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Chapter 1

Preterm Birth

Worldwide, approximately every two seconds one baby is born prematurely, meaning
before 37 weeks of gestation. This corresponds to an estimated 15 million babies a
year, approximately 8-11% of all live births."? Preterm birth (PTB) remains the leading
cause of death in children under 5 years of age.>* The burden of PTB increases with
decreasing gestational age (GA). Extremely preterm infants have the highest risks of
severe morbidity and mortality.” Those who survive remain at increased risk of both
short- and long-term complications, including respiratory problems, cerebral palsy,
neurodevelopmental delay, and sensory impairments.”? As a result, the consequences
of PTB extend far beyond the neonatal period and may affect health, quality of life,
and survival throughout the lifespan. The impact of PTB is therefore not limited to
affected children and their families, but also places a substantial burden on healthcare
systems and society, due to the prolonged hospitalizations, high medical costs, and
long-term care needs.® Besides, it represents a major loss of human potential, a trend
that has shown little improvement since 1990.7

Spontaneous preterm birth (sPTB), in contrast to iatrogenic or medically indicated
PTB, is responsible for the majority of preterm deliveries (65-70%).2 sPTB typically
arises from spontaneous onset of labor or premature rupture of membranes without
clear external triggers. Despite decades of research, the precise pathophysiological
pathways remain incomplete. Spontaneous PTB is a complicated pregnancy outcome
resulting from a variety of underlying pathologic processes of maternal, fetal, placental,
and environmental factors.? Inflammatory pathways, infections, vascular diseases,
endocrine dysregulation, uterine overdistension, and cervical insufficiency have all
been implicated (Figure 1). Although in many cases the precise etiology remains
unidentified, it offers promising insights for the development of preventive strategies
and targeted interventions.®
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Figure 1. An integrated model for (s)PTB, reproduced from Vidal et al, Frontiers in Endocrinology, 2022
(CC BY)™®

PR, progesterone receptor; CRH, corticotropin-releasing hormone

The cervix

The cervix plays a crucial role during pregnancy; initially serving to hold the developing
fetus in place until it reaches full term, and later dilating enough to permit childbirth.
This capacity is referred to as cervical competence, where the cervix is considered
either fully functional (competent) or not functional (incompetent)."” An incompetent
cervix or cervical insufficiency is defined as the inability of the cervix to support a full-
term pregnancy due to structural or functional weakness.” Clinically, it is characterized
by painless cervical shortening and dilation occurring before 24 weeks of gestation,
in the absence of uterine contractions or labor, often resulting in a pregnancy loss
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or extreme PTB.”> While the exact pathophysiology remains unclear, proposed
contributing factors include congenital or acquired abnormalities of cervical tissue,
trauma from prior surgical procedures, or connective tissue disorders.'

Importantly, a shortening cervix may not only reflect mechanical insufficiency but
can also be a secondary manifestation of other underlying pathologies. In particular,
cervical shortening has been hypothesized to signal activation of inflammatory
pathways involved in the pathogenesis of sPTB. In these cases, the cervix may
be responding to subclinical infection, decidual hemorrhage, or other upstream
inflammatory triggers that initiate a cascade of biochemical events leading to
parturition.® Thus, a short cervix can be both a cause, as in cervical insufficiency, and a
symptom, as in inflammatory-mediated preterm labor, highlighting the heterogeneous
nature of sPTB (Figure 2).81°

Over the years, a short cervix or cervical length (CL) is one of the most consistently
reported and clinically useful predictors of sPTB, typically assessed via transvaginal
ultrasound between 16 and 24 weeks gestation (mid-pregnancy). Numerous studies
have demonstrated a strong inverse correlation between CL and the risk of sSPTB. An
CL <25 mm has commonly been used as a diagnostic threshold to identify individuals
at increased risk who may benefit from preventive interventions.”*"” However,
other studies suggest that the risk of PTB increases even at higher thresholds, for
instance, <30 mm or €35 mm, prompting discussion on whether current cut-offs may
underestimate risk in certain populations.’®™

From Low-Risk to High-Risk: The Role of a short CL with or without a history
of sPTB

Risk stratification is central to PTB prevention strategies. Several maternal, medical,
obstetric and pregnancy-related factors have been associated with an increased risk
of PTB, with varying strengths of association.?® In general, multifactorial risk-scoring
systems based on all these factors have performed poorly in clinical use.?" However,
the major risk factor for recurrence of sPTB is a previous premature delivery. In
general, a prior sPTB carries a 2.5-fold increase in risk of sSPTB <37 weeks, increasing
by the number and earlier GA of previous (spontaneous) preterm deliveries.?? As
mentioned above, a short CL is another important risk factor for sPTB. Both risk factors
largely determine whether a pregnancy becomes low- or high-risk.
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Figure 2. Disease states of the cervix contributing to PTB, reproduced from Vidal et al, Frontiers in Endo-
crinology, 2022 (CC BY)'™®

AMP, antimicrobial peptides; E2, estrogen 2 receptor; P4, progesterone 4 receptor; EMF, epithelial to
mesenchymal transitions (remodeling of membrane); MMP, matrix metalloproteinases (inflammatory
mediator).

Pregnant with a singleton pregnancy without a history of preterm birth
Individuals with no history of sPTB are generally considered low risk, with a
spontaneous preterm delivery rate around 4% in the Netherlands.”® The absolute
incidence of short cervix of <25 mm before 24 weeks of gestation in this group is
low, approximately 0.8-1.9%."®23 As a result, large numbers of individuals must be
measured. However, the presence of a short cervix increases the risk of sPTB to such
an extent that one must question whether not measuring is still justified, especially
now that the evidence for effective treatment is growing stronger.”®

Currently, universal mid-pregnancy CL measurements in low-risk pregnancies
are limited to local hospitals and have not been widely adopted on a larger scale.
International guidelines have long recommended treatment if a short cervix is
detected and now advocate routine measurements for all individuals.?*?¢ This paradox
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creates a clinical dilemma: treatment is advised when a short cervix is found, but
many short cervix will go undetected unless routine measurement is performed. The
lack of consensus is caused by concerns about cost-effectiveness, overdiagnosis,
and the modest sensitivity of a single CL measurement, especially in low-prevalence
populations.

Progesterone is widely understood to reduce PTB in singleton pregnancies with a mid-
pregnancy short cervix and vaginal capsules have become the standard treatment in
case of a short cervix <25 mm.'>242527 [n case of CL <10 mm, an ultrasound-indicated
cerclage (UIC) should be discussed, where a suture is placed to support the cervix at
the level of the internal ostium by mechanically increasing its tensile strength and
closure of the cervix.'® Between 10 and 25 mm, a cerclage did not result in reduction
of PTB (birth <35 weeks (RR 0.88; 95% CI 0.63-1.23))."8 A third possible intervention is
a cervical pessary, a silicone ring-shaped flexible device to reduce the direct pressure
on the cervical canal, as is hypothesized. Some trials reported to reduce PTB <34
weeks in singletons and a CL of <25 mm?:2°, but subsequent trials could not confirm
this benefit.3033

Pregnant with a multiple pregnancy without a history of preterm birth

In contrast, individuals with a twin or multiple pregnancy are considered high risk,
although they don't have a history of sPTB. The higher rate of sPTB in multiple
pregnancies is partly attributed to greater myometrial stretching, contributing to more
frequent and intense myometrial contractility compared to singleton pregnancies.
The main challenge in this group is the prevention of early PTB as approximately 10%
results in delivery before 32 weeks' gestation.® Up to 40% will deliver spontaneously
before 37 weeks' gestation. Again, an important additional risk factor is a short
cervix.?* The predicted probability of sPTB <28, <32 and <37 weeks' gestation for a
multiple pregnancy when a cervix of 25 mm is found at 20 weeks, is 23%, 35% and
25% respectively.?> Also in this group, progesterone has been demonstrated to reduce
(s)PTB in case of short cervix, with cut-offs suggested at 25 mm or 30 mm.">342¢ The
effects of a cervical pessary in this group are inconclusive too and direct comparisons
are limited.3"38

Pregnant with a singleton pregnancy with a history of preterm birth

A well-recognized a priori high-risk group is formed by individuals with a history of
sPTB. Their recurrence risk varies depending on gestational age at prior delivery,
the number of prior sPTBs, and other factors, and is generally estimated at 20% to
30%, but may be as high as 60% in certain cases.??*4% Current recommendations
for this group includes serial CL measurements starting from early in the second
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trimester.2+2 However, even among these individuals, prediction remains imperfect.
Not everyone with a short cervix go on to deliver preterm, and some with CL >25 mm
still experience recurrence.??4" Recent studies have begun to explore the predictive
value of CL dynamics, i.e., changes in length over time, to identify those who may
benefit from additional surveillance or intervention, even in the absence of overt
cervical shortening.#

Concerning treatment, patients are counselled for administration of (vaginal)
progesterone starting from 16 weeks of gestation.?*2¢ Vaginal progesterone can
reduce the risk of PTB <34 weeks with 22% (RR 0.78, 95% CI 0.68-0.90).">*> Depending
on the number of previous preterm deliveries, the gestational age and clinical findings,
a cervical cerclage can be placed. In individuals with a severe history of >2 preterm or
immature births, a history indicated cerclage (HIC) can be placed in the first trimester
and has a beneficial effect in 1 of 25 cases.** In case of cervical shortening <25 mm
at transvaginal ultrasound in the second trimester and a history of an immature or
PTB, an UIC can be placed, which reduces the risk of PTB <35 weeks with 30% (RR 0.70,
95% CI10.5-0.89).4>° For patients with a painless dilated cervix with or without bulging
membranes in the second trimester, a physical examination-indicated cerclage (PEIC
or emergency cerclage) was associated with increased neonatal survival (RR 1.65; 95%
CI 1.19-2.28) and prolongation of pregnancy (mean difference, 33.98 days; 95% (I,
17.88-50.08).448 The potential role of cervical pessary as a non-invasive alternative
to cerclage or progesterone is also of interest. While some studies have suggested
benefit?®, results have been inconsistent and direct comparisons are limited.4>
In addition to questions of efficacy, safety remains a critical concern. Particularly
in invasive procedures such as cerclage, as it is associated with perioperative and
postoperative risks including infection, membrane rupture, and cervical trauma.*%>!
Understanding the complication profile is essential for informed clinical decision-
making and patient counseling.
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Aims and outline

This thesis aims to contribute to a more enhanced and individualized approach to the
prevention of sPTB, particularly by evaluating the role of a short CL and associated
interventions for both individuals with and without a history of sPTB. The central
objectives are:

Part I: Pregnant without a history of spontaneous preterm birth

To develop a more individualized approach to the prediction and prevention of
sPTB by exploring targeted CL screening strategies in a priori low-risk pregnancies
(Chapter 2), evaluating the predictive value of CL and additional risk factors (Chapter
3), assessing the impact of different CL thresholds (Chapter 4), and comparing
treatment options (cervical pessary versus vaginal progesterone) for a short cervix
in singleton (Chapter 5) and multiple pregnancies (Chapter 6).

Part II: Pregnant with a history of spontaneous preterm birth

To refine risk stratification in pregnant individuals with a history of sPTB birth
by identifying subgroups that may not require additional intervention (Chapter
7), evaluating in influence of a long cervix >25 mm and cervical shortening over
time on the risk of recurrence (Chapter 8), comparing the effectiveness of cervical
pessary versus cerclage in high-risk pregnancies (Chapter 9), and assess the
effectiveness of emergency cerclages (Chapter 10) and the safety of cerclages in
general (Chapter 11).

Part III: Reflection and future

To reflect on the broader landscape of clinical research in PTB prevention, including
methodological insights into randomized trials (Chapter 12) and an analysis of how
few meet criteria for clinical usefulness (Chapter 13).
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