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Introduction

In recent years, numerous studies have been conducted, which
have demonstrated the efficacy and safety of using mechanical
methods for the induction of labor with an unfavorable Bishop
Score (BS � 6). Mechanical methods work by stimulating the
endogenous production of prostaglandins (PG) by stretching the
amnio-chorionic membranes and myometrial cells.

The analysis of the existing literature [1–13] highlights the
advantages of mechanical methods over PG:

� Equal rates of caesarean deliveries (CD) compared to the use of
prostaglandins (PGE2);

� Effectiveness comparable between PGE2 and PGE1;

� Reduced frequency risk of uterine hyperstimulation and
reduced risk of fetal heart rate abnormalities

� Reduction of the risk of CD compared to the use of oxytocin;

� Better safety profile in women with previous CD;

� Lower cost compared to medical induction.

Conversely, there is heterogeneous data with resepect with
whether there is an increased risk of maternal-neonatal infections
with mechanical methods, particularly with balloon catheters
[4,10–11]. Several studies have used premature rupture of mem-
branes and ongoing maternal infections (chorio-amnionitis) as
exclusion criteria, although antibiotic prophylaxis in women with
Group B Streptococcus (GBS) positive vaginal swab reduces the
number of endometritis in the postpartum period [11]. In
mechanical induction in patients with preterm premature rupture
of membranes (P-PROM) between 34 and 37 weeks of gestation,
there were no statistically significant differences in the low rate
of intrauterine infection compared to a group of PG-induced P-
PROMs [14,15]. Overall, McMaster et al. in their systematic
review and meta-analysis of the literature on the use of trans-cer-
vical catheter and associated infectious morbidity did not report
an increased infectious risk for the mother–child couple: similar
rates of chorio-amnionitis were reported (7.2% vs 7.2%),
endometritis (3.8% vs 3.5%) and neonatal infection (3.2% vs
3.6%) in the mechanical induction group versus prostaglandin
groups [16–19].
In this consensus evaluation of current mechanical methods of
induction of labor we shall discuss:

1. Membrane sweeping
2. Amniotomy
3. Balloon catheters
4. Synthetic osmotic dilators
5. Outpatient use

Membrane sweeping (Detachment of membranes)

The detachment of the amniotic membranes (also known as
‘‘membrane sweeping” and ‘‘membrane stripping”) during vaginal
examination is used to promote the onset of labor, comparable in
all respects to a mechanical induction method. This manoeuvre
increases the release of local PG [20,21]. In reality, the detachment
of the membranes is an ‘‘adjuvant” techinque, which can be offered
between the 40th and 41st week in nulliparous women and at the
41st week in multiparas, before resorting to a ‘‘formal” induction.
All women should be advised that this procedure is associated with
transient discomfort during the visit with light pain, minor bleed-
ing and the onset of initially irregular contractions within 24 h [1].
This procedure must be documented and requires the patient’s
consent, even just verbal. The separation of the membranes
involves the insertion of the examining finger beyond the inner
cervical os followed by gently separating the amnio-chorion mem-
branes from the lower uterine segment. In the case of a closed cer-
vix, it is possible to perform a cervical massage with the index and
middle finger for 15–30 s [1]. The data in the literature are conflict-
ing in recognizing a real advantage deriving from this manoeuvre.
One study reports that membrane dissection from week 38
onwards did not lead to major clinical benefits, other than an
increased risk of premature rupture of the membranes [22]. In
the case of women attempting vaginal delivery after CD, serial
membrane detachments at term show no significant effect on:
duration of pregnancy, onset of labor, induction of labor or CD
[23]. A Cochrane review [21] found that routine membrane dissec-
tion performed weekly at term (after the 38th week) compared to
non-treatment:

� Reduces the frequency of post-term pregnancies (beyond the
41st week);

� Reduces the use of pharmacological induction of labor;
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� Reduces the likelihood of non-onset of labor within 48 h and
failure to deliver within a week;

� No increase in maternal-fetal morbidity.

These favourable effects of the ‘‘membrane sweeping” manoeu-
vre have also emerged from a more recent systematic review and
meta-analysis [24]. In 2020, an update on the practice of mem-
brane dissection, presenting it as a possible option to initiate
labour, showed with a good safety profile for the mother–child
couple with no uterine hyperstimulation, no uterine rupture, no
fetal distress at cardiotocography (CTG), no case of neonatal
encephalopathy, being able to reduce the use of ‘‘formal” induc-
tions and, being highly cost-effective. However, several questions
remain about what is the optimal number of ‘‘membrane sweeps”
attempts and the most appropriate timing to carry this manoeuvre
[25].

Recommendation
To offer womenmembrane sweeping before formal induction of

labour at antenatal visits from 39 + 0 weeks onwards and repeat
this weekly if labour does not start spontaneously.

Amniotomy

Artificial rupture of membranes (also known as amniotomy or
amniorexis) is one of the oldest and most performed technique
in obstetric practice. It is simple to do when the cervix is favour-
able and the amnio-chorionic membranes are easily accessible
[1]. The primary objective of amniotomy is to increase the intensity
and frequency of uterine contractions and, therefore, to reduce the
duration of labour related to the release of citokines and endoge-
nous hormones [26]. Contraindications to this procedure are [1]:

� Placenta previa and vasa previa (due to the high risk of
bleeding);

� Presenting part not engaged, increasing the risk of cord pro-
lapse. To reduce the risk of this complication, it is necessary
to leave the examining fingers in place until the presenting part
descends onto the cervix [1],

� HIV infection;

� Active genital infections (excluding GBS).

Timing of amniotomy has been widely debated. A randomized
study [27] observed that ‘‘early” amniotomy (dilation � 4 cm) in
primiparas reduces the duration of labor by approximately 2 h,
while in another study it was associated with an increased risk
of CD in primiparas [28]. In modern obstetric practice, in order to
increase uterine contraction activity, oxytocin (OT) infusion is
widely used in association with amniotomy, but the exact timing
of amniotomy and initiation of OT infusion is highly variable
[29]. Bala et al in a recent study observed how the timing of
amniotomy (‘‘early or delayed”) and the associated oxytocin infu-
sion, in the presence of a favorable BS, effect the course of labour.
Amniotomy performed before initiating OT infusion (‘‘early
amniotomy”), reduces the induction-delivery time interval (7.35
vs 11.66 h, early vs delayed respectively), increases the rate of
women giving birth within 12 h (86.7% vs 60%, early vs delayed
respectively) and reduces the OT concentration used (30.05 mU/
min vs 39.68 mU/min, early vs delayed respectively). In the group
of amniotomy performed between 4 and 8 h after the start of the
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OT (delayed amniotomy) infusion, a lower rate of CD was reported
(2.7% vs 10.7%); neonatal outcomes were similar in the two groups
investigated [30]. The study by Beckmann et al compared two
induction protocols based on the use of PG in vaginal gel vs
amniotomy. The protocol based on the evening administration of
one dose of vaginal PG gel, followed by amniotomy the next morn-
ing, showed a significant reduction in the induction-delivery inter-
val compared to repeating a second dose of PG gel in place of
amniotomy [31]. Regarding the possible risks associated with
intentional rupture of membranes for induction/acceleration of
labor, the most frequently reported (albeit with sometimes con-
flicting data) are dystocia of labor and the risk of CD. A randomized
clinical trial observed that early amniotomy (dilation � 4 cm) is
associated with lower rates of dystocia and CD in the nulliparous
group [32].

There is currently a lack of strong data to support the superior-
ity of amniotomy over other induction methods and no absolute
recommendations can be made for clinical practice.

Recommendations
To offer women with a Bishop score of more than 6 induction of

labour with amniotomy and an intravenous oxytocin infusion.
Routine amniotomy is not recommended when labour is pro-

gressing normally because it does not reduce the duration of
labour nor does it modify either the caesarean rate or the Apgar
scores at birth. On the other hand, it is recommended as a first-line
treatment, before oxytocin, when progress in dilation stops [33].

Balloon catheters

These are represented either by single balloon catheter (Foley
catheter - off label use) and double balloon (Cook catheter).

With regard to trans-cervical balloon catheters, it is recom-
mended [34]:

� Preliminary CTG tracing for at least 30 min as for any other
induction method;

� Bishop score assessment and insertion of the catheter using
sterile conditions through the internal os of the cervix.

� Slow introduction of 30 cc of saline solution and applying mod-
erate traction on the catheter

� Slow introduction of another 30 cc (up to a maximum of 80 cc)
of saline solution.

� Fixation of the catheter on the patient’s inner thigh.

� Continue CTG monitoring for at least 30 min.

� If a double balloon is used: introduce another 50–80 cc of saline
solution into the proximal balloon in the vagina.

The balloon catheter must be removed after 12 h in case of the
double balloon and after 24 h in case of using a Foley. Pez et al.
compared the single-balloon catheter with the double-balloon
catheter and the prostaglandin induction with dinoprostone: a
similar rate of vaginal deliveries was reported for all study groups
(78% single balloon vs 75% double balloon vs 71% dinoprostone).
There was an increased need for subsequent oxytocin infusion in
the single-balloon catheter patient group. However, there was a
significant difference in costs between the the single balloon (9
euros) vs double balloon (55 euros) vs dinoprostone (81 euros)
[35].
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The catheters must also be removed first in the presence of:

� PROM (heterogeneous literature data; few recent studies have
been based on the use of balloon catheters even in cases of
PROM and P-PROM);

� Spontaneous expulsion of the catheter;

� Onset of labor;

� CTG abnormalities

There is evidence of an increased risk of umbilical cord prolapse
during the use of balloons for cervical ripening, especially in cases
involving the use of disk-type and ball-type balloons filled with
large amounts of water [36].

Overall, there is equal efficacy with balloon catheters compared
to PGE1 and PGE2 but balloon catheters are associated with better
safety profile i.e. reduced hyperstimulation and reduced fetal heart
rate changes and better maternal satisfaction rates [18,19].

Synthetic osmotic dilators

The use of hygroscopic dilators for ‘‘cervical ripening” is an
ancient practice, which is being rediscovered in recent years in
many countries. It originated with the use of Laminaria, a product
of natural origin, which involves the insertion into the cervix of
seaweed stems, capable of absorbing liquids, expanding, and there-
fore gently dilating the cervix. Today the synthetic osmotic hygro-
scopic cervical dilator (Dilapan-S) is available and now preferred.
Dilapan-S is a rigid 4 mm thick stick with a plastic handle that
facilitates its insertion through the internal os. After insertion it
increases its overall diameter (up to 15 mm) following the absorp-
tion of liquids from the cervix by way of osmosis and gradually
dilating and softening the cervix. It stimulates the release of
endogenous prostaglandins and softens the cervix. It is made with
a special acrylic hydrogel, which by exploiting its ‘‘memory capac-
ity” reaches an anisotropic swelling i.e. it affects only the diameter
and not the length, and therefore guarantees, following hydration,
a controlled radial expansion. The controlled radial expansion,
combined with the high resistance to fractures of the device
ensures a controlled swelling speed over 4–12 (up to 24) hours.
Its main advantages compared to natural osmotic dilators is that
it is synthetic and sterilized with gamma rays resulting in a level
of predictability and safety, which cannot be offered either by
the original laminaria analogues.

The manufacturer of the synthetic hygroscopic dilator recom-
mends insertion of up to 5 dilators in succession into the cervical
canal, leaving them in place for at least 12 h and in any case no
longer than 24 h. The key element, similar to balloon catheters,
is to ensure that the tip of the stick passes through the internal cer-
vical os, to avoid the use of second series. Multiple rods insertion
requires initial hands on training (learning curve), however once
used routinely, it offers considerable short time and budget savings
– no need for repeated vaginal examinations during ripening per-
iod, no requirement for CTG monitoring, and potential for outpa-
tient (home) cervical ripening. Recommended insertion time is
12–15 h (overnight), however 80% of the swelling effect is reached
during first 6–8 h [37].

A large international, multicenter observational study using
synthetic osmotic dilators reported a good safety profile with
low maternal complication rates (predominantly a reduced infec-
tious risk) and no adverse neonatal outcome [37]. A recent ran-
domized clinical trial (DILAFOL Trial) compared induction with
osmotic dilator and Foley catheter. Both methods were compara-
3

ble in terms of cervical ripening. In legal terms, the Foley bulb is
an off-label use of the product while the synthetic osmotic cervi-
cal dilator is CE marked and FDA approved for induction of labor.
The osmotic dilator showed a good safety profile with the advan-
tage of avoiding a protrusion from the vaginal introitus. There
was reduced maternal discomfort and therefore greater patient
satisfaction with Dilapan [38]. Similar results have been obtained
in another RCT (COMRED trial) comparing the hygroscopic syn-
thetic dilator to oral misoprostol for pre-induction cervical ripen-
ing at term [39]. Dilapan-S was non inferior to oral misoprostol in
efficacy outcome but showing better safety profile, patient satis-
faction and pain scores. Furthermore, the literature data show
an important reduction in the costs of the hygroscopic dilator
i.e. it requires fewer interventions by healthcare professionals
(single application and without continuous monitoring) offering
the possibility of resorting to an outpatient induction regimen
(so-called ‘‘home cervical ripening”) particularly useful in this
period of COVID 19 pandemia.

The use of osmotic dilators is a widely used practice in Japan.
Other geographic areas (Europe and USA in particular) are gradu-
ally ‘‘rediscovering” the advantages linked to the use of synthetic
osmotic cervical dilators. Regarding the presumed infectious mor-
bidity linked to mechanical induction, no significant differences in
the risk of intrauterine infection have been reported between
hygroscopic dilators and balloon catheters [40].

Previous caesarean delivery
The use of balloon catheters for pre-induction in women with

previous CD, although associated with a lower rate of vaginal
deliveries, does not appear to be associated with an increased risk
of uterine rupture compared to spontaneous labor or induced
with amniotomy with or without the use of PGs or OT [41,42].
A cohort study confirmed the good safety and efficacy profile of
mechanical induction with balloon catheter alone in women with
previous CD who refuse other methods of induction [43]. A
prospective study investigating cervical ripening in 100 patients
using Dilapan-S after CD compared to a retrospective collective
of patients with prostaglandin induction showed a similar out-
come but those patients treated with Dilapan-S reported minimal
side effects. Although the time until onset of labor was longer in
the Dilapan-S group, the time period from onset of labor until
delivery was similar and the overall stay in hospital was shorter
when the induction were performed as an outpatient procedure
[44].

Therefore, the use of osmotic dilators has also been proposed as
an induction option in these women. However, there is insufficient
information from randomized studies to base the clinical decision
on which method is optimal for induction in women with previous
CD [45].

Recommendation
Offer balloon catheters or synthetic hygroscopic dilators (Dila-

pan S) as a method for IOL, particularly in women with a previous
caesarean delivery and/or where there is a higher risk of
hyperstimulation.

Outpatient ‘home’ induction of labour

An emerging development of mechanical induction of labor,
already in use in some countries, is the so-called home cervical
ripening (outpatient cervical induction), which involves the inser-
tion of the device and sending the patient home. This management
offers the advantage of reducing costs for the health system (re-
ducing the duration of hospitalization), and increasing the satisfac-
tion rates of patients. Policiano et al observed that home cervical
ripening with balloon catheter reduced the length of hospitaliza-
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tion which was associated with a reduction in the rates of CD due
to failed induction [46]. Furthermore, a multicentre randomized
controlled trial observed favorable maternal and neonatal out-
comes (evaluated on delivery mode, cord arterial pH, admission
to neonatal intensive care unit, use of antibiotics). However, this
study suggested that the double-balloon catheter is a safe method
for induction of labour limited to nulliparous women, having
observed an increased risk of unassisted vaginal delivery in the
group of the multiparas (77.6% vs 92.3%, respectively) [47]. In nul-
liparous patients undergoing elective labor induction at term, out-
patient cervical ripening with a Foley catheter reduced the time
from admission to delivery [48]. Osmotic synthetic cervical dilators
have also been proposed as a possible option of ‘‘outpatient induc-
tion” in nulliparous pregnant women with low-risk pregnancy
[49]. In women with low-risk pregnancies, outpatient cervical
ripening with dinoprostone or single balloon catheters did not
increase caesarean deliveries. Although there were no clear differ-
ences in harms when comparing outpatient with inpatient cervical
ripening, the certainty of evidence is low or insufficient to draw
definitive conclusions [50]. It is to note that the COVID 19 pan-
demic impacted in some countries increasing the offer of home
cervical ripening often linked with a change in method, from phar-
maceutical to mechanical [51]. Outpatient cervical ripening has
been found to have the potential to reduce hospital costs, hospital
stay, and the caesarean section rate. It may potentially allow for
better infection-prevention control during the ongoing COVID-19
pandemic and to free up resources such that more women might
be offered elective IOL at 39 weeks [52].

In conclusion, the literature data shows a good overall safety
and efficacy profile for these mechanical methods of induction of
labor, in which there is a growing renewed interest.

Advantages and disadvantages of balloon catheters and osmotic
dilators compared with pharmacological methods for induction of
labour
PROS.

� Overall reduced applications compared to pharmacological
methods

- single round (balloon catheter)
- single or multiple rounds (synthetic hygroscopic dilators)

� Minimal uterine hyperstimulation and minimal fetal heart rate
abnormalities

� Less need for intensive maternal-fetal monitoring

� Less recourse to CD for failed induction

� Good safety profile in patients with previous CD

� Minimal maternal and neonatal morbidity rate

� Less discomfort with osmotic dilators, which do not protrude
externally

� No need for refrigeration

� Potential for home cervical induction

� Reduced costs compared to pharmacological inductions
- shorter length of hospitalization
- reduction in health costs
- better hospital organization
- improved patient satisfaction
4

CONS.

� Increased need for amniotomy and oxytocin
� Infectious morbidity (heterogeneous data for balloon cathe-

ters but not increased with synthetic osmotic dilators)
� P-PROM (heterogeneous data)
� Lower rate of vaginal delivery within 24 h but equivalent

rates at 36 and 48 h

Conclusions

PGEs are still accepted as standard of care for IOL in many set-
tings despite the fact that there is good evidence from RCTs and
meta-analysis confirming equivalent efficacy and better safety pro-
file of mechanical methods.

Mechanical methods are slower than PGEs in achieveing vaginal
birth within 24 h but equivalent at 36 and 48 h.

Along safety benefits compared to PGs, mechanical methods can
also offer time and health care budget savings (no need of repeated
CTGs and/or vaginal examinations during ripening period), and are
more suitable for home outpatient cervical ripening.

Compared to balloon catheters, synthetic hygroscopic cervical
dilators offer equal efficacy and safety profile but better maternal
compliance and satisfaction.
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