Er is een progressieve verkorting van de cervix tijdens een 
tweelingzwangerschap, onafhankelijk van 17OHPC gebruik.

Hoofdstuk 7 laat de resultaten zien van een systematische review en bivariate 
meta-analyse naar de testeigenschappen van cervixlengtemeting ter voorspelling van 
vroeggeboorte bij asymptomatische vrouwen met een meerlingzwangerschap. Er werden 
21 studies gevonden die rapporteerden over 2757 vrouwen. Er was een grote variatie in 
zwangerschapsduur ten tijde van de meting, afkapwaarde van de cervixlengte en definitie 
van vroeggeboorte. Gewogen sensitiviteit en specificiteit voor vroeggeboorte voor 34 
weken was respectievelijk 78% en 66% voor 35 mm; 41 en 87% voor 30 mm, 36% en 
94% voor 25 mm en 30 en 94% voor 20 mm. Concluderend is de cervixlengte in het 
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tweede trimester bij vrouwen met een meerlingzwangerschap een sterke voorspellende 
factor voor vroeggeboorte. In de afwezigheid van effectieve preventieve behandelingen 
is er echter momenteel in de klinische praktijk geen plaats voor cervixlengtemetingen in 
deze populatie.

Hoofdstuk 8 geeft een overzicht van de beschikbare literatuur over progestagenen ter 
preventie van vroeggeboorte. Twee trials die in 2003 gepubliceerd werden lieten een 
positief effect zien van progesteron bij de preventie van herhaalde vroeggeboorte. Meer 
recente data ondersteunen deze bevindingen echter niet. Bij meerlingzwangerschappen 
lijkt het gebruik van progesteron het aantal vroeggeboortes niet te verminderen. 
De resultaten bij zwangeren met een asymptomatische cervixlengteverkorting zijn 
veelbelovend; er is echter behoefte aan meer onderzoek in deze groep.

Hoofdstuk 9 bediscussieert de bevindingen in dit proefschrift.
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promovendus. Mijn verhuizing naar het AMC zorgde ervoor dat we elkaar wat minder 
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De leden van de promotiecommissie: Prof. Dr. F. van der Veen, Prof. Dr. J.H. van den 
Horn-Kok, Prof. Dr. F.P.H.A. Vandenbussche, Dr. J.B. Derks, Dr. M. Heres en Prof.Dr. 
J.E. Norman van dank ik voor het kritisch beoordelen van het manuscript en voor de 
mogelijkheid om dit proefschrift ten overstaan van hen te verdedigen.

Speciale dank gaat uit naar alle vrouwen die geheel belangeloos hebben deelgenomen 
aan de Amphia-studie en naar alle gynaecologen, arts-assistenten en verloskundigen 
die hen gemotiveerd hebben om deel te nemen.

Research medewerkers: zoals jullie weten zou de Amphia-studie zonder jullie niet 
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Medewerkers van het Trialbureau: als epicentrum van het consortium houden jullie het 
draaiende, jullie doen geweldig werk. 
Consortium-onderzoekers van het eerste uur: Corine, Kim, Michelle en David. Wat begon 
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een enorm landelijk netwerk. Ik denk dat we best een beetje trots mogen zijn op de basis 
die ook wij hiervoor gelegd hebben.

Veel dank gaat uit naar alle mede-auteurs van de manuscripten en naar de studenten 
die inspanningen hebben geleverd voor de verschillende onderzoeken.

Collega-onderzoekers in het AMC: Menke, Elisabeth, Anna, Wouter, Stef, Norah, 
Emmy,  Alexandra, Melanie, Laura, Esther, Liesbeth, Inge, Moniek, Karlijn, Femke, Jiska, 
Margreet en Floortje. In het cubicle-doolhof dat H4Noord heette stond er altijd wel 
ergens een deur open waar even gekletst, gelachen of geklaagd kon worden. Ik denk 
met veel plezier terug aan alle gezellige lunches, borrels en etentjes.
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AMC collega’s: assistenten, fellows, staf, verloskundigen en verpleegkundigen. Het AMC 
is een bijzondere plek om te werken en voelt voor mij toch een beetje als de thuisbasis. 
Ik heb er een ontzettend leuke tijd gehad en enorm veel geleerd.

SLAZ collega’s: het is fijn om weer terug te zijn. Ik kan me geen betere plek voorstellen 
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Lieve vrienden en vriendinnen, ik vrees dat ik jullie enigszins verwaarloosd heb… Dank 
voor alle begrip en interesse die jullie de afgelopen jaren getoond hebben. Ik beloof 
beterschap!

Lieve Marsha, hoewel we op heel verschillende onderwerpen promoveren, ben jij toch 
altijd een beetje mijn onderzoeksmaatje geweest. Op 1 april 2006 begonnen onze 
onderzoekscarrières in het AMC en ik zou niet weten hoe ik het zonder jouw steun 
had moeten redden. Mijn promotie zou niet compleet zijn als jij op de dag van de 
verdediging niet naast me zou staan!

Lieve Jessica, Mark en Karen. Wat is het toch fijn om te weten dat er nog drie 
mensen op deze wereld rondlopen met dezelfde humor, vreemde karaktertrekjes en 
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onze reis door Australië was natuurlijk een onvergetelijk hoogtepunt. Kaar, ik ben blij dat 
je tijdens mijn promotie naast me staat.
Lieve Pascal, Henrike en Matthijs. Het is niet makkelijk om met een Lim te leven, maar 
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weet ook dat ik altijd bij jullie terecht kan.
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het vertrouwen dat jullie me hebben gegeven.

proefschrift.indb   142 21-5-2012   15:29:39



11
About the author

proefschrift.indb   143 21-5-2012   15:29:39



proefschrift.indb   144 21-5-2012   15:29:39



145

Chapter

11

About the author

Arianne Cynthia Lim werd als jongste van vier kinderen op 13 juni 1981 geboren in 
Naarden. Zij bracht het grootste deel van haar jeugd door in Waalre, Noord-Brabant, 
en behaalde in 1998 haar gymnasiumdiploma aan het Lorentz Lyceum te Eindhoven. 
Na een jaar in Australië te hebben doorgebracht startte zij in 1999 met de studie 
Geneeskunde aan de Universiteit Utrecht. Tijdens haar wetenschappelijke stage deed zij 
onder leiding van Dr. A. Kwee en Prof. Dr. H.W. Bruinse onderzoek naar uterusrupturen 
bij de afdeling Verloskunde in het Universitair Medisch Centrum Utrecht (UMCU). In 
2005 behaalde zij haar artsexamen en ging hierna aan de slag als ANIOS Verloskunde 
in het UMCU. In 2006 werd zij aangenomen als promovendus onder leiding van Prof. 
Dr. B.W.J. Mol en Prof. Dr. H.W. Bruinse, waarna zij de overstap naar het Academisch 
Medisch Centrum (AMC) in Amsterdam maakte. Hier was zij naast haar onderzoek 
part time werkzaam als ANIOS op de afdeling Verloskunde. In 2008 begon zij aan de 
opleiding tot gynaecoloog in het Sint Lucas Andreas Ziekenhuis onder leiding van Prof. 
Dr. F. Scheele. Van 2009 tot 2012 vervolgde zij deze opleiding in het AMC onder leiding 
van Prof. Dr. M.J. Heineman. Momenteel is Arianne voor het laatste deel van haar 
opleiding werkzaam in het Sint Lucas Andreas Ziekenhuis.

proefschrift.indb   145 21-5-2012   15:29:39



proefschrift.indb   146 21-5-2012   15:29:39




