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Abstract

Objective To assess the efficacy of cervical pessary application for the prevention of spontaneous preterm birth (SPB) in
singleton pregnancies with a sonographically measured short cervix.

Methods Searches were conducted in PubMed-Medline, Embase, Scopus, Web of Science, and Cochrane Library, and clini-
cal trial registries for randomized controlled trials (RCTs) published in all languages from inception through 28 July 2018.
Inclusion criteria were registered RCTs of singleton pregnants with a short cervix (< 25 mm) measured at 22-24 weeks
comparing the use of a cervical pessary versus controls over the risk of SPB. Risk of bias was evaluated with the Cochrane
tool. Risk ratios (RRs) and mean differences and 95% confidence intervals (CIs) were calculated.

Results We identified three RCTs meeting defined inclusion criteria, including a total of 1612 pregnancies (805 used a cervi-
cal pessary). SPB risk at < 37 was lower for participants using the pessary (RR 0.46; 95% CI 0.28-0.77). Pessary application
was associated with a higher risk of presenting vaginal discharge (RR 2.05; 95% CI 1.82-2.31). There were no significant
differences between pessary users and controls in terms of SPB at< 28 and < 34 weeks, and for any type of preterm birth
< 34 weeks; mean gestational age and infant weight at delivery; and the risks of chorioamnionitis, cesarean delivery, and
perinatal or neonatal outcomes. Sub-analysis by risk of bias showed that there was a lower risk of SPB < 34 weeks (RR 0.33;
95% CI1 0.16-0.66) in two RCTs with low risk of bias.

Conclusion Cervical pessary application was associated with a reduced risk of SPB at < 37 weeks and a higher risk of
vaginal discharge.

Keywords Cervical pessary - Preterm birth - Preterm delivery - Short cervix - Perinatal morbidity - Neonatal morbidity -
Ultrasound - Vaginal discharge

Introduction

Preterm birth (PB) is the termination of pregnancy before
37 weeks of gestation and is the principal cause of overall
perinatal mortality. PB rates vary worldwide but seem to
range across 184 countries from 5% to up to nearly 18%,
with two thirds being spontaneous [1-3]. It disproportion-
ately affects low and middle income countries that have low
quality healthcare. Despite this, PB rates seem to vary in
relation to several factors including ethnics, maternal age,
plurality, health care system, geographical region, economic/
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educational level, stress life events, racism and other social
factors [2-5]. The introduction of assisted reproduction
technology has contributed to an increase in the number of
multiple births and thus, an overall increase in PB rates [6,
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7]. PB is associated with severe obstetrical risks, neonatal
complications and permanent sequelae, including long-term
consequences leading to immune alterations and intellectual
and development disabilities [1, 8, 9]. Therefore, preventive
measures that aid at gaining more weeks will have clinical
benefits for the newborn, the family and the economy of the
society.

Three phenotypes of PB are currently being considered:
idiopathic or spontaneous preterm birth (SPB), those due
to preterm premature rupture of membranes (PPROM), and
medically indicated PBs [10, 11]. The demonstration of a
sonographically short cervix is a useful predictor of SPB
risk and both perinatal and neonatal complications [12, 13].
Different interventions have been proposed to manage a
shorter cervix and prevent SPB, including cervical stitch
(cerclage), the application of a cervical pessary, and proges-
terone therapy [14-16].

Observational studies and randomized controlled trials
(RCTs) have both reported controversial results regarding
the effects of the cervical pessary placement in the preven-
tion of SPB [17-21]. Two meta-analyses with three RCTs
each, including one underpowered study, have rendered
controversial results, and globally meta-analyzed data found
no impact of the cervical pessary on SPB rates or perinatal
outcomes [22, 23]. Hence, there has been concern about
some RCTs and meta-analyses that are biased due to under-
powered samples or the selective choice of outcomes, which
have produced the so-call “P-hacking” effect [24]. In the
present systematic review and meta-analysis, we assessed
registered RCTs with predefined outcomes to determine the
effect of the cervical pessary placement over SPB risk (<
34 weeks) in singleton gestations with a second trimester
short cervix (< 25 mm) as measured by transvaginal ultra-
sonography (TUS).

Methods

This systematic review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines
(PRISMA) [25], and the National Institute of Health Qual-
ity Assessment of Controlled Intervention Studies [26] and
the Cochrane recommendations [27]. In addition, the study
also followed the recommendations provided by Prior et al
[24] to prevent bias in meta-analyses. Formal institutional
review board approval was not required due to the fact that
this analysis consisted of pooled data of published studies.

Search methods
The search was conducted in PubMed-Medline, Embase,

Cochrane Library, Web of Science and Scopus, from data-
base inception through August 28, 2018, without language
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restriction (GRPR). The following terms were used for the
search of articles containing the specific content, but not
limited to: “pessary”, “preterm birth”, and “randomized
controlled trial”. The reference lists of systematic reviews
and identified RCTs were hand searched to locate other
trials. The US Clinical Trials [28] and the UK Clinical Tri-
als Gateway [29] databases were also searched for related

RCTs (PC).

Selection criteria

Original registered RCTs with a predefined power analysis
published in any language were reviewed according to the
following inclusion criteria: (i) girls aged > 16 years and
women with a singleton pregnancy; (ii) cervical length
< 25 mm, measured by TUS during the second trimes-
ter of gestation (18-24 weeks); (iii) intervention group
included the placement of a cervical pessary approved for
the prevention of preterm birth; and (iv) controls defined
as gravids with similar cervix conditions who did not use
a cervical pessary.

Studies were excluded for the following reasons: (i)
non-RCTs; (ii) ultrasound cervical length measurement
> 25 mm during the second trimester of pregnancy; (iii)
ruptured membranes or any obstetric pathology; (iv) lack
of a control group (no pessary use); (v) the simultane-
ous use of a cervical cerclage; (vi) narrative reviews and
abstracts or communications presented at congresses, and
(vii) non-registered RCTs that did not follow a pre-defined
power analysis or using a non-approved pessary for the
prevention of preterm birth.

Pre-specified outcomes

The primary outcome of interest was SPB before 34 weeks
of gestation. Secondary outcomes were SPB < 37 and <
28 weeks, any type of preterm delivery before 34 weeks,
chorioamnionitis, PPROM < 34 weeks, corticosteroid
treatment for fetal lung maturation, and risks of intrauter-
ine fetal demise and vaginal discharge. In addition, mean
difference (MD) of gestational age at delivery (weeks)
and birth weights (grams) as well as the rate of cesarean
delivery and low birth weight (< 2500 and < 1500 g) were
assessed as perinatal outcomes.

Perinatal and neonatal outcomes included neonatal sep-
sis, intraventricular hemorrhage, necrotizing enterocolitis,
retinopathy, respiratory distress syndrome, admission to
neonatal intensive care unit (NICU), and neonatal mor-
tality, defined as death of a live-born baby within the first
28 days of life.
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Study selection and data extraction

After removal of duplicates and articles that had no avail-
able abstract, manuscripts were screened for eligibility on
the basis of their title and abstract. The list of retrieved arti-
cles was screened independently by two authors to choose
potentially relevant full papers (FRPL, PC). Relevant data
(baseline characteristics and outcome variables) were
extracted, from each full-text included article, into a previ-
ously designed data sheet (GRPR, SJMD). Discrepancies
found regarding the extracted data were discussed by both
authors in order to reach a consensus.

Due to the fact that some results were reported as medi-
ans and interquartile ranges or means and 95%confidence
intervals (Cls) (Table 1) , appropriate calculations were per-
formed to obtain means and standard deviations that served
for the meta-analysis [30, 31].

Assessment of risk of bias

Independent assessment of the methodological quality of the
selected RCTs was performed by two authors (SIMD, FRPL)
using the Cochrane Risk of Bias Tool [32, 33]. This instru-
ment evaluates seven aspects: random sequence generation
(selection bias); allocation concealment (selection bias);
blinding of participants and research staff (performance
bias); blinding of outcome assessment (detection bias);
incomplete outcome data (attrition bias); selective report-
ing (reporting bias) and any other biases. Each item was
assessed and described for each RCT and reported as having
either a low risk of bias, a high risk of bias, or an unclear
risk of bias. RCTs presenting bias for items of randomiza-
tion or blinding were automatically considered as having an
overall high risk of bias.

Data synthesis and statistical analysis

Primary outcome reported in at least two RCTs were meta-
analyzed (SJIMD, FRPL). Meta-analysis was performed
using the fixed-effects model and the Mantel-Haenszel
method for outcomes owing to an anticipated scarcity of
events (< 10% of the total number of individuals in an arm)
[34]. Meta-analysis was performed using the random effects
model [35] when fixed effect was not appropriate or when
the heterogeneity of studies was moderate to high. Summary
effects are reported as risk ratios (RRs) for dichotomous out-
comes or a mean difference (MD) for continuous variables,
both with 95% Cls.

Statistical heterogeneity was evaluated using the Cochran
chi-square (Xiz), the I statistic, and the between-study vari-
ance using the tau-square (Tau?) [30, 32]. /? values from
0-30% represented a low level of heterogeneity, and from
30 to 60% as moderate heterogeneity. A P value < 0.1 for

the Chi-square defined the presence of heterogeneity, and
a Tau?> 1 defined the presence of substantial statistical
heterogeneity.

Potential publication biases were statistically assessed by
means of the Begg’s and Egger’s tests [36]. A P value < 0.1
was considered as statistically significant.

Statistical analyses were performed with the Review
Manager software (RevMan 5.3; Cochrane Collaboration,
Oxford, UK) [37].

Results
Study selection and study characteristics

The flow diagram of study retrieval for the systematic review
is shown in Fig. 1. Three RCTs were included in this meta-
analysis [17, 19, 38], with a total of 1,612 participants (aged
16 or more), including nulliparous and multiparous gravids
(Table 1). One RCT was carried out in a single Italian center
[38], another in several hospitals from Spain [17], and the
third in seven European countries, Chile and Australia [19].
The dates and duration of the studies, gestational age at ran-
domization, the assessment of vaginal infections (as defined
by the authors) and other clinical details are specified in
Table 1. Patients were excluded if they had major obstetri-
cal syndromes, fetal structural anomalies, vaginal bleeding,
chorioamnionitis, uterine contractions, cervical dilatation,
cervical cerclage, placenta previa and/or accreta (Table 1).

In one study, patients were excluded when there were
preexisting vaginal infections [19]. In the two remaining
studies [17, 38], the prevalence of vaginal infections or
bacterial vaginosis was around 25% in both the interven-
tion and control groups (Table 1). In the Nicolaides et al.’s
study [19], a higher proportion of girls/women in the pessary
group received antibiotics at randomization or at follow-up
visits, as compared to the control group (20.4% vs 14.8% and
20.6% vs. 13.7%, respectively).

One study included adolescents > 16 years and adult
gravids [19], and for the remaining RCTs age ranged from
18 to 50 years [17, 38]. Studied populations ranged from 300
to 932 participants [19, 38]. Inclusion criteria for all studies
were to have a cervical length < 25 mm, as measured by
TUS between 18-22 [17] and 22° weeks [19].

Gestational age at randomization ranged from
22.24+0.9 weeks [17] and 23.4 weeks (interquartile range
22.6 and 24.3, respectively) [19]. The cervical pessary
used in all three studies was the Arabin model [39]. Pes-
sary removal was planned at 37 weeks of pregnancy or due
to some specific medical indications or by patients’ elec-
tion. In some studies, pessary was replaced or repositioned
if expelled before the proposed time of removal (Table 1).
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Fig. 1 Flow diagram of
included and excluded studies
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(meta-analysis) (n = 3)
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The primary outcome was SPB at < 34 weeks for all
three studied RCTs. In one study, the control group was
managed expectantly [17]. In two studies, in both the con-
trol and pessary groups, vaginal progesterone (200 mg/
day) was indicated upon periodical clinical reviews and
in those with a cervical length of < 15 mm [19] or 20 mm
[38]. Exclusion criteria and both pregnancy and neonatal
outcomes varied and are detailed in Table 1.

Bias assessment

Assessment of risk of bias was performed with the
Cochrane tool (Fig. 2). The three RCTs rendered a low
risk of bias for random sequence generation, allocation
concealment, and blinding of participants and person-
nel. Since in some RCTs, interventions cannot blinded
to participants and/or personnel (as occurs in the present
meta-analysis), it is not reasonable to consider a trial of
low quality because of the lack of blinding [33]; hence,
blinding bias (performance bias) was considered low in
all three RCTs.

It is important to mention that one of the analyzed stud-
ies [19] had a high number of participating centers, with
heterogeneous clinical settings which may have influenced
clinical handling. In addition, this multi-continental RCT
had a high rate of antibiotic use in the pessary group and

was not audited [19]; thus, this RCT could have had a high
risk of performance bias and/or other unknown bias.

Assessment of publication bias with the Begg’s and
Egger’s tests was not possible, since only three studies were
analyzed.

Data synthesis and statistical analysis
Meta-analyses of outcomes

As assessed with I2, the various assessed outcomes (mater-
nal, neonatal and perinatal) showed high heterogeneity.
Therefore, estimation of the random-effects model [35]
was used for meta-analyses as indicated in the forest plots
(Figs. 3—6). The analysis of the three RCTs showed that the
use of cervical pessary had no significant effect on the risk of
SPB at < 34 weeks (RR 0.51; 95% CI 0.19-1.38; >=90%)
(Fig. 3, top forest plot). The risk of SPB at < 37 weeks was
significantly reduced by the use of cervical pessary (RR
0.46; 95% CI 0.28-0.77; I*=77%) (Fig. 3, second forest
plot). Contrary to this, in two RCTs, the risk of SPB at <
28 weeks was not affected by the use of cervical pessary
(RR 0.42; 95% CI 0.16-1.09; I*=42%) (Fig. 3, third forest
plot). In addition, the meta-analysis of two studies reported
that the use of cervical pessary did not have any significant
influence on PB of any type at < 34 weeks (RR 0.56; 95% CI
0.13-2.35; > =95%) (Fig. 3, fourth forest plot). Pessary use
was associated with a significant risk of vaginal discharge
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Fig.2 Assessment of risk of bias in the three randomized controlled trials

(RR 2.05;95% CI 1.82-2.31; P =28%) (Fig. 3, bottom for-
est plot).

Figure 4 displays (from the top to the bottom) meta-
analyses of mean gestational age at delivery (weeks) and
birth weight (grams) as well as the risk of chorioamnionitis,
cesarean delivery, birth weight < 2500 g and neonatal sep-
sis. The mean difference of gestational age at delivery (MD
1.42;95% CI — 0.41 to 3.25; ’=97%) and of birth weight
(MD 86.05; 95% CI — 202.97 to 375.07; I>=89%) did not
differ among the studied groups. In addition, no differences
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were found in the risk of chorioamnionitis (RR 0.77; 95%
C10.34-1.73; I*= 0%), cesarean delivery (RR 0.89; 95% CI
0.69-1.13; ?=5%), low birth weight (< 2500 g) (RR 0.59;
95% CI 0.16-2.16; 12=95%) or neonatal sepsis (RR 0.64;
95% CI 0.12-3.41; >=83%).

The meta-analyses of the risk for different neonatal com-
plications are shown in Fig. 5 (from the top to the bottom),
none which were significant and included: intraventricu-
lar hemorrhage (RR 1.11; 95% CI 0.08-14.91; ’=62%),
necrotizing enterocolitis (RR 0.95; 95% CI 0.11-8.18;
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Fig. 3 Forest plot showing (from the top to the bottom) risk ratio (RR) and 95% confidence interval (CI) regarding spontaneous preterm birth <
34 weeks, < 37 weeks, < 28 weeks, and any type of preterm birth < 34 weeks. M-H Mantel-Haenszel
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Fig.4 Forest plot showing (from the top to the bottom) mean difference or risk ratio (RR) and 95% confidence interval (CI) regarding gesta-
tional age at delivery (weeks), mean birth weight (grams), chorioamnionitis, cesarean delivery, birth weight < 2500 g, and neonatal sepsis. IV

inverse variance, M-H Mantel-Haenszel
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Fig.5 Forest plot showing (from the top to the bottom) risk ratio (RR) and 95% confidence interval (CI) regarding intraventricular hemorrhage,
necrotizing enterocolitis, retinopathy, respiratory distress syndrome, Neonatal Intensive Care Unit (NICU) admission, and neonatal death. M-H
Mantel-Haenszel
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P=47%), retinopathy (RR 1.21; 95% CI 0.05-28.29;
IP=66%), respiratory distress syndrome (RR 0.52; 95% CI
0.10-2.67; I>=89%), NICU admission (RR 0.82; 95% CI
0.37-1.79; I*=78%), and neonatal death (RR 0.90; 95% CI
0.36-2.25; P=0%).

Sub-group analyses

A sub-group analysis evaluating the risk of SPB < 34 weeks
was performed comparing two RCTs with low risk of bias
[17, 38] with the multi-continental RCT with risk of bias
[19] (Fig. 6). This sub-analysis showed a significant reduc-
tion of the risk of SPB < 34 weeks for RCTs with low risk
of bias (RR 0.33; 95% CI 0.16-0.66; I*=58%). No other
sub-group analyses were possible in terms of parity (nul-
liparous versus multiparous), history of a previous PB in
parous women, or by ethnicity due to the lack of reported
individualized data for all these variables.

Comment
Summary of evidence

The present systematic review and meta-analysis found that
the Arabin pessary placement did not reduce the risk of SPB
at< 34 weeks. However, pessary use did significantly reduce
risk of SPB at < 37 weeks while increasing vaginal discharge
risk. The sub-analysis of two RCTs with low risk of bias
carried out in two different European countries [17, 38]
also showed a significant reduction of SPB < 34 weeks as
compared to the multi-continental RCT of Nicolaides et al.
[19]. Risks of SPB at < 28 weeks and for any type of PB <
28 weeks were both similar among studied groups. For this
gestational age cutoff (< 28 weeks), a greater sample would
be required to demonstrate any possible effect. As expected,
the frequency of vaginal discharge was significantly higher,
as a side effect, among pessary users. In addition, no sig-
nificant differences were found between pessary users and
controls in terms of mean gestational age and infant weight
at delivery as well as the rates of chorioamnionitis, cesarean
delivery, low birth weight (< 2500 g), adverse perinatal and
neonatal outcomes, NICU admission or neonatal death.

Interpretation

PB is a complex syndrome that involves epigenetic/genetic
and inflammatory factors as well as several obstetric risk
precursors, including genital infections, spontaneous pre-
term labor with intact membranes, PPROMs with subse-
quent preterm labor, and indicated or iatrogenic preterm
delivery [39-42]. Transvaginal sonography cervical length
measurement has shown to be a good predictive test for SPB
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risk in singleton pregnancies [41]. Previous reports have
suggested an increased risk of PB due to a lower amount
of collagen and changes in the microstructural of collagen
alignment that may reflect differences in the mechanical
loading forces [42, 43]. Cervical heterogeneity has also been
documented by TUS [44].

Changes in the cervico-vaginal microbioma and mucosal
immunity are frequent during pregnancy, and abnormal col-
onization decreases as the third trimester progresses. Abnor-
mal vaginal microbioma during the second trimester is asso-
ciated with PB risk before 34 weeks although no specific
microbial community predicts SPB [45, 46]. Nonetheless,
Klebsiella pneumoniae has been the most frequently dem-
onstrated microorganism [47]. Evidence regarding the role
of bacterial vaginosis and the risk of SPB is controversial
[48-50]. Future studies should, therefore, define “infections”
in a more precise manner.

Pessary guidelines state not to treat vaginal discharge
with antibiotics; however, nearly 40% of participants in
the pessary group were treated with antibiotics [19]. This
could have affected the cervico-vaginal microbioma or the
local immunity and produce genital inflammatory changes
[51]. Infection and inflammation are usually associated with
an increased risk of PB and neurological morbidity [52].
Therefore, it cannot be ruled out that mother and children
were exposed to unnecessary increased risks, since current
evidence recommends not to give antibiotics routinely in
women with preterm labor and intact membranes in the
absence of overt evidence of infection [53].

Vaginal progesterone was used in two of the included
RCTs, both in the intervention and control groups, or was
added when the cervix was below a critical certain length
[19, 38]. Despite this, the rate of progesterone use was simi-
lar in all analyzed studies (combined interventions [pessary
+ progesterone] and controls); hence, it seems unlikely
that progesterone treatment might have influenced the final
results/trends for PB risks. To support this fact, a cohort
study reported that cervical pessary placement plus vaginal
progesterone did not reduce the risk of PB at different ges-
tational ages (< 28, < 34, < 37 weeks) as compared to the
use of the pessary alone [54].

RCTs with low risk of bias [17, 38] had probably a more
homogeneous and personalized clinical assistance, hence
showing the beneficial effect of the pessary use in decreasing
SPB risk in comparison to the multi-continental RCT that
was not audited [19]. The positive results of the Spanish and
Italian RCTs could have been related not only to personal-
ized involvement in clinical and ultrasound experience and
follow-up, but also to the quality of engagement between
patients and health care providers, and detailed/exhaustive
information received by studied women about the risk of PB
and the convenience of maintaining the pessary placed until
37 weeks [55, 56]. Future studies should assess not only
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clinical technology, control of the pessary placement, and
the periodic assessment of the cervix length and eventual
adverse effects, but also the flow of programmed information
and communication from a highly trained team, empathic
towards patients and their social circumstances, from the
beginning of the intervention until the end of pregnancy.

Strengths and limitations
Strengths

Our study presents several strengths: (1) it is a meta-analysis
of three registered RCTs; (2) it used common inclusion crite-
ria based on ultrasound cervical length measurement which
was performed at 22-24 weeks and defined SPB risk; and (3)
standardized definitions for maternal, perinatal and neonatal
outcomes were used for the data to be meta-analyzed. Our
analysis selected registered RCTs with sufficient number of
participants using a common pessary model approved for
usage in women at risk of PB. In addition, our meta-analysis
also provides data on perinatal and neonatal outcomes.
Our sub-analysis of the Spanish [17] and Italian [38]
RCTs with low risk of bias demonstrated that pessary
use and an optimal clinical or protocolized assistance
may reduce the risk of SPB before 37 weeks, and even <
34 weeks. However, future studies should probably need to
include more information about local changes at the cervico-
vaginal site but also the general condition of the pregnant

SPB < 34 weeks: Subanalysis
Pessary Control

Study or Subgroup

Events Total Events Total Weight M-H, Random, 95% CI

women. It seems that further studies are needed to define
the interaction between genital microbiota, cervical length,
lifestyle factors (e.g., stress, smoking) and specific health
care for women at risk of PB [57].

Clinical limitations and future directions

The clinical limitations of the meta-analysis are inherent to
the studied RCTs. For clinical trials, the training of physi-
cians and health care providers is a prerequisite [58] for all
procedures associated with the placement of the pessary,
as well as follow-up and removal. It has been claimed that
auditing is necessary when many centers are involved in a
RCT. Pessary removal due to low compliance or its mainte-
nance until 37 weeks may explain some differences in pro-
cedures and outcomes observed in one of the studied RCTs
[19] as compared to the other two trials [17, 38].

The heterogeneity detected in meta-analyses could be
related to the clinical characteristics of the studied popu-
lations, design of the analyzed studies and their corre-
sponding clinical scenarios. Thus, there are some pecu-
liarities: (i) one study reported on both adolescents and
adult women [19]; (ii) other studies added vaginal pro-
gesterone in very short cervices (e.g., < 20 mm [38] or <
15 mm [19]) in both the control and intervention groups;
(iii) one study reported a high rate of smoking [17]; (iv) in
one study [19], there were a high number of women who
extracted or had the pessary extracted, due to discomfort,
before the proposed period of use; and (v) a recent RCT
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1.26.1 Lower risk of bias

Goya M, 2012 121480 81 180 328%
Saccone G, 2017 11 150 23 180 NT%
Subtotal {95% CI) 340 340  64.5%
Total events 23 74

Heterogeneity: Tau®=0.15; Chi*= 237, df=1 (P=012), F=58%
Testfor overall effect Z=3.13 (P =0.002)

1.26.2 Higher risk of bias

Micolaides KH, 2016 a5  4E60 a0 464 355%
Subtotal {95% CI) 460 464  35.5%
Total events a5 a0

Heterogeneity: Mot applicahle

Testfor overall effect Z=0.57 (P=0.57)

Total {95% CI) 800 804 100.0%
Total events 78 124

Heterogeneity: Tau®= 0.69; Chi®= 20.56, df=2 (P = 0.0001); F=90%
Testfor overall effect Z=1.32(FP=019)

0.24[0.13,0.43] —a—
0.48 [0.24, 0.95] —a—
0.33 [0.16, 0.66] P

==
~ =~

.

-
p—
i in
=]
&0

0.51 [0.19, 1.38] i

0.01

100

10
Favours [control]

0.1
Favours [pessary]

Testfor subgroup differences: Chi*=9.24, df=1{(P=0002), F=89.2%
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was probably based on more detailed protocols [38]. On
the other hand, recognition or identification of some of
these and other RCT limitations and various confound-
ing factors may contribute to improve standards for future
research designs. Finally, some RCTs reported a propor-
tion of pregnant women with preexisting bacterial vagino-
sis [17] or genital infection [38] in both the intervention
and the control groups. This raises the issue that future
studies should assess the effect of the pessary applica-
tion exclusively in gravids without genital infection before
comparing specific interventions to prevent SPB and to
control changes in the vaginal microbioma.

Detailed ultrasound assessment of the utero-cervical
angle (UCA) could discriminate women that would really
benefit from the pessary application. In this sense, the ret-
rospective study of Dziadosz et al. [59] reported that a
UCA of > 95° during the second trimester of pregnancy
was associated with a higher rate of SPB < 37 weeks;
equally, a UCA of > 105° predicted SPB at < 34 weeks
with a high sensitivity. Ultrasound examination during
the mid-trimester of gestation may also study the tissue
texture and consistency of the cervix, to detect structural
alterations in women at risk for SPB, even after adjust-
ment for confounders such as a previous SPB, conization,
Miillerian anomalies or a short cervical length [60, 61].
Magnetic resonance imaging (MRI) may also be useful to
assess the anatomic characteristics of the cervix and moni-
tor pessary placement and follow-up in singleton pregnant
women with a short cervix at risk of SPB by controlling
the UCA. In addition, MRI may also allow the evaluation
of SPB risk of the current pregnancy (at mid-gestation) by
measuring the length and volume of the cervix in women
with a previous cervical surgery or prior preterm births
[62, 63].

Future studies of women at risk of SPB may be improved
by including biochemical risk markers and genital microbi-
ome assessment, in addition to the anatomic cervical evalu-
ations performed at mid-gestation. Another future develop-
ment for early SPB risk detection could be studying vaginal
inflammatory response [51, 64, 65] and stress markers [66,
67]. Multiplex technology allows the testing of many bio-
chemical risk markers in maternal blood before anatomical
shortening of the cervix occurs. This technology seems use-
ful to early identify women at very high risk of SPB [68].

Statistical limitations

The heterogeneity detected in meta-analyses, as measured with
P, could be related to the clinical characteristics of the studied
populations, design of the analyzed studies and their corre-
sponding clinical scenarios. Limited number of studies, statis-
tical analyses and the choice of either fixed or random models
may also influence the results of the meta-analysis [34, 36,

@ Springer

69]. In addition, fixed-effect models are based on available evi-
dence and do not allow generalizations, while random-effect
models allow generalization beyond analyzed data including
similar studies with variable characteristics [69]. We used the
fixed-effect model if global assessment of an outcome showed
low statistical heterogeneity and the number of events were
< 10%, and the random-effect model if any of the two condi-
tions were not fulfilled. Therefore, our conclusions could be
considered as robust.

The assessment of publication bias was not possible due
to the fact that only three RCTs were analyzed which do not
allow calculation [70]. Methodological aspects of available
trials have been detailed in the risk of bias section.

Conclusion

Despite the cited limitations, basically due to the available
RCTs, our meta-analysis may conclude that the use of the cer-
vical pessary in singleton pregnancies with short mid-trimes-
ter cervices reduced the rate of SPB at < 37 weeks, without
negatively affecting maternal, perinatal or neonatal outcomes.
In addition, the sub-analysis of two RCTs with low risk of
bias also showed that pessary use reduced the risk of SPB
at < 34 weeks, contrary to the multi-continental RCT with
risk of bias. Future studies should consider using technologi-
cal advances, more detailed or sophisticated cervico-vaginal
status evaluation, the assessment of the microbiome and other
markers (serum or vaginal). We think that the details presented
here will be useful for clinical practice and for the designing of
future studies that will improve quality of evidence to finally
establish the population that may benefit from pessary use and
in which conditions these benefits are feasible.
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