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Abstract Objective Labor induction does not always result in vaginal delivery, and can expose both
the mother and the fetus to the risks inherent to the induction procedure or a possible
cesarean section. Transvaginal sonography (TVS) of the cervix is a useful tool to predict
prematurity; in the present study, this tool was used to evaluate postterm induction.
Methods We evaluated the ultrasound characteristics of the cervix (cervical length,
cervical funneling, internal os dilation, the presence or absence of the cervical gland
area [CGA], and the morphological changes of the cervix as a result of applying fundal
pressure) before the onset of labor induction among women with postterm pregnancy
to identify the possible predictors of failed labor induction. The Bishop score (BS) was
used for comparison purposes. Three groups were evaluated: successful versus
unsuccessful induction; vaginal delivery versus cesarean delivery (excluding cases of
acute fetal distress [AFD]); and vaginal delivery versus cesarean delivery (including
cases of AFD). A fourth group including only the primiparous women from the three
previous groups was also evaluated.
Results Based on the studied characteristics and combinations of variables, a cervical
length � 3.0 cm and a BS � 2 were the best predictors of induction failure.
Conclusion Although TVS is useful for screening for induction failure, this tool should
not be used as an indication for cesarean section.

Resumo Objetivo Nem sempre a indução do parto termina em parto vaginal, expondo tanto a
mãe quanto o feto aos riscos inerentes ao procedimento de indução, ou a uma possível
cesárea. A ultrassonografia transvaginal (UTV) se mostrou interessante instrumento na
predição da prematuridade e, neste estudo, utilizamos este instrumento na situação
inversa: indução do parto no pós-datismo.
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Introduction

Despite significantmedical advancesover thepast fewdecades,
themechanisms that trigger theonsetof laborhavenot yet fully
understood. Inflammatory activity mediated by gene expres-
sion is onemechanism that regulates this process.1–6Given the
lack of understanding of the factors that trigger labor, we
frequently manage situations involving increased pregnancy
risks, including postterm births (> 40 weeks of gestation),
postmature births (> 42 weeks of gestation), and the compli-
cations commonly associated with these conditions.7,8

One strategy used to avoid postterm complications is to
prevent the prolongation of pregnancy by initiating delivery.
Two strategies can be used for this purpose: the induction of
vaginal deliveryorcesareandelivery. The incidenceofcesarean
births is high in Brazil, representing 50% of all births.9–11

Cesarean birth considerably increases the risks for themother
while decreasing the morbidity for the fetus.12,13 The induc-
tion of vaginal delivery increases the risks for both themother
and the fetus; however, these risks are markedly reduced in
cases in which the procedure is well-supervised.14–16

Another likely possibility is the failed induction of vaginal
delivery, which leads to the need for cesarean section. In this
case, the mother and the fetus are subject to the risks of both
labor induction and cesarean section.17–19 Given the high
risk of failure, recommending cesarean sections to women
who are known in advance to be ineligible for labor induction
might considerably reduce the risks involved in these preg-
nancies. Induction failure causes psychological trauma but
precludes the benefits of natural birth.20

Transvaginal sonography (TVS)of the cervix is an important
predictor of the risk of preterm birth, and its use has been
widely studied.21–23 Like the prediction of prematurity, TVS
has also been studied as a predictor of labor induction. Various
studies have evaluated these variables. However, the sample
sizesweresmall, and themethods forcollectingandevaluating
datawere distinct, limiting comprehensivemeta-analyses and
systematic reviews.24–27 We performed the present study to

address these limitations. Furthermore, one objective of the
present studywas toevaluatetheeffectiveness ofTVSto screen
for labor induction in our population using our protocols.

Methods

This prospective cohort study was conducted between
2016 and 2017 at Hospital da Mulher Maria José dos Santos
Stein, which is affiliated with Faculdade de Medicina da
Fundação do ABC (FMABC). The study was approved by the
Ethics in Research Committee of our institution under
protocol no. 1.193.101. A total of 95 pregnant women at
gestational age (GA) > 40 weeks who were not in labor and
had an intact amniotic sac were considered eligible for
labor induction. Indications for labor induction included
patients at 41 weeks of gestation or the presence of mater-
nal and/or fetal comorbidities at > 40 weeks of gestation
(►Table 1).

The GA was calculated using the first day of the last
menstrual period (LMP) in cases in which the difference in
GAbased on the initial obstetric sonography (OS) examination
was within the OS margin of error, or the initial OS in cases in
which the difference in GAwas beyond theOSmargin of error.
Inmost cases, the initial OSwas performed before 20weeks of
gestation; therefore, the GA showed adequate reliability.

Before inducing labor, the cervix was evaluated via TVS
(Toshiba SSA-510A Diagnostic Ultrasound System, Minato,
Tokyo, Japan) following the guidelines established by the Fetal
Medicine Foundation (https://www.fetalmedicine.org). For
this evaluation, only two physicians participated in the data
collection to reduce interobserver variation.TheTVScharacter-
istics evaluatedwere the opposite of those used to evaluate the
riskof prematurity, becausepart of the intention of the present
study was to evaluate the difficulty of the evolution of
birth.21–23 The ultrasound characteristics analyzed included
cervical length (distance from the internal orifice to the exter-
nal orifice), cervical funneling, internal os dilation, cervical

Métodos Avaliamos variáveis ultrassonográficas do colo uterino (comprimento,
presença de afunilamento, dilatação do orifício interno do colo, eco glandular
endocervical [EGE] evidente ou não, e alterações morfológicas do colo uterino à
compressão fúndica uterina) antes do início da indução em gestantes com pós-
datismo, na tentativa de encontrar um possível preditor de falha de indução. O índice
de Bishop (IB) também foi utilizado para fins de comparação. Três grupos foram
avaliados: indução bem-sucedida x malsucedida; parto vaginal x cesárea (excluindo
casos de sofrimento fetal agudo[SFA]); e parto vaginal x cesárea (incluindo casos de
SFA). Além disso, um quarto grupo composto apenas pelas primíparas dos outros três
grupos também foi avaliado.
Resultados Com base em todas as características estudadas e combinações de
variáveis, o comprimento do colo uterino � 3,0 cm e IB � 2 foram os melhores
preditores em todos os grupos analisados.
Conclusão Apesar de a UTV do colo uterino ser um bom exame para rastreamento de
indução malsucedida, não deve ser usado para se indicar uma cesariana.

Palavras-chave

► colo do útero
► endossonografia
► parto obstétrico
► trabalho de parto

induzido
► gravidez prolongada
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gland area (CGA), the morphological changes of the cervix as a
result of applying fundal pressure, and the absence of sludge.28

Theabsenceof sludgewas removed fromthestatistical analysis
because none of the evaluated patients presented with this
characteristic. After delivery, the preinduction TVS character-
istics and the Bishop29 score (BS)were examined to determine
whether they were associated with the method of childbirth.

The cervical length was defined as � 0.5 cm to � 4.5 cm
with 0.5-cm intervals; the other TVS variables (cervical
funneling, internal os dilation, CGA, andmorphological cervi-
cal changes as a result of applying fundal pressure) were
evaluated individually and in combination with a cervical
length of � 3.0 cm (this value was considered as the best
cut-off point for thepresentaswell as several other studies) for
every possible combination.25–27 Similarly, the BS was evalu-
ated serially from � 5 (this score was considered unfavorable
to labor induction, requiring the preliminary preparation of
the cervix) to 1 on a 5-point scale.

The protocol for labor induction followed the guidelines
established by the Department of Obstetrics at FMABC. The
BS was calculated to guide the method to be applied. Mem-
brane detachment was initially performed. Preinduction
cervical ripening (BS � 5) was performed by inserting a
25-mcg misoprostol tablet into the vagina every 6 hours
(up to a maximum of 6 tablets), until the cervix reached a BS
of � 6. For labor induction (BS � 6) and labor augmentation,
5 IU of oxytocin diluted in 500 mL of 5% glycosylated serum
(GS) were used, starting at 2 mIU/min (4 drops/min) with
increments of 2 mIU every 30 minutes until effective con-
tractionswere initiated; themaximumdosewas 32mIU/min
(64 drops/min). Artificial membrane rupture can also be
used as an alternative method for labor induction and labor
augmentation.

Changes in fetal heart rate on cardiotocography and/or
intrapartummeconium staining were considered changes in
fetal well-being or the occurrence of acute fetal distress
(AFD). Cesarean sections were indicated in those cases.

Three comparative-analysis models were created based
on the type of delivery to analyze the studied variables and
compare them with similar papers.

Analysis A: successful induction versus unsuccessful
induction. Successful inductions (69 patients) included those
that resulted in vaginal delivery and those that resulted in
cesarean delivery because of cephalopelvic disproportion
(labor evolved until incomplete expulsion). Unsuccessful
inductions (11 patients) included cases that resulted in
induction failure (that is, did not go into labor) and those
that evolved to uncorrected functional dystocia (interrupted
labor despite correction attempts). In this group, the patients
who progressed to cesarean delivery because of AFD were
excluded.

Analysis B: vaginal delivery versus cesarean delivery
(excluding cases of AFD). In this group, patients who under-
went vaginal delivery (62 patients) were compared with
thosewho underwent cesarean section (18 patients) because
of cephalopelvic disproportion, induction failure, or func-
tional dystocia. As noted in analysis A, cesarean deliveries
due to AFD were excluded from this group.

AnalysisC: vaginaldeliveryversus cesareandelivery. Similar
to analysis B, in this group we compared patients who under-
went vaginal delivery (62 patients)with thosewho underwent
cesarean delivery (28 patients); however, analysis C included
cases of AFD.

Thefollowingpatientswereexcluded fromthisstudy: those
withmissing data from their medical records (3 patients), and
those undergoing cesareandelivery due tomaternal death risk
or family pressure (2 patients).

An additional analysis of a group including only the primip-
arous women from the three previous groups, and evaluating
only BS � 2 and cervical length � 3.0 cm (that is, the cut-off
points in this study), was conducted for comparison purposes.

Descriptive statistics was used to characterize the sample.
The Fisher exact test or the Student t-test were used to assess
the homogeneity of the variables where appropriate. For each
variable studied, the validity of the diagnostic test was deter-
mined by measuring the sensitivity (SENS), the specificity
(SPEC), and the positive predictive value (PPV) and negative
predictive value (NPV). Odds ratios (ORs) and 95% confidence
intervals (95%CIs) were calculated using the chi-squared test.
The level of rejection of the null hypothesis was 5%. The
GraphPad Prism (GraphPad Software, Inc., San Diego, CA,
US) software, version 7.0, was used for every analysis.

Results

The studied groups were homogeneous with regard to
maternal age, ethnicity, and body mass index (BMI). Parity
was directly correlatedwith a successful induction of vaginal
delivery (►Table 1). Two newborns presented with hypoxia
and Apgar scores of 0/0/3 (rotation forceps and shoulder
dystocia in a 3,978-g fetus) and 1/6/9 (natural birth of a
3,389-g fetus). All other patients presented with a 5-minute
Apgar score > 8. Only one puerperal woman presented with
a complication in childbirth (puerperal hemorrhage after
vaginal delivery). Shewas treatedwith uterine curettage, and
her condition resolved satisfactorily. In analysis A (successful
versus unsuccessful labor induction; table 2), the variables
that significantly increased the risk of failed vaginal delivery
following induction were BS � 2 and cervical lengths � 2.0,
2.5, and 3.0 cm. Although not shown in ►Table 2, a cervical
length � 3.0 cm combined with additional ultrasound char-
acteristics, and a BS � 5, 4, 3, or 2 also increased the risk of
failed labor induction.

In analysis B (vaginal delivery versus cesarean delivery
[excluding AFD]; ►Table 3), only BS � 2 and cervical length
� 3.0 cmwere significantly correlatedwith failed labor induc-
tion.As inanalysisA, acervical length � 3.0 cmcombinedwith
additional ultrasound characteristics, and a BS � 5, 4, 3, or 2
also increased the likelihood of cesarean section.

In analysis C (induction of vaginal delivery versus cesarean
delivery [including AFD]; n ¼ 90), the results were similar to
those of analyses A and B. Bishop scores � 4 (SENS ¼ 92.9;
SPEC ¼ 30.6; PPV ¼ 37.7; NPV ¼ 90.5; OR ¼ 5.7 [95%CI
¼ 1.2-26.7]; p ¼ 0.0257), 3 (SENS ¼ 75.0; SPEC ¼ 54.8; PPV
¼ 42.9; NPV ¼ 82.9; OR ¼ 3.6 [95%CI ¼ 1.4-9.8]; p ¼ 0.0106),
and 2 (SENS ¼ 42.9; SPEC ¼ 88.7; PPV ¼ 63.2; NPV ¼ 77.5;
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OR ¼ 5.9 [95%CI ¼ 2.0-17.5]; p ¼ 0.0014), as well as cervical
lengths � 2.0 (SENS ¼ 71.4; SPEC ¼ 51.6; PPV ¼ 40.0; NPV
¼ 80.0; OR ¼ 2.7 [95%CI ¼ 1.0-7.0]; p ¼ 0.0451) and 3.0 cm
(SENS ¼ 53.6; SPEC ¼ 80.6; PPV ¼ 55.6; NPV ¼ 79.4; OR
¼ 4.8 [95%CI ¼ 1.8-12.7]; p ¼ 0.016) were significantly
correlatedwith induction failure. In addition, a cervical length
� 3.0 cm combined with other ultrasound characteristics and
BS � 5, 4, 3, or 2 increased the likelihood of cesarean section.
The parity-related bias was eliminated by conducting an
analysis exclusively using primiparous patients (►Table 4).
In this evaluation, only previously identified cut-off points
were used. The risk of induction failure and the consequent
need for cesarean section were increased in analyses B and C
using a BS � 2, aswell as in analyses A, B, and C using a cervical
length � 3.0 cm. The combination of variables also increased
the likelihood of induction failure and cesarean section.

Discussion

In every analysis, the isolated variables (BS � 2 and cervical
length � 3.0 cm) yielded significant results. A BS � 2
yielded satisfactory SPEC and NPV in analyses A, B, and C.
This finding is similar to the results obtained in other studies
that used different BSs and methods of evaluating successful
labor induction, including the systematic reviews byHatfield
et al (2007)25 (which included 3 studies with a BS of 5; 5
studies with a BS of 4; and 2 studies with a BS of 3), Papillon-
Smith and Abenhaim (2015)26 (which included 2 studies
with a BS of 2), and Ezebialu et al (2015)24 (which did notfind
that the BS was statistically valid).

A cervical length � 3.0 cm exhibited satisfactory SPEC
and NPV in analyses A, B, and C, as well as adequate SENS
in analysis A. These findings are similar to those of many
other studies (numerous studies found a similar result for the
BS) that used different BSs for cervical size and methods of
evaluating labor induction success. Papillon-Smith and
Abenhaim (2015)26 included 1 study with a cervical length
cut-off point of 3.4 cm; 6 studies with a cut-off point of
3.0 cm; 2 studies with a cut-off point of 2.8 cm; 1 study with
a cut-off point of 2.7 cm; 5 studies with cut-off points
between 2.4 and 2.6 cm; and 5 studies with cut-off points
< 2.4 cm. We used 3.0 cm as a cut-off point to improve the
diagnostic test values of the variables examined by combin-
ing them with every morphological cervical change (that is,
funneling, internal os dilation, CGA, and the morphological
changes in the cervix as a result of applying fundal pressure)
and each other. The combination of variables resulted in
partial improvement, but it was not sufficient to justify its
clinical use. The isolated analysis of these variables was
simpler and sufficient, and other studies cited in systematic
reviews such as those by Hatfield et al (2007)25 and Papillon-
Smith and Abenhaim (2015)26 corroborate this result.

The group from analysis A (successful versus unsuccessful
labor induction) was created to evaluate unsuccessful induc-
tion. Therefore, cases of cesareandelivery due to cephalopelvic
disproportion (diagnosed in our study during the expulsion
period)were considered cases of successful induction because
they did not exclusively result in vaginal delivery, given the Ta
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bone incompatibility that was not previously detected by the
obstetrician. In contrast, the group with unsuccessful labor
induction included cases of induction failure (the absence of
response to the induction protocol) and functional dystocia;
the latter was due to labor that did not evolve satisfactorily
despite corrective attempts, thereby suggesting that labor
inductionwas not effective. Nevertheless, two studies consid-
ered significant by Ezebialu et al (2015)24 evaluated cases
involving changes in fetal well-being; however, these cases
were removed from our analysis because common sense
suggests that the cervix is not involved in changes in fetal
well-being, nor do these studies suggest a significant differ-
enceamong thestudiedgroupswith regard to fetalwell-being.

In the group from analysis B (vaginal delivery versus
cesarean delivery, excluding AFD), the cases undergoing
cesarean delivery due to cephalopelvic disproportion were
combined with cases that resulted in cesarean delivery due
to induction failure or functional dystocia. Cases involving
AFD were removed from the analysis for the same reason as
noted in analysis A.

The group from analysis C (vaginal delivery versus cesar-
ean delivery) was similar to the group from analysis B, except
that indications for cesarean section due to AFDwere includ-
ed. This group best reflects the profile of almost every other
study compiled in the systematic reviews on this topic.24–27

In the present study (►Table 1), only 1 case (a non-
primiparous woman with a previous natural birth) out of
28 evolved into cesarean delivery. This procedure was indi-
cated due to cephalopelvic disproportion, which we regard
as successful induction (birthweigth: 3,626 g). This result is
an unequivocal demonstration that parity is directly corre-
lated with the success of labor induction.

The analyses of only the primiparous women in groups A, B,
and C, BS � 2, and cervical length � 3.0 cm (►Table 4) indi-
cated improvement in the quality of the diagnostic tests
compared to the previous analysis that included several parity
groups, particularly with regard to PPV. The PPVmight be close
to 80% in the group from analysis C when the cervical length
is � 3.0 cm. Therefore, for every 5 primiparous patients under-
going a cesarean delivery due to cervical length � 3.0 cm,
regardless of the indication, only1patient progressed tovaginal
delivery using our labor induction protocol.

A major difficulty encountered by systematic reviews is the
great heterogeneity of the population characteristics, such as
the presence or even the mention of maternal and/or fetal
comorbidities, the criteria to consider an induction successful
or unsuccessful, and the GA at which TVS analyses are
performed or when labor induction is initiated, in addition to
many other minor aspects.24–27 In the present study, we
attempted to emulate most of the previous work as much as
possible; we created the analysis C group (vaginal delivery
versus cesarean delivery, regardless of duration), inwhich only
11 out of the 20 studies analyzed by Hatfield et al (2007)25 fit.
The others argue that delivery should occur < 24 hours after
the onset of labor or simply enter the active phase of labor,
which is amoreheterogeneousanddifficult issue todistinguish
according to Papillon-Smith and Abenhaim (2015)26 and
Verhoeven et al (2013).27 We evaluated the cervical size in

conjunction with the BS. A total of 10 out of 20 papers
performed this analysis and obtained similar results to ours,
according to Hatfield et al (2007)25; 11 out of 31 papers
obtained similar results according to Papillon-Smith and
Abenhaim (2015).26 We evaluated other characteristics of the
cervix, but in contrast to other systematic reviews, we did not
findsignificance; in fact, only5outof20studiesevaluatedother
cervical characteristics and found significance, according to
Hatfield et al (2007)25; 8 out of 31 studies evaluated other
cervical characteristics, and half of them found significance
according to Papillon-Smith andAbenhaim (2015)26; and 8 out
of 31 studies evaluated other cervical characteristics and did
not find significance in the meta-analysis according to Verho-
evenetal (2013).27Wecreatedauniqueanalysisofprimiparous
women (►Table 4) to prevent any parity-relatedbias. A limited
number of studies also performed this analysis according to
Hatfield et al (2007),25 and only 5 out of 31 found results
identical to ours according to Verhoeven et al (2013).27

None of the variables evaluated in these groups should be
used to indicate cesarean delivery without the need for
attempted induction, which is consistent with the extant
systematic reviews on the subject.24–27 The use of these
variables as indications for cesarean section ispossible in cases
inwhich the adopted test presents with satisfactory SENS and
SPEC values and the PPV is close to 100%. Importantly, this
studyobserved this characteristic in analyses B andCwith a BS
of 1, although the significance of these variables was poor
(p > 0.05), and the SENS was low (close to 10%).

Conclusion

Transvaginal sonography before the onset of labor in patients
> 40weeks of gestation is a useful tool to predict failed labor
induction or cesarean delivery. However, TVS should not be
used to justify cesarean delivery using the argument that
labor induction might fail in high-risk cases. More studies
with larger sample sizes are necessary to address this
question more conclusively.
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