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A B S T R A C T

Objective: In asymptomatic women with a multiple pregnancy and short cervix prophylactic use of a

cervical pessary might reduce preterm birth. We assessed the possible treatment effects of pessary use in

pregnancy duration and for poor perinatal outcome.

Study design: This cohort study was performed between December 2012 and September 2014 in 44

hospitals in the Netherlands. Women with multiple pregnancy had a cervical length measurement

between 16 and 22 weeks of gestation. When cervical length was below 38 mm, women were offered a

cervical pessary. The course of pregnancy, including perinatal outcome in these women was compared to

the outcome of women from the placebo group of the AMPHIA trial (ISRCTN40512715) (historical

cohort). Propensity-score matching with replacement was used to create comparable baseline

characteristics between both populations.

Results: We studied 63 women in the pessary group and 56 women as controls. Propensity-score

matching generated 57 women in the intervention group matched to 57 women (31 unique) in the

control group. Gestational age at delivery was comparable between both groups (HR 0.96, 95%-CI 0.46–

1.46) as well as their delivery rates before 28, 32 and 37 weeks, RR 0.68 (95%-CI 0.21–2.18), RR 0.54 (95%-

CI 0.21–1.41), and RR 1.22 (95%-CI 0.47–3.15), respectively. There was no difference in composite

perinatal outcome (RR 1.36, 95%-CI 0.53–3.51) and perinatal mortality (RR 0.89, 95%-CI 0.24–3.38)

either.

Conclusion: In this cohort study with propensity score analysis, pessary use did not prevent preterm

birth in asymptomatic women with a multiple pregnancy and short cervix.

� 2015 Elsevier Ireland Ltd. All rights reserved.
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Introduction

Preterm birth is the major contributor to perinatal mortality
and serious neonatal morbidity. Approximately 30% of all patients
admitted to a neonatal intensive care unit in the Netherlands are
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born from a multiple pregnancy [1,2]. In women with a multiple
pregnancy almost 50% deliver preterm (before the 37th week) in
comparison to 6–10% of women with a singleton pregnancy [3].
These numbers indicate the need for interventions that will
decrease the number of preterm births in multiple pregnancies.

Cervical length at mid-gestation is a sensitive predictor of
spontaneous early preterm delivery [4] and may help identify
women who might benefit from early intervention.

Several therapies including routine hospital admission for bed
rest [5], 17-alpha-hydroxyprogesterone [4,6] and vaginal proges-
teron [7,8] were not effective in preventing early preterm birth in
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unselected multiple pregnancies. However, vaginal progesterone
might improve perinatal outcome in women with a cervical length
below 25 mm [9]. Ultrasonography-indicated use of a cervical
cerclage in women with a twin pregnancy is not recommended
outside the context of studies, since studies in a small number of
women indicate harm [10,11].

Recently, a nationwide multicenter randomized clinical trial,
the ProTWIN-trial, showed potential benefit from the use of
cervical pessaries in the prevention of preterm birth in women
with a multiple pregnancy and a cervix <38 mm (25th percentile)
at mid-gestation. Placement of a cervical pessary between 16 and
20 weeks gestation showed a significant reduction in very preterm
birth rates (before 28 weeks of gestation) (RR 0.23, 95%-CI 0.06–
0.87) and poor perinatal outcome (RR 0.43, 95%-CI 0.19–0.91) as
compared to women without a pessary [12]. The current study
aimed to determine if a cervical pessary reduces the number of
preterm births and improves perinatal outcome in women with a
multiple pregnancy and a cervical length below 38 mm at mid-
gestation using a propensity score analysis.

Methods

Inclusion

This multicenter prospective cohort study was performed in 7
academic and 37 non-academic hospitals between December 2012
and September 2014. During the study period, these hospitals
offered women, with a twin pregnancy between 16+0 and 22+0

weeks of gestation, a cervical length measurement as part of
routine care and the option of a cervical pessary in case of a cervical
length below 38 mm [12]. Henceforth, informed consent was not
necessary.

Screening

Cervical length was measured between 16+0 and 22+0 weeks of
gestation. The transvaginal probe was placed in the anterior fornix
of the vagina, after which a sagittal view of the cervix was obtained,
with the echogenic endocervical mucosa along the length of the
canal. Calipers were used to measure the cervical length, the
distance between the triangular area of echodensity at the external
ostium and the V-shaped notch at the internal ostium.

Intervention and data collection

Asymptomatic women with a cervical length <38 mm were
offered to have a pessary placed. An obstetrician inserted an Arabin
pessary between 16+0 and 22+0 weeks of gestation in the outpatient
clinic. The pessary (CE0482, MED/CERT ISO 9003/EN 46003; Dr.
Arabin GmbH and Company, KG; Witten, Germany) is made of soft
flexible silicone and available in different sizes.

The pessaries were removed at 36+0 weeks of gestation, or in
case of premature rupture of the membranes, active vaginal
bleeding, other signs of preterm labor, or severe patient discom-
fort.

Participating women were registered in a prospective registry
at the start of the intervention. Additional data were obtained by
means of case report forms, which were filled in by obstetricians,
research nurses or the main researcher at least six weeks post-
partum.

Control group

We chose a historic control group of women that had
participated in the placebo arm of the AMPHIA trial
(ISRCTN40512715), a randomized controlled trial comparing
placebo versus 17-alpha-hydroxyprogesterone in multiple preg-
nancies that was performed between 2006 and 2009, preceding the
ProTWIN trial [17]. The AMPHIA trial randomized women with a
multiple pregnancy at a gestational age between 15 and 19 weeks,
to either weekly intramuscular injections of 250 mg 17alpha-
hydroxyprogesterone caproate, or placebo injections. A transvagi-
nal ultrasound examination for cervical length measurement was
performed at randomization. Patients received their first injection
between 16 and 20 weeks of gestation, after which they received
weekly injections until 36 weeks of gestation or until delivery.

This group of women, the previously mentioned placebo group
from the AMPHIA trial, is referred to as the control group. The
prospective cohort as the pessary group.

In both the cohort study as well as in the AMPHIA trial, women
with a previous spontaneous preterm birth before 34 weeks;
serious congenital defects; or death of one or more fetuses; early
signs of twin-to-twin transfusion syndrome; or a primary cerclage
were excluded from participation.

Outcome measures

Primary outcome measure was time to delivery. Secondary
outcome measures were preterm birth before 28, 32 and 37 weeks
of gestation and a composite of poor perinatal outcome including
severe respiratory distress syndrome (grade 2 or worse), bronch-
opulmonary dysplasia, intraventricular hemorrhage (grade 2b or
worse), necrotizing enterocolitis, proven sepsis, stillbirth and
neonatal death [13–16]. Furthermore we determined the number
of NICU admissions and we investigated possible side-effects of
pessary use.

Data analysis

Propensity score matching was used to control for potential
covariate imbalances and to create maximally comparable groups
(i.e. comparable regarding baseline characteristics) [18,19]. By
using propensity score matching we intended to simulate a RCT
setting. The propensity score was estimated by a logistic regression
model and is the subject-specific probability of receiving an Arabin
pessary conditional on baseline covariate values. Covariates
included in the propensity score were selected based on their
possible contribution to preterm birth risk and included chor-
ionicity, cervical length at inclusion, history of preterm birth,
patient age, parity, mode of conception, and twin or triplet
pregnancy.

The pessary group was used as the reference group for matching
to ensure as many matches as possible to women in the
prospective cohort. One-to-n matching with replacement was
performed with the nearest Mahalanobis metrics matching within
calipers defined by the logit of the propensity score. For each
woman who received a pessary, women in the control group with a
similar propensity score were identified. The pair with the smallest
Mahalanobis distance was then selected. The process was repeated
until as many matches as possible could be made for the women in
the pessary group.

The standardized mean difference was used to assess the
balance of the covariates since it is a property of the sample, and
unlike significance testing, does not depend upon the size of the
sample [20]. A standardized mean difference greater than the
absolute value of 0.1 was used to indicate that the samples were
meaningfully different [21].

In order to achieve the best possible match between both
groups different calipers were tested: 0.025, 0.05, and 0.1.
Additionally, to account for the relative small sample size and
thus the potential influence of different matching results due
to matching with replacement the matching procedure was
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performed five times for each caliper. For each matched set we
assessed the number of characteristics for which the standardized
mean difference was below 0.1 (lower is better) and the c-statistic
of the propensity score model in the matched dataset 0.5 (closer to
0.5 is better) [22]. Based on these analyzes a caliper of 0.1 was used.

For the matched cohort, the primary outcome was compared
between groups using a Cox proportional hazards model resulting
in a hazard ratio (HR) with a 95% confidence interval (CI).
Secondary outcomes on the maternal level were assessed using a
log-binomial regression model, while outcomes on the child level
were assessed using binomial Generalized Estimating Equations
with a log-link function and an unstructured covariance matrix to
Fig. 1. Trial 
account for dependence of children within the same mother [23].
Both models will result in relative risks (RR) with 95% CI. The one-
to-n matching was taken into account by applying more weight to
those women from the control group that were matched more than
once. Valid estimates of the treatment effect could be obtained
without adjustment for the matching procedure or matching
variables [24].

Statistical analysis was performed with IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp., Armonk, NY) and R, version
3.1.1. (The R foundation for statistical computing, Vienna, Austria).
For matching the MatchIt library was used. A nominal p-value
<0.05 was considered to be statistically significant.
profile.



Table 1
Baseline characteristics.

Before matching After matching

Pessary group

(N = 63)

Control group

(N = 56)

SMD Pessary group

(N = 57)

Control group

(N = 31)

SMD

Maternal characteristics

Age (years)b 32 (5.6) 31.6 (5.2) 0.076 32 (5.7) 32.1 (6.3) 0.052

Body mass index (kg/m2)a 22.8 (20.2–26.8) 23.1 (21.3–26.2) 0.227 22.8 (20.2–27.5) 23.7 (22.0–24.8) 0.312

Caucasian 38 (63%) 46 (82%) 0.432 35 (65%) 48 (84%) 0.642

Higher education 10 (40%) 18 (44%) 0.079 9 (43%) 13 (43%) 0.039

Smoking during pregnancy 4 (7%) 12 (21%) 0.417 4 (8%) 17 (30%) 0.495

Nulliparous 20 (32%) 21 (38%) 0.121 18 (32%) 28 (49%) 0.083

Previous preterm delivery 5 (8%) 5 (9%) 0.036 4 (7%) 9 (16%) 0.096

Pregnancy characteristics

Pregnancy after fertility treatmentc 24 (38%) 22 (39%) 0.024 23 (40%) 16 (28%) 0.169

Triplets 4 (6%) 3 (5%) 0.042 4 (7%) 3 (5%) 0.096

Monochorionic pregnancy 14 (22%) 10 (18%) 0.109 13 (23%) 13 (23%) 0.085

Cervical length at inclusion (mm)a 30 (23–34) 34 (29–36) 0.256 30 (24–35) 27 (22–34) 0.001

Gestational age at pessary placement (weeks, days)a 20.3 (19.5–20.6) 19.6 (18.9–21.3) 0.350 20.3 (19.5–20.6) 19.7 (19.1–21.7) 0.502

Data are presented as N (%), a median (IQR), or b median (SD).
c Ovarian hyperstimulation, in vitro fertilization, intracytoplasmic sperm injection, or intrauterine insemination. Standardized mean difference (SMD).
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Results

Participants

Between December 2012 and September 2014, 81 women with
a twin pregnancy and a cervical length <38 mm were registered as
potential participants. Twelve women were excluded from final
analysis: two women never had a pessary placed, three women
were symptomatic and had contractions at the time of cervical
length measurement or pessary placement and in seven women
pessary placement was performed after the 22nd week of
gestation. For six women data were irretrievable. The remaining
63 patients were eligible for inclusion and analysis (Fig. 1).

In the AMPHIA-trial, 335 women received placebo, of which 298
underwent cervical length measurement and 56 had a cervical
length <38 mm, thereby confining the control group.

Baseline characteristics are presented in Table 1. Before
matching baseline characteristics were different as indicated by
the different distributions of the propensity score in both groups
(Fig. 2A) and by the standardized mean difference criterion, which
Fig. 2. Propensity scores, subject-specific probability of receiving a cervical pessary con
revealed that 5 out of 12 baseline covariates had a standardized
mean difference �0.10 (Table 1).

Out of 63 women in the pessary group 57 were matched with 31
women in the control group. Because of the matching with
replacement some women in the control group were used multiple
times (range 1–4). Matching showed to be successful with similar
propensity score distributions (Fig. 2B) and a higher number of
baseline covariates with a standardized difference �0.10 (7 out of
12; Table 1). The c-statistic when fitting the propensity score in the
matched dataset was 0.54.

Demography

After matching, women in the pessary group had a mean age of
32.0 (SD 5.7) years, 73% had a dichorionic diamniotic twins, 32%
was nulliparous and 7% had a previous preterm birth <37 weeks.
Mean cervical length at inclusion was 30 mm (IQR 24–35).

Women in our control group differed mainly from the pessary
group in percentage of Caucasian women (84% versus 65%) and the
number of smokers (30% versus 8%).
ditional on baseline covariate values (A) before matching and (B) after matching.



Table 2
Pregnancy and neonatal outcome maesures.

Before matching After matching

Pessary

group (N = 63)

Control

group (N = 56)

Pessary

group (N = 57)

Control

group (N = 57)b

RR (95%-CI)

Maternal outcome measures
Gestational age at delivery (weeks, days) 34.6 (32.8–37.0) 35.4 (33.0–37.4) 35.0 (32.5–37.0) 33.6 (31.9–37.0) 0.96 (0.46–1.46)a

<28 weeks 8 (13) 7 (12) 8 (14) 7 (12) 0.68 (0.21–2.18)

<32 weeks 14 (22) 12 (21) 13 (23) 20 (35) 0.54 (0.21–1.41)

<37 weeks 46 (73) 37 (66) 41 (72) 42 (74) 1.22 (0.47–3.15)

Pessary

group (N = 130)

Control

group (N = 115)

Pessary

group (N = 118)

Control

group (N = 117)b

RR (95%-CI)

Neonatol outcome measures
Birth weight

<2500 g 96 (74) 78 (68) 86 (73) 91 (78) 0.73 (0.28–1.89)

<1500 g 31 (24) 24 (21) 27 (23) 20 (17) 1.64 (0.58–4.67)

Composite adverse perinatal outcome 34 (26) 27 (24) 33 (28) 27 (24) 1.36 (0.53–3.51)

Respiratory distress syndrome 18 (14) 13 (11) 18 (15) 16 (14) 1.20 (0.40–3.59)

Bronchopulmonary dysplasia 4 (3) 2 (2) 4 (3) 3 (3) 1.10 (0.15–8.06)

Intraventricular hemorrhage 2 (2) 1 (1) 2 (2) 2 (2) 0.99 (0.06–16.21)

Necrotizing enterocolitis 3 (2) 1 (1) 2 (2) 0 (0) NC

Sepsis 7 (6) 0 (0) 7 (6) 0 (0) NC

Mortality 9 (7) 13 (11) 9 (8) 11 (9) 0.49 (0.14–1.74)

Stillbirth 1 (1) 1 (1) 1 (1) 1 (1) 0.93 (0.06–15.00)

Death before discharge 8 (6) 12 (11) 8 (7) 10 (9) 0.85 (0.22–3.23)

Admission to neonatal intensive care unit 31 (24) 24 (21) 29 (25) 39 (33) 0.66 (0.20–2.14)

Data are presented as N (%) or median (IQR). NC = not calculated.
a Hazard ratio instead of RR.
b Women and children that were matched more than once are included more than once for the calculation of median and totals.
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Primary outcome

Median gestational age at delivery in the pessary group was
35+0 (IQR 32+4–37+0) versus 33+4 (IQR 31+6–37+0) in the control
group (HR 0.96, 95% CI 0.46–1.46). (Table 2 and Fig. 3).

Secondary outcomes

No differences were found between groups for delivery before
28, 32 and 37 weeks of gestation (Table 2). Adverse perinatal
outcome occurred in 33 out of 118 children (28%) in the pessary
group and 27 out of 117 (24%) in our controls (RR 1.36, 95%-CI
0.53–3.51). Perinatal mortality was comparable in the pessary
group and control group with 9 out of 118 (8%) versus 11 out of 117
(9%), respectively (RR 0.89, 95%-CI 0.24–3.38). The number of NICU
admissions was not different between the two groups either.
Fig. 3. Kaplan–Meier curve illustrating the proportion of continued pregnancies in

women with a cervical length below 38 mm for the intervention (cervical pessary)

as well as the non-intervention group.
Side-effects and pessary removal

The main complaints in the total cohort of women treated with
a cervical pessary were pain or discomfort (8.3%) and vaginal
discharge (50%). Other reported side-effects which might possibly
be contributed to pessary use were: more frequent voiding,
unwanted loss of urine and sacral pressure.

Forty-two (67%) women treated with a pessary had their
pessaries removed before the 36th week of gestation. Median
gestational age at pessary removal was 34 weeks and 4 days (IQR
32+0–36+0). Of these, 14% had vaginal blood loss, 33% had ruptured
membranes, 26% had contractions and 2.3% had their pessary
removed before the 36th week because of pain (not otherwise
specified) or other discomforts such as excessive discharge
(Table 3).

Discussion

This cohort study with propensity score analysis showed that
pessary use did not effectively prevent preterm birth in
asymptomatic women with a multiple pregnancy and a cervical
length <38 mm. Time to delivery, as well as poor perinatal
outcome, did not differ compared to the control population.
Pessary use did not appear to have negative effects either.
Table 3
Reasons for pessary removal.a

Reason for pessary

removal (N = 42)

Pain/discharge 1 (2)

Vaginal blood loss 6 (14)

Other 16 (38)

PPROM 14 (33)

Contractions 11 (26)

Data are presented as N (%).
a Components may add up to more than the group total since women may have

had more than one reason for removal.
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This study was the first published cohort study on pessaries in
the prevention of preterm birth. Randomized controlled trials
showed alternating, but promising results in the effectiveness of
pessary use in the prevention of preterm birth. The ProTWIN-trial
showed that use of a cervical pessary in multiple pregnancies with
a cervical length <38 mm significantly reduced perinatal mortality
(RR 0.13, 95%-CI 0.03–0.60), morbidity (RR 0.43, 95%-CI 0.19–0.91)
and extreme preterm birth (<28 weeks of gestation) (RR 0.23, 95%-
CI 0.06–0.87) [12]. The PECEP-TWIN-trial also showed significant
reductions in preterm birth, but mainly before the 34th week of
gestation in women with a cervical length below 25 mm (16.2%
versus 25.7%, P0.0001). There appeared to be no differences in
mortality or morbidity rates [25].

We decided to perform this cohort study, hoping it would give
us valuable information about the effectiveness of pessary therapy
after implementation in daily practice. Despite substantial global
investment in the commissioning of health service research and
clinical guidelines to support decision-making, evidence suggests
that whilst the transfer of research to practice is possible, its
success can be variable. Mainly due to unwarranted variations in
practice and in the resulting outcomes which cannot be explained
by characteristics of the patients. Examples are a patients context,
as well as interactions between multiple, interconnected factors at
the level of individuals, groups, organizations and wider health
systems [26]. These factors are probably less dominant in
randomized clinical trials.

We intended to resemble a randomized controlled clinical trial
by using propensity score matching. However, unlike a random-
ized trial, propensity score techniques can balance observed
covariates but cannot control for unmeasured covariates [19].
Henceforth, this might have influenced outcome measures in a
positive or negative way. Additionally, we had a relatively small
sample size. As a result, this study was underpowered to detect
differences in perinatal outcomes between both groups.

However, this study was possibly large enough to detect a
treatment effect as seen in subgroup analysis of the previous
ProTWIN study (78 multiple pregnancies).

Nevertheless, we have to state that the effectiveness of pessary
use in multiple pregnancies with a short cervix remains unclear.
We cannot properly explain the difference in results of this study
considering gestational age at delivery compared to the previously
mentioned RCTs, especially the ProTWIN. Possible explanations
might be the study’s design and the previously mentioned
difference in sample size. Furthermore there might have been a
different number of hidden symptomatic women at inclusion.
Another explanation may lie in different baseline characteristics
between the population used in this study and the ProTWIN,
especially the high percentage of non-Caucasian women in our
pessary group (37% versus 9%) and the higher number of smokers
in this study’s control group (30% versus 6%). It remains unclear
whether or not these differences are significant.

This further emphasizes the need for proper evaluation of
therapies before implementation, and the need for further research
to determine the effects of pessary use itself, especially since
pessaries are easily applicable in everyday practice, cheap (s38
per pessary) and no negative effects on perinatal outcome or time
to delivery have been reported so far. However, pessary use may
increase vaginal discharge and there is a risk for cervical necrosis if
the pessary is not removed at a proper time before delivery [27].

In summary, we could not confirm the positive effect of pessary
therapy in the prevention of preterm birth in asymptomatic
multiple pregnancies with a short cervix in this propensity score
analysis. With ongoing studies on this subject the definite answer
whether pessaries are effective in the prevention of preterm birth
will come. If effective, evaluation of implementation, similar to this
study, is still necessary.
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