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Abstract

Background: Multiple gestation has a higher incidence of preterm birth(PTB), especially in the presence of a short cervix.
Objectives: To perform a systematic review and network meta-analysis(NMA) evaluating the effect of progesterone, cerclage,
cervical pessary and their combination as treatments for preventing PTB<34 weeks. Search strategy: PubMed, MEDLINE,
Cochrane Library, EMBASE, Web of Science, BVS, Scopus, and grey literature were explored. Selection criteria: We included
randomized controlled trials that compared an intervention with a control group or another intervention to prevent PTB in
women with a twin pregnancy and a short cervix<40mm. Data collection and Analysis:Studies were checked for trustworthiness.
We presented summary relative effect sizes(Odds Ratios) for each possible pair of interventions and we used the surface under
the cumulative ranking curves(SUCRA) to rank all interventions. Main Results: A total of 20 studies participated in NMA.
We found no evidence that the combined treatment of pessary and vaginal progesterone reduced the risk of spontaneous PTB
<34 weeks when compared to no intervention(OR 0.68; 95%CI 0.16 to 2.9). Also, pessary(OR 0.78; 95%CI 0.49 to 1.3), vaginal
progesterone(OR 0.79; CI95% 0.45 to 1.4) and injectable 17-OH progesterone alone(OR 0.85; CI95% 0.26 to 2.8) did not show
a statistically significant reduction in spontaneous PTB. For overall PTB<34 weeks, findings were similar. Conclusions: We
found no evidence that progesterone, cervical pessary, cerclage or their combination reduce PTB<34 weeks. There is an urgent
need for randomized trials assessing these treatments in women with a multiple pregnancy and a short cervix.

Introduction

Preterm birth (PTB) is a worldwide challenge and a major public health problem1. PTB leads to short and
long-term consequences for newborns and families, including cerebral palsy, blindness, and neurodevelopment
problems2.

In women with multiple gestations, nowadays seen more often due to assisted reproductive treatments and
due to a rising maternal age, the prevalence of PTB is increased. In the presence of a mid-gestation short
uterine cervix, an independent predictor for prematurity, the rate of spontaneous PTB in twins <32 weeks
increases exponentially as shorter is the cervical length measure3,4. For women with a singleton pregnancy,
progesterone is useful to reduce PTB <34 weeks in women with a previous PTB or mid-trimester short cervix
(vaginal progesterone vs no treatment RR 0.78; CI 0.68 to 0.90)5. Other preventative interventions include
cerclage and cervical pessary with good efficacy. When considering only multiple gestations, interventions
such as progesterone, cerclage or cervical pessary are also possible options to decrease PTB.
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In fact, the uncertainty of evidence can be related to small sample sizes and different study designs and
outcomes. Recently, a network meta-analysis (NMA) looking for effective treatments for preventing PTB in
women with multiple gestations did not show a significant effect in reducing the rate of PTB or perinatal
morbidity in twins, either when these interventions are applied to an unselected population of twins or in
pregnancies with a short cervix6. One issue is that this NMA did not assess the integrity of the included
studies, which is worrisome as some studies recently have been retracted7 it has recently become more clear
that . Also, the P5 trial8 (n = 71 twins) and PESSAREONE study9 (n = 310) have been recently published,
which warrants new updates for the evidence.

The aim of this study is to perform a systematic review and NMA evaluating the effectiveness of progesterone,
cerclage and cervical pessary and their combination as possible treatments for preventing PTB in multiple
gestations according to cervical length. We specifically tried to assess the trustworthiness of the underlying
studies.

Materials and Methods

This systematic review and NMA was performed according to the PRISMA statement10. This review was
registered on the PROSPERO database (CRD42020204486). The research question was “Which interventions
for preventing preterm birth improve the gestational age at birth in women with twin gestation regarding
cervical length?”.

We performed a Systematic Review of randomized clinical trials searching for studies on PubMed, MEDLINE,
Cochrane Library, EMBASE, Web of Science, BVS, Scopus, and grey literature in May 2022. The search
strategy used a combination of specific terms using Boolean connectors for each database with no exclusion
criteria regarding period or language. The basic search strategy was composed by the following: “twin” OR
“multiple gestation” OR “multiple pregnancy” AND “progesterone” OR “cervical cerclage” OR “pessary”
OR “hydroxyprogesterone”. (Complete search strategy is available in Appendix 1).

We included randomized controlled trials comparing intervention treatment (progesterone, cerclage or pes-
sary) with a control group or another intervention to prevent spontaneous preterm delivery in women with a
twin pregnancy and a short cervix. Short cervical length was defined as a cervical length lower than 40mm11.

The primary outcome was spontaneous preterm birth (sPTB) <34 weeks. Secondary outcome was PTB<34
weeks from any cause.

We included studies reporting on natural or 17-alpha hydroxyprogesterone caproate with any administra-
tion route (oral, rectal, vaginal and intramuscular), cervical cerclage (McDonald or Shirodkar) and cervical
pessary. We also included studies in which women received a combination of these interventions. The
comparison group could have received a different treatment strategy, placebo or standard treatment. We
excluded studies if they reported on women with preterm labor or previously threatened preterm labor, in-
terventions for preterm premature rupture of membranes and treatment for women with cervical dilatation.
No language restrictions were considered. If needed we contacted the authors to obtain additional data not
presented in the papers.

Studies´ references were imported to the Endnote web reference manager, and duplicates were excluded.
Two authors (TV and ABP) evaluated titles and abstracts from the selected papers. If there were conflicting
decisions, a third author (RCP) makes the final decision. Finally, two authors (TV and ABP) independently
accessed the full texts of potentially eligible articles, retrieved and reviewed studies for eligibility. A third
author evaluated any conflicted decision. All excluded articles after full-text analysis were described according
to the reason why they were excluded. The included articles were submitted to a quality assessment using
RoB2 tool12 and we considered risk of bias if the study presented two or more concerns in the components.
We assessed integrity using a screening checklist to assess data integrity of Randomized Clinical Trials13.

Descriptive statistical analyses were performed using Stata 17.0 and overall confidence in the results of NMA
were assessed using the CINeMA tool14. We performed random-effect NMA to synthesize evidence from
the entire network by integrating direct and indirect estimates for each intervention into a single summary
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effect, using the statistical package ‘network’ in Stata, version 17.0. League tables with summary relative
effect sizes (Odds Ratios) for each possible pair of interventions were presented. We used the surface under
the cumulative ranking curves (SUCRA) to rank all interventions. We assessed global inconsistency by using
a design-by-treatment interaction model and local inconsistency through the side-splitting approach.

Results

Our search strategy identified 978 studies. We selected 33 papers for assessment of the full paper (Figure S1).
We excluded 13 studies: 5 studies without CL measurement15-19, 2 studies with the wrong population20,21, 2
studies considered duplicate patient population22,23, and 1 study included patients with a previous episode
of threatened preterm labor24. For three studies, there was concern about trustworthiness of the data25,26,27.
Two studies25,26 had not shared data in an individual participant data meta-analysis5, of which one study
had been retracted by the journal as it was not performed under the appropriate ethics 25 . A third author did
not respond on our request for additional information26 (Table S1). Two studies involving cerclage presented
combined results for singleton and twins only and were excluded because the authors could not be contacted
to assess only twins data28,29. Thus, we included 20 studies (Table S2).

Study characteristics

A total of 20 studies participated in NMA comprising 4461 women (vaginal progesterone 1081, 17-OH proges-
terone 530, pessary 828, pessary plus progesterone 43, control group 1979). Twelve studies had progesterone
as the main intervention: seven studies compared vaginal progesterone (varied between 90mg, 200mg, 400mg
and 600mg) vs control group (placebo or standard treatment).30-36. Five studies compared intramuscular
progesterone vs control group. The 17-OH progesterone dose varied between 250 to 1000mcg37-41.

Eight studies had cervical pessary as the main intervention: six studies compared pessary vs control
group9,42-46, one study compared vaginal progesterone vs pessary47 and one study compared the combined
intervention pessary + vaginal progesterone vs progesterone8. Table 1 shows the descriptive characteristics
of the included studies. The full quality assessment result of the included studies using Rob2 is reported in
Table S2.

Considering the study’s results including participants with a CL cut-off point (total sample or specific a sub-
group), one study included women with CL [?] 15mm30, three studies included CL [?] 25mm41,43,44, one study
included CL< 30mm36, two studies included CL [?] 30mm8,45 , studies included CL <35mm9,40, one study
included CL[?]35mm46, one studiy included CL<38mm40 and eight studies included CL<40mm31-35,37-39.

Table 1 - Main characteristics of studies included in network meta-analysis

Overall analysis

On pairwise comparison, the combined treatment of pessary and vaginal progesterone did not reduce the
risk of sPTB<34 weeks when compared to no intervention (OR 0.68; 95%CI 0.16-2.91). Also, pessary alone
(OR 0.78; 95%CI 0.49-1.25), vaginal progesterone alone (OR 0.79; CI95% 0.45-1.41) and injectable 17-OH
progesterone alone (OR 0.85; CI95% 0.26-2.75) did not showed reduction in PTB. None of the pairwise
comparisons reached statistical significance. (Table 2 & Figure 1) Compared to the control group, pessary
+ vaginal progesterone ranked first according to the SUCRA values, with pessary, vaginal progesterone and
17-OH progesterone ranked second, third, and fourth respectively (Table S3).

For overall PTB<34 weeks, the combined treatment pessary + vaginal progesterone did not show a statis-
tically significant reduction in PTB (OR 0.56; 95%CI 0.17-1.82) compared to the control group. Pessary
alone (OR 0.76; 95%CI 0.55-1.06) and vaginal progesterone alone (OR 0.88; CI95% 0.63-1.22) also did not
show reduction in PTB. Injectable 17-OH progesterone showed a non-statistically significant increase on
risk of PTB<34 (OR 1.42; CI95% 0.92-2.20). Again, none of the pairwise comparisons did reach statistical
significance. (Table 2 & Figure 1) Compared to the control group, the rank according to the SUCRA values
was pessary + vaginal progesterone, pessary, vaginal progesterone and 17-OH progesterone (Table S3).
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Table 2. Comparative treatment effect of intervention to prevent preterm birth in twin gestations compared
to control group for spontaneous PTB<34 weeks and overall PTB<34 weeks

Figure 1 - Treatment effect of intervention compared to control to prevent preterm birth in twin gestations
compared to control group for spontaneous PTB<34 weeks and overall PTB<34 weeks

Figure 2 - Evidence network diagram of network meta-analysis comparisons for spontaneous PTB<34 weeks
and overall PTB<34. The width of each edge is proportional to the number of randomized controlled trials
comparing each pair of treatments, and the size of each treatment node is proportional to the number of
randomized participants

For overall PTB<34 weeks, the p value for overall network consistency test was 0.489, indicating overall
satisfactory consistency. When performing node splitting test, the p values for each comparison ranged
between 0.489 and 0.998, suggesting minimal local inconsistency. The network consistency test was not
possible for sPTB<34 weeks because there was no closed loop in the network (Figure 2).

Discussion

Main Findings

This network meta-analysis including 20 clinical trials for preventing PTB in multiple gestation identified
that considering cervical length, neither progesterone or cervical pessary achieved a statistic significant
reduction in spontaneous PTB<34 or any PTB<34 weeks.

Interpretation

Recently, a network meta-analysis developed by D’Antonio et al. to determine the role of progesterone,
cerclage and vaginal pessary for decreasing the risk of PTB in an unselected population of twin pregnancies
did not find an association between these treatments and a reduction in PTB or adverse maternal and
perinatal outcomes6. However, differently from D’Antonio et al, in our NMA we identified a non-statistical
reduction in PTB<34 when comparing pessary vs control (0.76; CI 0.55-1.06). In our study, a similar trend
was also identified when considering only sPTB<34 (0.78; CI 0.49-1.25). It is important to clarify that our
NMA included six studies comparing pessary vs control, a considerably large sample size when compared
to previous studies and D’Antonio. This result raises the possibility that, with a powerful sample size, a
significant decrease in PTB would be possible using a cervical pessary in twins.

Strengths and Limitations

This is the first NMA including a study with the combined intervention pessary + vaginal progesterone and,
despite the small subgroup sample size, the interesting reduction results for PTB and sPTB<34 illustrates the
lack amid RCT involving combined interventions and highlights the need for new trials adequately powered
to strength the results.

In limitations, this NMA includes a large number of studies and different cervical length cutoff points create
heterogeneity among included studies. Moreover, we used 40mm as a cervical length cut off point to identify
a mid-trimester short uterine cervix, considering previous studies that identified a similar measure for the
25th percentile of uterine cervix in twins39. It allowed us to include a large number of patients in the control
group when we had access to previous IPD meta-analysis data. However, it was not possible for all studies,
which we also consider a limitation in our research.

In women with multiple gestation and a short cervical length, neither progesterone, cerclage or cervical
pessary achieved a statistically significant reduction in sPTB<34 or PTB<34 weeks. More trials are needed
to identify whether treatment is effective.
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Table/Figure Caption List

Figure 1 - Treatment effect of intervention compared to control to prevent preterm birth in twin gestations
compared to control group for spontaneous PTB<34 weeks and overall PTB<34 weeks

Figure 2 - Evidence network diagram of network meta-analysis comparisons for spontaneous PTB<34 weeks
and overall PTB<34. The width of each edge is proportional to the number of randomized controlled trials
comparing each pair of treatments, and the size of each treatment node is proportional to the number of
randomized participants

Table 1 - Main characteristics of studies included in network meta-analysis

Table 2. Comparative treatment effect of intervention to prevent preterm birth in twin gestations compared
to control group for spontaneous PTB<34 weeks and overall PTB<34 weeks

Table S1 – Excluded articles classified according to exclusion reasons

Table S2- Risk assessment of included studies using Rob2 tool

Table S3 - Effectiveness of progesterone (vaginal and injectable 17-OHPC), pessary and pessary plus proges-
terone compared with control in women with a twin pregnancy at spontaneous and overall risk of preterm
birth in women with cervical length under 40 mm

Table 1 - Main characteristics of studies included in network meta-analysis

Study/year Country

Cervical
length
cutoff

GA at
interven-
tion

Design
interven-
tion x
compari-
son

Primary
outcome

Total
sample
(n=
4461)

Intervention
sample
size

Comparison
sample
size

Critical
Ap-
praisal
(Rob2)

Liem
201342

The
Netherlands

<38mm* 16-22 Pes X
NoI

Composite
neona-
tal
adverse
outcomes

133 78 55 Low
risk

Nicolaides
201643

United
Kingdom

[?]25mm* 20-24 Pes X
NoI

sPTB<34 214 106 108 Low
risk

Goya
201644

Spain [?]25mm 18-22 Pes X
NoI

sPTB<34 134 68 66 Low
risk

Berghella
201745

United
States

[?]30mm 18-27 Pes X
NoI

PTB<34 46 23 23 Low
risk

Dang
201947

Vietnam <38mm 16-22 Pes X
Progv

PTB<34 297 149 148 Low
risk

P5
trial
20218

Brazil [?]30mm 18-22 PP X
Progv200

Composite
neona-
tal
adverse
outcomes

71 43 28 Low
risk

STOPPIT-
2
202146

Belgium,
United
Kingdom

[?]35mm 18-20 Pes X
NoI

PTB<34 503 250 253 Low
risk
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Study/year Country

Cervical
length
cutoff

GA at
interven-
tion

Design
interven-
tion x
compari-
son

Primary
outcome

Total
sample
(n=
4461)

Intervention
sample
size

Comparison
sample
size

Critical
Ap-
praisal
(Rob2)

PESSARONE
20229

France <35mm 16-24 Pes X
NoI

Composite
neona-
tal
adverse
outcomes

310 155 155 Risk

Fonseca
200730

United
Kingdom

[?]15mm 20-25 Progv
200 X
NoI

sPTB<34 24 11 13 Low
risk

Briery
200937

United
States

<40mm 20-30 ProgIM
250 X
NoI

PTB<35 30 16 14 Low
risk

SSTARS
201038

United
States

<40mm 16-
20w3d

ProgIM
250 X
NoI

PTB
or fetal
death
<35

565 235 330 Low
risk

PREDICT
201131

Austria/Denmark/
United
Kingdom

<40mm 18-24 Progv200
X NoI

PTB<34 675 334 341 Low
risk

Combs
201139

United
States

<40mm 15-23 ProgIM
250 X
NoI

Composite
neona-
tal
adverse
outcomes

238 160 78 Low
risk

AMPHIA
201140

The
Netherlands

<35mm* 16-20 ProgIM
250 X
NoI

Composite
neona-
tal
adverse
outcomes

61 37 24 Low
risk

Aboulghar
201232

Egypt <40mm 18-24 Progv400
X NoI

PTB<37
and
<34

91 49 42 Risk

Wood
201233

Canada <40mm 16-21 Progv90g
X NoI

GA at
birth

84 42 42 Low
risk

Serra
201234

Spain <40mm 20w Progv200/400
X NoI

PTB<37 289 194 95 Low
risk

PHENIX
201341

France <25mm 20-
31w6d

ProgIM1000CTime
from
ran-
dom-
ization
to
delivery

161 82 79 Low
risk
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Study/year Country

Cervical
length
cutoff

GA at
interven-
tion

Design
interven-
tion x
compari-
son

Primary
outcome

Total
sample
(n=
4461)

Intervention
sample
size

Comparison
sample
size

Critical
Ap-
praisal
(Rob2)

Brizot
201535

Brazil <40mm 18-21 Progv200NoI Difference
in
mean
GA at
birth

380 189 191 Low
risk

Rehal
202136

Belgium/
Bul-
garia/
France/
Italy/
Spain/
United
Kingdom

<30mm* 11-14 Progv600NoI sPTB<34 155 85 70 Low
risk

*Subgroup results considering cervical length cutoff point

Progv=vaginal progesterone 90mg/200mg/400mg; Pes=pessary; NoI=control (placebo/no intervention);
PP= Pessary+Progesterone, C=cerclage; ProgIM=17-OH; GA = gestational age

Table 2. Comparative treatment effect of intervention to prevent preterm birth in twin gestations compared
to control group for spontaneous PTB<34 weeks and overall PTB<34 weeks

sPTB<34 weeks sPTB<34 weeks sPTB<34 weeks PTB<34 weeks PTB<34 weeks PTB<34 weeks

Comparison No. of studies with direct comparison NMA OR (95% CI) Confidence in result No. of studies with direct comparison NMA OR (95% CI) Confidence in result
Progesterone vs. control 329, 33,34 0.79 (0.45,1.41) Very low 728-34 0.88 (0.63,1.22) Very low
Pessary vs. control 58,41-44 0.78 (0.49,1.25) Low 68,40-44 0.76 (0.55,1.06) Moderate
P+P vs. control – 0.68 (0.16,2.91) Very low – 0.56 (0.17,1.82) Very low
17-OH vs. control 137 0.85 (0.26,2.75) Low 535-39 1.42 (0.92,2.20) Moderate
Progesterone vs. pessary – 1.01 (0.48,2.12) Low 145 1.15 (0.75,1.74) Very low
Progesterone vs. P+P 17 1.16 (0.31,4.40) Very low 17 1.55 (0.50,4.79) Very low
Progesterone vs. 17-OH – 0.93 (0.25,3.44) Low – 0.62 (0.36,1.05) Low
Pessary vs. P+P – 1.15 (0.25,5.25) Very low – 1.35 (0.41,4.50) Very low
Pessary vs. 17-OH – 0.92 (0.26,3.25) Low – 0.54 (0.32,0.91) Low
P+P vs. 17-OH – 0.80 (0.12,5.17) Very low – 0.40 (0.11,1.38) Very low
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