
Introduction

Over the last 40 years, the rate of multiple pregnancies
has increased considerably mainly due to the wider use of
assisted reproductive technologies: ART, e.g. IVF, in-
trauterine insemination (IUI) and controlled ovarian stim-
ulation (COS). Based on the latest published data of the
European Society of Human Reproduction and Embryol-
ogy (ESHRE), in the year 2014, 17.0% of the combined
IVF and intracystoplasmic sperm injection (ICSI) cycles
and 7.7% of the cycles following IUI resulted in twin ges-
tations [1]. In the United States, according to the Centre of
Disease Control (CDC), in 2015, 19,6% of ART conceived
infants were twins [2]. 

Multiple gestations are always considered high-risk due
to the increased incidence of maternal and neonatal com-
plications [3]. A high risk of perinatal complications is also
noted mainly due to prematurity and low birth weight. It
has been reported that following ART, the risk of extreme
preterm birth (< 28 weeks) is increased [1]. Furthermore,
the increase of maternal age of women opting for IVF is
associated with elevated rates of obstetric complications.
Studies have shown that these complications are associated
with maternal characteristics and not the type of fertility
treatment used [4]. However, apart from maternal factors,
dizygotic twins conceived, following IVF, have a higher
risk of preterm delivery when compared to non-IVF dizy-
gotic twins [5].

A significant increase in the number of infants requiring
stay in the neonatal intensive care unit (NICU) has been
observed. Management of premature multiple deliveries,
apart from the associated health risks, is also associated
with increased medical costs. In the US, it has been esti-
mated that the cost of preterm deliveries following ART is
approximately one billion US dollars annually [6]. More-
over, the prevalence of cerebral palsy (CP), one of the most
severe neonatal complications, has been reported to be
higher in premature deliveries [7]. It is therefore, of great
importance to apply effective ways to reduce the prematu-
rity rate in twin pregnancies.

Throughout the years, several methods have been intro-
duced in order to reduce the prematurity rate in multiple
pregnancies and therefore minimize the complications as-
sociated, with varying success rates. Scientists have re-
ported conflicting results regarding bed rest. Following
antepartum bed rest, a slight decrease in the number of
small for gestational age (GA) neonates was noted, how-
ever, pregnant women showed a higher rate of depression
symptoms [8]. More recent studies have concluded that bed
rest in hospital or at home shows no improvement in pre-
mature deliveries [9]. 

Vaginal progesterone has been shown to be beneficial in
high-risk singleton pregnancies [10], however, in twin
pregnancies, vaginal progesterone administration does not
prevent preterm delivery [11, 12]. 
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The Arabim cervical pessary has been used as a tool for 
preventing preterm delivery. One of its main advantages is
that its insertion is non-invasive, it is an easy procedure,
and does not require anaesthesia [13]. 

Its efficacy is controversial and under investigation. A re-
cent randomized controlled trial that investigated the rou-
tine use of pessary placement in twin pregnancies, failed to
show a reduction in the rate of spontaneous early preterm
birth [14]. Shirodkar and McDonald introduced the vagi-
nal cervical cerclage in the 1950s [15, 16]. Their aim was
to use a suture in order to reinforce the cervix during preg-
nancy, increase its mechanical stretch, and therefore avoid
dilatation and premature delivery. In 1965, Benson and
Durfee were the first to describe a transabdominal cervical 
cerclage (TAC) for cases that vaginal cerclage was difficult
to perform mainly due to anatomical difficulties of the
cervix [17]. In this study, the authors investigated the use of 
prophylactic vaginal cervical cerclage in twin pregnancies
conceived with the aid of fertility treatments using a mod-
ified Shirodkar operation. The suture and the knot of the
suture were fully embedded under the vaginal mucosa in
order to reduce the rate of complications associated with
infection such as, chorioamnionitis and premature rupture
of the membranes. The present authors’ goal was to inves-
tigate whether this prophylactic vaginal cerclage would
have a positive effect on neonatal delivery weight, gesta-
tional age at delivery, rates of admission and length of stay
in the NICU. 

Materials and Methods
From 2003 to 2017, 43 women with twin gestations following 

ICSI, intrauterine tuboperitoneal insemination (IUTPI), a modi-
fied IUI procedure [18] and COS were included in the study. 
Women with placenta praevia and active infection were excluded. 
The study protocol was approved by the local institutional review 
board. All women were thoroughly informed regarding the pro-
cedure, associated risks and benefits before entering the study and 
provided written consent. 

Prophylactic vaginal cerclage was performed at 13 to 14 weeks 
of gestation following the nuchal translucency (NT) test. Prior to 
the cerclage, all women underwent screening for Chlamydia, CRP, 
serum measurement, and vaginal swab cultures. All operations 
were performed in the same private hospital setting by the same 
surgeon. The same technique was used in all women in this study. 
As mentioned before, the modification refers to the cerclage su-
ture which was fully embedded under the vaginal mucosa. The 
technique was the following: the anterior and posterior lips of the 
cervix were grasped using Foerster tissue forceps with care not to 
lacerate the mucosa of the cervix. 

With an empty bladder, the cervix was pulled slightly forward. 
A 2-cm long transverse incision in the vaginal mucosa was made 
on the anterior upper-third of the cervix, 2,5 cm above the exter-
nal os. Blunt dissection with a peanut gauze followed in order to 
reveal the cervicovaginal reflection at the level of the internal cer-
vical os. Next, a round double blunt needle, 65 mm in length and 
1.6 mm diameter with polyester Mercilene tape 50 cm in length, 
5 mm in width, and 0.3 mm in thickness was inserted from the 
right end of the incision at one o’clock under the vaginal muc-

Table 1. — Number of twin pregnancies conceived by dif-
ferent fertility treatments.
ICSI 23 (53.5%)
IUTPI 14 (32.5%)
COS 6 (14%)
Total 43
ICSI: intracytoplasmic sperm injection, IUTPI: intrauterine tuboperitoneal in-
semination, COS: controlled ovarian stimulation.

osa around the cervix and below the sacrouterine ligament at 
the level of the internal cervical os and exited at the posterior 
cervix at 6 o’clock. About 20 cm of the polyester tape was 
pulled to allow for free movements. 

The round needle was inserted again at 6 o’clock below the 
sacrouterine ligament and exited from the left end of the original 
incision. The suture was securely tied anteriorly. Finally, the 
knot of the suture was buried under the vaginal mucosa which 
was approximated using a continuous absorbable 2-0 prolene 
suture. Similarly, the suture at the posterior cervix (6 o’clock) 
was buried as well. All women remained in hospital overnight for 
monitoring and were then followed up as outpatients. Monthly 
CRP and white blood count serum measurements were 
performed to monitor for signs of infection. Pregnancies were 
then routinely monitored by ultrasound. Amniocentesis was 
performed in 13 of the 43 women as per protocol after the 
completion of the second trimester ultra-sound without any 
complications. 

Antenatal corticosteroids were administered intramuscularly 
48 hours prior to the planned caesarian section (CS) to pro-
mote fetal lung maturation [19]. All women delivered by elective 
CS to minimize possible obstetric and perinatal complications 
and morbidity that can be associated with vaginal delivery in 
twin pregnancies. The delivery date was decided after taking 
into consideration maternal characteristics (such as age and body 
mass index) and following consultation with a neonatologist but 
gestations did not exceed 37 weeks. 

The maximum gestation period was determined at 37 weeks 
since a significant increase has been observed in the rate of se-
vere maternal complications with increasing gestational age, from 
1.2% at 36 weeks to 3.9% at 37 weeks and 6.4% at 38 weeks 
[20]. The cerclage suture was removed immediately after the CS. 

Results
A total of 43 women with twin pregnancies following 
fertility treatment were included in the study. All 
participants shared common baseline characteristics. The 
mean age was 34.16 ± 3.96 years and the mean BMI was 
24.8 ± 3.3 kg/m2. The methods of fertility treatment used 
that resulted in twin pregnancies are presented in Table 1. 
All twin pregnancies were dichorionic, diamniotic.
  Over the 14-year study period, a total of 86 neonates 
were delivered. The mean neonatal delivery weight was
2,238 ± 329 grams with a mean weight for first and 
second neonate delivered, 2,315 and 2,161 grams 
respectively. 
  All the pregnancy and neonatal characteristics are prese-
nted in Table 2. The mean GA was 35 + 4 weeks and was
very similar across the three ART method groups ranging
from 32 + 3 to 36 + 6 weeks. 55.8% of the neonates (49 of
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the 86) required NICU admission with an average length 
of stay of 7 ± 8 days. No significant differences were ob-
served for delivery weight, GA, NICU admissions, and 
length of stay for the neonates among the three ART 
method groups. Overall, the male neonates weighed more 
that the female, but no other significant differences were 
noted between the two sexes. 

Discussion

Twin gestations are associated with neonatal prematurity, 
the rate of which increases following ART [21]. Studies 
have shown that pregnancies conceived following COS as 
well as extended embryo culture to the blastocyst stage [22] 
are associated with higher rates of prematurity. Moreover, 
multiple pregnancies are associated with elevated health 
risks for both the mother and the newborn, higher NICU 
admissions, and total cost of treatment [23]. 

Several methods have been proposed with the aim to in-
crease the GA, including bed rest, progesterone adminis-
tration, and the Arabim cervical pessary. Unfortunately, 
none of the above methods have shown true benefit. This 
study describes the application of a fully embedded pro-
phylactic vaginal cervical cerclage, in order to increase the 
GA in twin pregnancies achieved following fertility treat-
ment. This technique is based on the Shirodkar technique 
described more than 60 years ago. Both Shirodkar and Mc-
Donald have described methods of vaginal cervical cer-
clage, however the Shirodkar technique shows a greater 
increase in cervical length when measured ultrasonograph-
ically [24], as well as better results in the prevention of 
late preterm birth and neonatal respiratory distress syn-
drome [25]. The main difference between the classic Shi-
rodkar and the proposed vaginal cervical cerclage 
technique, described in this study, is the fact that the cer-
clage suture is fully embedded under the vaginal mucosa 
in order to reduce the chance of infection. 

The beneficial effect of prophylactic cerclage in multi-
ple pregnancies was first reported in 1999, when Elimian et 
al. showed that prophylactic cerclage in triplet pregnancies 
reduced the incidence of extremely low birth weight 
neonates and the majority of the pregnancies were deliv-
ered after 31 weeks of gestation [26]. 

A recent RCT by Shehata et al. assessed the effect of pro-
phylactic vaginal cerclage in a total of 120 ICSI twin preg-
nancies. Of those pregnancies, 80 had prophylactic cerclage
and 40 did not. The mean gestational age in cerclage preg-
nancies was 34.84 ±1.71 weeks and in no-cerclage preg-
nancies it was 32.65 ± 2.56 weeks, and the mean weight
was 2,313 ± 419.81  and 1,828 ± 603.34 grams, respec-
tively [27]. Cervical shortening is often reported in multi-
ple pregnancies [28]. It has been shown, however, that
ultrasound monitoring in twin pregnancies delivered
preterm, shows dynamic and rapid changes of cervical
length compared to those delivered at term [29]. Therefore,
the obstetrician should not rely solely on ultrasound mon-
itoring of cervical length in multiple pregnancies as
changes may be unpredictable. Emergency cerclage has
been used in cases of multiple pregnancies where cervical
length is reduced at critical level. Gupta et al., however, did
not show a good outcome in twin pregnancies where emer-
gency cerclage had been applied [30].

The low success rate and possible complications of emer-
gency cervical cerclage such as, chorioamnionitis and pre-
mature rupture of the membranes further supports the need
for a prophylactic elective alternative solution. 

The technique presented in this study, was applied in 43
women with twin pregnancies achieved following fertility
treatment (COS, IUI, and IVF) at 13 to 14 weeks of gesta-
tion. It was decided to place the suture after the completion
of the NT and nasal bone assessment or the newer non-in-
vasive prenatal test (NIPT). Following the procedure, all
women in the study remained in hospital overnight for
monitoring. Studies have shown that, if the procedure is
performed in an outpatient setting, there is a higher rate of
premature contractions, whereas cases where women re-
mained in hospital had a higher rate of delivery of a live
neonate [31]. Of the 43 pregnant women included in this
study, only one showed signs of infection with an increase
in CRP level at 18 weeks of gestation that is, four weeks
following the procedure and was treated conservatively
with antibiotics. The rate of infection reported in this study
is considerably lower than that reported in the published
literature; moreover, studies have also shown that applica-
tion of the vaginal cervical cerclage late in the second
trimester of the pregnancy, is associated with increased risk

Table 2. — Pregnancy and neonatal characteristics of twin pregnancies treated with prophylactic vaginal cervical cerclage.

ART method Neonatal gender
IVF IUTPI COS Female Male

Neonates (n) 46 28 12 48 38
Birthweight (g) 2213 2231 2347 2190 2298
GA (weeks) 35+1 35+6 35+5 N/A
NICU admissions (n) 26 (56%) 16 (57%) 7 (58%) 28 21
Length of NICU stay (days) 11 10 12 13 11
GA: gestational age, NICU: neonatal intensive care unit.
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of chorioamnionitis and premature rupture of the mem-
branes [32], and it was thus decided to perform the proce-
dure early in the second trimester to avoid the above
complications. All women received corticosteroids for fetal
lung maturation 48 hours before the CS delivery [19]. In
the present study group, only one woman had preterm pre-
mature rupture of the membranes at 32 weeks gestation. 

The presence of the cerclage however, allowed the au-
thors to delay delivery for 48 hours in order to administer
corticosteroids to allow for lung maturation and to possibly
decrease the length of NICU stay. The mean delivery
weight of the neonates in this study was 2,238 ± 329 grams
and more specifically for twins A and B, 2,315 and 2,161
grams, respectively. The average GA at delivery was 35+4
weeks ± 7 days. In 2014, the European IVF Monitoring
Consortium reported 100,465 deliveries from 382,517 IVF
and ICSI embryo transfers and of those 17% were multiple
gestations. In these, the risk of extreme preterm birth (GA
20-27 weeks) and very preterm birth (GA 28-32 weeks) in
twin pregnancies was 4.1% and 15.5%, respectively [1].

Based on these European data, the proposed method
could aid more than 6,800 neonates annually, to be deliv-
ered at a safer gestational age. Furthermore, in the US, in
2015, the rate of very low birth weight (< 1500 grams) ART
twins was 8.7%. Regarding GA, the rate of preterm birth (<
37 weeks) and very preterm birth (< 32 weeks) was 61%
and 10.5%, respectively [2]. If we extrapolate all the above
data, and given that globally around 500,000 neonates con-
ceived through ART are delivered each year, it can be esti-
mated that more than 30.000 twin neonates will be
premature [33]. When we combine the twin pregnancies
conceived through IUI and COS, we expect the number of
premature twin neonates to double. Therefore, it can be
concluded that application of the fully embedded prophy-
lactic vaginal cervical cerclage may offer the chance to twin
neonates to be delivered at an average acceptable delivery
weight of 2,238 grams and at about 35 + 4 weeks that is,
very close to term and therefore avoid the complications of
prematurity. 

Regarding NICU admissions, in the present study, 55%
of the twin neonates required admission in intensive care.
The mean (± standard deviation) length of stay in NICU in
our study was 7 ± 8 days. A study examining the neonatal
outcome of IVF/ICSI twins versus twins conceived natu-
rally showed that the average number of days spent in the
NICU of the IVF/ICSI twins was 19.8 days [34]. 

In the present study the mean ± standard deviation length
of stay in NICU of twins conceived through IVF/ICSI was
7 ± 8 days, that is, 12.8 days less than that reported by Pin-
borg et al. [34], emphasizing the positive effect of the pro-
phylactic cerclage placement. It is also important to note
that in the present study, many of the neonates were admit-
ted in the NICU as a precaution, to be monitored and re-
mained in hospital only for a few days. 

As mentioned above, the incidence of cerebral palsy, a

major complication of premature neonates, increases with 
prematurity. The prevalence of CP in neonates has been re-
ported to be as high as 14.6% at 22 to 27 weeks' gestation, 
6.2% at 28 to 31 weeks, and 0.7% at 32 to 36 weeks, com-
pared to 0.1% at term infants [7]. The cost of care of 
neonates born is high, including healthcare, productivity, 
and social costs [35]. Increasing GA, therefore, reduces the 
chance of CP in the neonate born, highlighting further the 
benefit of prophylactic cerclage.It may be argued that one 
of the best ways to avoid multiple pregnancies following 
IVF is the transfer of fewer embryos, with single embryo 
transfer (SET) being the optimal way. This however, is usu-
ally applied in women < 36 years of age, that is a fraction 
of the IVF cycles performed in a Fertility Centre [36]. Re-
cently, it has been reported that even with SET, the chance 
of achieving a twin pregnancy due to zygotic splitting is 
1.56%, which is still higher than that of naturally occurring 
twin pregnancies [37]. Moreover, couples opting for IVF 
are instigated by a powerful urge to become parents and 
welcome the possibility of multiple pregnancies, despite 
the associated risks (38). Although SET is an option in IVF 
cycles, there is no available solution in IUI and COS cy-
cles, further supporting the need for a prophylactic mea-
sure to ensure the wellbeing of both the mother and fetuses 
in multiple pregnancies. One of the main advantages of the 
present technique is that all women were able to avoid bed 
rest and thus the psychological and socioeconomic issues 
associated with it, allowing them to remain active through-
out their pregnancy. Although this is a report of a limited 
number of twin pregnancies, the authors believe that the 
benefit of the application of the modified, fully embedded, 
prophylactic vaginal cerclage can be made apparent. Ap-
plication of the technique in a larger cohort of cases is 
needed to confirm these encouraging results. 
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