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Spontaneous preterm birth (sPTB) remains a major global health problem and accounts 
for the majority of preterm deliveries worldwide, with a substantial contribution to 
neonatal morbidity and mortality. Despite extensive research efforts, the incidence 
of sPTB has shown little improvement over recent decades, and the underlying 
pathophysiological mechanisms remain incompletely understood. Rather than a single 
disease, sPTB is increasingly recognized as a multifactorial outcome resulting from the 
interplay of maternal, fetal, placental, and environmental factors.

The cervix plays a central role in the maintenance of pregnancy and is a key component 
in the pathogenesis of sPTB. Cervical dysfunction may act as a primary cause of 
PTB, as in cervical insufficiency, where structural or functional weakness leads to 
painless cervical shortening and dilation. At the same time, cervical shortening may 
also represent a secondary manifestation of upstream pathological processes. 
Consequently, the cervix may function both as a cause and as a marker of the 
heterogeneous mechanisms underlying sPTB. Measurement of cervical length (CL) 
in mid-pregnancy is one of the most robust and clinically useful predictors of sPTB 
and offers an important opportunity for risk stratification and targeted preventive 
intervention. However, the clinical interpretation and management of a short cervix 
differ substantially between individuals with and without a prior history of sPTB, 
representing a priori high- and low-risk populations, respectively.

Therefore, the overall aim of this thesis is to contribute to a more individualized 
approach to the prediction and prevention of sPTB by evaluating the role of CL and 
CL–based interventions in pregnancies with differing baseline risks.

Part I	 Pregnant without a history of spontaneous preterm birth
Pregnant individuals without a history of sPTB are generally considered to be at low 
risk, with an overall sPTB rate of approximately 4% in the Netherlands. Within this 
population, the absolute incidence of a short cervix (≤25 mm before 24 weeks of 
gestation) is low, estimated at 0.8–1.9%. Despite this low prevalence, the presence 
of a short cervix in mid-pregnancy is associated with a substantially increased risk 
of sPTB, even in the absence of other known risk factors. Building on previous Dutch 
research into the incidence of a short cervix, associated risk factors, and sPTB 
rates, the Quadruple P studies were initiated. These studies comprised two major 
components, a prospective CL screening study and an intervention trial, and included 
both singleton and multiple pregnancies.

In the first part, the Quadruple P screening study, individuals pregnant with a single or 
multiple pregnancy without a history of sPTB <34 weeks of gestation were invited to 



303

Summary

have their CL measured during the routine 20-week anomaly scan. Alongside their CL 
measurement, several maternal and obstetrics characteristics were collected. The first 
3 chapters focus on the singleton cohort of 19,000 patients and discuss risk factors 
for short CL, pregnancy outcomes and challenges associated with its measurements.

As worldwide the question of universal CL measurement becomes more and more 
prudent, we wanted to examine which risk factors for PTB are associated with a short 
cervix and compare if a targeted approach based on risk profile of associated factors 
outweighs universal measurements. The results in Chapter 2 show that cervical 
surgery, smoking and history of miscarriage were associated with highest odds for 
developing a short cervix for cut-off values of 35, 30 and 25 mm. The clinical value of 
risk-based screening was limited, but some potential benefit was found for identifying 
a CL ≤25 mm. At a 1% predicted risk threshold, the number needed to screen (NNS) to 
detect one case of CL ≤25 mm was 45, missing 28.5% of cases compared to universal 
screening. Increasing the risk to 3% or 5% improved test yield (NNS 1:17 and 1:12) 
but missed 68.7% and 80.3% of cases of a short cervix. Therefore, the findings of this 
chapter support universal CL measurements as opposed to a targeted approach.

To obtain pregnancy outcomes, a linkage between the included QP screen cohort 
and the National Perinatal Registry of the Netherlands was performed. Chapter 
3 reveals the retrieved 15,524 pregnancy outcomes following a CL measurement 
between 2015-2022. The highest risks were seen for both nulliparous and multiparous 
singletons with a CL ≤25 mm. Sensitivity of a short CL ≤25 mm to detect sPTB <37 
weeks gestation was 7.8% in nulliparous and 5.6% in multiparous singletons. When 
we calculated the sensitivity to detect sPTB <32 weeks, it was 31.3% in and 24.2% 
in respectively nulliparous and multiparous singletons. Prediction could not be 
improved by CL measurement combined with maternal and obstetric factors and 
only reinforced CL as the dominant predictor. As CL measurement can identify a 
substantial proportion of those at highest risk of sPTB, particularly before <32 weeks 
gestation, it should be a standard procedure for all pregnant individuals as part of 
preterm birth prevention.

Chapter 4 examined how the distribution of CL measurements and the incidence of 
a short cervix vary depending on the cut-off used to define shortening. We analyzed 
observed CL measurements from the QP-screening study and compared them with a 
simulated expected (normal) distribution. The observed incidence of CL ≤35 mm and 
≤25 mm differed significantly from what would be expected based on the simulated 
distribution (p <0.001 and p = 0.003, respectively). The largest discrepancy was found 
around the 35–36 mm range, which corresponds to the inclusion threshold for the 
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randomized Quadruple P trial. The observed increase of measurements ≤25 mm 
is probably related to the progesterone treatment cut-off. These findings illustrate 
how human factors in measuring a continuous variable such as CL can introduce bias 
and reduce measurement precision, especially when clinical decision-making or trial 
eligibility subsequently depends on a predefined cut-off value.

When a CL of ≤ 35 mm in singleton pregnancies or ≤37 mm in multiple pregnancies 
was identified during CL assessment, individuals were invited to participate in the 
Quadruple P randomized controlled trial (RCT). As vaginal progesterone represents the 
standard treatment for a short cervix in this population, and the cervical pessary has 
been proposed as a potential alternative intervention, the RCTs trials were designed 
to compare the effectiveness of a cervical pessary versus vaginal progesterone in 
preventing a composite of adverse perinatal outcomes, using a superiority design in 
favor of the pessary. Outcomes were analyzed separately for singleton and multiple 
pregnancies.

The RCT presented in Chapter 5 included 612 individuals with singleton pregnancies 
and a CL ≤ 35 mm. The composite adverse neonatal outcome occurred in 19 of 303 
women (6%) in the pessary group and 17 of 309 women (6%) in the progesterone 
group (RR 1.1, 95% CI 0.60–2.2). Among participants with a CL ≤25 mm, sPTB before 28 
weeks occurred more frequently in the pessary group than in the progesterone group 
(16% vs 4%; RR 3.7, 95% CI 1.1–12.9), and adverse perinatal outcomes also appeared 
more common (24% vs 12%; RR 2.1, 95% CI 0.95–4.6). We therefore concluded that 
a cervical pessary is not superior to vaginal progesterone for preventing adverse 
perinatal outcomes and may be less effective in women with a short cervix ≤25 mm.

Chapter 6 reports the results of the RCT in multiple pregnancies. This study included 
277 women with a CL <38 mm, resulting in 531 neonates. Although the planned sample 
size was 332 participants, recruitment was stopped early after an interim analysis 
of 237 participants, following a recommendation by the Data Safety Monitoring 
Committee due to futility. The composite adverse perinatal outcome occurred in 53 
of 269 neonates (19.7%) in the pessary group and 36 of 262 neonates (13.7%) in the 
progesterone group (RR 1.4, 95% CI 0.85–2.4). In the predefined subgroup with CL 
≤25 mm, no significant differences were observed in composite perinatal outcomes or 
preterm birth rates. Overall, this trial demonstrated that cervical pessary and vaginal 
progesterone were equivalent in preventing perinatal complications, but importantly, 
the pessary did not improve outcomes compared with progesterone.
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Part II	 Pregnant with a history of spontaneous preterm birth
Part II of this thesis focuses on individuals with a history of sPTB. These pregnant 
individuals are considered high-risk a priori due to a substantially increased likelihood 
of recurrent sPTB. Absolute recurrence risks are estimated to range from 15% to 50% 
for delivery before 37 weeks of gestation and approximately 15% for delivery before 34 
weeks, with the risk increasing further in the presence of a short cervix. Consequently, 
standard clinical management includes serial CL measurements between 14-16 to 24 
weeks’ gestation, and preventive interventions such as vaginal progesterone therapy 
and cervical cerclage when CL ≤25 mm before 24 weeks’ gestation. Although these 
strategies have been shown to reduce recurrent sPTB, recurrence risk within this 
population is heterogeneous, and not all women benefit equally from intervention. 
Further refinement of risk stratification may support more individualized counseling 
and optimize preventive care in women with a history of sPTB and a short cervix.

In chapter 7, we examined whether the number of previous sPTB, gestational age 
(GA) of previous birth and CL could stratify patients into different risk groups for 
recurrence to investigate whether there is a risk group that does not require additional 
interventions. Using individual participant data from seven prospective cohorts 
(n = 1,316) without preventive treatment, we assessed the independent contribution 
of CL and characteristics of prior sPTB to recurrence risk. CL and GA of previous sPTB 
were independently associated with recurrent preterm birth, enabling clinical risk 
stratification within this high-risk population. However, even individuals with a late 
prior sPTB (between 32+0 and 36+6 weeks GA) and a long cervix (>30 mm) had a 
substantially higher recurrence risk than low-risk multiparous reference groups. Rates 
for PTB before 32, 34 and 37 weeks GA were 3.9% (95% CI 1-8), 9.8% (95% CI 6-16) and 
23% (95% CI 19-32) respectively. These findings indicate that, despite heterogeneity 
in recurrence risk, all individuals with a history of sPTB remain at increased risk. 
Therefore, counseling and ongoing surveillance for preventive strategies remain 
warranted, regardless of CL or timing of prior preterm birth.

Chapter 8 addresses pregnant individuals who have a mid-trimester CL >25 mm, 
a group for whom cerclage is not routinely indicated despite an ongoing elevated 
risk of recurrence. Although serial CL measurements are part of standard care, this 
information is currently not used to further stratify risk within this subgroup. In our 
retrospective cohort of 469 asymptomatic patients with a singleton pregnancy, a 
previous sPTB before 34 weeks of gestation, and a CL >25 mm before 24 weeks’ 
gestation, the risk of recurrent sPTB was 21.1% (95% CI 17.4–24.8%) for delivery before 
37 weeks, decreasing to 9.0% (95% CI 6.4–11.6%) and 1.9% (95% CI 0.7–3.2%) for sPTB 
before 34 and 28 weeks, respectively. Individuals with a CL of 26–30 mm had an almost 
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fourfold higher risk of recurrent sPTB <37 weeks compared with those with a CL >30 
mm (44.7% vs 18.5%; OR 3.6, 95% CI 1.91–6.66). In contrast, changes in CL over time 
were not associated with recurrence risk, indicating that absolute CL is a stronger 
predictor than longitudinal change. Again, these findings demonstrate clinically 
relevant heterogeneity in recurrence risk above current CL treatment thresholds. 
Future studies should assess whether women with a history of sPTB and a CL of 26–30 
mm benefit from cerclage.

A physical exam-indicated cerclage (PEIC) is used when advanced cervical effacement 
and dilation is present, with or without bulging membranes, in the absence of labour, 
representing an extreme high-risk scenario for very early sPTB. Although PEIC, also 
referred to as an emergency cerclage, is applied in clinical practice, uncertainty 
remains regarding its effectiveness when placed at the end of the second trimester. 
International guidelines differ in recommended upper GA limits, and most available 
evidence includes individuals up to 27+6 weeks, while data specifically addressing 
PEIC before 24 weeks’ gestation are limited. This GA threshold is especially relevant 
in the Netherlands, where 24 weeks is widely regarded as a critical cut-off for the 
initiation of active neonatal care. Therefore, Chapter 9 aimed to evaluate the available 
literature in a systematic review and meta-analysis of the effectiveness of PEIC placed 
before 24 weeks of gestation compared with expectant management, with PTB before 
37 weeks as the primary outcome. Compared with expectant management, PEIC 
was associated with significantly lower rates of PTB <37 weeks (71.2% vs 94.2%; OR 
0.11, 95% CI 0.03–0.35), as well as reductions <34 weeks (OR 0.10, 95% CI 0.03–0.31) 
and < 28 weeks (OR 0.19, 95% CI 0.07–0.51). It was also associated with a significant 
prolongation of pregnancy (mean difference 39.1 days, p <0.0001) and a higher GA 
at delivery (mean difference 4.9 weeks, p = 0.0002). Interpretation of these findings 
is limited by the retrospective nature of the available evidence, the absence of RCTs 
and the lack of reported neonatal outcomes.

Although a cervical cerclage can be effective in preventing recurrent sPTB in 
individuals at very high risk, Chapter 10 addresses whether a less invasive mechanical 
alternative may offer comparable effectiveness. Cervical pessary has been proposed 
as an alternative to cerclage, yet direct comparative evidence between both strategies 
has been lacking. Chapter 10 shows the results of an international, open-label, 
randomized non-inferiority trial comparing cervical pessary with vaginal cerclage 
in individuals with a singleton pregnancy with either multiple previous sPTB <34 
weeks or a previous sPTB birth <34 weeks combined with a mid-trimester CL ≤25 
mm. The primary outcome was PTB before 32 weeks of gestation. The trial was halted 
prematurely after interim analyses due to safety concerns and the low likelihood 
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of demonstrating non-inferiority of pessary treatment. Preterm birth <32 weeks 
occurred more frequently in the pessary group than in the cerclage group (33.8% 
vs 24.0%; adjusted RR 1.4, 95% CI 0.95–2.1), with an absolute risk difference of 9.8% 
(95% CI −1.2 to 20.9), exceeding the predefined non-inferiority margin. Similarly, the 
composite adverse perinatal outcome occurred more often after pessary treatment 
(32.2% vs 23.2%; RR 1.4, 95% CI 0.93–2.1), largely driven by higher rates of perinatal 
mortality. Non-inferiority of cervical pessary compared with cerclage could not 
be demonstrated. These findings indicate that, in women with a high-risk profile 
warranting cerclage, cervical pessary should not be used as a substitute for cerclage. 
This chapter reinforces cerclage as the preferred intervention in this population.

As a cervical cerclage is a widely used intervention to prevent sPTB, information 
on its perioperative safety profile is scarce and inconsistently reported. A clear 
overview of procedure-related complications is essential for risk–benefit assessment 
and informed counseling of patients undergoing cerclage placement. Chapter 
11 presents a systematic review with meta-analysis evaluating perioperative 
complications associated with transvaginal cervical cerclage, defined as adverse 
events occurring during or within 24 hours after surgery. A total of 44 studies 
were included, comprising 4,511 women with singleton pregnancies. The highest 
pooled complication rates were observed following physical examination–indicated 
cerclage, with hemorrhage occurring in 2.3% (95% CI 0.0–7.6) and preterm premature 
rupture of membranes in 2.5% (95% CI 0.91–4.5). Ultrasound-indicated cerclage was 
associated with intermediate complication rates, whereas history-indicated cerclage 
showed the lowest risks, including hemorrhage in 0.9% (95% CI 0.0–7.9) and no 
reported perioperative membrane rupture. Although perioperative complications 
were uncommon overall, this chapter highlights substantial heterogeneity in reporting 
practices, including inconsistent definitions and unclear time frames for complication 
assessment. These findings underscore the need for standardized definitions and 
uniform reporting guidelines to improve the evaluation of cerclage safety in future 
studies.

Part III	    Reflection and Future
While Parts I and II focus on CL–based prediction and prevention strategies for sPTB, 
Part III takes a step back to reflect on the broader landscape of clinical research in 
PTB prevention. Given the persistent gap between the volume of published RCTs and 
their actual impact on meaningful improvements in clinical decision-making, this part 
examines how the usefulness of clinical research can be assessed and improved. 
Specifically, it introduces a structured tool to evaluate the usefulness of RCTs and 
applies this framework to the field of PTB prevention.
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In Chapter 12, a multidimensional tool is presented to assess the usefulness of 
RCTs evaluating healthcare interventions. The proposed tool, adapted from existing 
methodological frameworks and tailored to obstetrics and gynecology, evaluates 
trials across multiple domains, including relevance of the research question, choice 
of outcomes, pragmatism, transparency, and patient-centeredness. By systematically 
identifying strengths and weaknesses, this tool aims to support researchers, funders, 
ethics committees, and clinicians in designing, evaluating, and interpreting trials with 
greater potential clinical impact, without restricting scientific innovation.

This usefulness tool is operationalized and applied to RCTs addressing PTB prevention 
in Chapter 13. A total of 347 RCTs included in Cochrane reviews were assessed 
against eight usefulness criteria comprising thirteen items. Only 10% of trials met 
more than half of these criteria, indicating that the majority of PTB prevention trials 
have limited clinical usefulness. Although transparency improved in trials published 
after 2010, the use of informative outcomes, pragmatic study designs, and patient 
involvement remained scarce. Notably, no trial reported involvement of mothers in 
defining research priorities or outcome selection. These findings highlight important 
opportunities to improve future PTB research by prioritizing clinically relevant 
outcomes, patient-centered approaches, pragmatic designs, and transparent 
reporting.

This thesis demonstrates that CL measurement plays a central role in both the 
prediction and prevention of sPTB. Careful interpretation of measurements, 
appropriate selection of interventions, and better designed clinical research are 
essential to further improve care for pregnant individuals at increased risk of preterm 
birth.

Take-home-messages

Part I	 Pregnant without a history of spontaneous preterm birth
•	 Universal mid-pregnancy cervical length measurement outperforms risk-based 

measurements in detecting a short cervix, as targeted approaches miss a 
substantial proportion of high-risk cases.

•	 As cervical length measurements can identify a substantial proportion of those 
at highest risk of sPTB in a deemed low-risk population, particularly before <32 
weeks gestation, it should be a standard procedure for all pregnant individuals as 
part of preterm birth prevention.
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•	 Clinical decisions based on predefined cut-off values of cervical length 
measurements carry a risk of selection bias, reflecting the vulnerability of 
continuous measurements to human factors.

•	 In singleton pregnancies with a short cervix ≤35 mm, cervical pessary is not 
superior to vaginal progesterone in the prevention of a composite of adverse 
neonatal outcomes and may be less effective in women with a shortened cervix 
≤25 mm.

•	 In multiple pregnancies with a short cervix ≤37 mm, cervical pessary did not 
improve perinatal outcomes compared with vaginal progesterone, confirming no 
added benefit of pessary treatment in this population.

Part II	 Pregnant with a history of spontaneous preterm birth
•	 Although recurrence risk of spontaneous preterm birth varies according to prior 

gestational age and cervical length, all women with a history of sPTB remain 
at increased risk compared with low-risk pregnancies and warrant continued 
surveillance and preventive care.

•	 Women with a history of sPTB and a cervical length of 26-30 mm before the 24 
weeks of gestation have an almost four times higher risk for a recurrent sPTB, 
compared to those with a longer cervical length. Future studies should assess 
whether women with a history of sPTB and a cervical length of 26-30 mm benefit 
from cerclage.

•	 Physical exam–indicated cerclage placed before 24 weeks of gestation is associated 
with substantial prolongation of pregnancy and reduced preterm birth compared 
with expectant management, despite limitations of retrospective evidence.

•	 In women at high risk for spontaneous preterm birth eligible for a cervical cerclage, 
cervical pessary was not non-inferior to cerclage and was associated with worse 
perinatal outcomes, reinforcing cerclage as the preferred intervention.

•	 Perioperative complications of transvaginal cervical cerclage are rare and occur 
most frequently after physical examination–indicated cerclage, but interpretation 
is limited by heterogeneous and inconsistent reporting.

Part III	    Reflection and Future
•	 A multidimensional usefulness tool, tailored to obstetrics and gynecology, provides 

a structured way to assess whether randomized controlled trials in this domain 
are likely to translate into meaningful clinical impact.

•	 Most randomized trials on preterm birth prevention fail to meet key usefulness 
criteria, underscoring the need for more pragmatic, patient-centered, and clinically 
informative trial designs.
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