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ABSTRACT

KEY WORDS:

Background: Fetal macrosomia is a risk factor for operative
vaginal delivery (VD), shoulder dystocia, obstructed labor,
and cesarean section (CS). Induction of labor (I0L) may de-
crease these risks but also leads to longer labor, increasing
the risk of CS. No data exist regarding the optimal method
of IOL in macrosomic fetuses, and most studies are limited
to the efficacy of medical induction.
Objective: To compare medical and mechanical I0L in mac-
rocosmic fetuses.
Methods: This retrospective case-control study included
pregnant women who underwent I0L and delivered mac-
rosomic neonates at a tertiary center between 2010 and
2020. Women with non-cephalic presentation, prior CS, and
multiple pregnancies were excluded. The primary outcome
was the mode of delivery. Secondary outcomes included
neonatal and maternal complications.
Results: A total of 247 women were included in the study, 188
underwent cervical ripening with prostaglandin E2 (PGE2)
regimens and 59 with a double-balloon catheter. Higher rates
of prior deliveries over 4000 grams and Oxytocin use during
delivery were found in the mechanical induction group. No
other clinically significant differences in demographic or clin-
ical characteristics were identified. There were no statistical-
ly significant differences in the rates of VD or CS between the
groups. The indications for CS were similar. Maternal and
neonatal secondary outcomes were comparable.
Conclusion: PGE2 vaginal regimens and double catheter bal-
loons are safe and effective methods for cervical ripening
during IOL in term pregnancies with macrosomic neonates.
The choice of cervical ripening method did not impact the
mode of delivery or maternal and neonatal outcomes.
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nduction of labor (IOL) is a common procedure in
modern obstetrics. Conditions in which maternal or
fetal well-being is at risk may require IOL [1,2]. The
uterine cervix’s condition, expressed by the BISHOP

score, is examined to choose the suitable induction
method. In cases of low BISHOP score cervical ripen-
ing is required, and prostaglandin E2 (PGE2) regiments
or cervical ripening balloon are commonly used with
similar safety and efficacy rates [3,4]. Moreover, in re-
cent years, multiple studies have shown that elective
induction of labor at 39 weeks of gestation may reduce
primary cesarean section rates and maternal hyperten-
sive diseases [5,6], and recently published new clinical
recommendations suggest offering elective IOL [7].

Macrosomia is defined as a birthweight above 4000
grams at every gestational age [8,9] Macrosomia com-
plicates approximately 8-10% of all pregnancies [8,10].
Macrocosmic pregnancies present with higher rates of
maternal and fetal complications during delivery, higher
rates of cesarean sections, postpartum hemorrhage, 3rd
and 4th degree perineal tears, shoulder dystocia, and bra-
chial plexus injuries.

The effectiveness of IOL in reducing adverse outcomes
in cases of antepartum suspected macrosomia is debat-
able [11-13]. Still, due to the overall rise in IOL rates and
the suggested benefits of IOL among macrosomic preg-
nancies, finding the optimal induction method in cases of
unfavorable uterine cervix and macrosomic neonates is
necessary since no evidence-based data exists.

We compared IOL by PGE2 vaginal regiments ver-
sus double catheter balloon for cervical ripening among
macrosomic neonates in term pregnancies (37 to 42 + 6
weeks) in women who underwent induction of labor for
various indications.

PATIENTS AND METHODS

This retrospective case-control study included pregnant
women at term who underwent IOL and delivered in our
tertiary care center during 2010-2020. The study was ap-
proved by our local ethics committee (RMB-0638-19).
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We included women who delivered macrosomic neo-
nates and underwent IOL divided by the method of cer-
vical ripening used, PGE2 vaginal regiments, or double
catheter cervical balloon. The cervical ripening method
was selected based on the department's protocol and the
women's preferences. In the main analysis, we included
deliveries of macrosomic neonates because most da-
ta investigating macrosomic deliveries relate to actual
birth weight rather than estimated fetal weight [9]. The
mechanical factors leading to the failure of vaginal de-
liveries, such as cephalopelvic disproportion (CPD) and
complications like shoulder dystocia or prolonged labor,
are directly related to the actual size and weight of the
fetus at birth, rather than the estimated birth weight [8].
A sub-analysis of suspected macrosomic fetuses by ultra-
sound assessment prior to delivery was also performed.

Data were retrieved from the hospital’s computerized
database and completed and validated by the authors, all
registered medical doctors. The data included information
regarding the women’s obstetrical and general medical his-
tory, peripartum information, and neonatal parameters.

We recruited term pregnant women with an indica-
tion for IOL who needed cervical ripening using pros-
taglandins or a double-balloon catheter (Cook Cervical
Ripening Balloon, Cook OB/GYN, IN, USA; adminis-
tered according to the manufacturer’s guidelines). In the
double-balloon catheter method, a mechanical ripening
of the uterine cervix is performed. The catheter is insert-
ed through the uterine cervix, and 80 cc of sterile fluid
is placed above and below the cervical OS. The double
balloon is left in place for up to 12 hours before it is re-
moved. If active labor does not develop during the des-
ignated timeframe for prostaglandins or double balloon
catheter action (12/24 hours and 12 hours, respectively),
a vaginal examination is performed and additional dos-
es of prostaglandins or another double balloon catheter
are administered according to the protocols. Based on the
progression of labor and in accordance with the depart-
ment's protocol, an oxytocin infusion is added, and artifi-
cial rupture of membranes is performed.

Inclusion criteria involved term pregnant women who
had delivered macrosomic neonates and underwent cer-
vical ripening using the one of these methods. Exclusion
criteria included multiple fetal gestations, combined meth-
ods for cervical ripening (e.g., prostaglandins and double
balloon catheter), intra-uterine fetal death, and prenatally
diagnosed fetal anomalies incompatible with life.

The study’s primary outcome was the mode of deliv-
ery, vaginally (VD) or by cesarean section (CS). Second-

ary outcomes were maternal and neonatal adverse events
and complications during delivery and the immediate
postpartum period.

STATISTICAL ANALYSIS

Descriptive statistics including means, standard devia-
tions, and percentages were calculated for all parameters
in the study. Differences between the two groups (med-
ical induction vs. mechanical induction) for continuous
parameters were evaluated by t-test or Mann Whitney U
test when needed. For categorical parameters, we used
Fisher's exact test. A logistic regression model was per-
formed to predict CS delivery rates by adjusting several
independent parameters: medical induction vs. mechani-
cal induction, maternal body mass index, number of de-
liveries, previous macrosomic deliveries, maternal age,
gestational age, and diabetes. Parameters with clinical
relevance that affect the primary outcome and were iden-
tified as statistically significant in the univariate regres-
sion model were chosen for the multivariate regression
model. A P-value < 0.05 was considered statistically sig-
nificant. Statistical analyses were performed using IBM
Statistical Package for the Social Sciences statistics soft-
ware, version 28 (SPSS, IBM Corp, Armonk, NY, USA).

RESULTS

Overall, 247 women were included in the study; 188 un-
derwent cervical ripening by PGE2 regiments and 59 cer-
vical ripening by a double balloon catheter. Demographic
data and clinical characteristics comparisons between the
groups are presented in Table 1. Overall, the two groups
were comparable, and no major clinically significant
difference was found. A higher rate of previous delivery
above 4000 grams was found in the double balloon cathe-
ter group (27.1% vs. 12.2%, respectively, P=0.013). In the
PGE2 regiments group, more women underwent induction
of labor due to post-term pregnancy (49.5% vs. 27.1%, re-
spectively, P = 0.0027), while induction due to fetal heart
rate decelerations was more common in the double balloon
catheter group (16.9% vs. 7.4%, respectively, P= 0.043).

As shown in Table 2, there were no statistically signif-
icant differences in the rates of VD and CS between the
double-balloon catheter or PGE2 regiments groups (for
VD 78% vs. 69%, respectively, P = 0.25; for CS 15.5%
vs. 25.5%, respectively, P=0.11). The indication for CS
was not statistically significantly different between the
groups. Time from induction to delivery was also not sta-
tistically different between the groups.
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Table 1. Maternal and delivery characteristics and maternal and
neonatal outcome

Medical Mechanical
induction, | induction, @ P-value
n=188 n=59

Maternal age at delivery, years | 29.7 £ 4.7 31.9+5.2 0.002

Maternal BMI at delivery, 3270451 33.0%64 0.76

kg/m?
Pregestational diabetes,
) 3(1.6%) 3(5.1%) 0.15
c : B
2  Cestationaldiabetes, | 95 (133%)  10(16.9%) | 052
T n (%)
§ Thyroid disorder, n (%) 11(5.9%) | 6(10.2%) 0.25
g C lation disord
g | »eaguiation disorder, 2001%) | 4(6.8%) | 0.03
g on (%
Hypertension or
Preeclampsia, n (%) 13 (6.9%) 3(5.1%) 0.77
Prior delivery above 4000

grams, n (%) 23(12.2%) | 16(27.1%) | 0.013

Number of deliveries 1.5[1-2] 2[1-4] < 0.001

Gestation week at delivery,

weeks 40.75+0.9 = 40.21+1 | <0.001

Interval between induction to

delivery, hours 10 [6-17]

14[6-17] 0.33

Epidural use, n (%) 151 (80.3%) | 47 (79.7%) 1

Oxytocin administration during
tabor, n (%) 84 (44.7%) | 41(69.5%) | <0.001

Retained product of
o conception, n (%) 18 (9.6%) 10 (16.9%) 0.12
S
E = Revisio of uteri, n (%) 23(12.2%) | 11(18.6 %) 0.21
B o
£ .2 | Postpartum
88 | hemorrhage, n (%) 9(48%) | 10.7%) | 046
SR
= 3rd and 4th degree
E perineal tears, n (%) 3(1.6%) 0 L
Chorioamnionitis, n (%) 12 (6.4%) 3(5.1%) 1
Blood transfusions, n (%) 1 (0.5%) 1(1.7%) 0.421
Episiotomy, n (%) 40(21.3%) = 9 (15.3%) 0.36
Shoulder dystocia, n (%) 5(2.7%) 2 (3.4%) 0.67

Birthweight, grams 401418 | 4037 =21 0.22

APGAR score after 1 minute 8.73+0.9 8.68 £ 1 0.73

APGAR score after 5 minutes 9.81£0.4 9.80 £ 0.6 0.88

Umbilical cord sampling pH 7.26 £0.07 | 7.22+0.07 | 0.067

Fracture or neurologic
compromise, n (%) 5 (2.7%) 2 (3.4%) 0.67

NICU transfer, n (%)

5/186 (2.7%) 1/59 (1.7%) @ 0.66

BMI = body mass index, NICU = neonatal intensive care unit

P < 0.05 is considered significant

Values are presented as mean # standard deviation for continuous
variables, n (%) for categorical variables, and median [interquartile
range] for non-normally distributed variables

Adjustment for confounding variables by multivari-
able logistic regression was performed [Table 4]. Be-
sides the number of delivery (e.g., nulliparous women
vs. multiparous women), no other statistically significant
influence on the rates of CS and VD were found in the
multivariate model.

There were no clinically significant differences in mater-
nal or neonatal secondary outcomes [Table 1 and Table 3].

A subsequent analysis evaluated the mode of delivery
as the primary outcome among women with a suspected
macrosomic fetus who had undergone induction of labor
by PGE2 regiments or double balloon catheter. Ultra-
sound estimation of the fetal weight evaluation was per-
formed prior to delivery, and evaluations of 4000 grams
and more were included in the analysis. As with the mac-

Table 2. Birth outcome

Medical Mechanical
induction, induction, = P-value
n=188 n=59

Maternal*, n (%) 40(21.3%) | 12(20.3%) 0.88

Fetal**, n (%) 155 (82.4%) | 51 (86.4%) 0.47

Indication for
induction of labor

Combined, n (%) 7 (3.7%) 4 (6.8%) 0.30

Vaginal delivery,

°§ vear 130 (69.1%) | 46 (78.0%) = 0.25

] .

: X?;;“m‘ass'“ed' 10(53%) | 4(68%) | 074

(]

he) .

2 ﬁ‘fi/;rea” section, | 48 (255%) | 9(15.3%) | 0.1
Flegy, nduction 7021%) | 1(7.6%) 1

Non-reassuring fetal

heart rate, n (%) 17(29.3%)

6 (46.2%) 0.33

Prolonged 2nd

stage, n (%) 22 (37.9%)

2 (15.4%) 0.19

Arrest of dilatation,

Indication for Cesarean section

n (%) 9 (15.5 %) 1(7.7%) 1
Maternal request,

n (%) 1(1.7%) 0 1
Severe 2 (3.4%) 0 1

preeclampsia, n (%)

*Hypertension or preeclampsia, diabetes, coagulation disorder,
intrahepatic cholestasis of pregnancy

**Prolonged pregnancy, oligohydramnios, non-reassuring fetal heart
rate, decreased fetal movements, poor obstetric history, suspected
abruption of placenta, suspected macrosomia, other

P < 0.05 is considered significant

Values are presented as mean # standard deviation for continuous
variables and n (%) for categorical variables
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rosomic birthweight-induction group, no statistically sig-
nificant differences were found in the mode of delivery
between PGE2 regiments and double balloon catheter
(for VD 67% vs. 81%, respectively, P=0.13; for CS 17%
vs. 11%, respectively, P= 0.42) [Table 4].

Table 3. Suspected macrosomic fetuses prior to delivery by
ultrasound assessment: delivery outcome

Medical Mechanical
induction, induction, P-value
n=75 n=37
Vaginal delivery, n (%) 50 (66.6 %) 30 (81.1%) 0.13
Vacuum-assisted, n (%) 12 (16.0%) 3(8.1%) 0.38
Cesarean section, n (%) 13(17.3%) £4(10.8%) 0.42

NS, not significant; n, number
P < 0.05 is considered significant

DISCUSSION

In this study, we demonstrated that the method of cervical
ripening used for IOL in women giving birth to macro-
somic neonates did not increase the risk for CS. There
was no statistically significant difference in the rates of
VD and CS between IOL by PGE2 regiments or double
balloon catheter. Secondary fetal and maternal outcomes
were also comparable between the two groups. More-
over, an analysis of women with suspected macrosom-
ic neonates by ultrasound assessment before delivery
demonstrated the same trend with no higher rates of CS.
Previous studies and systematic reviews have shown
that both methods of cervical ripening for IOL are con-
sidered effective and safe. They have similar CS rates. In
addition, Du et al. [14] and Diguisto and colleagues [15],
who tested IOL in fetuses at all weight ranges, demonstrat-
ed a similar rate of CS when using the two methods. These
studies strengthen our findings that having fetal macroso-

mia should not influence the IOL method chosen.

Moreover, having comparable rates of secondary out-
comes strengthens the similarity between the two meth-
ods by demonstrating that no specific methods lead to
higher rates of typical complications common in mac-
rosomic deliveries, such as immediate postpartum hem-
orrhage (PPH), 3rd and 4th degree perineal lacerations,
shoulder dystocia, and obstructed labor. Compared to
previous work by Beta and co-authors [9], rates of com-
mon complications such as shoulder dystocia, PPH, and
OASIS were even lower in our cohort, emphasizing the
safety of IOL in macrosomic pregnancies.

Assessment of time from induction to delivery also did
not result in a statistically significant difference between
the two methods, in contrast to the results of and Diguisto
co-authors [15] and Zhao et al. [16], where PGE2 regi-
ments demonstrated a shorter time to delivery. This dis-
crepancy requires further investigation.

The rates of oxytocin treatment were statistically sig-
nificantly different between the two groups. These find-
ings are consistent with those presented in a Cochrane
systematic review [17], which compared mechanical
induction of labor to vaginal PGE2, as well as in a me-
ta-analysis published by Liu et al. [18] This difference
can be explained by the distinct modes of action of the
two induction methods.

In this cohort, the rates of uterine revisions and re-
tained products of conception (RPOC) were higher than
reported in other studies, such as the one by Ashwal et al.
[19] and a systematic review by Favilli and colleagues
[20], which evaluated the general population. The use
of IOL with PGE2 or extra-amniotic balloon, oxytocin,
and epidural analgesia were identified as risk factors for
RPOC. In our study cohort, the rate of these conditions
was notably high, which may have contributed to the ele-
vated rates of RPOC and uterine revisions observed.

In an era of rising rates of IOL for various reasons,

Table 4. Logistic regression model

Univariate model Multivariate model
0dds ratio P-value 95%CI 0dds ratio P-value 95%CI
Medical induction vs. mechanical induction 1.90 0.106 0.87-4.16 1.47 0.373 0.62-3.47
Number of deliveries: 1 vs. 2 or more 8.83 0.001 4.19-18.60 11.24 0.0001 4.34-29.41
Prior delivery above 4000 grams, yes vs no 4.20 0.021 1.24-14.22 1.04 0.95 0.25-4.31
Maternal age at delivery 0.93 0.049 0.88-1.00 1.05 0.18 0.97-1.14

95%Cl = 95% confidence interval
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including macrosomic fetuses, these data supply essential
and reassuring information for obstetricians and women
undergoing I0L. Having equal vaginal delivery rates
enables medical professionals to offer more treatment
options based on patient preferences and other clinical
characteristics.

Despite the small numbers, examining the indication
for CS in the two groups showed no statistically signif-
icant difference in the rate of fetal distress or obstructed
labor between the two groups [Table 4]. This fact high-
lights that despite the two different mechanisms of ac-
tion, both methods have similar complication profiles as
demonstrated by meta-analyses by Zhao et al. [16], Chen
et al. [3], and Diguisto et al. [15], which compared sever-
al cervical ripening methods.

The generalizability of our results is limited due to the
number of women included in each cohort group and its
retrospective nature. While assessing the management of
macrosomic deliveries, we refer to the actual birth weight
in contrast to the estimated fetal weight. This dataset lim-
its the guidelines given to doctors deciding on IOL, who
have only weight estimations for decision-making.

We included a cohort of macrosomic fetuses defined by
ultrasound estimation. We showed no statistically signifi-
cant differences in the mode of delivery between the two
groups. Still, further randomized controlled trials and a
larger cohort are required to obtain more sustained results.

CONCLUSIONS

Both PGE2 regiments and double balloon catheter are
equally safe methods of IOL by cervical ripening and
lead to a similar rate of VD and can be offered to women
with macrosomic fetuses.
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