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ABSTRACT

Background

Preterm birth (PTB) remains the foremost global cause of perinatal morbidity and mortality. Thus, the prevention of spontaneous PTB
still remains of critical importance. In an attempt to prevent PTB in singleton pregnancies, cervical cerclage, in combination with other
treatments, has been advocated. This is because, cervical cerclage is an intervention that is commonly recommended in women with
a short cervix at high risk of preterm birth but, despite this, many women still deliver prematurely, as the biological mechanism is
incompletely understood. Additionally, previous Cochrane Reviews have been published on the effectiveness of cervical cerclage in
singleton and multiple pregnancies, however, none has evaluated the effectiveness of using cervical cerclage in combination with other
treatments.

Objectives

To assess whether antibiotics administration, vaginal pessary, reinforcing or second cerclage placement, tocolytic, progesterone, or other
interventions at the time of cervical cerclage placement prolong singleton gestation in women at high risk of pregnancy loss based on prior
history and/or ultrasound finding of ’short cervix’ and/or physical examination.

History-indicated cerclage is defined as a cerclage placed usually between 12 and 15 weeks gestation based solely on poor prior obstetrical
history, e.g. multiple second trimester losses due to painless dilatation. Ultrasound-indicated cerclage is defined as a cerclage placed
usually between 16 and 23 weeks gestation for transvaginal ultrasound cervical length <20 mm in a woman without cervical dilatation.
Physical exam-indicated cerclage is defined as a cerclage placed usually between 16 and 23 weeks gestation because of cervical dilatation
of one or more centimetres detected on physical (manual) examination.

Search methods

We searched Cochrane Pregnancy and Childbirth’s Trials Register, ClinicalTrials.gov and the WHO International Clinical Trials Registry
Platform (ICTRP) (26 September 2019), and reference lists of retrieved studies.
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Selection criteria

We included published, unpublished or ongoing randomised controlled trial (RCTs). Studies using a cluster-RCT design were also eligible
for inclusion in this review but none were identified. We excluded quasi-RCTs (e.g. those randomised by date of birth or hospital number)
and studies using a cross-over design. We also excluded studies that specified addition of the combination therapy after cervical cerclage
because the woman subsequently became symptomatic. We included studies comparing cervical cerclage in combination with one, two
or more interventions with cervical cerclage alone in singleton pregnancies.

Data collection and analysis

Two review authors independently screened titles and abstracts of all retrieved articles, selected studies for inclusion, extracted data,
assessed risk of bias, and evaluated the certainty of the evidence for this review's main outcomes. Data were checked for accuracy. Standard
Cochrane review methods were used throughout.

Main results

We identified two studies (involving a total of 73 women) comparing cervical cerclage alone to a different comparator. We also identified
three ongoing studies (one investigating vaginal progesterone after cerclage, and two investigating cerclage plus pessary).

One study (20 women), conducted in the UK, comparing cervical cerclage in combination with a tocolytic (salbutamol) with cervical
cerclage alone in women with singleton pregnancy did not provide any useable data for this review. The other study (involving 53 women,
with data from 50 women) took place in the USA and compared cervical cerclage in combination with a tocolytic (indomethacin) and
antibiotics (cefazolin or clindamycin) versus cervical cerclage alone - this study did provide useable data for this review (and the study
authors also provided additional data on request) but meta-analyses were not possible. This study was generally at a low risk of bias, apart
from issues relating to blinding. We downgraded the certainty of evidence for serious risk of bias and imprecision (few participants, few
events and wide 95% confidence intervals).

Cervical cerclage in combination with an antibiotic and tocolytic versus cervical cerclage alone (one study, 50 women/babies)

We are unclear about the effect of cervical cerclage in combination with antibiotics and a tocolytic compared with cervical cerclage alone
on the risk of serious neonatal morbidity (RR 0.62, 95% CI 0.31 to 1.24; very low-certainty evidence); perinatal loss (data for miscarriage
and stillbirth only - data not available for neonatal death) (RR 0.46, 95% CI 0.13 to 1.64; very low-certainty evidence) or preterm birth <34
completed weeks of pregnancy (RR 0.78, 95% Cl 0.44 to 1.40; very low-certainty evidence). There were no stillbirths (intrauterine death
at 24 or more weeks).

The trial authors did not report on the numbers of babies discharged home healthy (without obvious pathology) or on the risk of neonatal
death.

Authors' conclusions

Currently, there is insufficient evidence to evaluate the effect of combining a tocolytic (indomethacin) and antibiotics (cefazolin/
clindamycin) with cervical cerclage compared with cervical cerclage alone for preventing spontaneous PTB in women with singleton
pregnancies.

Future studies should recruit sufficient numbers of women to provide meaningful results and should measure neonatal death and numbers
of babies discharged home healthy, as well as other important outcomes listed in this review.

We did not identify any studies looking at other treatments in combination with cervical cerclage. Future research needs to focus on the role
of other interventions such as vaginal support pessary, reinforcing or second cervical cerclage placement, 17-alpha-hydroxyprogesterone
caproate or dydrogesterone or vaginal micronised progesterone, omega-3 long chain polyunsaturated fatty acid supplementation and bed
rest.

PLAIN LANGUAGE SUMMARY

Cervical stitch (cerclage) in combination with other treatments for preventing premature or early birth of single babies

We assessed randomised controlled trial evidence on the effects of cervical stitch in combination with other treatments for prolonging
pregnancy in women who were at high risk of pregnancy loss and were carrying a single baby. Additional treatments were used in the same
time period as when the cervical stitch was surgically inserted.

What is the issue?

The cervixis a cylinder-shaped neck of tissue connecting the vagina and uterus (womb). The cervix should stayed closed during pregnancy,
but some pregnant women have cervical weakness resulting in pain-free opening of the cervix. This may lead to a late miscarriage or
preterm birth before 37 weeks of pregnancy. A cervical stitch is a surgical procedure performed in the second trimester to place a stitch
around the cervical neck with the intention of helping the woman carry the pregnancy until around 37 weeks. Other treatments that can
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be combined with cervical stitch include antibiotics, vaginal support inserts (pessaries), placement of a second cervical stitch, uterine
relaxants (tocolytics), progesterone (hormonal drugs), omega-3 long chain polyunsaturated fatty acids and bed rest.

Why is this important?

Cervical weakness is diagnosed through a woman'’s history of pregnancy losses or premature births in the second trimester, ultrasound
examination or physical examination. Preventing preterm birth is a healthcare priority because it is the leading cause of infant ill health
and death worldwide. A cervical stitch in combination with other treatments could help prevent preterm birth in women carrying a single
baby as a single stitch may not be sufficient for pregnant women with prior premature births and short cervical length or weakness.

What was studied in the review?

We wanted to know whether a cervical stitch, in addition to one of a range of treatments (antibiotics administration, a vaginal pessary,
reinforcing or second cervical stitch placement, a uterine relaxant or progesterone) can prolong pregnancy for women carrying a single
baby who are at high risk of pregnancy loss.

What evidence did we find?

We searched the literature for evidence from randomised controlled trials up until 26 September 2019. We identified two trials involving a
total of 73 women. Only one trial with 50 mother-baby pairs had results that could be included in this review. The trial compared cervical
cerclage in combination with indomethacin (tocolytic) and the antibiotics cefazolin or clindamycin with cervical cerclage alone. Women
were not blinded to the treatment they received.

We are unclear about the effects of the intervention because we identified very low-certainty evidence for the main outcomes in this review:
serious complications; loss of the baby (data for miscarriage and stillbirth only - data were not available for the numbers of babies who
died within 28 days of being born), or preterm birth before 34 completed weeks of pregnancy. There were no stillbirths (death within the
womb at 24 or more weeks).

Data for death of the newborn baby at discharge, or the number of babies discharged home healthy were not available.
What does this mean?

We found insufficient evidence to evaluate the effect of combining a tocolytic (indomethacin) and antibiotics (cefazolin/clindamycin)
with inserting a cervical stitch compared with inserting a cervical stitch alone for preventing spontaneous preterm labour in women with
singleton pregnancies.

We did not identify any studies looking at other treatments in combination with inserting a cervical stitch. Additional research needs to
focus on the role of other interventions such as a vaginal support pessary (device), reinforcing or second cervical stitch placement, 17-
alpha-hydroxyprogesterone caproate, dydrogesterone or vaginal micronised progesterone, omega-3 long chain polyunsaturated fatty acid
supplementation and bed rest.

Future studies should recruit sufficient numbers of women to provide meaningful results and should investigate the risk of death of the
baby shortly after birth and the numbers of babies discharged home healthy.

Cervical stitch (cerclage) in combination with other treatments for preventing spontaneous preterm birth in singleton pregnancies 3
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SUMMARY OF FINDINGS

Summary of findings 1. Cervical cerclage in combination with antibiotics and tocolytics versus cervical cerclage alone for preventing preterm birth
in singleton pregnancies

Cervical cerclage in combination with antibiotics and tocolytics versus cervical cerclage alone for preventing preterm birth in singleton pregnancies

Participants: pregnant women with singleton pregnancies in the second trimester of pregnancy and with risk factors for cervical insufficiency undergoing cervical cerclage
in addition to other treatments

Settings: hospital in Chicago, USA
Intervention: cervical cerclage in combination with antibiotics (cefazolin or clindamycin) and tocolytics (indomethacin) versus cervical cerclage alone

Comparison: cervical cerclage alone

Outcomes Anticipated absolute effects* (95%  Relative effect  No of partici- Quality of the Comments
Cl) (95% ClI) pants evidence
(studies) (GRADE)

Risk with cer- Risk with cer-

vical cerclage vical cerclage

alone in combination
with antibiotics
and tocolytics

Serious neonatal morbidity Study population RR 0.62 50 D®EOO

o (0.31to0 1.24) (1 study) very low 1.2
(Reported in Miller 2014 as cgm- 500 per 1,000 310 per 1,000
posite adverse outcome', which (155 to 620)

included the following neonatal
morbidities: respiratory distress
syndrome, necrotising enterocoli-
tis, intraventricular haemorrhage,
retinopathy of prematurity, patent
ductus arteriosus, sepsis)

Perinatal loss: all - including mis-  Study population RR 0.46 50 OO

carriages and stillbirth (0.13to 1.64) (1 study) very low 1,2
. 250 per 1,000 115 per 1,000

(Note: data not available for (33 t0 410)

neonatal death)

Baby discharged home healthy See comment Miller 2014 only reported the num-
ber of babies who survived un-
til discharge, not the number of

babies discharged home healthy
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which was the outcome of inter-
est in this review. Survival until dis-
charge reported narratively in this
review.

Neonatal death before discharge

See comment

This outcome was not reported by
Miller 2014 and these data were
not available from the trial au-
thors. Miller 2014 did report 'sur-
vival until discharge' (reported nar-
ratively in this review).

Stillbirth: intrauterine death at Study population Not estimable 50 ®000 We sought this data from Miller
24 or more weeks (1 study) very low 1,2 2014 who confirmed there were no
0 per 1,000 0 per 1,000 stillbirths (50 infants).
(0to 0)
Preterm birth < 34 completed Study population RR0.78 50 BEOO Data obtained from trialist Miller
weeks of pregnancy (0.44 to 1.40) (1 study) very low 1.2 2014,

542 per 1,000 423 per 1,000

(238 to 758)

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; RR: risk ratio;

GRADE Working Group grades of evidence
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect
Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect
Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect

1 Downgraded (-1) for serious concerns around limitations in study design (risk of bias - there was no blinding of participants and personnel (risk of performance bias))

2 Downgraded (-2) for very serious concerns around imprecision (single study with a small sample size (fewer than 400 participants), few or zero events, and wide confidence

intervals)
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BACKGROUND

Description of the condition

The World Health Organization (WHO) has defined preterm birth
as any delivery occurring prior to gestational age of 37 finished
weeks or fewer than 259 days from the first day of the last
menstrual period of a woman (Blencowe 2013; Eke 2019a; Eleje
2017; Marlow 2012; Umeigbo 2020; WHO 1977). In 2012, no fewer
than 450,000 per 4 million newborns were affected by preterm
birth, accounting for one in every nine infants born in the United
States (CDC 2014). According to the recent WHO estimates of
frequency of preterm deliveries worldwide, about 135 million
global live births occurred in 2010, while 14.9 million of the
newborns were at preterm gestation, accounting for a preterm
delivery rate of 11.1% (Blencowe 2012). Overall, sub-Saharan Africa
and Asia together contributed 60% of preterm births, with sub-
Saharan Africa contributing 12.8%, and Asia contributing 13.5% of
all deliveries (Blencowe 2012).

For decades, births at preterm gestation remain the principal cause
of both mortality and morbidity during a period immediately before
and after birth (Castanon 2015; Romero 2013; Saccone 2015b;
Slager 2012). Preterm birth has generated a substantial public
health burden and it remains an essential element implicated
as a cause of global loss of potential human resources in the
surviving newborns (Umeigbo 2020). Of all direct causes of deaths
in the neonatal period, preterm births constitute the greatest share,
contributing up to 35% of more than 3 million annual deaths
worldwide. Among the under-five-year-olds, preterm birth is the
second commonest contributor of deaths, with pneumonia being
the commonest cause (Blencowe 2013). In virtually all middle-
and high-income country settings, preterm births represent the
highest share of child mortality (Liu 2012). Once a child is born
at preterm gestation, the chance of it dying from other causes
increases substantially, particularly from neonatal infectious
morbidities (Lawn 2005). Compared with at-term newborns,
infants from preterm pregnancies suffer significant risk of varying
disabilities, ranging from neuro-developmental, gastrointestinal,
sensory, learning, and respiratory deficits (Alijahan 2014; Dabi
2017). The associated preterm morbidities persist into adulthood,
leading to enormous psychological, physical and financial costs
(Alijahan 2014; Dabi 2017; Eleje 2015b; Goldenberg 2008; Petrou
2003; Petrou 2005).

Although the American College of Obstetricians and Gynecologists
(ACOG) Committee on Obstetric Practice Society for Maternal-Fetal
Medicine has stated that a prior clinical event of preterm birth
is the strongest predictive risk influence for preterm birth (Spong
2007), a premature shortening of the cervix is also associated with
an increased threat for preterm birth (Castanon 2015; Romero
2013). Structurally, the cervix sometimes may begin to shorten and
dilate prematurely, and this could either lead to second trimester
pregnancy loss or preterm delivery. When uterine contractions
are absent, 'cervical insufficiency' is considered the cause of this
pathological entity (Yorifuji 2014). Cervical insufficiency may be
characterised as the inability or failure of the cervix to keep hold
of the intrauterine pregnancy until term (Hershkovitz 2008). A well-
known feature of cervical insufficiency is the occurrence of habitual
episodes of failure of pregnancy during the second trimester of
pregnancy, manifesting clinically by pain-free dilatation of the
cervix and subsequent bulging, rupture of fetal membranes and
expulsion of usually live fetus(es), with little if any uterine activity

(Hershkovitz 2008). Cervical cerclage is an option for women with a
history of preterm birth and short cervix less than 25 mm or women
with a history or current evidence of cervical insufficiency (Alfirevic
2017).

One significant and important risk influencing the occurrence
of recurrent episodes of preterm birth is a prior occurrence of
spontaneous preterm delivery (Alijahan 2014; Castanon 2015;
Goldenberg 2008). A study of various interventions for reducing
preterm delivery revealed that identifying women at elevated
threat for preterm delivery on the basis of the length of the cervix
and past obstetric histories improves the utility of appropriate
interventions using cervical cerclage and other methods to
ameliorate preterm births (Newnham 2014). Various approaches
directed at predicting spontaneous preterm delivery are not yet
part of current prenatal care (Asiegbu 2020). Thus, preterm birth
remains one of the greatest maladies facing obstetrics practice,
and its aetiology remains multifactorial. It can present clinically
in the midtrimester as a hushed sonographic undersized cervix
(Romero 2014a), and this remains a dominant influencing predictor
for preterm delivery. The focus on supplementary interventions
which may be routinely useful in asymptomatic pregnant women
undergoing prophylactic cervical cerclage insertion is paramount.

Description of the intervention

In an attempt at eliminating the risks of spontaneous preterm
delivery during singleton pregnancies, cervical cerclage in
combination with other treatments such as antibiotics, vaginal
support pessaries, reinforcement or placement of second (repeat)
cervical cerclage, uterine relaxants (tocolytics), progesterone,
omega-3 long chain polyunsaturated fatty acids, bed rest and
others are variously described in the literature (Abdel-Aleem 2013,
Berghella 2006; Berghella 2009; Conde-Agudelo 2013; Defranco
2013; Dodd 2013; Rafael 2014; Saccone 2015c; Visintine 2008).

Cervical cerclage

Cervical cerclage is the surgical insertion of a suture (stitch)
around the cervical neck (Alfirevic 2017; Yorifuji 2014) in pregnant
women. The cervix is the lower part of the uterus that opens
to the vagina. Cerclages are placed in pregnancy based on
various indications as either an emergency technique in cases
of threatened abortion (indicated by physical examination), a
prearranged technique based on prior history, or due to a short
cervical length identified via transvaginal ultrasound (Alfirevic
2017; Baxter 2005). History-indicated cervical cerclage is used for
those women with one or more second-trimester losses due to
documented cervical insufficiency or a history of cervical cerclage
during a prior pregnancy secondary to cervical insufficiency
(ACOG 2014). Ultrasound-indicated cerclage is defined as a
cerclage placed usually between 16 and 23 weeks gestation for
transvaginal ultrasound cervical length < 20 mm in a woman
without cervical dilatation (Barbosa 2020). Physical examination-
indicated cervical cerclage is painless cervical dilatation on sterile
vaginal examination or sterile speculum examination at between 14
and 24 weeks gestation (ACOG 2014). Emergency cerclage is defined
as a cerclage placed usually between 16 and 23 weeks gestation for
transvaginal ultrasound cervical length lessthan 20 mminawoman
with cervical dilatation (Barbosa 2020). Based on the current role
of cervical cerclage in preventing preterm birth, we note that
the efficacy and safety of cervical cerclage in the management
of pregnancy with associated cervical insufficiency following the
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age of fetal viability has not been sufficiently evaluated. Cervical
cerclage should be restricted to pregnanciesin the second trimester
prior to attainment of fetal viability.

Cervical cerclage was pioneered by VN Shirodkar (Shirodkar 1955).
Shirodkar, a professor of midwifery and gynaecology in Grand
Medical College in Bombay, India, developed cervical cerclage
based on his discovery that some pregnant women have repeated
pregnancy losses from the fourth to the seventh months of
pregnancy, which are not mitigated by bed rest or treatment with
hormonal therapy (Shirodkar 1955). Two years after Shirodkar's
discovery of cerclage, lan McDonald, based at the Royal Melbourne
Hospital, Australia, shared his knowledge involving 70 women who
had cervical suture placement for inevitable abortion (McDonald
1957). Arandomised controlled study of women with short cervical
length and receiving cervical cerclage revealed that there was no
significant dissimilarity in the prevention of preterm birth when the
two methods were compared (Odibo 2007). The methods of cervical
cerclage have subsequently undergone several modifications,
ranging from the type of suture material to the technique and
timing of the insertion of sutures (Smith 2009). Anaesthesia and
theatre are needed for insertion of a cervical cerclage and this
could be linked with various forms of complications. For example,
the published adverse events immediately following cervical
cerclage placement include traumatic rupture of membranes
(0.4%), vaginal bleeding (1.4%), and premature rupture of fetal
membranes (15.6%) (Azem 2004; Rush 1984; Simcox 2007). A
previous systematic review has reported a 2'2-fold increased risk
of chorioamnionitis (Alfirevic 2017). Other complications include
suture detachment (1.4%) (Azem 2004), preterm delivery (16.4%)
(Azem 2004), cervical lacerations (8.9% to 25.0%) (Jongen 1997;
Simonazzi 2015), cervical dystocia (7.2%) (Azem 2004), uterine
rupture (6.3%) (Jongen 1997), and postpartum haemorrhage (2.8%)
(Azem 2004). There was no statistically significant decline in
the incidence of cervical lacerations between the women who
had cervical cerclage removal planned before labour and those
removed post-labour onset (Simonazzi 2015). A 1% incidence
of difficulty in cerclage removal has also been reported (MRC/
RCOG 1993). General anaesthesia is more frequently used (82.5%)
for cervical cerclage placement (loscovich 2015). When general
anaesthesia is used, a few authorities have contended that
the stress associated with endotracheal intubation may escalate
the activity of uterine smooth muscles a well as stimulating
spontaneous abortion, an effect cervical cerclage is intended to
avert; nevertheless, the proof for this claim is conflicting (loscovich
2015;Yoon 2008). In addition, there are known contraindications to
cervical cerclage, such as vaginal bleeding and premature rupture
of membranes.

Antibiotics

Antibiotics are medicines to deal with diseases or infections caused
by bacteria. The introduction of antibiotics in the 1940s and 1950s
has saved millions of lives, including those of pregnant women
and their fetuses and babies. During pregnancy, the prescription
of antibiotics often presents a dilemma. The current concept and
recommendation of ACOG is that pregnant women at risk of
preterm birth should not be treated with antibiotics for the single
aim of preventing spontaneous preterm birth (ACOG 2003). Studies
have found that preconception use of antibiotics to treat women
at elevated risk of spontaneous preterm birth is not efficacious
in reducing the likelihood of delivering a preterm infant, and
may occasionally lead to an elevated risk of subsequent preterm

delivery (Andrews 2006; Tita 2007). However, antibiotic therapy
could be life-saving and effective in certain circumstances (Eleje
2014; Sangkomkamhang 2015). Antibiotic use causes an antibiotic-
mediated suppression of infection and preterm birth. Antibiotics
can treat confirmed infection and could prevent ascending vaginal
infection (Farr 2015; Sangkomkamhang 2015).

Vaginal support pessary

A vaginal support pessary is a medical device used to support
the uterus, vagina, urinary bladder and rectum. The traditional
role of the vaginal pessary is for conservative treatment of pelvic
organ prolapse, such as cystocele (where the bladder bulges into
the vagina) or rectocele (where part of the rectum bulges into
the vagina) (Abdulaziz 2015). Vaginal pessaries are also useful
in the treatment of stress urinary incontinence (Chughtai 2012).
Their role at eliminating spontaneous preterm birth is therefore
not standard. The vaginal pessary can be placed temporarily or
permanently, and must be fitted by trained medical personnel. It
can be worn during sexual intercourse. In Europe, some medical
practitioners have used the vaginal pessary for prevention of
spontaneous preterm births (Arabin 2003). According to some
studies, pessary use is not a first-line approach but should
serve as a combination treatment or co-intervention therapy
following cervical cerclage procedures (Newcomer 2000; Patro-
Malysza 2009), or could be useful in women not needing cervical
cerclage (Newcomer 2000). Another study concluded that vaginal
pessary and cervical cerclage are correspondingly efficacious as
methods of preventing spontaneous preterm births in pregnant
women presenting with cervical insufficiency, and the decision
to use one or the other method influences neither the route of
delivery nor the outcome for the newborn (Antczak-Judycka 2003).
A recently-published prospective randomised clinical trial (Goya
2012) involved women with an ultrasound cervical length of 25 mm
or less, and a gestational age of 18 to 22 weeks, randomly assigned
to either an expectant management arm or a vaginal pessary arm.
The women had a short cervix rather than a prior preterm birth
event. The trial concluded that, with a vaginal pessary, preterm
birth could be prevented in a population with adequate participant
selection of women at risk of preterm births, especially those
already screened using midtrimester cervical length assessment.
Randomised and non-randomised studies have indicated the
usefulness of vaginal pessaries in preventing spontaneous preterm
birth (Liem 2013). The insertion and removal of the pessary is
simple and usually well tolerated by the woman (Liem 2013).
However, when used as a preventive tool for preterm birth, the
gestational age for removal of the vaginal pessary is usually at the
37th week. The vaginal pessary is usually removed before 37 weeks
of gestation when there is vaginal bleeding, persistent uterine
contractions even in the presence of tocolysis, or when the pessary
is causing discomfort (Goya 2012).

Reinforcing or second or repeat cerclage placement

Reinforcing a cerclage (also known as second or repeat cerclage
placement) can be carried out with transvaginal ultrasonographic
guidance following cervical surveillance post-cervical cerclage,
with the repeat suture insertion performed when persistent
cervical effacement (thinning of the cervix) develops (Baxter 2005;
Fox 1998). This second (repeat) cerclage placement is usually
performed at less than 27 weeks of gestation, following report
of initial cervical cerclage suture failure, especially when cervical
length was subsequently found to be less than 25 mm (Althuisius
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2000). During cerclage suture reinforcement or repeat cerclage
placement, the cerclage already in place is not manipulated but a
second cerclage is placed to reinforce the first one (Baxter 2005; Fox
1998). The reinforcement suture is therefore the second (repeat)
cerclage placement (Althuisius 2000). Although the tightening can
be done vaginally, cervical cerclage sutures can be tightened
under transrectal or transabdominal ultrasound guidance up to
the point that the cervical canal is no longer visible. Once the
suture is tightened, ultrasound can also be useful in assessing
both the length and width of the cervix. Nevertheless, an hourglass
appearance, as seen in the cervix at ultrasonography following
reinforcement of sutures, may be a risk factor for spontaneous
preterm births (Hershkovitz 2008).

Tocolytics

Tocolytics (labour repressants or anticontraction medications)
are medications used to suppress premature labour. Tocolytic
is derived from the Greek word tokos, (meaning childbirth) and
from the word lytic, (meaning potential ability to dissolve) (Tan
2006). The therapy could be useful because it gives more time
for glucocorticoid therapy to be administered, which significantly
speeds up fetal lung maturity (Flenady 2014).

Anumber of different tocolytics are in common use as combination
treatments with cervical cerclage in preventing spontaneous
preterm birth and preterm labour (Eke 2016; Smith 2015). The
most widely used drugs include beta-adrenoceptor agonists
(e.g. ritodrine), oxytocin receptor antagonist (e.g. atosiban),
prostaglandin inhibitors (indomethacin), calcium channel blockers
(e.g. nifedipine), and magnesium sulphate (Van Vliet 2014; Vogel
2014). Of all the tocolytics, nifedipine, beta-agonists, atosiban
and indomethacin, but not magnesium sulphate, have proven
efficacy and can be given for 48 hours postoperatively, implying
also that they can be given because of their steroid benefit and
in-utero transfer benefit (Flenady 2014; Vogel 2014). Although
each one is efficacious, each has an advantage over the others.
Calcium channel blockers have been shown to have benefits over
betamimetics for pregnancy elongation, severe morbidity in the
neonates, and maternal adverse effects (Flenady 2014). Blockers
of calcium channel could also have some therapeutic advantages
over atosiban and magnesium sulphate, although atosiban results
in rarer adverse effects for the mother (Flenady 2014). Magnesium
sulphate is now only indicated for fetal neuroprotection (Crowther
2014). The ideal tocolytic drug should be effective in prolonging
preterm labour and birth, and should have a favourable safety
profile in both the women and their unborn babies, culminating in
reductions in neonatal morbidity and mortality.

Progesterone

Progesterone is a sex steroid produced naturally in the ovary
by the corpus luteum, and also in the placenta at a gestational
age corresponding to the last two trimesters of pregnancy.
Progesterone and its agents exist in various forms. Progestogens
are agents that have progesterone-like action (Romero 2014a), and
are now the principal agent for preventing spontaneous preterm
deliveries (Likis 2012). 17-a-hydroxyprogesterone caproate is a
synthetic progestogen. The 'caproate molecule' is not made
by the human body, but is produced in the laboratory when
the molecule is added to 17-a-hydroxyprogesterone. In order
to lengthen the drug's half-life, the caproate molecule is
incorporated, thereby producing some structural modification

of the drug molecule and resulting in pharmacological or
physiological changes in the properties of the drug. One clinical
study of 17-a-hydroxyprogesterone revealed a reduction in the
spontaneous preterm delivery rate in women with previous history
of preterm deliveries (Meis 2003). Another study showed that 17-
a-hydroxyprogesterone caproate injections reduced the likelihood
of recurrent preterm births by approximately 30% (Manuck 2016).
However, despite prophylactic 17-alpha hydroxyprogesterone
caproate, up to 30% of recipients will still have a recurrent
preterm birth, as non-responders to the 17-a-hydroxyprogesterone
(Manuck 2016a). One recent study concluded that 17-alpha
hydroxyprogesterone caproate was not effective in preventing
recurrent preterm birth (Nelson 2017). Although the present global
protocol recommends initiation of 17-alpha hydroxyprogesterone
caproate from 16 to 20 weeks, 17-alpha hydroxyprogesterone
caproate could be started at any gestational age in clinical practice
(Ning 2017).

The first well-conducted randomised clinical study evaluating
the role of vaginally-administered progesterone in preventing
spontaneous preterm birth in pregnant women with a history
of short cervix was reported by Fonseca 2007. Recent studies
have shown that progesterone administration by the vaginal route
lowers the frequency of spontaneous birth at preterm gestation
in women with a history of short cervical length, irrespective
of prior histories of preterm births (Romero 2014a). However,
when consideration is given to women with prior preterm births,
the effectiveness of vaginal progesterone is the same as that
of cervical cerclage in preventing spontaneous preterm births
(Romero 2014a). Another study comparing the efficacy of 17-
OH progesterone, dydrogesterone as well as oral or vaginal
micronised progesterone in combination with cervical cerclage for
preventing preterm delivery in women with short cervical length,
concluded that combination treatment significantly benefits
pregnancy outcomes in cases of short cervical length compared
with cervical cerclage, 17-OH progesterone, dydrogesterone,
or oral progesterone alone (Pustotina 2017). The safety of
progesterone agents in early pregnancy is widely acknowledged,;
studies involving vaginal progesterone for preventing spontaneous
preterm delivery have further clarified that they are safe in
early pregnancy as there were no differences in adverse events
between women who received progesterone and those who
received inactive placebo (Slager 2012). 17-hydroxyprogesterone
caproate has also been studied in the setting of prophylactic
and ultrasound-indicated cerclages (Eke 2019a; Lichter 2019). In
addition, a recent systematic review demonstrated that singleton
pregnancies that were being administered with weekly doses of
17a-hydroxyprogesterone caproate for the prevention of recurrent
preterm births had an exponentially greater proportion of women
with anomalous glucose test results and gestational diabetes
mellitus when compared with non-intervention groups, a result
that did not apply to randomly assigned women receiving 17a-
hydroxyprogesterone caproate (Eke 2019b).

Omega-3 long chain polyunsaturated fatty acid

Reports from some randomised studies show that supplementary
therapy using omega-3 long chain polyunsaturated fatty
acid significantly lowers the frequency of "recurrent preterm
birth" (Olsen 2000). Evidence from human- and animal-
documented reports have shown that the n-3 as well as the n-6
series of essential fatty acids, including their respective 'eicosanoid
metabolites', are strongly implicated in the length of pregnancy and
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parturition (Allen 2001). Prostaglandins of the 2-series have been
shown to be involved in remodelling of parturition and connective
tissue that is related to maturation of the cervix and membrane
ruptures. When genital infections are absent, preterm delivery
will be characterised by lower expression of prostaglandins in the
tissues of the reproductive tract, with resultant lower expression
of inducible cyclo-oxygenase. Pregnant women who have had
premature delivery often have high blood levels of n-6 fatty acid
but low blood levels of n-3 fatty acids, regardless of the decreased
rate of production of prostaglandin (Allen 2001). A number of
studies of n-3 fatty acid supports in pregnancy have revealed a
marked decrease in the frequency of births at preterm gestations;
however, there could be an increase in birthweight due to the
associated prolonged length of pregnancy (Saccone 2015a). It has
been recommended that docosahexaenoic acid (n-3 fatty acids
long chain molecule) as pregnancy supplementation should be
used to extend the duration of pregnancy in women with high risks
of spontaneous preterm births (Allen 2001).

Bed rest

The description of bed rest is two-fold, i.e. partial, which involves
bed rest for some hours (but not up to 24 hours) during the day's
work, or complete, which involves strict bed rest lasting up to
24 hours a day (Smith 2009). The term 'bed rest), as defined by
Fox 2009, is the "limited ambulation of not more than one to
two hours per day with bathroom use and bathing permitted".
Although the terms 'activity restriction' and 'bed rest' are usually
used synonymously in clinical practice, the two terms vary to
some extent. The term 'activity restriction' is generally preferable
to 'bed rest'; some women may not be confined to bed by
their obstetrics care providers but restriction could be placed on
some activities such as sexual intercourse, child lifting or other
maternal behaviours, without restricting maternal ambulation. Itis
important to note that when ambulation is allowed, the problems
of bed rest are diminished in accordance with the amount of
ambulation.

Restriction of activity or bed rest during the antenatal period have
become the central component of treatments aimed at preventing
spontaneous preterm birth. Not only have such activity restrictions
been used for more than 35 years, but about one million women
use the intervention each year in the United States (Maloni 2010).
However, evidence is lacking that this behaviour produces the
desired results (Sosa 2015). In fact, there is strong evidence that
bed rest or activity restriction could cause a number of adverse
psychological and physiologic side effects in mothers and their
newborns (Maloni 2010; Sosa 2015), but this has not impacted
positively on obstetrics practice (Maloni 2010).

How the intervention might work

Interventions aimed at preventing spontaneous preterm birth will
only be successful and effective if they act to break the continuity
of some specific pathways that lead to preterm births.

Cervical cerclage

Cerclage is based on the hypothesis that some pregnant women
have cervical weakness or malfunction contributing to the preterm
delivery pathways (Althuisius 2003; Vidaeff 2009). It works by
holding the cervical 'os' (opening) closed. The procedure for
cervical cerclage is posited on the woman carrying the pregnancy
until or close to 37 weeks' gestation.

Antibiotics

One mechanism by which untreated urinary tract infections
and bacterial vaginosis cause preterm labour is through upward
movement of the microorganisms from the areas of vagina and
cervix and to the placenta, decidua and membranes' surfaces,
and subsequent multiplication at these sites (Cram 2002; Eleje
2015a; Eleje 2020; Goldenberg 2008; Hosny 2017; Kataoka 2006).
A study evaluating the role of group B streptococci activity within
the amniotic fluid following inoculation revealed an increased level
of cytokines (interleukin (IL)-1p and IL-6), and prostaglandins (PG)
(PGE, and PGE,,) within the amniotic fluid (Gravett 1994). IL-1B
promotes IL-6 and IL-8 production, which in turn activates the
synthesis of PGE, and PGF,, which trigger uterine contractions
(Gravett 1994; Romero 2014b). Because IL-1B is not found in the
amniotic membranes of pregnant women who are in labour at
term, IL-1B is thought to be the key cytokine associated with
intrauterine infection that can stimulate preterm labour (Sadowsky
2006). A positive response of the fetus to the infection of the
amniotic cavity may also be contributory, as the intra-amniotic
infection could trigger the synthesis of corticotropin-releasing
hormone arising from the placenta and fetal hypothalamus,
leading to elevated levels of fetal corticotropin and fetal cortisol
which ultimately stimulate prostaglandin production (Gomez 1998;
Romero 1998). Antibiotics work by blocking vital processes or by
killing the bacteria, or stopping their multiplication. The body's
naturalimmune system is energised in fighting the infection caused
by the bacteria. Vaginal infection in early pregnancy is linked
with spontaneous preterm delivery (Farr 2015; Sangkomkamhang
2015). For antibiotics to be usefulin reducing spontaneous preterm
labour and delivery from infectious causes, early administration of
antibiotics in pregnancy is recommended (Lamont 2005). In some
pregnancies, antibiotics may delay the onset of complications
of labour, albeit that this is not regarded as tocolytic therapy.
However, antibiotics are not currently part of standard care
for the prevention of spontaneous preterm labour (ACOG 2003,
Kenyon 2001). In a recent Cochrane Review assessing the
effects of prophylactic antibiotics administered to women with
preterm labour with intact membranes on the maternal and
neonatal outcomes, Flenady 2013 concluded that there was no
demonstrable benefit of using prophylactic antibiotics in women
with preterm labour and intact membranes for important neonatal
outcomes, although it may lead to a reduction in maternal
infection. There could be harm to the children of mothers exposed
to antibiotics on a short- and longer-term basis; current evidence
therefore does not support the routine use of antibiotics in women
with preterm labour having intact membranes unless there are
clear signs of infection (Flenady 2013; Kenyon 2001; Lamont 2005).
In cases with obvious signs of infection, antimicrobial agents may
be beneficial in averting the onset of preterm labour (Espinoza
2006; Gibbs 1992; Goncalves 2002; Mazor 1998).

Vaginal support pessary

The vaginal support pessary works by using processes that
can affect the composition of the cervix and cervical plugs
(Abdel-Aleem 2013). The cervical mucus plug has 'viscoelastic'
characteristics due to the presence of mucins, which are large
glycoproteins (Lai 2009). The cervical mucus therefore assists the
vaginal pessary by inhibiting viral replication and preventing large
molecules and bacteria from ascending into the uterus (Lai 2009).
Additionally, the cervical mucus hasimmunological characteristics
such as innate and adaptive responses which make it possible
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for the vaginal pessaries to prevent bacterial infection through
their stimulation of inflammatory response pathways (Goya 2012).
Ideally, the cervix is tightly closed during a normal pregnancy
with the aid of a cervical mucus plug gluing the opening shut.
Thus, any defect or malfunction of the cervical mucus plug by
cervical effacement could enhance the ascent of infection and
preterm births (Becher 2009; Liem 2013). The vaginal pessary
encloses the cervix and presses on the cervical canal, to inhibit
the failure of the cervical mucus plug. The pessary changes the
angle of elevation of the cervical canal, thereby correcting the
cervical insufficiency by pointing forward in the vaginal axis. As
a result of this, direct pressure on the internal os of the cervix
is relieved, since the weight of the pregnant uterus is distributed
onto the vaginal floor, retrosymphyseal osteomuscular structures,
and Douglas cavity. This prevents premature rupture of fetal
membranes and premature labour. Furthermore, the fetal head is
prevented from descending and pressing on the internal cervical os
(Liem 2013).

Reinforcing or second cerclage placement

Reinforcing or second or repeat cerclage placement may be useful
because suture application in the McDonald’s cerclage procedures
is usually at the level of the internal os of the cervix, with no
allowance for possible changes in the width and shape of the
cervix. The optimal tightening force for the sutures is currently
unknown, and varies depending on the individual obstetrics
caregiver’s experience. These differences in the tightening force
may account for the lack of success of cervical cerclage performed
by individual obstetricians (Hershkovitz 2008). The cerclage sutures
could be applied under ultrasound guidance, which may enhance
the success rate in women with cervical cerclage (Hershkovitz
2008).

Tocolytics

Tocolytics work by different mechanisms following cervical
cerclage procedures. For example, magnesium sulphate lowers
uterine contractions, but it is not clear how it performs its
tocolytic action, although it is plausible that magnesium rivals
calcium for entry into the muscle cells through voltage-gated
channels (Tan 2006). Antagonist therapy for calcium channels
works by preventing the influx of calcium ions across the cell
membrane, thereby lessening the smooth muscle vasculature
tone (Sanborn 1995). Prostaglandins stimulate contractions of
the uterine muscles by promoting gap junction formation in the
myometrium and enhancing intracellular calcium within the cells
(Van Vliet 2014). Prostaglandins are formed by cyclo-oxygenase
(COX), an enzyme that enhances the level of prostaglandins.
There are two distinct versions of COX, i.e. COX-1 and COX-2.
COX-2 is uniquely linked with contractility of the myometrium.
Prostaglandin synthetase inhibitors shorten the production of
prostaglandin, thereby inhibiting a crucial labour pathway (Vogel
2014). Furthermore, intrauterine inflammation and infection play
a crucial role in preterm labour, with the anti-inflammatory action
of prostaglandins being one of the reasons why prostaglandin
inhibitors may be efficacious in prolonging delivery (Van Vliet
2014; Vogel 2014). The use of tocolytics such as indomethacin,
a nonsteroidal anti-inflammatory drug, may curb the uterine
contractions precipitated by cervical manipulation and thereby
prevent an accelerated stream to preterm delivery.

Tocolytics are usually given for 48 hours following cerclage
placement. When a tocolytic is used, the subduing of contractions
is usually partial in nature and tocolytics are often deployed to
postpone delivery until some days later. Although it depends on the
particular tocolytic used, the monitoring of the fetus or the mother
is still paramount. For instance, the monitoring of blood pressure,
especially when nifedipine is used as a tocolytic, is very important,
since nifedipine lowers blood pressure. As it is unclear which of the
tocolytic agents is a first-line treatment, the use of any particular
agent should be individualised and should be based on a number
of factors such as the condition of the mother, gestational age of the
fetus and the potential adverse effects (Tan 2006).

Progesterone

One process involved in preterm birth is the ill-timed decrease
in the function of progesterone, a condition that can lead to
painless midtrimester shortening of the cervix (Romero 2014a).
The available evidence suggests that decreased levels of plasma
17-alpha hydroxyprogesterone caproate concentration are linked
with a high frequency of spontaneous preterm delivery (Caritis
2014). Although it is unclear if progesterone prevents a cervix
from shortening, the fact remains that sufficient levels of
progesterone can prevent the production of prostaglandin with the
subsequent lowering of uterine contractions (Hollier 2005), thereby
maintaining uterine quiescence. This may be especially relevant
following cervical cerclage procedures. Being a principal pregnancy
hormone, progesterone also works by diminishing the sensitivity
of uterine musculature to oxytocin, wedges adrenergic receptors
and the synthesis of prostaglandin, and excites lymphocyte-
associated synthesis of progesterone-induced blocking factor.
Jointly, these processes expedite uterine stillness during the
antepartum period, and regulate immune tolerance and cervical
functions (Pustotina 2017). In women with a previous preterm birth
without symptoms of uterine contractionsin theirindex pregnancy,
one study has shown that 17-a-hydroxyprogesterone caproate
prophylaxis was not correlated with an effect on cervical length
shortening (Durnwald 2009), nor does it seem to influence preterm
delivery in women with history-indicated cerclage (Mackeen
2013; Rafael 2011; Szychowski 2012). However, in another study,
progesterone was associated with significant preservation of
cervical length (O’Brien 2009). In women with preterm labour,
17-a-hydroxyprogesterone caproate injections prevented further
cervical shortening (Facchinetti 2007). In one randomised study,
post hoc analysis of data revealed that the frequency of early
preterm birth is lower in women who had ultrasound-indicated
cerclage and hydroxyprogesterone caproate than in women who
received either therapy alone (Berghella 2010).

Omega-3 long chain polyunsaturated fatty acid

It has been suggested that omega-3 long chain polyunsaturated
fatty acids work by reducing gap junction formation and production
of proinflammatory cytokines, thereby lowering the parturition
rate among women with a prior history of spontaneous preterm
delivery undergoing cervical cerclage treatment (Allen 2001; Olsen
2000; Olsen 2007). There are obvious variations in the metabolic
derivatives of omega-6 and omega-3 polyunsaturated fatty acids,
and their respective contributions in the classic Western diet
provide a biological rationale for the statements that high levels
of omega-3 intake could lengthen the duration of pregnancy and
slow down parturition (Harper 2010). For example, in one European
multicentre study among women with previous spontaneous
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preterm births, women receiving omega-3 supplement had a
significantly reduced rate of recurrent preterm birth prior to 37
weeks of gestation (21.3% versus 33.3%, odds ratio (OR) 0.54, 95%
confidence interval (Cl) 0.30 to 0.98) and prior to 34 weeks of
gestation (4.6% versus 13.3%, OR 0.32, 95% CI 0.11 to 0.89) (Olsen
2000).

Bed rest

Bedside advice plays an important part in reducing spontaneous
preterm birth, especially following cervical cerclage procedures.
The underlying mechanism of bed rest lies in the premise that
strict obedience to bed rest advice often results in a reduction in
preterm labour, since physical activity and hard work exhibited by
pregnant women could be associated with spontaneous preterm
delivery (Teitelman 1990), and in the belief that bed rest could
reduce uterine contractions (Goldenberg 1994; Sosa 2015). Bed
rest may account for the reduction in the prostaglandins in the
blood. Itis biologically plausible that high circulating prostaglandin
metabolite levels might increase after cerclage placement, such
that bed rest in addition to cervical cerclage may confer benefits
(Novy 1987; Vitoratos 1996).

Treatments will prove successful if the relevant interventions are
attuned to the definite pathophysiologic activities, and are applied
at the right time for the women concerned. The use of some
interventions in women who are not likely to deliver at preterm
gestation is inappropriate. Understanding of the heterogeneity
of preterm labour and delivery, with realistic expectations, is
paramount to the process.

Why it is important to do this review

Although cervical cerclage is often a procedure performed in
pregnant women with prior preterm births and short cervical
length, the events leading to spontaneous preterm birth, despite
placement of cerclage, are still not completely understood. A
previous study has concluded that cervical cerclage alone reduces
previable birth and perinatal mortality, but does not prevent
spontaneous preterm birth at a gestational age of less than 35
weeks (Owen 2009). Placement of a cervical cerclage is not without
complications (Azem 2004). It is an invasive procedure that can
cause more harm than good in certain situations (Azem 2004; Rush
1984; Simcox 2007). Could cervical cerclage, in combination with
other interventions, for preterm births be more beneficial and
less harmful? In addition, the adjuvant effects of pharmacotherapy
in the setting of cervical cerclage placement is important, and
underscores the importance of pharmacologic researchin pregnant
women (Eke 2019c¢). Reduction of spontaneous preterm delivery is
an ultimate target in every feto-maternal medicine unit, and the
debate and controversy about the success of cervical cerclage alone
in halting preterm birth continues (Smith 2009). The major question
that arises from these statements is: why has the reduction in
the rate of spontaneous preterm delivery been so difficult to
achieve? We contend that this is due to the fact that preterm
delivery is often regarded and described as if it were a single
obstetric entity. Additionally, despite the 50-year anniversary of
cerclage as a surgical technique, the evidence is unclear on its
effectiveness when used alone for expected (sonographic short
cervix) or prophylactic purposes (Smith 2009).

Although there is as yet no consensus about the use of cerclage,
a meta-analysis of randomised controlled studies has provided

some evidence to validate its use with (Defranco 2013) or
without (Slager 2012) other interventions in women with previous
episodes of spontaneous preterm delivery, especially in those
developing a short cervix before the age of fetal viability. It
remains unclear whether the effects of cervical cerclage in
combination with other interventions are cumulative in pregnant
women without multifetal gestations but with prior spontaneous
preterm deliveries, who then develop a shortened cervical length.
One study highlights the urgent need for research into preterm
births and the development of novel interventions for preventing
them (Chang 2013). Our review aims to assess this important
clinical question: in a woman without multifetal gestations who
is having cervical cerclage due to a history of preterm birth
and short cervical length, are combination treatments associated
with further benefits beyond those already conferred by cervical
cerclage? We hypothesise that cervical cerclage in combination
with other treatments can prevent more spontaneous preterm
births in singleton pregnancies than cerclage alone or other
treatments alone. Although previous Cochrane Reviews (Alfirevic
2017; Rafael 2014) have been published on the effectiveness of
cervical cerclage in singleton (Alfirevic 2017) and multiple (Rafael
2014) pregnancies, none has evaluated the effectiveness of cervical
cerclage in combination with other treatments versus cervical
cerclage alone in singleton pregnancies. Our review will therefore
assess cervical cerclage in combination with other treatments (both
pharmacological and non-pharmacological) compared to cerclage
alone for preventing singleton spontaneous preterm births, to
test the link between the best current evidence and the optimal
combination treatments in women undergoing a cervical cerclage
procedure.

OBJECTIVES

To assess whether antibiotics administration, vaginal pessary,
reinforcing or second cerclage placement, tocolytics, progesterone,
or other interventions at the time of cervical cerclage placement
prolong singleton gestation in women at high risk of pregnancy loss
based on prior history and/or ultrasound finding of ’short cervix’
and/or physical examination.

« History-indicated cerclage is defined as a cerclage placed
usually between 12 and 15 weeks gestation based solely on poor
prior obstetrical history, e.g. multiple second trimester losses
due to painless dilatation.

« Ultrasound-indicated cerclage is defined as a cerclage placed
usually between 16 and 23 weeks gestation for transvaginal
ultrasound cervical length <20 mm in a woman without cervical
dilatation (Barbosa 2020).

« Physical-exam-indicated cerclage is defined as a cerclage placed
usually between 16 and 23 weeks gestation because of cervical
dilatation of one or more centimetres detected on physical
(manual) examination. Emergency cerclage is defined as a
cerclage placed usually between 16 and 23 weeks gestation for
transvaginal ultrasound cervical length <20 mm in a woman
with cervical dilatation (Barbosa 2020).
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METHODS

Criteria for considering studies for this review
Types of studies

We included published, unpublished or ongoing randomised
controlled trials (RCTs). Studies using a cluster-RCT design were
also eligible for inclusion.

We excluded quasi-RCTs (e.g. those randomised by date of birth or
hospital number) and studies using a cross-over design.

We also excluded studies that specified addition of the combination
therapy after cervical cerclage because the woman subsequently
became symptomatic. In future updates, we will classify potentially
eligible studies presented only as abstracts as ’Studies awaiting
classification’ pending their full publication.

Types of participants

Pregnant women with singleton pregnancies in the second
trimester of pregnancy and with risk factors for cervical
insufficiency undergoing cervical cerclage in addition to other
treatments. These included the following.

1. History of two or more second-trimester pregnancy losses
(excluding those resulting from induced preterm labour or
abruption).

2. History of losing each pregnancy at an earlier gestational age.

3. Preterm premature rupture of membranes prior to 32 weeks’
gestation.

4. Short cervical length (less than 25 mm at 20 weeks’ gestation).

5. History of cervical trauma caused by cone biopsy, forced
dilatation, intrapartum cervical lacerations.

6. History of painless cervical dilatation of from 4 cm up to 6 cm.

7. Congenital uterine anomalies.

8. Vaginal ultrasound evidence of cervical insufficiency, including
shortening (cervical length less than 25 mm at 20 weeks)
and funnelling of the cervix during the second trimester of
pregnancy.

Types of interventions

Cervical cerclage (stitch) in singleton pregnancies in women
considered to be at high risk of pregnancy loss.

Comparisons

To avoid duplication of comparisons in various reviews of
interventions for preventing preterm birth, we compared trials of
the intervention of interest (cervical cerclage) versus the following
interventions.

1. Cervical cerclage in combination with antibiotics versus cervical
cerclage alone.

2. Cervical cerclage in combination with vaginal support pessary
versus cervical cerclage alone.

3. Cervical cerclage in combination with reinforcing or second
cervical cerclage placement versus cervical cerclage alone.

4. Cervical cerclage in combination with tocolytics versus cervical
cerclage alone.

5. Cervical cerclage in combination with 17-alpha-
hydroxyprogesterone caproate, dydrogesterone or vaginal
micronised progesterone versus cervical cerclage alone.

6. Cervical cerclage in combination with omega-3 long chain
polyunsaturated fatty acid supplementation versus cervical
cerclage alone.

7. Cervical cerclage in combination with bed rest versus cervical
cerclage alone.

8. Cervical cerclage in combination with two or more other
interventions versus cervical cerclage alone.

Types of outcome measures

We will select outcome domains based on consensus work
undertaken to define core outcome measures for clinical research
and evidence synthesis for pregnancy and childbirth generally
(Devane 2007) and for preterm birth prevention specifically (Van 't
Hooft 2016).

Primary outcomes

1. Serious neonatal morbidity (as defined by trialists).

2. Perinatal loss: all losses including miscarriages, stillbirth and
neonatal deaths.

3. Baby discharged home healthy (without obvious pathology, as
defined by trialists).

Secondary outcomes
Neonatal

1. Neonatal death before discharge.

2. Stillbirth:intrauterine death at 24 or more weeks; or greater than
500 g fetal weight or reaching viability as defined by trialists.

3. Miscarriages: perinatal loss before 24 weeks.

4. Preterm birth (birth before 28, 34 and 37 completed weeks of
pregnancy).

5. Serious intracranial  pathology, e.g. intraventricular
haemorrhage or periventricular leukomalacia (as defined by
trialists).

6. Serious respiratory morbidity, e.g. respiratory distress
syndrome or oxygen dependency after 28 days of life.

7. Necrotising enterocolitis requiring surgery.
8. Retinopathy of prematurity.
9. Apgar less than seven at five minutes.

Maternal

1. Caesarean section (elective and emergency).

2. Maternal infection, including chorioamnionitis,
intervention, e.g. antibiotics or delivery.

3. Maternal side effects (vaginal discharge, bleeding, pyrexia not
requiring antibiotics).

4. Tocolysis (intravenous, oral or combined).

5. Preterm premature rupture of membranes.

requiring

Search methods for identification of studies

The following Methods section of this review was based on a
standard template used by Cochrane Pregnancy and Childbirth.
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Electronic searches

We searched Cochrane Pregnancy and Childbirth’s Trials Register
by contacting their Information Specialist (26 September 2019).

The Register is a database containing over 25,000 reports of
controlled trials in the field of pregnancy and childbirth. It
represents over 30 years of searching. For full current search
methods used to populate Pregnancy and Childbirth’s Trials
Register including the detailed search strategies for CENTRAL,
MEDLINE, Embase and CINAHL; the list of handsearched journals
and conference proceedings; and the list of journals reviewed via
the current awareness service; please follow this link.

Briefly, Cochrane Pregnancy and Childbirth’s Trials Register is
maintained by their Information Specialist and contains trials
identified from:

1. monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL);

weekly searches of MEDLINE (Ovid);

weekly searches of Embase (Ovid);

monthly searches of CINAHL (EBSCO);

handsearches of 30 journals and the proceedings of major
conferences;

6. weekly current awareness alerts for a further 44 journals plus
monthly BioMed Central email alerts.

oW

Search results are screened by two people and the full text of
all relevant trial reports identified through the searching activities

described above is reviewed. Based on the intervention described,
each trial report is assigned a number that corresponds to a
specific Pregnancy and Childbirth review topic (or topics), and is
then added to the Register. The Information Specialist searches
the Register for each review using this topic number rather than
keywords. This results in a more specific search set that has
been fully accounted for in the relevant review sections (Included
studies; Excluded studies; Ongoing studies).

In addition, we searched ClinicalTrials.gov and the WHO
International Clinical Trials Registry Platform (ICTRP) for
unpublished, planned and ongoing trial reports (26 September
2019) using the methods detailed in Appendix 1.

Searching other resources

We searched the reference lists of retrieved studies.
We did not apply any language or date restrictions.

Data collection and analysis

The following Methods section of this review was based on a
standard template used by Cochrane Pregnancy and Childbirth.

Selection of studies

Two review authors (George Eleje (GE)) and Ahizechukwu Eke (AE))
independently assessed for inclusion all the studies we identified
as a result of the search strategy. We resolved any disagreement
through discussion or, if required, we consulted a third person (IE).
We created a study flow diagram (Figure 1) to map out the number
of records identified, included and excluded.
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Figure 1. Study flow diagram.
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Data extraction and management

We designed a form to extract data. We extracted information on
study design and setting, trial dates, participant characteristics,
study eligibility criteria, details of the intervention(s) and
comparison(s), the outcomes assessed, sources of trial funding,
and any conflicts of interest declared by the trial investigators.

For eligible studies, at least two review authors extracted the
data using the agreed form. We resolved discrepancies through
discussion or, if required, we consulted a third person. We entered
data into Review Manager 5 software (RevMan 2014) and checked
for accuracy. When information regarding any of the above was
unclear, we attempted to contact authors of the original reports to
provide further details.

Assessment of risk of bias in included studies

Two review authors (GE and AE) independently assessed risks of
bias for each study, using the criteria outlined in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
We resolved any disagreement by discussion or by involving a third
assessor.

(1) Random sequence generation (checking for possible
selection bias)

We described for each included study the method used to generate
the allocation sequence in sufficient detail to allow an assessment
of whether it should produce comparable groups.

We assessed the method as:

« low risk of bias (any truly random process, e.g. random number
table; computer random-number generator);

« high risk of bias;
« unclearrisk of bias.

(2) Allocation concealment (checking for possible selection bias)

We described for each included study the method used to conceal
allocation to interventions prior to assignment and assessed
whether intervention allocation could have been foreseen in
advance of or during recruitment, or changed after assignment.

We assessed the methods as:

« low risk of bias (e.g. telephone or central randomisation;
consecutively-numbered sealed opaque envelopes);

« high risk of bias (open random allocation; unsealed or non-
opaque envelopes);

« unclearrisk of bias.

(3.1) Blinding of participants and personnel (checking for
possible performance bias)

We described for each included study the methods used, if any, to
blind study participants and personnel from knowledge of which
intervention a participant received. We considered that studies
were at low risk of bias if they were blinded, or if we judged that
the lack of blinding would be unlikely to affect results. We assessed
blinding separately for different outcomes or classes of outcomes.

We assessed the methods as:

« low, high or unclear risk of bias for participants;

« low, high or unclear risk of bias for personnel.

(3.2) Blinding of outcome assessment (checking for possible
detection bias)

We described for each included study the methods used, if any, to
blind outcome assessors from knowledge of which intervention a
participant received. We assessed blinding separately for different
outcomes or classes of outcomes.

We assessed methods used to blind outcome assessment as:
« low, high or unclear risk of bias.

(4) Incomplete outcome data (checking for possible attrition
bias due to the amount, nature and handling of incomplete
outcome data)

We described for each included study, and for each outcome or
class of outcomes, the completeness of data including attrition
and exclusions from the analysis. We stated whether attrition and
exclusions were reported and the numbers included in the analysis
at each stage (compared with the total randomised participants),
reasons for attrition or exclusion where reported, and whether
missing data were balanced across groups or were related to
outcomes. Where sufficient information was reported, or could be
supplied by the trial authors, we re-included missing data in the
analyses which we undertook.

We assessed methods as:

« low risk of bias (e.g. no missing outcome data; missing outcome
data balanced across groups);

« high risk of bias (e.g. numbers or reasons for missing
data unbalanced across groups; ‘as treated’ analysis done
with substantial departure of intervention received from that
assigned at randomisation);

« unclear risk of bias.

(5) Selective reporting (checking for reporting bias)

We described for each included study how we investigated the
possibility of selective outcome reporting bias and what we found.

We assessed the methods as:

o low risk of bias (where it was clear that all of the study’s
prespecified outcomes and all expected outcomes of interest to
the review had been reported);

« highrisk of bias (where not all the study’s prespecified outcomes
had been reported; one or more reported primary outcomes
were not prespecified; outcomes of interest were reported
incompletely and so could not be used; study failed to include
results of a key outcome that would have been expected to have
been reported);

« unclear risk of bias.

(6) Other potential bias (checking for bias due to problems not
covered by (1) to (5) above)

We described for each included study any important concerns we
had about other possible sources of bias.

We assessed whether each study was free of other problems that
could put it at risk of bias:
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« low risk of other bias;
« high risk of other bias;
« unclear whether there was risk of other bias.

(7) Overall risk of bias

We made explicit judgements about whether studies were at
high risk of bias, according to the criteria given in the Cochrane
Handbook (Higgins 2011). With reference to (1) to (6) above,
we assessed the likely magnitude and direction of the bias and
whether we considered it was likely to impact on the findings.
We explored the impact of the level of bias through undertaking
sensitivity analyses - see Sensitivity analysis.

Assessing the quality of the body of evidence using the GRADE
approach

We assessed the quality of the evidence using the GRADE approach
as outlined in the GRADE handbook, in order to rate the quality
of the body of evidence relating to the following outcomes. We
selected six outcomes for assessment by GRADE for the main
comparisons.

1. Serious neonatal morbidity (as defined by trialists).

2. Perinatal loss: all losses including miscarriages, stillbirth and
neonatal deaths.

3. Baby discharged home healthy, without obvious pathology (as
defined by trialists).

4. Neonatal death before discharge.

5. Stillbirth: intrauterine death at 24 or more weeks; or greater than
500 g fetal weight or reaching viability as defined by trialists.

6. Preterm birth before 34 completed weeks of pregnancy.

We used the GRADEPro Guideline Development Tool to import
data from Review Manager 5 (RevMan 2014) in order to create
'Summary of findings’ tables. We produced a summary of the
intervention effect and a measure of quality for each of the
above outcomes, using the GRADE approach. The GRADE approach
uses five considerations (study limitations, consistency of effect,
imprecision, indirectness and publication bias) to assess the
quality of the body of evidence for each outcome. The evidence can
be downgraded from 'high quality' by one level for serious (or by
two levels for very serious) limitations, depending on assessments
of risk of bias, indirectness of evidence, serious inconsistency,
imprecision of effect estimates or potential publication bias.

Measures of treatment effect
Dichotomous data

For dichotomous data, we presented results as the summary risk
ratio (RR) with a 95% confidence interval (Cl).

Continuous data

For continuous data, we planned to use the mean difference (MD)
if outcomes were measured in the same way between trials. We
planned to use the standardised mean difference (SMD) to combine
trials that measured the same outcome, but use different methods.

Unit of analysis issues
Cluster-randomised trials

We did not identify any cluster-RCTs for inclusion in this review.
Should we identify any cluster-RCTs for inclusion in future updates,
we will include them in our analyses along with individually
randomised trials. We will adjust their sample sizes using the
methods described in the Cochrane Handbook using an estimate
of the intracluster correlation co-efficient (ICC) derived from the
trial (if possible), from a similar trial or from a study of a similar
population. If we use ICCs from other sources, we will report
this and conduct sensitivity analyses to investigate the effect
of variation in the ICC. If we identify both cluster-randomised
trials and individually-randomised trials, we plan to synthesise the
relevantinformation. We will consider it reasonable to combine the
results from both if there is little heterogeneity between the study
designs, and the interaction between the effect of intervention and
the choice of randomisation unit is considered to be unlikely.

We also acknowledged heterogeneity in the randomisation unit
and performed a sensitivity analysis to investigate the effects of the
randomisation unit.

Cross-over trials

We considered cross-over designs to be inappropriate for this
research question.

Other unit of analysis issues

Multiple pregnancy was not eligible for inclusion in this review. We
did not identify any trials that reported data for both singleton and
multiple pregnancy. If we identify such trials for inclusion in future
updates, we will only use data relating to the women with singleton
pregnancies.

Dealing with missing data

Forincluded studies, we noted levels of attrition. In future updates,
we will explore the impact of including studies with high levels of
missing data in the overall assessment of treatment effect by using
sensitivity analysis.

For all outcomes, we carried out analyses, as far as possible,
on an intention-to-treat basis, i.e. we attempted to include all
participants randomised to each group in the analyses, and
analysed all participants in the group to which they were
allocated, regardless of whether or not they received the allocated
intervention. The denominator for each outcome in each trial was
the number randomised minus any participants whose outcomes
were known to be missing.

Assessment of heterogeneity

We did not combine data in meta-analysis. In future updates, we
will assess statistical heterogeneity in each meta-analysis using
the Tau2, 12 and Chi? statistics. We will regard heterogeneity as
substantial if 12 is greater than 30% and either Tau2 is greater than
zero, or there is a low P value (less than 0.10) in the Chi2 test for
heterogeneity.

Assessment of reporting biases

In future updates of this review, if there are 10 or more studies
in the meta-analysis, we will investigate reporting biases (such
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as publication bias) using funnel plots. We will assess funnel
plot asymmetry visually. If asymmetry is suggested by a visual
assessment, we will perform exploratory analyses to investigate it.

Data synthesis

We did not combine data in meta-analysis. We carried out statistical
analysis using the Review Manager 5 software (RevMan 2014).

In future updates, we will use a fixed-effect model for combining
data where it is reasonable to assume that studies are estimating
the same underlying treatment effect, i.e. where trials are
examining the same intervention, and the trials’ populations
and methods are judged sufficiently similar. If there is clinical
heterogeneity sufficient to expect that the underlying treatment
effects differ between trials, or if we find substantial statistical
heterogeneity, we will use a random-effects model to produce
an overall summary if an average treatment effect across trials
is considered clinically meaningful. We will consider the random-
effects summary as the average of the range of possible treatment
effects and we will discuss the clinical implications of treatment
effects differing between trials. If the average treatment effectis not
clinically meaningful, we will not combine trials.

If we use random-effects analyses, we will present the results as the
average treatment effect with a 95% confidence interval, and the
estimates of Tau2 and I2.

Subgroup analysis and investigation of heterogeneity

We did not combine data in meta-analysis. In future updates,
if we identify substantial heterogeneity, we will investigate it
using subgroup analyses and sensitivity analyses. We will consider
whether an overall summary is meaningful, and if it is, we will use
random-effects analysis to produce it.

We planned to carry out the following subgroup analyses relating
to our planned comparisons.

1. Cervical cerclage in combination with antibiotics versus cervical
cerclage alone

« Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

« Type of antibiotics, such as azithromycin versus metronidazole
versus erythromycin (for primary outcomes only)

2. Cervical cerclage in combination with vaginal support pessary
versus cervical cerclage alone

« Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

3. Cervical cerclage in combination with reinforcing or second
cervical cerclage placement versus cervical cerclage alone

o Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

« Gestational age of removal of pessary - less than 34 weeks versus
between 34 and less than 37 weeks versus greater than or equal
to 37 weeks (for primary outcomes only)

4. Cervical cerclage in combination with tocolytics versus cervical
cerclage alone

« Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

« Type of tocolytics - such as oxytocin receptor agonist versus
calcium channel blockers versus magnesium sulphate, etc. (for
primary outcomes only)

5. Cervical cerclage in combination with 17-alpha-
hydroxyprogesterone caproate or dydrogesterone or vaginal
micronised progesterone versus cervical cerclage alone

« Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

« Type of progesterone support - 17-alpha-hydroxyprogesterone
caproate versus dydrogesterone versus vaginal micronised
progesterone (for primary outcomes only)

6. Cervical cerclage in combination with omega-3 long chain
polyunsaturated fatty acid supplementation versus cervical
cerclage alone

« Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

« Supplementation dose - less than 2.7 g/day versus between
2.7 g/day and less than 6.1 g/day versus at least 6.1 g/day (for
primary outcomes only)

7. Cervical cerclage in combination with bed rest versus cervical
cerclage alone

« Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

8. Cervical cerclage in combination with two or more interventions
versus cervical cerclage alone

« Indication for cerclage - history-indicated cerclage versus
ultrasound-indicated cerclage versus physical examination-
indicated cerclage (for all outcomes)

We planned to assess subgroup differences by interaction tests
available within Review Manager 5 (RevMan 2014). We planned to
report the results of subgroup analyses quoting the Chi2 statistic
and P value, and the interaction test I2 value. However, there were
insufficient data to undertake any subgroup analyses.

Sensitivity analysis

In future updates, we will carry out planned sensitivity analyses
for primary outcomes, where appropriate, in order to explore
the impact of trial quality, assessed as high quality if the
trial reported adequate methods for sequence generation and
allocation concealment and had no other clear markers of poor trial
quality (for example, unacceptable attrition). We will use sensitivity
analysis to investigate the effect of the randomisation unit (in cases
where cluster-RCTs are included). We will also report whether or not
the exclusion of studies with substantial risks of bias changed the
overall effect estimate or its interpretation.
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RESULTS

Description of studies
Results of the search

See: Figure 1 We retrieved 16 trial reports from the Cochrane
Pregnancy and Childbirth search, and we found (and subsequently
excluded) 15 reports ourselves. The 31 reports that we assessed
corresponded to a total of 28 studies. We included two studies in
the review, we excluded 23 studies and three studies are ongoing.

Included studies
Design

Both of the two included trials (Miller 2014; Toplis 1980) were
randomised controlled trials (RCTs).

Sample sizes

Sample sizes for the individual trials ranged from 20 (Toplis 1980)
to 53 women (Miller 2014).

Setting

The trials were undertaken in Queen Charlotte’s Maternity Hospital
and Chelsea Hospital for Women, London, UK (Toplis 1980) and in
Northwestern Memorial’s Prentice Women’s Hospital in Chicago,
USA (Miller 2014).

Dates of trials, funding and declarations of interest

In the Miller 2014 trial, enrollment began in March 2010 and was
completed in November 2012, while the follow-up was completed
in March 2013. The recruitment date for the Toplis 1980 trial was not
stated by trial authors.

The two trials (Miller 2014; Toplis 1980) did not report
funding sources. Only one trial (Miller 2014) confirmed through
correspondence that there were no potential conflicts of interest
under the financial disclosure.

Participants

All participants in the Miller 2014 trial (50 participants) were
women with dilated cervix devoid of regular uterine contractions or
other obvious aetiology and who had consented for examination-
indicated cerclage as a form of their obstetrics care in the hospital.
No women in the Miller 2014 trial had a cervical cerclage placement
based only on the ultrasound diagnosis of short cervical length.
All participants in the Miller 2014 trial were admitted for 24 hours
after the cerclage procedure and typically seen one week after
hospital discharge and then thereafter at the healthcare provider’s
discretion. Participants in the Miller 2014 trial did not receive
tocolysis as maintenance therapy or antibiotic regimen as a longer-
term treatment. Antenatal corticosteroids were not administered
as a routine therapy at any particular gestational age but were
reserved for a clinical scenario suggesting impending preterm
delivery from 24 to 34 weeks of gestation. In the Miller 2014 trial,
cervical cerclage removal was effected either at suspected preterm
labour or when gestational age was up to 36 or 37 weeks.

On the other hand, participants in the Toplis 1980 trial were
made up of pregnant women with a singleton gestation who
had a cervical cerclage under general anaesthesia from 13 to
21 weeks' gestation. In Toplis 1980, 18 women (nine in each

group) had cervical cerclage performed for a history of previous
spontaneous mid-trimester abortion (history-indicated cerclage);
but in the remaining two women (one in each group) there was
evidence of dilatation of cervix and effacement, with both women
having a previous history of first trimester termination of pregnancy
via vacuum extractor. All participants in the Toplis 1980 trial
were admitted for 24 hours post-operation and were followed up
throughout the pregnancy, labour as well as the puerperal period
(see Characteristics of included studies).

The Miller 2014 trial included women with viable singleton
gestation at a gestational age of 16 to 23 weeks with intact
membranes, while they excluded women younger than 18
years, with major fetal congenital anomalies, with human
immunodeficiency virus-positive status, with previous history
of cerclage during the index pregnancy, with temperature of
100.4°F or higher, with allergy to both penicillin and clindamycin,
or a contraindication to indomethacin. The Miller 2014 trial
also excluded women who had received indomethacin or
any antibiotics within seven days before presentation in the
hospital. Additional inclusion and exclusion criteria are detailed in
Characteristics of included studies. The authors of the Toplis 1980
trial did not state either their inclusion criteria or exclusion criteria.

Interventions and comparisons

Cervical cerclage in combination with two or more interventions
versus cervical cerclage alone

In the Miller 2014 trial, participants in the intervention group
received a dose of 50 mg indomethacin orally at the immediate
postoperative period (after cervical cerclage); this was followed by
a 50-mg oral dose eight and 16 hours postoperatively. Additionally,
women in the Miller 2014 trial intervention group received three
weight-based doses of intravenous cefazolin or 600 mgintravenous
clindamycin for those with a penicillin allergy. Participants in the
control (comparison) group in the Miller 2014 trial did not receive
any tocolytics or antibiotics perioperatively after cervical cerclage
placement.

Cervical cerclage in combination with tocolytics versus cervical
cerclage alone

In the Toplis 1980 trial, participants were given intravenous
salbutamol (4 mg in 500 mL of 5% dextrose every six hours for
24 hours) after cervical cerclage and codeine for those requiring
analgesic therapy. Participants in the control (comparison) groupiin
the Toplis 1980 trial were given 15 mg of omnopon intramuscularly
every six hours for 24 hours after cervical cerclage.

Outcomes

We could not extract useable data from the Toplis 1980 trial
because the trialists did not differentiate which of the results of
the outcomes belonged to which group (intervention or control)
of the study participants. For instance, the authors of the Toplis
1980 trial stated: "Three patients in group A aborted between three
and seven weeks after cerclage. The 24-hour plasma levels of 13,14-
dihydro-15-keto-prostaglandin F2a (PGFM) in those patients given
postoperative omnopon and those given postoperative salbutamol
showed no significant difference from the basal PGFM levels. Of the
16 patients whose pregnancies continued, four had a spontaneous
vertex preterm delivery (at 34, 34, 35 and 36 weeks' gestation
respectively) with good fetal outcome. In the remaining 12 patients,
the cervical suture was removed at 37 weeks' gestation either
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before or just after the onset of labour; all patients had healthy
infants and four of them were delivered by caesarean section for
reasons unrelated to the cerclage". Therefore, It should be noted
that Toplis 1980 contributed no outcome data to the review.

The Miller 2014 trial report provided data for the following
outcomes of interest in this review:

« Serious neonatal morbidity (a composite measure including
respiratory distress syndrome, necrotising enterocolitis,
intraventricular haemorrhage, retinopathy of prematurity,
patent ductus arteriosus, sepsis)

« Preterm birth before 28 or 37 completed weeks of pregnancy

« Serious intracranial pathology

« Serious respiratory morbidity

« Retinopathy of prematurity

« Premature premature rupture of membranes

« Maternal infection requiring intervention (chorioamnionitis)

The outcomes of stillbirth, miscarriage (perinatal loss before 24
weeks) or preterm birth prior to 34 weeks of completed pregnancy
were not mentioned in the Miller 2014 trial report but these
data were sought and obtained from the study authors. Neonatal
necrotising enterocolitis was reported in Miller 2014 but it was
unclear whether surgery was required (data not available from the
trial authors).

There were no data for neonatal death before discharge. Miller 2014
reported 'survival until discharge' but it was not appropriate to use
reciprocal data. There was also no mention of caesarean section,

maternal side effects, or Apgar score less than 7 at five minutes. We
sought these data from the trialist but data were not available.

Excluded studies

We excluded 23 studies or trials (Althuisius 2002; Barinov 2017;
Berghella 2010; Berghella 2017; Deutinger 1992; Enakpene 2018;
Endl 1982; NCT03837288; lonescu 2012; Jung 2016; Keeler 2009;
Mackeen 2013; Nasr 2011; Pustotina 2018; Rafael 2011; Ragab 2015;
Rebarber 2008; Roman 2018; Samson 2018; Sinkey 2018; Stetson
2016; Szychowski 2012; Yemini 1985) following full-text review,
or after contacting trialists for further information to determine
eligibility.

Trials were most commonly excluded because the studies were
retrospective cohort studies (Enakpene 2018; Jung 2016; Mackeen
2013; Rafael 2011; Rebarber 2008; Samson 2018; Sinkey 2018;
Stetson 2016) (eight trials; 35%). Eleven trials (48%) were RCTs but
cervical cerclage was applied in only one arm of the trials (Althuisius
2002; Barinov 2017; Berghella 2010; NCT03837288; lonescu 2012;
Keeler 2009; Nasr 2011; Ragab 2015; Szychowski 2012) (nine trials;
39%) or some of the arms of the study (Pustotina 2018) or cerclage
was not applied in any arm (Yemini 1985) of the trial. One trial each
was a quasi-randomised trial (Deutinger 1992), longitudinal study
on twin pregnancy (Endl 1982), retrospective case-control study
(Roman 2018) or letter to editor (Berghella 2017).

Risk of bias in included studies

We assessed risk of bias for both included studies - for a summary
of our risk of bias judgements, see Figure 2; Figure 3.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

Miller 2014
Toplis 1980

@ @ Blinding of participants and personnel (performance bias): All outcomes

@ |@®| Other bias

@ |® | Incomplete outcome data (attrition bias): All outcomes
¥ | ¥ | Blinding of outcome assessment (detection bias): All outcomes

- |@| Random sequence generation (selection bias)
@ ®| Selective reporting (reporting bias)

- (@ | Allocation concealment (selection bias)
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Allocation

We considered the risk of bias for random sequence generation to
be low for one trial reporting that random sequence generation
was carried out by random number table, (though it was unclear
whether this was achieved via a computer or not) and it
described adequate methods for allocation concealment, including
sealed, opaque, consecutively-labelled envelopes (Miller 2014).
However, in the other trial, both the random sequence generation
and allocation concealment were not described, therefore we
considered the risk of bias for random sequence generation and
allocation concealment to be unclear, given the unclear processes
followed for these domains of selection bias (Toplis 1980).

Blinding
Blinding of participants and personnel (performance bias)

There was no indication in either study that participants and
personnel were unaware of the intervention assignments and,
given the nature of different modes of administration of the
treatment agents, we considered blinding to be highly unlikely. We
therefore considered the risk of performance bias to be high in both
(Miller 2014; Toplis 1980) studies.

Blinding of outcome assessment (detection bias)

When considering objective outcomes only (e.g. stillbirth, neonatal
death), we assessed both trials (Miller 2014; Toplis 1980) to be at
unclear risk of detection bias.

Incomplete outcome data

We considered the two trials (Miller 2014; Toplis 1980) to be at
low risk of attrition bias. We rated Miller 2014 and Toplis 1980 as
having low risk of attrition bias because 4% (1/27) of women in the
intervention group, and 8% (2/26) of women in the control group
were lost to follow-up (Miller 2014), while there was no mention or
evidence o