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General discussion and future
perspectives




I Universal mid-pregnancy cervical length
measurements and next steps in
management of individuals without a history
of sPTB

An asymptomatic mid-pregnancy short cervix significantly increases the risk of early
PTB, regardless of parity.' In both nulliparous and multiparous pregnant individuals,
a CL <25 mm is associated with a markedly elevated risk of delivery before 32 weeks
and poor perinatal outcomes, indicating that the absence of a prior sPTB does not
equate to low risk when an objective marker such as CL is considered (Chapter 3).2
Additional clinical or demographic risk factors may further enlarge this baseline risk.3
In current practice, pregnant individuals without a history of sPTB are considered low-
risk by default. Our findings challenge this assumption and support a more refined
approach to risk stratification.

Some caregivers and policymakers diminish CL measurements as a tool for identifying
at risk patients because it does not identify all cases of sSPTB. As sPTB is a multifactorial
condition and cervical shortening represents only one of several pathophysiological
pathways, it is therefore unrealistic to expect a mid-pregnancy CL measurement to
identify all cases.* Nevertheless, this simple and minimally invasive measurement
identifies at least 30% of sPTB cases <32 weeks GA, for whom preventive treatment
could be offered (Chapter 3). Besides, other maternal or obstetric risk factors, apart
from a history of sPTB, demonstrate substantially weaker predictive value compared
to CL measurement (Chapter 2). Another proposal is to limit CL measurement to
a targeted at-risk population based on these risk factors to reduce the number of
ultrasounds and increase diagnostic yield. As Chapter 2 demonstrated, that approach
would result in missing a substantial proportion of 30-40% of short CL cases that
would otherwise be detected.®

Therefore, mid-pregnancy CL measurement is essential for distinguishing between
high- and low-risk pregnancies, optimizes accurate risk assessment and should
therefore be offered to all pregnant individuals. This approach ensures that individuals
at elevated risk because of a short cervix are not falsely reassured or inappropriately
excluded from preventative care.

Feasibility and Cost-Effectiveness

In the past two years, the International Society of Ultrasound in Obstetrics and
Gynecology (ISUOG),® the American College of Obstetricians and Gynecologists
(ACOG)’ and the Society for Maternal-Fetal Medicine (SMFM)® do recommend universal
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TVU CL in patients with singleton pregnancies without a previous sPTB, as effective
treatment options are available. As mentioned earlier, vaginal progesterone daily
200mg, is the first step when a short cervix <25 mm is detected.®'° Both the IPDMAs
from the EPPPIC group as from Romero et al. calculated a number needed to treat
(NNT) of 10 and 11 respectively.®"" As the incidence of a short CL <25 mm in the
Netherlands is 1.4%, reported in Chapter 2, an estimated number needed to screen
(NNS) would be 786 and 714, respectively, to prevent one sPTB <34 weeks. Calculating
a true number NNS for our cohort is not feasible, given that part of our cohort may
have received treatment following the detection of a short cervix, but this follow-up
datais incomplete (Chapter 3). Therefore, using the IPDMAs of the EPPPIC group and
Romero et al. by proxy is more accurate.®"

One of the counterarguments often heard (in the Netherlands) is the high NNS
necessary to prevent one sPTB. To put these numbers in perspective, to prevent one
death because of breast cancer 133-200 patients biannually have to be screened
during 10 years (650-1000 scans for patients aged 50-69.">™ For colorectal cancer,
375-800 individuals, aged between 55-75 years, need to be screened biennial during
10-15 years of follow-up with a fecal test and if necessary additional colonoscopy to
prevent one death.’>'® In our case, the potential to save a young life, offering a lifetime
of quality-adjusted life years, places the addition of a single transvaginal ultrasound
during an already scheduled mid-pregnancy scan in a highly favorable light. This is
especially true when considering the follow-up period of a decade required to observe
mortality benefits in other screening programs. Besides, TVU can yield additional
obstetric benefits by identifying other clinically significant conditions, such as a low-
lying placenta or vasa previa."”

A current budget impact analysis of a national screening program of TVU CL
measurements in the Netherlands provides an overview of the implications in our
healthcare setting.'® The costs of introducing CL measurement during the anomaly
scanis estimated at €30 per case and the relatively low cost of treatment with vaginal
progesterone €47 for daily use from 20 to 36 weeks' gestation.

These questions are not only raised in the Netherlands, but the feasibility and cost-
effectiveness are globally targeted. Although one RCT, while being underpowered for
the primary outcome, concluded that universal CL screening did not lead to a non-
significant PTB <37 weeks' gestation reduction, another study did found a significant
sPTB decrease (OR, 0.94; 95% CI 0.88-0.99; p = 0.02) when implementing routine CL
measurements.'?® A recent meta-analysis showed that universal CL screening was
associated with a reduction in sPTB before 37 weeks gestation (OR 0.88, 95% CI 0.79-
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0.97) in individuals without previous sPTB.?" Also, recent cost-effectiveness analyses
support national implementation of universal CL screening, citing reductions in PTB
incidence, neonatal complications, and overall healthcare costs.??2°

Also in a wider perspective, the reservation of this diagnostic tool for an already
known high-risk group with a history of sPTB, is also questionable at population level.
The figure below shows the attributable risk per risk factor for PTB on population
level in Sweden, which show that nulliparous individuals without a prior history of
sPTB add significantly to the PTB rates.?® When examining the contribution of prior
PTB to the overall population risk, it is limited. This underscores that targeting only
individuals with a known high-risk obstetric history overlooks a large proportion of
at-risk pregnancies. Therefore, we must focus on uncovering hidden high-risk cases
and using universal CL measurements could help to identify some of them.
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Figure 1. Attributable risk per risk factor for PTB on population level in Sweden

Reproduced from Ferrero et al, PLOS ONE, 2016 (CC BY)?*®

Ethical Considerations

From an ethical point of view, the relatively low incidence of short CL must be weighed
against the significant potential harm of missed cases. While universal CL measurement
can identify a clinically meaningful proportion of high-risk pregnancies, this benefit
must be balanced against the psychological burden of false positives. Many women
with a short cervix will not deliver preterm and labeling them as high-risk may cause
unnecessary anxiety and increased medicalization of care. This is comparable for
individuals undergoing screening for colorectal cancer, where in in the Netherlands
the detection rate for colorectal cancer or higher stage of adenoma was 35.5 per 1000
participants (colorectal cancer 0.6% and 3.0% severe adenoma).’®
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On the other hand, all international guidelines agree that when a short cervix is
identified, treatment should at least be considered and discussed. This presents a
moral contradiction: we acknowledge the availability of an acceptable intervention yet
hesitate to identify the very patients who might benefit from it. As clinicians, does this
not imply a moral obligation to act? Can we continue to dismiss universal screening
on the grounds that progesterone is not effective for everyone, even when the NNT
is 10? And can we justify concerns over NNS when they are comparable with those of
other accepted screening programs? Especially when detection could potentially lead
to substantial lifetime gains in quality-adjusted life years by preventing sPTB?

Proposal for implementation of universal CL screening in the Netherlands

In the Netherlands, implementation of this strategy has not yet been routinely started.
The national guidelines for the prevention of (s)PTB were recently updated (November
2024), and the Dutch Society of Obstetrics and Gynecology (NVOG) now recommends
performing a mid-pregnancy CL measurement and initiating an implementation
study. The following section presents a proposal for the integration of universal CL
measurements into the Dutch antenatal care system.

How can implementation become successful

An effective national implementation strategy for CL measurement should be
multidisciplinary and coordinated across multiple levels of the healthcare system.
At policy level, the national protocol (Leidraad Obstetrische parameters), should be
updated to include structured CL assessment during the 20-week anomaly scan.?’
Professional consensus among the NVOG, Koninklijke Nederlandse Organisatie van
Verloskundigen (KNQOV), and Beroepsvereniging Echoscopisten (BEN) must result in
translating the current guideline language (“may be considered”) into clear practice-
oriented criteria. A clinical decision tree concerning follow-up and well-defined referral
pathways for those with a short cervix should be provided. Particularly in the Dutch
obstetric care system, it is important to distinguish between situations in which
pregnant individuals are transferred to the care of a gynecologist in secondary care,
and those in which they are only referred for consultation (and treatment initiation)
while remaining under the primary responsibility of the midwife.

Regarding the cut-off value for a short cervix, a CL <25 mm remains the primary
threshold for initiating preventive treatment in presumed low-risk populations. Yet
evidence suggests that individuals with a CL of 26-30 mm also carry increased risk,
the absolute risk remains lower compared to those <25 mm (Chapter 3).2 Current
guidelines do not recommend intervention for CL 26-35 mm.® Progesterone may be
beneficial up to 30 mm, but most benefit likely occurs below 25 mm as the analysis of

327



Chapter 16

the EPPPIC group lacks stratification and thus it remains unclear whether this benefit
is driven primarily by those at the lower end of that range.® Additionally, the Quadruple
P study in singletons (Chapter 5) also showed most benefit of progesterone in the
group with a CL below 25 mm.

When considering follow up, current studies show that 15-30% of those with a CL
between 26-30mm at the 20 week scan will develop a shorter CL <25 mm before 24
weeks of gestation.?®?° In this subgroup, at least one follow-up scan before 24 weeks of
gestation will help to identify a CL <25 mm. Given that physical examination-indicated
cerclage (PEIC) can be effective when placed before 24 weeks of gestation, TVU follow
up of CL should be considered, even after progesterone initiation.t® More frequent
follow-up may be warranted in the presence of funneling or intra-amniotic sludge
(Chapter 7), although evidence on optimal timing and frequency is lacking.5®

To outline the approach to CL measurement, follow-up, and referral pathways, a
proposed clinical practice framework is presented in Figure 2.

National training for sonographers to ensure accurate and reproducible measurements
should be incorporated, supported by standard operating procedures and quality
assurance mechanisms. Furthermore, awareness among both (primary) obstetric care
providers and pregnant individuals must be improved through targeted educational
materials and screening counseling, and collaboration with patient organizations
such as Care4Neo to enhance understanding and acceptance of the process. If
financial barriers remain a point of discussion and overrule moral obligation, a modest
additional reimbursement should be considered into the standard reimbursement
for the structural anomaly scan. Especially as the budget impact analysis mentioned
earlier showed benefit.'®
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In summary, a short mid-pregnancy CL (<25 mm) strongly increases the
risk of sPTB, regardless of parity or prior obstetric history.

Absence of a prior sPTB does not equal low risk when an objective marker such
as CL is considered.

Vaginal progesterone is the first-line preventive treatment for CL <25 mm, with
a favorable NNT of approximately 10.

International guidelines (ISUOG, ACOG, SMFM) now recommend universal
transvaginal CL measurement in singleton pregnancies without prior sPTB.
Universal CL measurement identifies a clinically meaningful high-risk subgroup,
capturing up to one-third of sSPTB <32 weeks with a single, minimally invasive
measurement.

Targeted (risk-based) measurement misses 30-40% of short cervix cases,

whereas universal approach improves population-level detection.

Universal CL measurement is feasible and cost-effective, with NNS comparable
to established cancer screening programs and substantial lifetime health
gains.

Ethically, withholding universal measurements risks missing treatable high-risk
pregnancies, when progesterone is considered as an effective intervention.
Implementation in the Dutch antenatal care system mainly depends on
achieving policy consensus among healthcare providers and establishing
clear agreements on measurement, follow-up, and treatment, with
financial considerations possibly constituting the final remaining barrier, as
organizational structures are already in place.

I Next steps in management of individuals
with a history of sPTB

Cervical length measurement for the prevention of sPTB for individuals with singleton
pregnancies and previous sPTB became routine after cervical cerclage for a CL <25
mm before 24 weeks of gestation was shown to be effective.®® Placement of a cerclage
in this context is associated with a 30% reduction in PTB and a 36% reduction in
perinatal morbidity and mortality.?° In the clinical work-up for this population, serial
CL measurements and administration of progesterone are now well-established and
widely implemented recommendations. When a CL <25 mm is identified, placement
of a cerclage should be considered.®®
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In this population as well, cervical shortening should be viewed more as a dynamic
process than a strict cut-off. We found that individuals with CL between 25 and 30
mm have a substantially higher risk of PTB (44.7% PTB <37 weeks and 23.4% PTB <34
weeks) compared to those whose CL remains above 30 mm before 24 weeks' gestation
(Chapter 8). This is in contrast with a previous study in a comparable population that
reported this risk to be only 16%. If an ultrasound-indicated cerclage (UIC) is effective
in case of a CL of 25 to 30mm is unknown, as there is no data available.

The stratification tables conducted in Chapter 7 can help to inform the individual
patient about overarching risk estimations, based on their history and CL. Even
in patients with a late sPTB and a CL >30 mm, an increased risk for PTB persists.
Although the EPPPIC individual participant data meta-analysis (IPDMA) showed that
vaginal progesterone reduced birth before 34 weeks' gestation in high-risk singleton
pregnancies (RR 0,78, 95% C1 0-68-0-90), they concluded that the greatest absolute risk
reduction is especially true for patients with a cervix <25 mm.° An additional subgroup
analysis of a previously conducted meta-analysis showed that vaginal progesterone
neither prevents sPTB nor improves perinatal outcomes in individuals with a singleton
pregnancy, a history of sPTB, and a mid-pregnancy CL >25 mm.3' Additional data
are needed to address in whom the risk-benefit ratio is clinically favorable, but
currently, no RCTs are underway comparing vaginal progesterone with placebo or
expectant management. These findings place clinicians in a difficult position and raise
a crucial question: is the current evidence sufficient to justify discontinuing the use of
progesterone in patients with CL >25 mm to prevent overtreatment? Have there not
been enough trials on progesterone? Who is bold enough to quit? Chapter 7 shows
the risks are still enlarged. Or is it more responsible to await further research, while
also recognizing the responsibility to either initiate or actively support such studies?
Additional information about genetic, biomechanical, molecular, and biochemical
effects of progesterone on both the cervix and uterus may offer insights to guide
these decisions.?>33 However, the next question is, how long will such research take?

The PC study revealed that a pessary is not an alternative for a cerclage, especially
not in case of a very short cervix and additional funneling. In the subgroup analysis
of participants with a short cervix <15 mm, a large disadvantage of pessary over
cerclage was seen. Besides, significant interaction between the groups with and
without funneling, suggesting that a pessary is less effective in a funneling cervix.
A previous study also found that placement of a pessary around a funneling short
cervix resulted in a significantly higher rates of PTB <34 weeks compared to placement
around a short cervix without funneling.?* Therefore, we hypothesized that the lower
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uterine segment is less supported by a pessary in case of a short or funneling cervix
compared to cerclage and is therefore less effective in preventing PTB.

Whether a pessary might serve as an effective alternative in individuals with a longer
cervix remains uncertain. In our study, we found no significant differences in PTB
outcomes between pessary and cerclage in the history-indicated group, where
participants were randomized before cervical shortening occurred. However, all
published trials, except one, involving singleton pregnancies excluded patients with
a CL above 25 mm, so data on this subgroup are lacking.® In an unselected multiple
pregnancy trial, meaning regardless of CL, pessary placement did not provide benefit.?¢

In summary, based on the findings presented in this thesis, we propose
several concrete steps for clinical practice and future research for
individuals with a history of sPTB.

First, risk stratification in individuals with a history of sPTB should not rely
solely on a fixed CL threshold of 25 mm. Instead, cervical shortening should
be considered as a dynamic and continuous risk marker, particularly for those
with a CL between 25 and 30 mm.

Second, future randomized trials and (IPD) meta-analysis should specifically
target the intermediate-risk group, those with a history of sPTB and CL
between 25 and 30 mm, to evaluate the effectiveness of both progesterone
and cerclage in this understudied population. Until such data is available,
individualized risk counseling, guided by detailed risk estimates as provided

in Chapters 7 and 8, remains essential for shared decision-making.
Third, pessary placement should not be considered an equivalent alternative
to cerclage in this group of patients.

III Future Directions: Small Changes, Big
Impact?

The title of this thesis, ‘Small changes, big impact: managing the short cervix’, reflects
both the promise and the paradox inherent in current strategies to prevent PTB. A
seemingly minor anatomical difference, a cervical shortening of just a few millimeters,
can alter pregnancy outcomes significantly and even lead to very early delivery.
Similarly, integrating a CL measurement into an existing clinical protocol represents a
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small procedural adjustment, yet it can have a substantial impact for those individuals
identified as at risk and subsequently treated.

However, when considered at the global population level, this approach has far less
transformative impact than we might hope. Identifying and managing a short cervixis a
targeted intervention, applicable to a relatively small subgroup of pregnant individuals.
As Jane Norman illustrated, the implementation of universal CL measurements in
the United States would likely reduce the national sPTB rate from 9.57% to 9.52%; a
reduction of only 0.05%, despite preventing approximately 1,000 preterm deliveries.>’
This example underscores the scale of the challenge we face: the “big impact” of small
changes is real for individuals, but limited in terms of global public health outcomes.

Yet this does not diminish the importance of the specialized research we conduct,
nor does it relieve us of the responsibility to continue pursuing it. For high-risk
subgroups, such as those with a short cervix, whether they have a history of sPTB,
personalized risk stratification remains essential. We must better understand who
benefits from which intervention, and when. To that end, further research and RCTs
are warranted, particularly in contexts where evidence remains inconclusive, such as
cerclage in twin pregnancies or asymptomatic individuals with a short cervix but no
prior sPTB. Therefore, until more definitive evidence becomes available, it is essential
that clinicians acknowledge this elevated risk and engage in shared decision-making
with their patients. This should include a clear explanation of the severity of risk, the
benefits and limitations of available interventions, and the current gaps in knowledge.
Importantly, patients should also be actively encouraged to participate in research,
including consent for data use, so that large datasets can be created to improve care.
Supporting patient involvement in well-designed trials, grounded in solid usefulness
analyses and long-term follow-up studies is not only ethically responsible but may
ultimately lead to the breakthroughs needed to personalize prevention strategies
and better understand who benefits from which intervention (Chapters 12 and 13).

Looking ahead, we must also think bigger. The modest global impact of current clinical
strategies shows how far we still are from unraveling the underlying mechanisms
of PTB. Comprehensive, large-scale datasets, including genetic, immunologic, and
microbiome-related information, are needed to continue more integrative research.
In this context, the role of artificial intelligence in identifying novel patterns and
predictive biomarkers is likely to grow. Collaborative networks such as the March of
Dimes Prematurity Research Centers exemplify how shared data and interdisciplinary
collaboration can pave the way toward, hopefully, breakthrough discoveries.
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Impactful changes
To reduce the burden of PTB, we must prioritize and act. Based on the findings in
this thesis, the following steps are proposed:

First. Implement mid-pregnancy universal CL measurements in all singleton
pregnancies.

This is a small but actionable step with real potential to identify high risk early
and offer effective treatment (e.g., progesterone). It addresses a known gap
and should be the immediate priority.

Second. Continue targeted cerclage trials in key subgroups.

Further RCTs are needed in twin pregnancies with a short cervix, singleton
pregnancies without prior sPTB but with a short CL of 10-25 mm and patients
with prior sPTB and CL 25-30 mm. Two of these trials are already underway,
either in national or international research groups, and deserve focused
investment and participation.?® For the last group, no RCT has yet been
registered. Integrating the usefulness criteria mentioned in Chapter 12 and
13 could help to improve the usefulness of the outcomes.

Third. Invest in biomarker and mechanistic research.

To better tailor interventions, we must understand the underlying biology,
microbiome, inflammation, remodeling, and cervical biomechanics, which
requires long-term research and investment in multi-omic biobanks (such
as the genome, proteome, transcriptome, epigenome, metabolome, and/or
microbiome).

Finally. Support Individual Participant-Level Data Meta-Analysis

This thesis, along with existing trials, has already demonstrated the added
value of IPDMA, highlighting how important it is to move beyond treating
all patients as a single group and instead gain better insight into specific
subgroups, where even small differences can determine whether treatment
is truly effective or not and the impact of getting that right is significant.

By combining pragmatic action with future orientated science, hopefully we can

take meaningful steps toward reducing spontaneous preterm birth.

One small change at a time.
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