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Selection Criteria: Studies including women with a singleton pregnancy, requiring
a cervical cerclage, using either the Shirodkar or McDonald technique that ran com-
parative analyses between the two techniques.
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Main Results: Seventeen papers were included: 16 were retrospective cohort stud-
ies and one was a randomised controlled trial. The Shirodkar technique was sig-
nificantly less likely to result in preterm birth before 37 weeks than the McDonald
technique (relative risk [RR] 0.91, 95% CI 0.85-0.98). This finding was supported by a
statistically significant reduction in rates of preterm birth before 35, 34 and 32 weeks,
PPROM, difference in cervical length, cerclage to delivery interval, and an increase
in birthweight in the Shirodkar group. No difference was seen in preterm birth rates
<28 weeks, neonatal mortality, chorioamnionitis, cervical laceration or caesarean
section rates. The RR for preterm birth prior to 37 weeks was no longer significant
when sensitivity analyses were performed removing studies with a serious risk of
bias. However, similar analyses removing studies that utilised adjunctive progester-
one strengthened the primary outcome (RR 0.83, 95% CI 0.74-0.93).

Conclusion: Shirodkar cerclage reduces the rate of preterm birth prior to 35, 34 and
32weeks’ gestation when compared with McDonald cerclage; however, the overall
quality of the studies in this review is low. Further, large, well-designed randomised
controlled trials are required to address this important question to optimise care for
women who may benefit from cervical cerclage.
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1 | INTRODUCTION

Preterm birth (PTB) is responsible for an estimated 1 mil-
lion neonatal deaths per year, making it the leading cause
of mortality in children under 5years." Despite increasing
international research, PTB remains an unresolved obstet-
ric complication of pregnancy, affecting 5-13% of pregnant
women.? Children born preterm are at a higher risk of re-
spiratory distress syndrome, intraventricular haemorrhage,
necrotising enterocolitis and retinopathy of prematurity.’
Preterm birth is also associated with increased maternal
morbidity with higher rates of obstetric haemorrhage, in-
fection and intensive care unit admission, likely related to
increased operative delivery.* Additionally, extreme preterm
birth, defined as birth before 28 weeks, carries even greater
risks for neonatal complications and ongoing societal
costs.>®

It has been established in the literature that women
with a combination of prior obstetric history and a short
mid-trimester cervical length are at a greater risk of ex-
treme PTB.> At present, there are few effective strategies
to prevent extreme PTB, an issue that is mirrored by the
paucity of data on the efficacy of cerclage to prevent ex-
treme PTB as the majority of the research addresses late
PTB <37 weeks.”

A short cervical length (<25mm) is a good predictor of
PTB, with a 31.2-41.3% risk of PTB if present between 18
and 24 weeks.®® In these women, management options in-
clude vaginal progesterone'® or cervical cerclage.*" Cervical
cerclage reduces the risk of preterm birth in women at high-
risk of preterm birth and probably reduces risk of peri-
natal deaths.'” The two most utilised approaches are the
McDonald technique, a simple purse-string suture around
the cervix; and the Shirodkar technique, which involves
colpotomy and bladder dissection with the aim of a higher
suture placement.

There is currently a lack of consensus on the superiority
of the McDonald or Shirodkar technique of cervical cerclage
and there are no current guidelines or agreement on which
technique is reccommended. In the absence of emerging ther-
apies to prevent PTB, combined with the increasing rate of
PTB worldwide, there is a great need to maximise the effect
of the currently available treatments. This review aims to de-
termine whether one of the two surgical techniques provides
a greater reduction in preterm birth rates.

1.1 | Aim

To synthesise existing quantitative evidence comparing
McDonald with Shirodkar cervical cerclage techniques to
determine which is associated with better maternal and neo-
natal outcomes. This systematic review will answer the fol-
lowing question regarding women requiring elective cervical
cerclage in singleton pregnancy: Is there a difference be-
tween the McDonald and the Shirodkar cerclage techniques
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in the prevention of PTB and other significant maternal or
neonatal outcomes?

1.2 | Hypothesis

We hypothesise that there will be no significant difference
in maternal or neonatal outcomes between the McDonald
cervical cerclage technique and the Shirodkar cervical cer-
clage technique.

2 | METHODS

A protocol paper detailing the methods for this systemic
review and meta-analysis has been published previously."”®
Our systematic review protocol was submitted to the
International Prospective Register of Systematic Reviews
(PROSPERO) on 20 April 2020 and accepted on 6 July
2020 (registration number CRD42020177386). We have
presented the data using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) state-
ment,'* the Meta-Analyses of Observational Studies check-
list (MOOSE)" and the Cochrane Handbook for Systematic
Reviews of Interventions.'® Information regarding regis-
tration can be accessed from http://www.crd.york.ac.uk/
PROSPERO. Patients were not involved in the development
of this research.

2.1 | Eligibility criteria

Eligibility of studies included in this systematic review was
based on pre-planned inclusion and exclusion criteria ap-
plied to each of the following domains: participant, expo-
sure, comparator, study type and outcome.

2.2 | Participants

The review considered all studies that included pregnant
women undergoing McDonald or Shirodkar cervical cer-
clage for prevention of PTB. Studies were excluded if they
included women with multiple gestation pregnancies.

2.3 | Intervention

Studies which compared the McDonald and Shirodkar tech-

niques of cervical cerclage as an elective procedure.

2.31 | McDonald cerclage

In the McDonald approach, a suture is placed around the
cervix in purse-string fashion and securely tied anteriorly.
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The McDonald approach requires no dissection into para-
cervical tissues.'”'®

2.32 | Shirodkar cerclage

The Shirodkar technique involves a transverse anterior col-
potomy, dissection of the bladder up to the internal cervical
os and a posterior colpotomy with dissection of areola and
peritoneum upwards to the internal os. The suture is placed
subcutaneously, and the knot tied in the posterior defect and
buried under the vaginal epithelium."””*** Later modifica-
tions do not require a posterior colpotomy and place the knot
exterior to the vaginal mucosal for ease of removal.” While
technically more challenging, the rationale of this technique
is to allow more proximal placement of cerclage closer to the
internal os. A number of other modifications have been re-
ported which simplify the Shirodkar technique by utilising a
clamp on the paracervical tissues for more accurate suture nee-
dle placement or avoiding a posterior colpotomy and suture
burial.*! For this study, both the original technique described
by Shirodkar and the modified techniques have been included.

2.4 | Types of studies

This review accepted randomised control trials, quasi-
randomised control trials, non-randomised experimen-
tal control trials and cohort studies. All papers included
had to compare the interventions, McDonald cerclage and
Shirodkar cerclage.

2.5 | Search strategy

Six electronic bibliographic databases were searched for eli-
gible, peer-reviewed literature: MEDLINE (Ovid), Embase
(Ovid), PsycINFO (Ovid), Scopus, CINAHL (EBSCOhost) and
Cochrane Library (Wiley). Reference lists of included studies
were screened and references in academic textbooks were also
reviewed. Where it was not possible to source studies, contact
was attempted with the corresponding author. A more de-
tailed database search strategy is described in Appendix S1.

2.6 | Study selection

The titles and abstracts were reviewed using Endnote*® and
Covidence.** Studies that did not meet the criteria based on
abstracts were excluded (authors A-MA and LM) and full
texts of remaining articles were sourced and screened (A-MA
and RD). No language restriction was set; all non-English in-
cluded studies were translated into English. Included studies
were critically appraised (by LM and AI) and data extracted
using a standardised electronic form (by RD and KPW). At
all levels of screening, any discrepancies were moderated by
a third senior reviewer (CEP).

2.7 | Data analysis

2.71 | Assessment of risk of bias

To facilitate the assessment of possible risk of bias for each
study, two independent reviewers (Al and LM) assessed each
paper using the Cochrane Collaboration tool for assessing
the risk of bias: ROBINS-I for non-randomised studies and
RoB 2 randomised studies.**

2.72 | Cochrane GRADE assessment

Quality of evidence for our primary outcome was judged
using the GRADE tool by two independent reviewers (A-MA
and KPW).”

2.8 | Outcomes

2.8.1 | Primary outcome

The primary outcome was PTB <37 weeks’ gestation.

2.8.2 | Secondary outcomes

Secondary outcomes included PTB <28, 32, 34 and
35weeks. Maternal secondary outcomes examined were
rates of preterm premature rupture of the membranes
(PPROM), chorioamnionitis (clinical or laboratory diag-
nosis), cervical laceration and stenosis, caesarean section
delivery, number of days between cerclage and delivery,
intraoperative membrane rupture at time of cerclage, cases
requiring repeat cerclage and difference in cervical length
before and after cerclage. Neonatal outcomes included
birthweight, Apgar score <7 and neonatal mortality, which
included mortality up to 1 month post-delivery or neona-
tal survival (this figure was then inverted to mortality).
Thorough definitions of these outcomes are referenced in
the protocol paper."

2.9 | Data synthesis

A meta-analysis was performed by pooling studies to-
gether using RevMan®® and Covidence software.”* The
heterogeneity of data was examined using Forest plots
and quantified throughout calculation of the I*-value. An
I* >50% was used to indicate substantial heterogeneity
and a random-effects model was used. For all I* <50%, a
fixed effects model was used. Outcomes with fewer than
five studies were analysed using a fixed effects model.”’
For reporting consistency between outcomes, we made the
McDonald intervention the reference set for all analyses,
standardising the direction of effect across all primary
and secondary outcomes.
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29.1 | Measures of treatment effect

Where applicable, study data were combined and reported
using meta-analyses using the standard estimation of: (1)
risk ratio (RR) and 95% CI for dichotomous outcome vari-
ables, and (2) mean differences (MDs) or standardised mean
differences (SMDs) and 95% CI for continuous outcome
variables.

292 | Sensitivity analysis

Sensitivity analysis was conducted on the primary out-
comes, PTB <37 weeks’ gestation. This was performed by re-
moving studies with an overall high risk of bias to examine
their impact on the effect estimate. Where possible, further
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sensitivity analysis was performed for birth <37 weeks by se-
lecting for indication. Unfortunately, this was only possible
for two indication combinations. Another sensitivity analy-
sis was conducted on the primary outcome which removed
any paper that was known to include conjunct progesterone.

3 | RESULTS

3.1 | Study selection and characteristics

Searches of databases identified a total of 178 studies, and
manual searches identified one additional publication
(Figure 1). Seventy-five papers were removed due to duplica-
tion, leaving 104 unique papers, of which 46 were excluded
at title and abstract review level, and an additional 41 were
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FIGURE 1 PRISMA flow chart of study selection.
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excluded at the full text review stage, leaving 17 papers. Of
those excluded at full text screening, 14 were inappropriate
study designs and two could not be sourced. Of the remain-
ing 23, eight did not compare Shirodkar and McDonald, a
further 15 did not report useable outcomes that were compa-
rable to the outcomes of interest in this review, and another
two reported on inappropriate populations. This process
left a total of 17 studies to be included in the meta-analysis
(Figure 1).

A summary of the key characteristics of the included
studies is presented in Table 1. The 17 included studies con-
sisted of 2063 participants; of these, 16 studies were retro-
spective cohort studies and one was a randomised control
trial. Of the retrospective studies, one paper’® utilised data
from four separate randomised control trials.** The sam-
ple sizes for the included studies ranged from 25 to 374 and
all studies reported quantitative data. Gestational ages (GA)
at cerclage insertion were reported specifically for each cer-
clage type in eight papers ranging from early to late second
trimester. Further interventional study data have been ex-
tracted in Table S3 including GA at cerclage insertion, an-
tibiotic use, reporting of covariate adjusted or unadjusted
results, progesterone use, bed rest, tocolytic use, multiple
gestation inclusion, indication for cerclage and birth type.

3.2 | Risk of bias and quality of evidence
Tables S1 and S2 show the level of risk in each of the domains
of bias as assessed using Cochranes's risk of bias assess-
ment tools for each of our included study designs. Table S1
summarises the included observational studies risk scores
determined using the Cochrane's ROBINS-I. Table S2 sum-
marises the included randomised control trials risk scores
using Cochrane's RoB-2.2>%

In examining the risk of bias, it was found that the older
studies tended to have a higher risk of bias, whereas more re-
cent publications appeared to show a more favourable risk of
bias. This is likely due to improved study design and report-
ing. Of the observational studies, eight papers (47.1%) were
judged to be at serious risk of bias, six (35.2%) at moderate
risk and two (11.8%) at low risk. Also included was a rela-
tively small (n = 34 per arm) randomised control trial (RCT)
which was judged to have ‘some concerns’ (5.9%) regarding
bias. The quality of evidence for the primary outcome, birth
before 37 weeks, was assessed using GRADE and was ranked
as low quality.

3.3 | Birth before 37 weeks

The association between the cervical cerclage technique and
the primary outcome of birth <37 weeks is shown in Figure 2.
Twelve studies (70.5%) reported data on this outcome. There
were significantly lower rates of birth before 37 weeks in the
Shirodkar group than in the McDonald group (RR 0.91, 95%
CI 0.85-0.98).

When sensitivity analyses were performed, the lower rates
of birth prior to 37 weeks were no longer evident, except when
studies that utilised progesterone at any time during the same
pregnancy (Table 2) were excluded (RR 0.83, 95% CI 0.74-
0.93). Removing studies with a serious risk of bias improved
the quality of evidence from low to moderate and analyses
no longer demonstrated any evidence that one surgical tech-
nique was superior to the other (RR 1.01, 95% CI 0.97-1.04).
When the primary outcome studies were analysed by risk of
bias groups there was no statistical significance between low
(RR0.82,95% CI 0.63-1.07), moderate (RR 0.90, 95% CI 0.77-
1.06) and high (RR 0.87, 95% CI 0.73-1.03).

Sensitivity analyses of the primary outcome were also con-
ducted based on indication for cerclage. When papers which
did not include all three indications (history indicated, ul-
trasound indicated or physical examination indicated) were
removed, the primary outcome was no longer significant
(RR 0.94, 95% CI 0.83-1.07). A similar non-significant result
was also seen with the removal of studies that did not include
a short cervix as identified by ultrasound as an indication
(RR0.91, 95% CI 0.82-1.02).

3.4 | Birth prior to 35, 34, 32 and 28 weeks’
gestation and the number of days between
cerclage and birth

Rates of preterm birth before 35weeks (RR 0.87, 95% CI
0.79-0.96), 34weeks (RR 0.86, 95% CI 0.76-0.96) and
32weeks (RR 0.84, 95% CI 0.76-0.92) were all significantly
lower with the Shirodkar than with the McDonald surgical
technique. Preterm birth before 28 weeks (RR 0.99, 96% CI
0.95-1.03) was the only one of these outcomes to show no
difference between the cerclage techniques. The Shirodkar
technique was also associated with a significantly longer in-
terval between cerclage and birth (mean 10.79 days, 95% CI
8.20-13.38; Table 2).

3.5 | Neonatal outcomes (neonatal
mortality and birthweight)

There was no difference between the two surgical techniques
in neonatal mortality (RR 1.01, 95% CI 0.97-1.04). The birth-
weight in the Shirodkar group was significantly greater than
in the McDonald group (mean difference 348 g, 95% CI 291-
405; Table 2).

3.6 | Maternal outcomes (PPROM,
chorioamnionitis, cervical laceration, caesarean
section and cervical length)

The rate of PPROM was found to be significantly lower in the
Shirodkar group than in the McDonald group (RR 0.87, 95%
CI 0.77-0.99). The Shirodkar technique group also showed
a significantly greater increase in the post-cerclage cervical
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LBER ()(; 5 rmcrems o
McDonald Shirodkar (Non-event) Risk Ratio (Non-event)

Study or Subgroup Events Total Events Total Weight IV, Fixed, 95% Cl  Risk of Bias IV, Fixed, 95% CI

Harger 1980 33 169 15 82 33.2% 0.98[0.87,1.12] High -+

Cardwell 1988 17 49 29 80 7.7% 1.02[0.79,1.33] Med | [

Bassaw 1990 58 138 14 43 10.3% 0.81[0.65,1.02] High B |

Marks 1992 16 23 19 86 1.3% 0.39[0.21,0.73] High S

Ayhan 19893 75 323 13 51 181% 1.03[0.87,1.22] High i

Rozenberg 2003 7 19 5 14 2.0% 0.98 [0.58,1.65] Med I

Heath 2013 33 99 4 23 9.7% 0.81[0.64,1.02] High |

Otsuki 2016 11 34 7 34 6.4% 0.85([0.64,1.14] Med T

Bartolo 2017 9 24 2 14 3.7% 0.73[0.50,1.06] Med e

Wong 2017 14 24 11 36 2.0% 0.60[0.36,1.01] Low —

Figueroa 2019 19 48 16 47 5.6% 0.92[0.67,1.25] Low T

Total (95% CI) 950 516 100.0% 0.91 [0.85, 0.98] ’

Total events 292 135

Heterogeneity: Chi*=17.32, df=10{P=0.07); F= 42% '0'1 012 UTS i é 10'

Test for overall effect: Z=2.42 (P=0.02)

FIGURE 2 Forest plot of preterm birth <37 weeks’ outcome.

length (mean difference 5.25mm, 95% CI 4.68-5.83). There
was no difference between the two techniques in the rates
of chorioamnionitis (RR 0.96, 95% CI 0.90-1.02), cervical
laceration (RR 1.04, 95% CI0.98-1.10), or caesarean section
(RR 1.07, 95% CI 0.94-1.22, Table 2).

4 | DISCUSSION

4.1 | Main findings
The main finding of this systematic review and meta-
analysis of all currently available data was that pregnancies
requiring a cervical cerclage were less likely to result in pre-
term birth when the Shirodkar technique of cerclage was
utilised compared with the McDonald approach; however,
removing studies with serious risk of bias resulted in this
improvement no longer remaining significant. Analyses
of secondary outcomes did identify statistically signifi-
cant reductions in rates of preterm birth before 35, 34 and
32weeks, PPROM, difference in cervical length, cerclage
to delivery interval and an increase in birthweight in the
Shirodkar group. The greatest improvement in PTB rates
was demonstrated at <32 and 34 weeks where there was a
three-fold reduction in PTB rates when a Shirodkar cer-
clage was used rather than the McDonald technique. It
was estimated that an additional 28 Shirodkar cerclages
(95% CI 18-56) would need to be performed to prevent one
birth <32 weeks.*>?¢

It is well established that the risk of spontaneous PTB is
increased for women with a short cervix on transvaginal
ultrasound.” ™ Previous studies have shown a correlation
between increased cervical length post-cerclage and later
gestation at delivery.*®*" A cerclage height of at least 18 mm
(measured from the cerclage to the external os on a mid-
sagittal plane on transvaginal ultrasound) has been shown
to be associated with a reduction in PTB when compared
with cerclages placed closer to the external os.*? In two

Favours Shirodkar Favours McDonald

publications evaluating the location of cerclage post-surgery,
the McDonald cerclage has been shown to fail to achieve
this height in the majority of women.*>** The Shirodkar ap-
proach places the cerclage higher and closer to the internal
os and hence is more likely to result in a longer post-cerclage
cervical length than those inserted using the McDonald ap-
proach. This observation is supported by the studies com-
paring cervical length post-cerclage,**** where a significant
increase in cervical length post-cerclage was demonstrated
for the Shirodkar technique compared with the McDonald
approach (mean difference 5.25mm, 95% CI 4.68-5.83).

Respiratory distress syndrome (RDS) was not included
in the final analysis, as only one included paper reported
on this outcome (REF). In this study, a significant reduc-
tion in RDS rates was shown when the Shirodkar technique
compared with the McDonald approach. This finding is
in keeping with our observation that Shirodkar cerclage
was associated with a reduction in early PTB and literature
which demonstrating increasing RDS associated with earlier
gestations of birth.

In this meta-analysis, the interval between cerclage and
birth was significantly longer with the Shirodkar than the
McDonald cerclage. This interval has previously been re-
ported by two studies, one of which favoured the Shirodkar
cerclage®® and the other the McDonald approach.”® It
should, however, be noted that in the study that favoured the
McDonald cerclage, the McDonald group had a significantly
longer cervical length at study entry and less advanced ges-
tational age when compared with the Shirodkar group (20
versus 23 weeks).>°

Even though the Shirodkar technique requires greater
surgical expertise than the McDonald approach, the proce-
dure complication rate is generally low.'* This review was
not able to compare rates of intraoperative rupture of mem-
branes or repeat cerclage due to small numbers. However,
there was no difference in the rates of cervical laceration be-
tween the two techniques. Furthermore, PPROM, arguably
an important technique-related complication, occurs less
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frequently with the Shirodkar technique without a previ-
ously reported increase in the caesarean section rate.***™*°

4.2 | Strengths

One of the key strengths of this meta-analysis is the consist-
ency of the results supporting the Shirodkar technique. A
further strength is that all data extracted were unadjusted. It
is of some concern, though, that most papers did not attempt
to adjust data for their significant biases.

4.3 | Limitations

A significant limitation of this meta-analysis is the high risk
of bias of many of the included studies. Thirteen of the stud-
ies included in this meta-analysis were classified as having
a high risk of bias. Further, all papers included were cohort
studies, except for one RCT.*® Of note, the data from this
small RCT, while not statistically significant, favoured the
Shirodkar technique, highlighting the need to a further well
powered RCT. Indication bias was a further limitation, as
included papers varied in terms of their indications for cer-
clage between ultrasound, history and physical examination
indicated. Another limitation is that maternal and neonatal
morbidity and mortality data were underreported or not re-
ported in the included studies. As a result we were not able to
report on some outcomes mentioned in our protocol paper.13
These included Apgar score, intraoperative membrane rup-
ture, cervical stenosis, repeat cerclage rate and a sub-analysis
of preterm birth at <36weeks™ gestation. It should also be
noted that although cervical length and neonatal respira-
tory distress syndrome were presented in this meta-analysis,
the sample size for these outcomes was small (Table 2) and
these results should be interpreted with caution. It should
also be noted that most studies did not report on the type
of preterm birth (i.e. spontaneous or iatrogenic), which may
be a confounding variable. Another limitation in the meta-
analysis is, with one exception, none of the included papers
controlled for the effect of surgical experience of different
operators. The only study with a single surgeon for all pro-
cedures, who was equally experienced in both techniques,
reported a statistically significant better outcomes for PTB
with the Shirodkar approach.*

44 | Interpretation

Although this meta-analysis did not report a reduction in
PTB <37 weeks’ gestation after sensitivity analysis was per-
formed, it does report results that favoured the Shirodkar
over the McDonald approach for PTB <35, 34 and 32 weeks’
gestation. The overall quality of the studies in the review
was low, with the risk of bias rated from between mod-
erate to high. The most comprehensive study to date is a
small RCT of 68 participants®® (RR 0.86, 95% CI0.85-1.14);

although not statistically significant, the data in the
study suggest that a higher powered RCT may favour the
Shirodkar technique. Until these studies are performed,
both surgical techniques should be taught to training ob-
stetricians, as individual circumstances will vary for each
woman and the final decision should continue to be left to
the discretion of the obstetrician. This is consistent with the
current guidelines from the Royal College of Obstetricians
and Gynaecologists and the Society of Obstetricians of
Gynaecologists of Canada.”

4.5 | Conclusion

Regarding preterm birth prior to 37 weeks’ gestation, the
current literature does not clearly support one surgical tech-
nique over another for vaginal cervical cerclage. While the
Shirodkar technique achieves greater cerclage post-cerclage,
longer interval between time at cerclage insertion to delivery,
increased birthweight, a reduction in PPROM and a reduc-
tion in PTB rates <35, 34 and 32 weeks when compared with
the McDonald approach, the overall quality of studies in this
review is low. Further large, well designed randomised con-
trolled trials comparing these techniques are required before
firm recommendations can be made regarding the best sur-
gical approach to prevent preterm birth.
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