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Fetal Biparietal Diameter as a Potential Risk Factor for
Emergency Cesarean Section due to Labor Arrest
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Labor arrest is the most common indication for emergency cesarean section (ECS). Increased biparietal
diameter (BPD) has been reported as a risk factor for ECS due to labor arrest in different countries, but it is
unclear whether this relationship is relevant in Japan. Considering the difference in maternal physique
according to race and ethnicity, we retrospectively evaluated the association between ECS due to labor
arrest and BPD, measured by ultrasonography < 7 days before term deliveries in Japanese women. BPD
is routinely measured in Japan for estimating fetal weight. Information was extracted from obstetric records
at the National Hospital Organization Kofu National Hospital between January 2012 and November 2019.
Patients with multiple pregnancies, instrumental (forceps or vacuum) delivery, elective cesarean sections,
and ECS due to reasons other than labor arrest were excluded. Thus, 2,695 women were included (age,
31.3 £ 6.2 years; pre-pregnancy body mass index, 20.9 + 3.2 kg/m?), and 1,319 (48.9%) were nulliparous.
The incidence of ECS due to labor arrest was 2.4% (64/2,695). Multivariable analysis indicated that BPD
was significantly associated with ECS due to labor arrest (adjusted odds ratio, 1.12; 95% confidence
interval, 1.04-1.20). The optimal BPD cut-off value for predicting ECS due to labor arrest was 94 mm (area
under the curve, 0.61; sensitivity, 53.1%; specificity, 65.1%). Despite the significant association with ECS,
BPD is not useful to predict ECS due to labor arrest. Thus, mothers should be encouraged for attempting

vaginal deliveries, even in the case of having babies with large fetal BPD.
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Introduction

Labor arrest is a condition that varies from slower-
than-normal progression or complete absence of labor
caused by poor cervical ripening despite adequate myome-
trial contractions (Feinstein et al. 2002; Gifford et al. 2000;
Bardin et al. 2016). As labor arrest is the most common
indication for emergency cesarean section (ECS), which is
associated with increased rates of maternal and fetal mor-
bidities (Yang and Sun 2017), there has been much debate
on the relationship between labor arrest and ECS (Gifford
et al. 2000; Bardin et al. 2016; Karaaslan et al. 2019).
However, predicting the risk of ECS due to labor arrest in
the clinical setting is difficult. Therefore, a complete under-
standing of risk factors associated with labor arrest and the
development of appropriate treatment strategies are essen-
tial. Labor arrest may be attributed to several factors, such

as maternal physique, parity, hydramnios, fetal sex, prema-
ture rupture of membranes, labor induction, macrosomia,
gestational diabetes mellitus (GDM), and hypertensive dis-
orders of pregnancy (HDP) (Feinstein et al. 2002;
Kominiarek et al. 2011; Toh-Adam et al. 2012; Lee et al.
2012). Antepartum sonographic fetal head biometry param-
eters, such as the head circumference (HC) (Lipschuetz et
al. 2018) and biparietal diameter (BPD) (Bardin et al. 2016;
Karaaslan et al. 2019), have been used to assess the risk of
labor arrest in recent years; previous studies have reported
that increased HC and BPD are independent factors that
increase risk of ECS due to labor arrest (Bardin et al. 2016;
Lipschuetz et al. 2018; Karaaslan et al. 2019). However, to
the best of our knowledge, no studies have assessed the
relationship between antepartum sonographic fetal head
biometry parameters and ECS due to labor arrest in the
Japanese population. Furthermore, it remains unclear
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whether this relationship is relevant to the Japanese popula-
tion, considering that maternal physique differs according
to race and ethnicity (Deurenberg et al. 2002). In particular,
pregnant women in Japan are physically shorter and thinner
than in Western countries (Deurenberg et al. 2002).
Prenatal check-ups in Japan are conducted once weekly
from 36 to 39 weeks and twice weekly after 40 weeks
(Minakami et al. 2014). Moreover, Japanese obstetricians
calculate the BPD at each prenatal check-up to obtain the
estimated fetal weight (Minakami et al. 2014).
Consequently, in term pregnancies, sonographic measure-
ments of BPD within 7 days prior to delivery are readily
available to obstetricians in the clinical setting. Improved
understanding of the relationship between BPD before
delivery and ECS due to labor arrest will provide clinically
useful information for perinatal management in Japan. We
conducted this retrospective study to evaluate the associa-
tion between fetal BPD, measured by ultrasonography prior
to delivery in term pregnancies, and ECS due to labor arrest
in a Japanese cohort.

Materials and Methods

Study design

We conducted a retrospective observational cohort
study at the National Hospital Organization Kofu National
Hospital (a community hospital) between January 2012 and
November 2019. The study included women with singleton
pregnancies at 37 + 0 to 41 + 6 weeks’ gestation, whose
sonographic measurements of BPD within 7 days before
delivery were available. Based on the methodology of pre-
vious studies (Bardin et al. 2016; Lipschuetz et al. 2018;
Karaaslan et al. 2019), we excluded women with multiple
pregnancies (n = 24), those with instrumental (forceps or
vacuum) delivery (n = 94), those with missing data (n =
11), those who underwent an elective cesarean section (n =
423), and those who underwent an ECS for indications
other than labor arrest (n = 80). Indications for elective
cesarean sections included a history of previous cesarean
section, breech presentation, placenta previa or low-lying
placenta, prior myomectomy, and maternal disorders.
Indications for ECS included labor arrest, non-reassuring
fetal status, severe hypertension (BP > 160/110 mmHg and
uncontrolled by medication), placenta abruption, HELLP
syndrome (Hemolysis, Elevated Liver enzyme, and Low
platelet), and others. The study protocol was reviewed and
approved by the Human Subjects Review Committee of the
National Hospital Organization Kofu National Hospital,
and the requirement for acquisition of informed consent
from patients was waived owing to the retrospective study
design. Nevertheless, patients were provided with the
opportunity to refuse the usage of their data through the
hospital’s website. All procedures were performed in
accordance with the 1964 Helsinki Declaration and its later
amendments.

Data collection

We collected obstetric data from medical and operative
records. Gestational age was determined on the basis of the
maternally reported last menstrual period and was con-
firmed by the crown-rump length measured on the first-tri-
mester sonogram. We recorded data on the mother’s age at
delivery, use of in vitro fertilization, parity, gestational age
at delivery, maternal stature, and pre-pregnancy weight sta-
tus. Additionally, we assessed fetal sex and the presence of
GDM, HDP, and macrosomia, which are potential con-
founding factors that have been reported to be risk factors
for labor arrest (Feinstein et al. 2002; Kominiarek et al.
2011; Toh-Adam et al. 2012; Lee et al. 2012). The dose
and type of uterine contraction agent (oxytocin or prosta-
glandin) administered were determined by the treating
obstetrician during labor induction or augmentation, accord-
ing to the guidelines for obstetrical practice in Japan
(Minakami et al. 2014). Our facility does not perform
mechanical labor induction such as the use of a balloon to
stretch the cervix. The fetal BPD was measured from the
outer edge of the proximal calvaria to the inner edge of the
distal calvarial wall (outer-inner) at the level of the third
ventricle and thalami (Galan et al. 2008; Bardin et al.
2016). To identify potential indicators of ECS, we defined
labor arrest as follows: arrested labor for > 2 h in either the
first or second stage of labor (Minakami et al. 2014;
Nishimura et al. 2016). A diagnosis of GDM was made if
there was at least one abnormal plasma glucose value (> 92,
180, and 153 mg/dL among fasting, 1-h, and 2-h plasma
glucose concentrations, respectively) after a 75-g oral glu-
cose tolerance test (Minakami et al. 2014). HDP was
defined as a blood pressure level > 140/90 mmHg on at
least two occasions (Ohkuchi et al. 2017). In a previous
study, short stature was defined by a cut-off value at the 5"
percentile ranking (Toh-Adam et al. 2012) and was conse-
quently defined as height < 150 cm in this study. Body
mass index (BMI) before pregnancy was calculated based
on World Health Organization standards, and patients were
classified as obese (> 25.0 kg/m*) or non-obese (< 25.0kg/
m?) according to the Japan Society of Obstetrics and
Gynecology Guidelines for Obstetrical Practice 2014
(Minakami et al. 2014). Macrosomia was defined as birth
weight > 4,000 g (Boulet et al. 2003).

Statistical analyses

The Mann-Whitney U and Chi-squared tests were first
used to determine the potential confounding factors for
ECS due to labor arrest. Next, a multiple logistic regres-
sion model was used to identify variables significantly asso-
ciated with ECS due to labor arrest. A receiver-operating
characteristic (ROC) curve was subsequently used to deter-
mine the optimal BPD cut-off value for predicting ECS due
to labor arrest. We used the Youden index, which describes
the maximum vertical distance between the ROC curve and
the diagonal or chance line, to define the optimal cut-off
value (Perkins and Schisterman 2006). All analyses were
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performed using Bell Curve for Excel (Social Survey
Research Information Co., Ltd., Tokyo, Japan), and the sig-
nificance level was set at P < 0.05.

Results

A total of 2,695 women were considered eligible for
inclusion in this study. The mean maternal age was 31.3 +
6.2 years, and the mean maternal pre-pregnancy BMI was
20.9 + 3.2 kg/m?, with 1,319 nulliparous women (48.9%),
1,314 male infants (48.8%), 163 women with GDM (6.0%),
82 women with HDP (3.0%), and 32 macrosomic infants
(1.2%). Table 1 summarizes the clinical characteristics of
women enrolled in this study. The overall incidence rate of
ECS due to labor arrest was 2.4% (64/2,695). Maternal
age, nulliparity, gestational age, pre-pregnancy BMI, pre-
treatment with uterine contraction agent, male infant and
birth weight were significantly higher in patients who
underwent ECS due to labor arrest than in those who had
normal vaginal delivery, whereas maternal height was sig-
nificantly lower (Table 1).

There was a statistically significant difference in ECS
due to labor arrest among the quartile groups (Table 2). As
demonstrated in Table 2, there were significant differences
in ECS due to labor arrest among the four groups of
women, and the higher the BPD value, the higher the num-
ber of ECSs performed due to labor arrest. In multivariable
analyses, the adjusted odds ratio (aOR) for ECS due to
labor arrest was 1.12 (95% confidence interval [CI], 1.04 to
1.20; P = 0.003) for each 1-mm increase in BPD.

Moreover, short stature (aOR, 3.07; 95% CI, 1.23-7.64),
HDP (aOR, 6.10; 95%CI, 2.81-13.2), nulliparity (aOR,
13.2; 95%CI, 5.18-33.5), GDM (aOR, 3.02; 95%CI, 1.36-
6.69), and macrosomia (adjusted OR, 6.19; 95%CI, 1.50-
25.4) were found to be associated with ECS due to labor
arrest (Table 3).

The ROC curve analysis suggested that a BPD cut-off
value of 94 mm would allow for a maximum number of
patients to be correctly classified according to ECS due to
labor arrest. A cut-off point of 94 mm yielded a sensitivity
of 53.1%, specificity of 65.1%, positive predictive value of
3.6%, and negative predictive value of 98.2% (area under
the curve: 0.61) (Fig. 1).

We also conducted a similar analysis by extracting
1,906 women with normal physique (18.5 < BMI < 25.0kg/
m?) (Minakami et al. 2014), because they comprised the
majority of this study population. The overall incidence
rate of ECS due to labor arrest was 2.6% (49/1,906). BPD
was significantly different in patients who underwent ECS
due to labor arrest than in those who had normal vaginal
delivery (93.4 + 43.8 vs. 92.0 + 3.6 mm, P = 0.02). Based
on ROC analysis for 1,906 women with normal physique, a
BPD cut-off value of 94 mm would allow for the maximum
number of women to be correctly classified according to
ECS due to labor arrest. A cut-off value of 94 mm provided
a sensitivity of 51.0%, specificity of 65.8%, positive predic-
tive value of 3.8%, and negative predictive value of 98.1%
(area under the curve: 0.59) (Fig. 2).

Table 1. Baseline characteristics of the study population.

Normal vaginal delivery ECS due to labor arrest P value
(n=2,631) (n=64)

Maternal age, years 31.3+6.2 325+63 0.03
Nulliparity 1,260 (47.9) 59(92.2) <0.001
Gestational age, weeks 393+1.1 40.0+£1.0 <0.001
Maternal height 1584+54 156.1£5.6 <0.001
Pre-pregnancy BMI, kg/m’ 209+32 21.9+38 0.005
IVF 83(3.2) 3(4.7) 0.56
Birth weight, g 3,077 +£366.1 3,303 +389.6 <0.001
Pretreatment with a uterine contraction agent 786 (29.9) 52 (81.3) <0.001
Male infant 1,275 (48.4) 39 (60.9) 0.048

Values are presented as an average + standard deviation or as numbers (%).
ECS, emergency cesarean section; BMI, body mass index; IVF, in vitro fertilization.

Table 2. Prevalence of emergency cesarean section due to labor arrest according to fetal biparietal diameter quartiles mea-

sured within 7 days prior to delivery.

Group 1 Group 2 Group 3 Group 4 P value
(BPD 71-89 mm)  (BPD 90-92 mm)  (BPD 93-95mm) (BPD 96-104 mm)
n=676 n="786 n=733 n=>500
ECS due to labor arrest 9(1.3) 17 (2.2) 18 (2.5) 20 (4.0) 0.03

Values are presented as numbers (%).
ECS, emergency cesarean section; BPD, biparietal diameter.
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Table 3. Factors associated with emergency cesarean section due to labor arrest.

Variables ECS due to labor arrest ~ Normal vaginal delivery Crude Adjusted
() (n) OR 95% CI OR 95% CI
(median Sgﬁ;gﬂflg;cemﬂe]) 94.0 (91.0-96.0) 92.0 (89.0-95.0) 112 1.04-120
Maternal stature
>150 cm 58 2,521 1.0 Reference 1.0 Reference
<150 cm 6 110 2.37 1.001-5.61 3.07 1.23-7.64
Pre-pregnancy BMI
<25.0 kg/m’ 57 2,392 1.0 Reference 1.0 Reference
>25.0 kg/m? 7 239 1.22 0.55-2.72 1.36 0.57-3.22
Nulliparity
No 5 1,371 1.0 Reference 1.0 Reference
Yes 59 1,260 12.8 5.14-32.9 13.2 5.18-33.5
GDM
No 55 2,477 1.0 Reference 1.0 Reference
Yes 9 154 2.63 1.28-5.43 3.02 1.36-6.69
HDP
No 54 2,559 1.0 Reference 1.0 Reference
Yes 10 72 6.58 3.22-13.4 6.10 2.81-13.2
Birth weight
<4,000 g 61 2,602 1.0 Reference 1.0 Reference
>4,000 g 3 29 4.41 1.31-14.9 6.19 1.50-25.5

ECS, emergency cesarean section; BPD, biparietal diameter; BMI, body mass index; GDM, gestational diabetes mellitus; HDP,
hypertensive disorders of pregnancy.
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Discussion to be an independent risk factor, as higher BPD values were
In this study on Japanese women, two important clini- associated with ECS due to labor arrest. (2) No specific

cal findings were obtained. (1) Increased BPD was found BPD cut-off value was convincingly associated with a
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meaningful increase in the risk of ECS due to labor arrest.
These findings are consistent with those of previous studies
(Bardin et al. 2016; Karaaslan et al. 2019). Therefore,
despite the differences in maternal physique and race, there
may be no significant difference in the relationship between
BPD (as measured by pre-labor ultrasonography) and the
passage of the fetal head through the pelvis. It seems natu-
ral to speculate that a large BPD, which may reflect a large
fetal head, influences the progression of labor. However,
molding of the fetal head during its passage through the
maternal pelvis may explain the lack of benefit from the
ultrasound evaluation of BPD prior to labor in this context
(Bardin et al. 2016); similar findings were obtained in a
previous study (Karaaslan et al. 2019). Molding may be a
physiological adaptation for protection against fetal or
maternal injury. Bardin et al. (2016) reported that unlike
the fixed fetal HC, the BPD is flexible to a certain degree
owing to molding. The fetal head undergoes molding to
enable the passage of its largest diameter (i.e., the BPD)
through the pelvis, which may nullify the importance of the
antepartum sonographic BPD assessment. Indeed, the fetal
BPD alone was poorly predictive of the need for ECS due
to labor arrest.

As described above, the findings of the current study
are consistent in part with those of previous studies (Bardin
et al. 2016; Karaaslan et al. 2019). However, these previ-
ous studies had certain limitations, including a small sample
size (Karaaslan et al. 2019) and inadequate distinction
between the need for ECS due to labor arrest and ECS due
to any indication (Bardin et al. 2016). Compared to these
studies, our study analyzed more risk factors for ECS due
to labor arrest in a relatively large sample of Japanese
women.

A short maternal stature was also significantly associ-
ated with ECS due to labor arrest in the present study.
Several studies have reported that a shorter height of the
mother is an important risk factor for labor arrest
(McGuinness and Trivedi 1999; Liselele et al. 2000; Kara
et al. 2005; Toh-Adam et al. 2012). Maternal height reflects
the maternal pelvic size, which is in turn related to dystocia
or difficult births; it has, therefore, been shown to be predic-
tive of labor arrest (Toh-Adam et al. 2012). In the clinical
setting, several women, particularly those with short stature
who have been reported to have large fetal BPDs, have con-
cerns about the possibility of cesarean section delivery.
Although multivariable analysis was not possible due to the
small sample size, the ability of BPD to predict ECS due to
labor arrest was examined. In the present study, based on
ROC analysis for 116 women with a short stature (< 150
cm, see Table 3), we found that a BPD cut-off point of 92
mm would allow for the maximum number of women to be
correctly classified according requiring ECS due to labor
arrest. A cut-off value of 92 mm provided a sensitivity of
66.7%, specificity of 59.1%, positive predictive value of
8.2%, and negative predictive value of 97.0% (area under
the curve: 0.65) (data not shown). Therefore, even though

our study population was limited to women with short stat-
ure and normal physique, the fetal BPD alone demonstrated
poor predictive ability for determining the need for ECS.
Obstetricians may find this information useful during the
prenatal counseling of women with a short stature.

This study has certain limitations. Firstly, this was a
single-center study, and it may be difficult to generalize our
results to the general population. A large-scale multicenter,
prospective cohort study is required to confirm our results
in the general population. Secondly, the definition of labor
arrest differs between Japan and other countries (American
College of Obstetricians and Gynecologists et al. 2014). In
view of the ambiguity in the definition of labor arrest, the
difference in the definition of labor arrest between studies
needs to be considered. Thirdly, we did not evaluate certain
potential risk factors for labor arrest, including premature
rupture of membranes (Feinstein et al. 2002; Lee et al.
2012), hydramnios (Feinstein et al. 2002), and labor induc-
tion (Feinstein et al. 2002). Therefore, unmeasured con-
founders may have been associated with labor arrest in this
study.

In conclusion, although there is a significant relation-
ship between fetal BPD and the risk of ECS due to labor
arrest, the ultrasound assessment does not significantly
improve the predictive ability of fetal BPD. In addition, the
fetal BPD alone demonstrates poor predictive ability for
ECS due to labor arrest. Thus, mothers should be encour-
aged for attempting vaginal deliveries, even in the case of
having babies with large fetal BPD.
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