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Abstract

Objective: To compare the effectiveness of cervical pessary and vaginal progesterone
in the prevention of adverse perinatal outcomes and preterm birth in pregnant women
of singletons with no prior spontaneous preterm birth at less than 34 weeks’ gestation
and who have a short cervix of 35 mm or less.

Design: Open label, multicenter, randomised, controlled trial.
Setting: 20 hospitals and five obstetric ultrasound practices in the Netherlands.

Participants: Women with a healthy singleton pregnancy and an asymptomatic short
cervix of 35 mm or less between 18 and 22 weeks' gestation were eligible. Exclusion
criteria were prior spontaneous preterm birth at less than 34 weeks, a cerclage in
situ, maternal age of younger than 18 years, major congenital abnormalities, prior
participation in this trial, vaginal blood loss, contractions, cervical length of less than
2 mm or cervical dilatation of 3 cm or more. Sample size was set at 628 participants.

Interventions: 1:1 randomization to an Arabin cervical pessary or vaginal
progesterone 200 mg daily up to 36 weeks' of gestation or earlier in case of ruptured
membranes, signs of infection, or preterm labour besides routine obstetric care.

Main outcome measures: Primary outcome was a composite adverse perinatal
outcome. Secondary outcomes were rates of (spontaneous) preterm birth at less than
28, 32, 34, and 37 weeks. A predefined subgroup analysis was planned for cervical
length of 25 mm or less.

Results: From 1 July 2014 to 31 March 2022, 635 participants were randomly assigned
to pessary (n = 315) or to progesterone (n = 320). 612 were included in the intention to
treat analysis. The composite adverse perinatal outcome occurred in 19 (6%) of 303
participants with a pessary versus 17 (6%) of 309 in the progesterone group (crude
relative risk 1.1 (95% confidence interval (CI) 0.60 to 2.2)). The rates of spontaneous
preterm birth were not significantly different between groups. In the subgroup of
cervical length of 25 mm or less, spontaneous preterm birth at less than 28 weeks
occurred more often after pessary than after progesterone (10/62 (16%) versus 3/69
(4%), relative risk 3.7 (95% CI 1.1 to 12.9)) and adverse perinatal outcomes seemed more
frequent in the pessary group (15/62 (24%) v 8/69 (12%), relative risk 2.1 (0.95 to 4.6)).



Conclusions: In women with a singleton pregnancy with no prior spontaneous
preterm birth at less than 34 weeks' gestation and with a midtrimester short cervix
of 35 mm or less, pessary is not better than vaginal progesterone. In the subgroup
of a cervical length of 25 mm or less, a pessary seemed less effective in preventing
adverse outcomes. Overall, for women with single baby pregnancies, a short cervix,
and no prior spontaneous preterm birth less than 34 weeks' gestation, superiority of
a cervical pessary compared with vaginal progesterone to prevent preterm birth and
consecutive adverse outcomes could not be proven.

Trial registration: International Clinical Trial Registry Platform (ICTRP, EUCTR2013-
002884-24-NL).

What is already known of this topic
In the past two decades, important breakthroughs in the prevention of
preterm birth have been established
An individual participant data meta-analysis indicated that vaginal
progesterone reduces preterm birth in women with a short cervix of <25
mm, making it the standard treatment
In women who had singleton births and a short cervix, some studies showed
that cervical pessary reduced preterm birth at <34 weeks' gestation too, but
other studies could not confirm that reduction

What this study adds
- This trial noted no significant benefit of a cervical pessary over vaginal

progesterone in women with singleton pregnancies who had no prior
spontaneous preterm birth <34 weeks’ gestation and had a midtrimester
short cervix of <35 mm

In a subgroup with a short cervix of <25 mm, a pessary seemed less effective
in preventing adverse outcomes

Even though the study was not powered for the subgroup with a short cervix
of <25 mm, results suggest that a cervical pessary should not be used as
preventive treatment in this group
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Introduction

Preterm birth is the most important problem in obstetric care and globally the most
important cause of neonatal mortality, morbidity, and subsequent neurodevelopmental
sequelae.* Of all perinatal mortality, 50-70% can be attributed to preterm birth, with
higher mortality and morbidity rates at younger gestational ages.>”

Progesterone is widely understood to reduce preterm birth in pregnant women with a
short cervical length.® A second potential preventive treatment is the use of a cervical
pessary, which was reported to reduce preterm birth at less than 34 weeks in women
with a singleton baby and a cervical length of less than 25 mm.*"" However, none of the
subsequent trials could confirm the beneficial effect of a cervical pessary'®'® and one
trial found that a pessary may even cause harm when used for individuals with cervical
lengths of less than 20 mm compared with usual care.”” Some to all participants in
both the pessary and non-pessary groups also received progesterone, which makes
a direct comparison of their effects unclear. Most importantly, at the start of this trial,
most of these results had not yet been published, and no standard intervention was
available for women with a short cervix.

In previous studies, a short cervix was commonly defined as cervical length of 25 mm
or less. In a Dutch, prospective, observational, cohort study, nulliparous individuals
with a cervical length of more than 35 mm had a rate of preterm birth at less than 37
weeks of 6.0%."® If cervical length was between 25 mm and 35 mm, the risk doubled to
13.8% and increased even further to 34.2% for a cervical length of at least 25 mm. In
women who were multiparous and at low risk, similar trends were reported. In our trial,
we chose a cut-off value of 35 mm or less for a short cervix because this population
has an increased risk for preterm birth.

Vaginal progesterone is the standard treatment for individuals with a singleton baby
and a short cervix, while cervical pessary could potentially be an alternative, despite
varying results in different subgroups. Only one randomised controlled trial has directly
compared these treatments in women with singleton babies and a cervical length <25
mm, regardless of obstetric history.'® A direct comparison was not conducted for
women of singleton pregnancies with no history of spontaneous preterm birth at
less than 34 weeks' gestation and with a cervical length of 25 mm or less, nor with a
cervical length <35 mm. Therefore, we compared the effectiveness of cervical pessary
and vaginal progesterone in the prevention of preterm birth and adverse perinatal
outcomes in women with a singleton pregnancy with no prior spontaneous preterm
birth <34 gestation and an asymptomatic midtrimester short cervix <35 mm.
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Methods

Study design and oversight

We performed a multicenter, open label, randomised controlled trial with a superiority
design comparing the effectiveness of cervical pessary and vaginal progesterone
capsules in the reduction of adverse perinatal outcome: the Quadruple P study
(pessary or progesterone to prevent preterm delivery in pregnant individuals with
short cervical length).”” Although the protocol was written for both women with
a singleton and a multiple pregnancy, we have indicated that we would analyze
and publish them separately. This article will focus on the outcomes of singleton
pregnancies. The study was done in 20 hospitals and five obstetric ultrasound
practices in the Netherlands collaborating within the Dutch Consortium for Healthcare
Evaluation and Research in Obstetrics and Gynaecology (NVOG Consortium). Ethical
approval was obtained from the Medical Research Ethics Committee of the Amsterdam
University Medical Centre (MEC AMC 2013_019) while the boards of all participating
centers approved local execution. This trial was registered at the International Clinical
Trial Registry Platform (ICTRP, EUCTR2013-002884-24-NL) and the study protocol has
been published previously.” This study is reported as per the Consolidated Standards
of Reporting Trials (CONSORT) checklist (appendix).?® An independent data safety
monitoring committee provided oversight. Assessment for (serious) adverse events
was carried out directly after randomization and up until 30 days after delivery.

Participants

Pregnant women with a healthy singleton pregnancy and an asymptomatic shortened
cervical length of 35 mm or less between 18 and 22 weeks of gestation were eligible
for participation. Note, although we refer to participants as women throughout our
article, we did not ask their gender and therefore we may be including pregnant people
who do not identify as women.

Exclusion criteria were prior spontaneous preterm birth <34 weeks' gestation, a
cervical cerclage in the current pregnancy, maternal age of less than 18 years, major
congenital abnormalities identified in the current pregnancy (defined as conditions
of prenatal origin that are present at birth, potentially impacting an infant’s health,
development and/or survival), prior participation in the Quadruple P study, vaginal
blood loss or contractions, cervical length of less than 2 mm, or cervical dilatation of
3 cmor more.
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Measurement, randomization, and masking

In participating centers, pregnant women were offered cervical length measurement
during the routine midtrimester structural fetal anomaly scan. Participants had
their cervical length measured with transvaginal ultrasound along the endocervical
canal between the internal and external os according to the criteria of the Society
for Maternal and Fetal Medicine.?" All participating ultrasonic operators were trained
and qualified according to the national guidelines and the scans were performed on
ultrasound systems that met the quality requirement composed by the Institute of
Health and Environment.?223

Eligible women with a short cervix were counselled by nurses (research), midwives,
obstetric trainees, or obstetric specialists trained in Good Clinical Practice and
knowledgeable about the aim, methods, and potential hazards of participation in
this study. After written informed consent was obtained, women were randomly
assigned to either progesterone or cervical pessary through central randomization
using the online computerized randomization service ALEA in a 1:1 ratio, stratified per
center. Due to the nature of both interventions, participants, study staff, or treating
professionals were not blinded to allocation.

Procedures

Gestational age was determined using a first trimester ultrasound according to Dutch
national guidelines.?* In participants who were allocated to pessary, an Arabin?® cervical
pessary (CE0482, MED/CERT ISO 9003/EN 46003; Arabin GmbH and Company, KG;
Witten, Germany) was placed in situ and was removed at 36 weeks' gestation, or earlier
in case of ruptured membranes, signs of infection, or preterm labour. Insertion was
done by an experienced research midwife or obstetrician, most of whom previously
participated in similar trials using pessaries like the ProTwin trial (NTR1858), and the
participating hospitals were provided with instructions on pessary placement, but no
specialized training was given. Three different pessary sizes were available, namely
small (65/25/32 mm), medium (70/25/32 mm), and large (70/25/35 mm). The required
size was determined based on physical examination, and subsequently, the accuracy
of the selected size was also confirmed through physical examination. Participants
were subsequently referred back to their primary obstetric caretaker (obstetrician of
midwife). In the initial period after placement, participants were all contacted by the
research staff of the participating center to discuss any complaints. Subsequently,
the primary obstetric caretaker continued to check whether any complaints arose
during regular antenatal check-ups. During the trial, both participants and the
primary obstetric caretakers were instructed to contact the participating center where
the placement had taken place in case of complaints or any adverse symptoms. If
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necessary, participants were referred back to the participating center for a vaginal
examination. When problems were confirmed, the pessary was either repositioned,
removed, or replaced by a different size.

In participants allocated to progesterone, 200 mg vaginal capsules of progesterone
(Utrogestan by Besins) were prescribed and were self-administered on a daily basis
until 36 weeks' gestational age or earlier in case of ruptured membranes or preterm
birth. They were informed by their obstetrician or the research staff on how to insert
the vaginal capsules, the preferred time (before sleeping at night) and how to keep
track of this schedule in the medication diary. During the regular antenatal check-ups,
the obstetric practitioner checked whether the progesterone was still being used and
whether there were any complaints or problems regarding its usage, which was noted
in the electronic patient file.

Adequate adherence was defined as use of progesterone or pessary during at least
80% of days between randomization and 36 weeks of gestation or start of labour.
Apart from the allocated intervention, participants received routine care according
to the local protocol in their own obstetric care center. In both treatment groups, no
behavioral restrictions or physical limitations were given and no standard physical or
ultrasound follow-up examination was done. Additionally, no double treatment was
given (ie, no additional progesterone with a pessary or vice versa). If an emergency
cerclage was indicated, the treated obstetrician made this decision.

Data were collected in electronic case report forms (Open Clinica and Castor EDC
v2022.3.2.0). Participants and their offspring were followed up until 10 weeks from the
expected due date. Recorded data consisted of maternal characteristics; obstetrical
and medical history; current pregnancy, birth, and maternal morbidity and mortality
outcomes; and neonatal outcomes.

Outcomes

Outcomes measures align with the core outcomes set for studies on prevention of
preterm birth defined by members of GONet and the Core Outcomes in Womens
health (CROWN) initiative.?®

The primary outcome was a composite adverse perinatal outcome containing specific
neonatal syndromes frequently occurring in and associated with preterm infants. The
outcome was composed of periventricular leukomalacia of more than grade 1, chronic
lung disease (severe respiratory distress syndrome or bronchopulmonary dysplasia),
intraventricular hemorrhage grade III or IV, necrotizing enterocolitis of more than
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stage 1, proven sepsis, stillbirth, and death of the baby (both perinatal and neonatal)
before discharge from the hospital. Periventricular leukomalacia of more than grade
1 and intraventricular hemorrhage of more than grade 2 was diagnosed by repeated
cranial ultrasound according to the guidelines on neuroimaging described by de Vries
and colleagues.?’ The diagnosis of bronchopulmonary dysplasia was made according to
the international consensus guideline as described by Jobe and Bancalari.?® Necrotizing
enterocolitis of at least stage 2 was diagnosed according to Bell and colleagues.?
Culture proven sepsis is diagnosed on the combination of clinical signs and positive
blood cultures. Outcomes were ascertained by qualified neonatologists, who were
not masked to randomization.

Secondary outcomes included time to delivery, rate of preterm birth at less than 24,
28, 32, 34, and 37 weeks (spontaneous, iatrogenic, and total), premature prelabour
rupture of the membranes, mode of delivery, placed cerclages, birth weight (in
grams), all individual components of the composite neonatal outcome, patent ductus
arteriosus, treated seizures, admission days in neonatal intensive care unit, maternal
morbidity (thrombo-embolic complications, infections (defined as genital tract
infections, urinary tract infections, and chorioamnionitis treated with antibiotics),
pneumonia, endometritis, and eclampsia/ hemolysis, elevated liver enzymes, and low
platelets), and maternal death.

Serious adverse events were defined as maternal death, life threatening events,
events requiring admission to hospital (for complications that were not inherent to
pregnancy), events resulting in persistent or significant disability or incapacity, or any
other serious or unexpected adverse event.

Sample size

Based on available studies at the time of protocol development, we expected a
reduction of adverse perinatal outcome from 5% in the vaginal progesterone group
to 1% in the pessary group and therefore a superiority design was chosen. A previous
trial in a comparable population in the Netherlands, the Triple P study, showed an
adverse perinatal outcome rate of 5% in the vaginal progesterone group.? The
expected 1% adverse perinatal outcome rate in the pessary group is based on the
PECEP trial where a 3% rate of poor neonatal outcomes was reported in the pessary
group (compared with 16% in the expectant management group). However, in this
study, only participants with a cervix below 25 mm were eligible.”® Since we included
participants with a cervix of 35 mm and shorter, we expect a lower adverse perinatal
outcome in our study population. Considering a loss to follow-up rate of 10%, we
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calculated the sample size to be 628 participants (314 per arm; two-sided a = 0.05,
B =80%) to detect 1% of adverse perinatal outcome in the pessary group.

Statistical analysis

Analysis was done according to a prespecified statistical analysis plan. The primary
data were analyzed according to the intention to treat principle, with the participating
center as a stratification variable. The primary outcome was presented in prevalence
rates with relative risks and 95% confidence intervals using a log link binomial model
for both crude rates and adjusted rates (with center as fixed covariate). The secondary
outcomes were also calculated with prevalence rates, relative risks, and 95% confidence
intervals. Continuous outcomes between both strategies were compared using a
random intercept fixed effects linear regression model. For secondary outcomes,
time to delivery was evaluated by Kaplan-Meier estimates, taking different durations
of gestation at entry into account, and statistical significance was tested with the log
rank test. We performed a prespecified subgroup analysis based on cervical length
for the subgroups with a cervical length of at least 25 mm and with a cervical length
of more than 25 mm and on nulliparous versus multiparous participants.

For the secondary analysis, a per protocol analysis was performed including
participants whose allocated treatment was continued up to 36 weeks' gestation or
until (threatened) preterm delivery. Participants who received a cerclage or switched to
the other treatment modality were not included in the per protocol analysis. Different
cut-off values (60-100%) for treatment adherence were assessed using proportion of
days covered as adherence measure. 3%

Patients and public involvement

During the design and conduct phase of this trial, the proposal of the study has been
reviewed by the Dutch neonatology patient association Care4Neo, which is affiliated
and involved with the European Foundation for the Care of Newborn Infants. They
considered the topic of extraordinary importance and therefore strongly supported
the study.

Additionally, we agreed on participating in the PROMPT collaboration and the primary
and secondary outcomes were chosen to be consistent with the CROWN initiative
(Core Outcomes in Women's Health), in particular with the subset chosen to evaluate
interventions to prevent preterm birth.?® Within the CROWN initiative, patients
extensively participated and were involved in the choice of outcome measures.
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Results

From 1 July 2014 to 31 March 2022, 635 participants were randomly assigned to receive
either a cervical pessary (n = 315) or vaginal progesterone (n = 320). Six participants
were inappropriately randomised for various reasons, including being screened too
early (before 18 weeks) (n = 2), too late (after 22 weeks) (n = 2), or for not meeting the
inclusion criteria in hindsight (n = 2). Additionally, 12 participants’ written informed
consent form was missing after randomization; as such, confirming whether they had
followed the correct informed consent procedure was not possible. Five participants
were lost to follow-up (two in the pessary group and three in the progesterone group).
Overall, 612 participants were included in the intention to treat analysis (Figure 1).

Randomised
A
I 1:1 randomisation 1

ED

Cervical pessary Vaginal progesterone

(i 10] @®

Removed from trial

M 6 Informed consent missing

2 Cervical length screening too early
1 Cervical length screening too late
1 Symptomatic at randomisation

Removed from trial

> 6 Informed consent missing

1 Cervical length screening too late
1 Symptomatic at randomisation

Cervical pessary Vaginal progesterone
Lost to follow-up g Lost to follow-up
1 Patient moved abroad 3 Unknown
1 Unknown
Intention-
to-treat
it analysis v
Cervical pessary Vaginal progesterone

Removed from analysis
29 Switched to otherarm
1 Received both interventions
1 Refused any intervention
3 Pessary placement failure
1 Cervical cerclage was placed
38 Compliance (PDC <100%)
56 Prematurely stopped (37 due to
discomfort and discharge)

Per
protocol

Cervical pessary

Figure 1. Flowchart of inclusion, randomization, and follow-up. PDC=proportion of days covered

Removed from analysis
1 Switched to other arm
4 Refused any intervention
N> 1 No stop date known
10 Cervical cerclage was placed
40 Compliance (PDC <100%)
19 Prematurely stopped (12 due to
discomfort and discharge)

analysis +

Vaginal progesterone
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Participants were randomly assigned at a median gestational age of 20.5 weeks in
both groups, with a mean cervical length of 28.6 mm (standard deviation (SD) 5.3 mm)
in the pessary group versus 28.5 mm (5.3 mm) in the progesterone group (Table 1).

Table 1. Baseline characteristics

Pessary Progesterone
Characteristics (n=303) (n=309)
Maternal age, years (mean, SD) 32.1(5.4) 32.5(5.3)
Body mass index, kg/m? (mean, SD) 24.6(5.5) 24.8(5.3)
Education:
Low* 11 (4) 10(3)
Middle and hight 118 (39) 122 (39)
Unknown/other 174 (57) 177 (57)
Ethnic group:
White 172 (57) 183 (59%)
Black 48 (16) 46 (15)
Middle Eastern 30(10) 20(7)
Asian 12 (4) 13(4)
Other 11(4) 16 (5)
Unknown 25(8) 27 (9)
Current smoker 17 (6) 18 (6)
Uterus anomaly 9(3) 10 (3)
Nulliparous 202 (67) 200 (65)
Previous preterm birth (347°-36°) 23(8) 21(7)
History of cervical surgery (conization/LLETZ) 65(22) 54 (18)
History of curettage 43 (14) 56 (18)
Pregnancy after IVF/ICSI 30(10) 33(11)
Gestational age (weeks+days) at randomization (median, IQR) 20+5(19+5-21+5)  20+5(19+6-21+5)
Cervical length at randomization (mm) (mean, SD) 28.6(5.3) 28.5(5.3)
Cervical length, range:
0-15 mm 11(4) 11 (4)
16-20 mm 9(3) 14 (5)
21-25mm 42 (14) 44 (14)
26-30 mm 116 (39) 102 (33)
31-35mm 123 (41) 138 (45)
Funneling 34(11) 26 (8)

Data are numerator (percentage), unless otherwise specified.

LLETZ=large loop excision of the transformation zone; ICSI=intracytoplasmic sperm injections;
IQR=interquartile range; IVF=in vitro fertilization; SD=standard deviation.
* Primary school, prevocational secondary education (VMBO in Dutch).

t Senior general secondary education (HAVO in Dutch), pre-university secondary education (VWO in Dutch),
secondary vocational education (MBO in Dutch), higher professional education (HBO in Dutch), and university

education (WO in Dutch).
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The primary outcome, a composite adverse perinatal outcome, occurred in 19
(6%) of 303 participants in the pessary group compared with 17 (6%) of 309 in the
progesterone group (corrected relative risk 1.1 (95% confidence interval (CI) 0.59 to
2.1)). A sensitivity analysis with a mixed model using a random effect for participating
center was executed to investigate the possible effect of center on the outcome (1.1
(0.59to 2.2), P=0.70). No difference was noted between random or fixed effects model
on the primary outcome. Given that hardly any difference was also found between the
fixed and crude effects model on both the primary and all other outcomes, the specific
center did not have an effect on the outcomes. Thus, the outcomes are generalizable
and extrapolation of the outcomes to other centers is justified.

The rates of (spontaneous) preterm birth <32, 34, and 37 weeks did not differ
significantly between both groups (Table 2). Preterm birth rates <28 and 24 weeks
of gestation were lower in the progesterone group, but this difference did not reach
statistical significance. The Kaplan-Meier curve was not significantly different (Figure
2). Mean time to delivery was 121 days (SD 28) and 122 days (24) in the pessary and
progesterone group. Neonatal outcomes were not significantly different in both
groups, including mean birth weight (3106 g v 3184 g, p = 0.17), perinatal death (11/303
(4%) v 7/309 (2%), relative risk 1.6 (0.63 to 4.1)) and duration of neonatal intensive
care unit admittance (23 days (interquartile range 3-57) vs 13 days (6-23); p = 0.89).
Maternal outcomes were similar in both groups, including total infections (56/303
(19%) vs 54/309 (18%), relative risk 1.1 (0.75 to 1.5)) and chorioamnionitis (8/303 (3%)
v 5/309 (2%), 1.6 (0.54 to 4.9)). Cervical cerclages were placed less often in the pessary
group compared with the progesterone group (1/303 (<1%) vs 10/309 (3%), 0.10 (0.01
t0 0.79)).

Table 2. Primary and secondary outcomes

Pessary Progesterone Relative risk or mean
Outcomes (n=303) (n=309) difference (95% CI) P-value

Primary outcome

Composite adverse neonatal outcome

(ITT), crude 19 (6) 17 (6) 1.1(0.60t0 2.2) 0.69
(CﬁrTn)f’g;}f;gﬁ;eczii’gfta‘ outcome 19 (g) 17.(6) 11(0.59t02.1) 074
Composite adverse neonatal outcome 16(9) 14.(7) 1.3(0.68102.7) 039

(PP), crude
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Table 2. (Continued)

Pessary Progesterone

Relative risk or mean

Outcomes (n=303) (n=309) difference (95% CI) P-value
Obstetric outcomes
PTB <37 weeks 53(18) 50 (16) 1.1 (0.76 to 1.5) 0.67
SPTB <37 weeks 44 (15) 40(13) 1.1(0.75t0 1.7) 0.57
PTB <34 weeks 27 (9) 2709) 1.0(0.61to0 1.7) 0.94
SPTB <34 weeks 23(8) 23(7) 1.0 (0.59 to 1.8) 0.95
PTB <32 weeks 24.(8) 24(8) 1.0(0.59t0 1.8) 0.94
SPTB <32 weeks 21(7) 21(7) 1.0(0.57t0 1.8) 0.95
PTB <28 weeks 14 (5) 8(3) 1.8 (0.76 t0 4.2) 018
sPTB <28 weeks 12 (4) 7(2) 1.7(0.70to 4.4) 0.23
PTB <24 weeks 9(3) 4(1) 2.3(0.71t0 7.4) 0.16
SPTB <24 weeks 8(3) 4(1) 2.0(0.62t06.7) 0.24
Time to delivery (days), mean (SD) 121 (28) 122 (24) 1.3(-2.9t05.4) 0.25
Mode of delivery:
Vaginally 230(76) 227(73) 1.1(0.84to0 1.5) 0.49
Caesarean section 50(17) 60 (19) 0.97(0.90to 1.0) 0.35
PPROM <36 weeks 35(12) 29(9) 1.2(0.78 t0 2.0) 0.36
Cerclages after randomization 1(<1) 10(3) 0.10(0.01t0 0.79) 0.029
Neonatal outcomes
Birth weight (g), mean (SD) 3106 3184 (754) 77 (47 to 202) 017
(810)
Birth weight <1500 g 21(7) 17 (6) 1.3(0.68t02.3) 0.47
Birth weight <2500 g 44 (15) 35(11) 1.3(0.85t0 1.9) 0.24
Neonatal diagnosis:
Patent ductus arteriosus 1(<1) 1(<1) 1.0(0.06to0 16.2) 0.99
Treated seizures 2 1(<1) 2.0(019t022.4) 0.56
Chronic lung disease 21 5(2) 0.41(0.08 t02.0) 0.28
PVL >grade 1 0 (NA) 0 (NA) NA NA
IVH grade Ill or IV 0 (NA) 0 (NA) NA NA
NEC >stage 1 3(M T(<1) 3.1(0.32t029.2) 0.33
ROP 1(<1) 0 (NA) NA NA
Culture proven sepsis:
<72 h after birth 1(<1) 2(1 0.51(0.05t0 5.6) 0.58
>72 h after birth 4(1) 7(2) 0.58(0.17 t0 2.0) 0.38
Perinatal death 11 (4) 72) 1.6 (0.63to 4.1) 0.32

101



Chapter 5

Table 2. (Continued)

Pessary Progesterone Relative risk or mean

Outcomes (n=303) (n=309) difference (95% CI) P-value
NICU admission (days), median (IQR) 23 (3-57) 13(6-22.8) NA 0.89
Congenital abnormalities 6(2) 7(2) 0.87(0.30t0 2.6) 0.81

Maternal outcomes
Maternal mortality 0 (NA) 0 (NA) NA NA
Maternal morbidity:

Thromboembolic complication 0 (NA) 0 (NA) NA NA
Infections during pregnancy* 56 (19) 54 (18) 1.1(0.75t0 1.5) 0.75
Endometritis 5(2) 7(2) 0.71(0.23t0 2.2) 0.57
Pneumonia 0 (NA) 0 (NA) NA NA
Pre-eclampsia/HELLP 5(2) 10(3) 0.51(0.18 to 1.5) 0.21

Data are numerator (percentage), unless otherwise specified

BPD=bronchopulmonary dysplasia; HELLP=hemolysis, elevated liver enzymes, and low platelets; ITT=intention
to treat; IQR=interquartile range; IVH=intraventricular hemorrhage; NA=not available; NEC=necrotizing
enterocolitis; NICU=neonatal intensive care unit; PP=per protocol; PPROM=premature prelabour rupture of
membranes; (s)PTB=(spontaneous) preterm birth; PVL=periventricular leukomalacia; RDS=severe respiratory
distress syndrome; ROP=retinopathy of prematurity; SD=standard deviation. * Genital tract infections, urinary
tract infections, chorioamnionitis.

Among all randomly assigned participants, serious adverse events occurred in three
(1%) women allocated to pessary and two (1%) women in the progesterone group
(Supplementary Table S1). The serious adverse events concerned four admissions for
non-obstetric indications (upper respiratory tract infection (n = 2); inflammation of the
shoulder joint; and appendicitis) and one postpartum diagnosis of severe congenital
anomaly of the neonate (trisomy 21). None of these serious adverse events was
associated with the allocated treatment.
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Figure 2. Kaplan-Meier curve for time to delivery from randomization

In the predefined subgroup analysis, effect modification was reported for participants
with a cervical length of 25 mm or less compared with more than 25 mm (p
interaction = 0.031). In participants with a cervical length of 25 mm or more, the
composite neonatal outcome occurred more often in the pessary group compared
with the progesterone group but did not reach statistical significance (15/62 (24%)
vs 8/69 (12%), relative risk 2.1 (95% CI 0.95 to 4.6)) (Table 3). Extreme spontaneous
preterm birth at less than 28 weeks seemed more frequent in the pessary group
(10/62 (16%) vs 3/69 (4%), 3.7 (1.1 to 12.9)). Supplementary Table S2 shows the subgroup
analysis on parity and supplementary Table S3 shows an exploratory analysis on
preterm birth rates for cervical lengths of 0-25, 26-30, and 31-36 mm.

Table 3. Subgroup analyses on the primary outcome composite adverse perinatal outcome, spontaneous
preterm birth at <34 weeks' gestation, and spontaneous preterm birth at <28 weeks' gestation, by cervical
length

P-value
Pessary, n/N (%) Progesterone, n/N (%) Relativerisk (95% CI) interaction term

Composite adverse perinatal outcome (crude)

<25mm 15/62 (24) 8/69 (12) 2.1(0.95t04.6)

>25mm 47241 (2) 9/240 (4) 0.44(0.14 t0 1.4) 0031
Spontaneous PTB <34 weeks

<25mm 15/62 (24) 14/69 (20) 1.2(0.63t02.3)

>25mm 8/241 (3) 9/240 (4) 0.89(0.35t02.3) 01
Spontaneous PTB <28 weeks

<25mm 10/62 (16) 3/69 (4) 3.7(1.1t0 12.9)

>25mm 2/241 (1) 4/240 (2) 0.50(0.1t02.7) 006
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The per protocol analysis, including 393 (64%) of the 612 participants (175 pessary
v 218 progesterone), did not show any different insights Ssupplementary Table S4).
The lower number of participants in the pessary group primarily results from 29
participants that switched treatment and 37 participants that discontinued due to
discomfort or excessive discharge (even after replacement) (Supplementary Table
S5). In the progesterone group, only one participant switched treatment and 12
discontinued due to discomfort or excessive discharge (Supplementary Table S5).
Progesterone was better tolerated than the pessary. Even with different cut-off
values (60-100% proportion of days covered) for treatment adherence, no significant
differences were found in the primary outcome (Supplementary Table S4).

Discussion

Principal findings

In women who had singleton births with no prior spontaneous preterm birth <34
weeks' gestation and with a midtrimester cervical length of 35 mm or less, pessary
did not improve perinatal outcome compared with progesterone. In the subgroup of
a CL of 25 mm or less, differences seemed larger in favor of progesterone, especially
for extremely preterm birth at less than 28 weeks.

Strengths and weaknesses of the study

This multicenter, randomised, controlled trial is the first to our knowledge to directly
compare the effectiveness of cervical pessary versus vaginal progesterone for
preventing preterm birth in women at low risk with a short cervix, of whom had no
prior spontaneous preterm birth of less than 34 weeks’ gestation and thus had not
already been offered standardized preventive interventions. The cut-off value of 35
mm allowed us to assess the effectiveness of these treatments across various cervical
length thresholds. Therefore, a larger at-risk population could be assessed compared
with a cut-off value of 25 mm and the results relate to a larger, general, pregnant
population.

We were limited by the fact that masking of treatment groups was not possible due
to the nature of interventions, potentially introducing bias. Another limitation is
the self-reported medication compliance in the progesterone group, with less than
30% of participants returning their medication diaries. Therefore, obstetric care
givers' notes in patient records and verbal enquiries by research nurses were used
to assess adherence. Participants who had no notes, indicating poor adherence or
early discontinuation, were assumed to be compliant up until 36 weeks of gestation.
This assumption may have led to an overestimation of the actual compliance and
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an underestimation of the preventive potential of progesterone on preterm birth
in the per protocol analysis. Alternatively, the effect of a pessary could have been
undervalued because no additional training took place beyond basic placement
guidelines. Consequently, less experienced healthcare providers might have
inaccurately inserted pessaries. Conversely, our study built on previous studies like the
ProTwin trial (NTR1858) in which a positive effect on pessary was reported in women
with a twin pregnancy and a short cervix. Our study was performed in the same
network of hospitals. Additionally, more cerclages were placed in the progesterone
group. We speculate that progesterone may allow for easier monitoring of cervical
length and thus lower the threshold to insert an emergency cerclage.

Furthermore, the trial results differed from the planned effect size. We expected to
find a reduction in the composite outcome to 1% on the basis of the PECEP trial.’® The
PECEP trial included participants with a cervix of less than 25 mm only. Since our cut-off
was 35 mm or less, we expected a lower frequency of adverse perinatal outcomes in
our study population with a pessary. Instead, we found a higher percentage compared
with the progesterone group (6.3% v 5.5%). Comparing study populations, 11% of the
PECEP participants had at least one preterm birth, vaginal and cervical swabs were
taken of every participant and treated in case of infection and participants with a
history of a cone biopsy were excluded. These differences might have affected the
effectiveness of a pessary in the PECEP population. Nevertheless, these outcomes
were unexpected.

By exploring different cut-off values for good adherence, our intention was to include
a maximum number of participants displaying some anticipated treatment effect (at
least 60%) as well as those showing a pure treatment effect (100%). The accuracy of
these cut-off values for determining good or poor adherence is in question, especially
considering the lack of clarity as to what the minimum usage requirement should be
for reaching a positive outcome with the interventions applied in this context.?%32

Finally, even though many secondary obstetric and maternal outcomes and subgroup
analyses show no statistical differences between groups, potentially significant clinical
(maternal or obstetric) differences cannot be ruled out due to the wide confidence
intervals. Although maternal outcomes are not expected to differ substantially
between intervention groups, this study does not have the statistical power to address
rare adverse outcomes (such as maternal death). The same applies to the preterm
birth rates of less than 28 and 24 weeks’ gestation, where a possible reduction in
the pessary group cannot be ruled out, given the lack of significant differences with
wide confidence intervals. The wide intervals can be explained by the low incidence

105



Chapter 5

of extremely preterm or immature births. Nevertheless, in the subgroup of cervical
length of 25 mm or less, progesterone seems to be advantageous over pessary
treatment in delivery <28 weeks' gestation.

Strengths and weaknesses in relation to other studies

The effectiveness of progesterone in the prevention of preterm birth has been proven
in selected populations in multiple randomised controlled trials and confirmed by
an individual participant data meta-analysis and a Cochrane review.8333 Goya and
colleagues compared a pessary to expectant management in singleton pregnancies
with a cervical length of less than 25 mm and found a reduction of preterm birth of
less than 34 weeks of 50% in the pessary group.’® Contradictory, the most recent
meta-analysis did not show any benefit of the pessary over expectant management
or vaginal progesterone in the reduction of preterm birth or perinatal outcomes in
asymptomatic women with a singleton pregnancy with a short cervix.3® Also, two
recently published randomised controlled trials comparing a combination of a cervical
pessary and progesterone versus progesterone only and a randomised controlled
trial comparing cervical pessary versus usual care did not find a reduction of preterm
birth in the pessary group.”"” Where Pacagnella and colleagues did not find statistical
differences in terms of neonatal morbidity and mortality between both intervention
groups, in the study by Hoffman and colleagues, pessary use was associated with
a higher rate of fetal or neonatal or infant mortality.”*"” Our results are consistent
with those from the meta-analysis and the randomised controlled trials, finding no
beneficial effect of a pessary over progesterone in the prevention of preterm birth,
but alternatively to Hoffman and colleagues also no differences in associated neonatal
complications.

In both intervention groups, we report relatively high rates of preterm birth compared
with previous trials. In the subgroup of cervical length of 25 mm or less with
progesterone use, the rate of preterm birth of less than 28 weeks was 5.8%, which is
similar to the rate of 7.6% noted in a meta-analysis of individual patient data on the
effectiveness of progesterone.?> However, our rate of preterm birth at less than 28
weeks in the pessary group was 19.4%, which is higher than the placebo group in
the meta-analysis (11%). In the interpretation of our preterm birth rates, our preterm
birth definition includes 16 weeks as the lower limit of gestational age, whereas Goya
and colleagues defined preterm birth as birth from 24 weeks onward."”® When we only
count the preterm births from 24 weeks onward, our preterm birth rates at less than
34 weeks of 30.6% (pessary) and 24.6% (progesterone) become 17.7% and 20.3%,
respectively. These rates are still high but emphasize the proportion of extremely
preterm births in our preterm birth rates, especially for the pessary group. Additionally,
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mean gestational age at randomization in our study is lower compared with the
previously mentioned studies (20.7 weeks v 21.2-23.5 weeks) and therefore, the period
to deliver prematurely within the course of this study was longer.®'%'2'* Furthermore, a
short cervical length at an earlier gestation is associated with a higher risk of preterm
birth.3” Differences in baseline characteristics compared with previous trials may have
contributed to the high rates of preterm birth observed, such as a high proportion
of nulliparous (66%), previous cervical surgery (20%), and the different distribution of
ethnic groups. Specifically, 58% of participants were white, 15% were black, 5% were
Middle Eastern, and 4% were Asian. A recent study from the Netherlands confirmed
differences in the risk of preterm birth associated with ethnic group: people of South
Asian and African ethnic group living in Amsterdam had higher risk.®

In previous studies, cervical and vaginal swabs were taken for bacteriological
analysis and 20-27% of patients were treated for abnormal vaginal flora including
Candida, bacterial vaginosis, Escherichia coli, and Group B streptococcus.?101214
Pessary placement was delayed pending treatment. In our study, Nugent-scores
or bacteriological swabs were not performed routinely. Whether the presence
of abnormal vaginal flora affects the effectiveness of a cervical pessary or vaginal
progesterone or whether ruling out an asymptomatic infection before placement is
necessary remains unclear. The high rate of preterm birth in the pessary group cannot
be attributed to a higher number of symptomatic infections because we noted similar
rates of symptomatic maternal infections in both groups (including clinically diagnosed
intrauterine and genital tract infections). However, we cannot rule out the possibility
of asymptomatic abnormal flora, genital tract infections, or bacterial vaginosis at time
of pessary placement.

Unanswered questions and future research

We observed that the differences in preterm birth rates between pessary and
progesterone were more pronounced in women with a cervical length of 25 mm or
less. This association might suggest that the design of the pessary, which supports
the lower segment and shape of the uterus, requires a longer cervical length to
be effective in preventing preterm birth. Possibly, this theory could be used as in
subsequent studies or post hoc analyses. Our research findings provide an opportunity
to update an individual patient data meta-analysis on the efficacy of pessary use in
preventing preterm birth. Additionally, the comparison with previous studies raises
new questions, such as the added value of performing bacteriological analysis to
pessary or progesterone treatment.
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Conclusions

To summarize, our study did not find significant differences in the prevention of a
composite adverse perinatal outcome between the use of a pessary and progesterone
in women with a singleton pregnancy with no prior spontaneous preterm birth at
less than 34 weeks' gestation and with a midtrimester short cervix of 35 mm or less.
However, in the subgroup analysis of cervical length of 25 mm or less, a pessary
seemed less effective in preventing a composite adverse perinatal outcome and
spontaneous preterm birth of less than 28 weeks' gestation. These findings suggest
that cervical pessary may be less effective than vaginal progesterone in reducing
adverse perinatal outcomes in women with a singleton pregnancy with no prior
spontaneous preterm birth of less than 34 weeks’ gestation and with a cervical length
of 25 mm or less.
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Most important supporting tables

Table S1. Serious Adverse Events

Pessary Progesterone Relative Risk P-value

Serious Adverse Events N =303 N =309 (95% CI) subgroup
Maternal death 0 0 NA NA
Life threatening (at the time of event) to the 0 0 NA NA
mother

Hospitalization or prolongation for other than 2 (0.66%) 2 (0.65%) NA NA
expected reason*

Persistent or significant disability or incapacity 0 0 NA NA
of the mother

Severe congenital anomaly or birth defect of 1(0.33%) 0 NA NA
the neonate

Any other important medical event® 0 0 NA NA

#Requires hospitalization or prolongation of existing inpatients’ hospitalization other than expected obstetric
complications (such as threatened premature labour, admissions due to labour or scheduled

*Any other important medical event that may not result in death, be life threatening, or require hospitalization,
may be considered a serious adverse experience when, based upon appropriate medical judgement, the
event may jeopardize the subject or may require an intervention to prevent one of the outcomes listed above.

Table S2. Subgroup analyses of parity on the primary outcome composite adverse perinatal outcome

Relative Risk P-value
Pessary Progesterone (95% CI) interaction term
Obstetric history
Composite adverse perinatal outcome (primary outcome)
Nulliparous women 16/202 (7.9%) 11/200 (5.5%) 3.01(0.51to 17.7) 0.22
gﬁgi';iv‘jsgizs PTB 347 - 1124 (4.2%) 1722 (4.5%)  0.92(0.0611t013.8) 0.69
Multiparous term birth 2/72 (2.8%) 5/86 (5.8%) Ref NA

PTB, preterm birth; CI, confidence interval
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Table S3. Exploratory analysis for cervical length <25 mm, 26-30 mm and 31-35 mm on the secondary
outcomes (spontaneous) preterm birth <37, 34, 32, 28 and 24 weeks gestation

Pessary Progesterone
Cervical length <25 mm (N=62) (N =69)
Composite neonatal outcome 15(24.2%) 8 (11.6%)
PTB <37 weeks 24 (38.7%) 27 (39.1%)
sPTB <37 weeks 18 (29.0%) 22 (31.9%)
PTB <34 weeks 19 (30.6%) 17 (24.6%)
SPTB <34 weeks 15 (24.2%) 14 (20.3%)
PTB <32 weeks 17 (27.4%) 16 (23.2%)
SsPTB <32 weeks 14 (22.6%) 13(18.8%)
PTB <28 weeks 12 (19.4%) 4 (5.8%)
sPTB <28 weeks 10 (16.1%) 3 (4.3%)
PTB <24 weeks 8(12.9%) 3(4.3%)
SPTB <24 weeks 7(11.3%) 3(4.3%)
Cervical length 26-30 mm Pessary (N = 118) Progesterone (N = 102)
PTB <37 weeks 16 (13.6%) 8(7.8%)
SPTB <37 weeks 16 (13.6%) 6(5.9%)
PTB <34 weeks 6 (5.1%) 3(2.9%)
SsPTB <34 weeks 6 (5.1%) 2(2.0%)
PTB <32 weeks 5(4.2%) 2 (2.0%)
sPTB <32 weeks 5(4.2%) 2 (2.0%)
PTB <28 weeks 1(0.8%) 1(1.0%)
SPTB <28 weeks 1(0.8%) 1(1.0%)
PTB <24 weeks 1(0.8%) 0
SPTB <24 weeks 1(0.9%) 0
Cervical length 31-36 mm Pessary (N = 123) Progesterone (N = 138)
PTB <37 weeks 13 (10.6%) 15 (10.9%)
sPTB <37 weeks 10 (8.1%) 12 (8.7%)
PTB <34 weeks 2 (1.6%) 7 (5.1%)
SPTB <34 weeks 2 (1.6%) 7 (5.1%)
PTB <32 weeks 2 (1.6%) 6 (4.3%)
SPTB <32 weeks 2 (1.6%) 6 (4.3%)
PTB <28 weeks 1(0.8%) 3(2.2%)
SsPTB <28 weeks 1(0.8%) 3(2.2%)
PTB <24 weeks 0 1(0.7%)
SPTB <24 weeks 0 1(0.7%)

PTB, preterm birth; sPTB, spontaneous preterm birth

114



The Quadruple P study - singletons

Table S4. Per protocol analyses for various compliance thresholds of PDC

Compliance RR/ mean
threshold Pessary Progesterone difference
(% PDC) Total N n/N (%) n/N (%) (95% CI) P-value
Composite o 16/175 o
adverse 100% 393 (9.1%) 14/218 (6.5%) 1.3(0.68t02.7) 0.39
neonatal 16/227
outcome, crude 90% 487 (7.0%) 15/260(5.8%) 1.2(0.62t02.4) 0.56
16/230
0 0
80% 501 (7.0%) 15/271 (5.5%) 1.3(0.64to0 2.5) 0.50
70% 506 16/233 15/273(5.5%) 1.3(0.63t02.5) 0.52
(6.9%)
60% 512 167236 15/276 (5.4%) 1.3(0.63to2.5) 0.52
(6.8%)

PDC, proportion of days covered

Table S5. Details on use of intervention

Pessary Progesterone
(N =303) (N=309)
Allocated treatment initiated 302 (99.7%) 305 (98.7%)
Removal of pessary or stop progesterone
According to study protocol? 175 (57.8%) 218 (70.6%)
Gestational age >36 weeks 136 (44.9%) 186 (60.2%)
Contractions or labor 19 (6.3%) 16 (5.2%)
Other reasons, required delivery 1(0.33%) 3(1.0%)
(P)PROM 19 (6.3%) 13 (4.2%)
Not according to study protocolr 127 (41.9%) 87 (28.2%)
Stopped Switched Stopped Switched
98 (32.3%) 29 (9.6%) 86 (27.9%) 1(0.3%)
Discomfort 22 (7.2%) 13 (4.3%) 9(2.9%) 1(0.3%)
Excessive discharge 15 (4.9%) 3(1.0%) 3(0.9%) 0
Patient preference 2 (0.7%) 2 (0.6%) 1(0.3%) 0
Pessary (re)placement failure 3(1.0%) 7 (2.3%) NA NA
Vaginal blood loss 8 (2.6%) 2 (0.6%) 3(0.9%) 0
Compliance <100% PDC 8 (12.6%) NA 40 (12.9%) NA
Other 9(2.9%) 2(0.6%) 20 (6.5%) 0
Cerclage 1(0.3%) NA 10(3.2%) NA
Total pessary replacements 19 NA
Failed 10 NA

A Tf multiple reasons were given, one was chosen to be displayed in this table.
PDC, proportion of days covered; PPROM, premature preterm rupture of membranes
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