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ABSTRACT ARTICLE HISTORY
To establish and verify a model for labour dystocia occurring in the active phase, this study retrospect- Received 30 August 2022
ively analysed the clinical data of primiparas with singleton cephalic full-term foetuses, who had deliv- Accepted 18 January 2023

ered after a trial of labour. The Chi-square test, t-test, Mann-Whitney U test and multivariate logistic
regression analysis were used for statistical analysis. Based on the model a nomogram was established
using the R programming language. Multivariate logistic regression analysis showed that the foetal active phase; labour
abdominal circumference, premature rupture of membranes (PROM), prolonged latent phase, foetal sta- dystocia; pre’diction model;
tion and foetal position at the early stage of the active phase were independent factors influencing nomogram

labour dystocia occurring in the active phase. The established model could effectively and accurately sup-

port clinicians in the early identification of labour dystocia to improve maternal and infant outcomes.
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IMPACT STATEMENT

e What is already known on this subject? Labour dystocia occurring during the active phase of the
first stage, is the most commonly diagnosed as labour aberration. Previous studies have suggested
that maternal age, body mass index, macrosomia and abnormal foetal position are the independent
risk factors for labour dystocia. However, only the risk factors were reported, and few prediction
models were established.

o What do the results of this study add? This study uses data in the real world to establish a pre-
diction model of full-term singleton primipara with labour dystocia occurring in the active phase
by logistic regression analysis. Foetal abdomen circumference, PROM, prolonged latent phase, the
foetal station and foetal position at the early stage of the active phase are independent factors
influencing labour dystocia that occurs in the active phase. In addition, a nomogram is established
as a visual graph to predict the probability of it.

e What are the implications of these findings for clinical practice and/or further research? The
nomogram based on the predictive model discarded complicated calculations and presented an
easy visual graph-based method to predict the probability of labour dystocia occurring in the active
phase. It helps to introduce interventions that could reduce the CS rate and occurrence of adverse
maternal and foetal outcomes to ensure the safety of mothers and infants.

1. Background Waldenstrom and Ekéus 2017, Hautakangas et al. 2018, Beta
et al. 2019, Nahaee et al. 2020). However, only the risk factors
were reported, and few prediction models were established.
Therefore, this study uses data in the real world to establish
a prediction model of full-term singleton primipara with
labour dystocia occurring in the active phase by logistic
regression analysis. In addition, a nomogram is established as
a visual graph to predict the probability of it.

Labour dystocia (LD), occurring during the active phase of
the first stage, is the most commonly diagnosed as labour
aberration. It is defined as abnormally slow or protracted
labour, a lack of progressive cervical dilatation or no foetal
head descent. It causes maternal and foetal complications
such as postpartum bleeding, infection, foetal distress, mor-
tality, increased caesarean sections (CSs) and unpleasant
childbirth experiences (Conningham 2018). Therefore, diag-
nosing and dealing with the problem timely is important. 2. Materials and methods
Previous studies have suggested that maternal age, body
mass index (BMI), macrosomia and abnormal foetal position
are the independent risk factors for labour dystocia This is a retrospective study. The data were retrospectively
(American College of Obstetricians and Gynecologists’ collected between 1 January 2015 and 30 April 2022 from
Committee  on Practice Bulletins-Obstetrics 2016, women at the Affiliated Hospital of North Sichuan Medical

2.1. Research object
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College (NSMCQ), a university-based tertiary care centre with a
medical radiation population of over 33 million. This study
was approved by the ethics committee of NSMC
(2022ER029-1).

In this research institution, we have been using the classic
labour curve created by Friedman (1954) to describe the pro-
gress of labour and guide intrapartum management until 1
January 2015 Since then, we adopted the guideline
approved by The Obstetric Group of Obstetrics and
Gynecology Branch of Chinese Medical Association (2014). In
this research institution, the labour assessment was evaluated
by experienced midwives and attending physicians. Vaginal
examinations were performed every 4 and 2h during the
latent and active phases, respectively, with intervals adjusted
according to individual symptoms and labour progress.
Women with cephalopelvic disproportion, pelvic size abnor-
malities, abnormality in soft tissues of the genital area, severe
pregnancy complications, pathological obstetric conditions or
complicated cardiac insufficiency were not allowed a vaginal
delivery.

2.2. Inclusion criteria

The inclusion criteria were primiparas with the gestational
age 377°-41"Cweeks, singleton, cephalic, who delivered after
trial of labour.

2.3. Exclusion criteria

The following classes of primiparas were excluded from the
study:

i. Women with psychological and mental disorders.

ii. Women with cervical dilation > 6.cm at admission, epi-
dural analgesia, CS in latent phase and second stage of
labour, CS because of foetal distress and elective CS dur-
ing the active phase, operative vaginal delivery (vacuum
or forceps), shoulder dystocia and induction of labour
because of severe malformations such as full-term still-
birth, hydrocephalus and anencephaly.

iii. Those with incomplete demographic data.

2.4. Diagnostic criteria

Labour dystocia occurring in the active phase was diagnosed
when the membrane was broken and cervical dilatation was
> 6 cm; cervical dilatation was stopped at > 4 h with regular
uterine contractions or cervical dilatation was stopped at >
6 h with uterine atony. Vaginal delivery (VD) is performed in
primiparous women with a gestational age of 377°-
41"%weeks, having normal labour progress, and the foetus
was delivered naturally with a cephalic presentation.

2.5. Grouping criteria

According to the diagnostic criteria, the subjects were div-
ided into labour dystocias occurring in the active phase (LDs
group) and vaginal deliveries (VDs group).

2.6. Data collection

The clinical data was retrospectively recorded, including the
maternal age, height, antepartum weight, gravidity, gesta-
tional age, foetal abdominal circumference, foetal position,
station at the early stage of the active phase, delivery mode,
indications of CS and proportion of cases with a premature
rupture of membranes, labour induction, nuchal cord, pro-
longed latent phase.

2.7. Related definitions

i. Foetal abdominal circumference: Taken within one week
before delivery by ultrasound through a transverse sec-
tion with the umbilical vein into the liver and the abdo-
men perpendicular to the foetal spine.

ii. The early stage of the active phase: The time when cer-
vical dilation is 4-6 cm.

iii. Prolonged latent phase: The latent phase lasts for more
than 20h in primiparas, from the beginning of regular
labour contractions to the starting of the active phase.

iv. Foetal station at the early stage of the active phase: The
relationship between the lowest point of the foetal skull
and the ischial spine at the early stage of the active
phase, ranging from —3 to +3.

v. Foetal position at the early stage of the active phase: It
determines the relationship between the foetal occiput
and maternal pelvis at the early stage of the active
phase such as in front of the pelvis for the occipital
anterior position (OA). Not OA: any foetal position other
than OA, including occipital posterior position (OP),
occipital transverse position (OT), occipitopubic position,
occipitosacral position, anterior asynclitism and face
presentation.

2.8. Statistical analysis

Statistical analyses were conducted using the IBM Statistical
Package for the Social Sciences (SPSS) version 25.0 software
package for Windows. The nomogram was plotted using the
‘rms’ package, and the receiver operating characteristic (ROC)
curves were drawn using the ‘ROCR’ package in R version
4.1.2. The sample size of this study conformed to the optimal
combination of predictive factors and sample size stipulated
by multivariate regression analysis (Norman 2012). Missing
data accounted for less than 1.4%, which did not affect the
analysis result and was deleted. The measurement data con-
forming to normal and non-normal distributions were
described using X£S and median (P,s, P5s), and the counting
data were described using percentages. Univariate analysis
was performed using the t-test, Mann-Whitney U test or
Pearson Chi-Square () test. The variables with statistical sig-
nificance in univariate analysis were included in the multivari-
ate logistic regression, and risk factors were screened to
establish the prediction model of labour dystocia occurring
in the active phase. A nomogram was established using the
R programming language based on the predictive model.
The cut-off value was calculated using the Yoden index (sen-
sitivity + specificity — 1). Discrimination and calibration



evaluate the predictive ability of the model, while Bootstrap
repeated sampling (1000 sampling times) was used for the
internal model verification.

3. Results

From 1 January 2015 to 30 April 2022, 4026 full-term single-
ton cephalic primiparas had delivered after a trial of labour
in the research institution, of which 2161 were included in
this study. As shown in Table 1, the research objects included
184 (8.5%) and 1977 (91.5%) cases in the LDs and VDs
groups, respectively. The women in LDs group were older
[(27.6 £3.2) vs (26.6 £3.3) years, t=—3.620, p <.001] and had
higher antepartum BMI [(27.4+2.8) vs (26.3+3.0) kg/m?,
t=—-4.774, p<.001], larger foetal abdomen circumference
[(339.5(331.9,350.0)) vs (331.9(324.0,339.0)) mm, z=—8.398,
p<.001] and delivered later [(281.0(276.2,284.0)) vs
(277.0(273.0,282.0)) day, z= —5.288, p <.001] compared with
those in VDs group. The incidence of PROM [29.9% (55/184)
vs 19.5% (386/1977), x> =11.138, p=.001], labour induction
[31.0% (57/184) vs 18.3% (361/1977), Xz =17.453, p<.001],
and the proportion of cases with prolonged latent phase
[40.8% (75/184) vs 3.3% (65/1977), XZ = 390.142, p <.001]
were all higher in LDs group than in VDs group. The foetal
station at the beginning of the active phase in LDs group
were more higher(=-1) [66.3%(122/184) vs 17.6% (347/1977),
¥?= 235.451, p <.001] than that of in VDs group. The abnor-
mal foetal position (not OA) at the beginning of the active
phase [77.7%(143/184) vs 8.1% (160/19777), xzz 676.882,
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p <.001] were more in LDs group than in VDs group. There
were no significant differences in gravidity and the propor-
tion of nuchal cord between the two groups (p>.05)
(Table 1).

3.1. Establishment of the prediction model

Influencing factors of labour dystocia in the active phase
were screened to build the prediction model, based on multi-
variate logistic regression analysis. Variables with a statistic-
ally significant difference from those above were the input,
and the dependent variable was the delivery outcome (VDs
= 0, LDs = 1). The multivariate analysis revealed PROM, foe-
tal abdominal circumference, prolonged latent phase, foetal
position, and station at the early stage of the active phase as
the primary risk factors of labour dystocia that occurred in
the active phase (Table 2). The risk factors mentioned above
were imported into the R software, and the nomogram was
constructed using the ‘rms’ package (Figure 1).

3.2. Evaluation and internal verification of nomogram

The ROC curve was drawn through the prediction probability
of the nomogram (Figure 2). The area evaluated the discrim-
ination of the nomogram under the ROC curve. The AUC of
the nomogram was 0.942 (95% Cl: 0.922-0.962), indicating a
better prediction performance. The cut-off value was 12.9%,
with sensitivity and specificity of 0.842 and 0.929, respect-
ively. The Hosmer-Lemeshow goodness-of-fit test revealed

Table 1. Comparison of data about demographic and during labour between the two groups.

Characteristic LDs group (n=184) VDs group (n=1,977) t/z/y2 p
Maternal age (year) 27.6+3.2 26.6+3.3 —3.620 <.001
Antepartum BMI (kg/mz) 274128 263+3.0 —4.774 <.001
Gestational age (day) 281.0 (276.2,284.0) 277.0 (273.0,282.0) —5.288 <.001
Gravidity 1(1,2) 1(1,2) —0.827 408
Nuchal cord 3514 .061
Yes n (%) 70 (38.0) 619 (31.3)
No n (%) 114 (62.0) 1358 (68.7)
Premature rupture of membranes 11.138 .001
Yes n (%) 55 (29.9) 386 (19.5)
No n (%) 129 (70.1) 1591 (80.5)
Labour induction 17.453 <.001
Yes n (%) 57 (31.0) 361 (18.3)
No n (%) 127 (69.0) 1616 (81.7)
Foetal abdomen circumference (mm) 339.5 (331.9,350.0) 331.9 (324.0,339.0) —8.398 <.001
Prolonged latent phase 390.142 <.001
Yes n (%) 75 (40.8) 65 (3.3)
No n (%) 109 (59.2) 1912 (96.7)
Foetal station at the early stage of the active phase 235451 <.001
=—-1n (%) 122 (66.3) 347 (17.6)
> —1n (%) 62 (33.7) 1630 (82.4)
Foetal position at the early stage of the active phase 676.882 <.001
OA n (%) 41 (22.3) 1817 (91.9)
Not OA n (%) 143 (77.7) 160 (8.1)
Table 2. Pre-labour and during labour predictors of LD that occurring in the active phase.
B Wald p OR (95% CI)
Premature rupture of membranes 0.998 15.596 <.001° 2.713 (1.653-4.453)
Foetal abdomen circumference 0.035 15.686 <.001? 1.036 (1.018-1.054)
Prolonged latent phase 2432 72971 <.001° 11.382 (6.515-19.887)
Foetal station at the early stage of the active phase = —1 1.933 73.252 <.001? 6.908 (4.437-10.753)
Foetal position at the early stage 3.257 207.714 <.001° 25.962 (16.673-40.428)

of the active phase Not OA

°p < .05.
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Figure 1. Nomogram of prediction model.? ®The total points were obtained by adding the five factors, including premature rupture of membranes (PROM), foetal
abdominal circumference (FAC), prolonged latent phase (PLP) and foetal position and station at the early stage of active phase (FPESAP, FSESAP). It represents pre-

dicting the occurrence probability of labour dystocia occurring in the active phase.
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Figure 2. ROC of the nomogram.

the goodness of fit of the nomogram (p=.536). Results of
the internal validation using the Bootstrap method (1000
sampling times) verify that the predicted LD rates were con-
sistent with the actual data (Figure 3).

4. Discussion

The onset of the active phase has been a popular topic in
labour research in recent years. Professor Friedman (1954)
proposed that the onset of the active phase should be 3cm
in the last century. However, in the past 10 years, labour
researchers including Professor Zhang Jun questioned this,
and considered that the onset of the active phase should be

o |
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Figure 3. Internal verification calibration diagram of the nomogram.? ®The X-
and Y-axis represent the predicted and actual occurrence probability of labour
dystocia occurring in the active phase, respectively. The diagonal black dotted
line represents the prediction of an ideal model, and the green solid line repre-
sents the performance of the nomogram; the closer the green line is to the
diagonal black dotted line, the better is the prediction performance.

6cm (Cohen 2010), which was recognised by the American
Association of Obstetrics and Gynaecology. Qi Shi, a member
of our research team, conducted a prospective study on the
labour process in 2015 and found that the possible acceler-
ation point of labour process in most Chinese pregnant
women was between 5cm and 6cm dilatation and at 4cm
for a small number of people (Shi 2016). With the accumula-
tion of evidence, for the onset of the active phase, a 5cm
acceleration point was suggested in ‘Intrapartum care for a



positive childbirth experience’ published by the World Health
Organization (2018) in February 2018. Thus, it is more reason-
able to define the onset of the active phase as a time period
at the acceleration point of 4-6cm dilatation, which is
defined as the early stage of the active phase and is the
application time of the prediction model constructed in this
study.

4.1. Analysis of related factors of labour dystocia
occurring in the active phase

Labour dystocia often occurs in the active phase, in which
case CS is required to end delivery. Although CS is conveni-
ent and not time intensive, it would negatively impact the
mother and foetus if not handled properly. Therefore, under-
standing the related factors causing labour dystocia, which
occurs in the active phase, is necessary to promote natural
childbirth and reduce the rate of CS and the incidence of
maternal and foetal loss in the perinatal period. In this study,
by integrating the factors of pre-labour and during labour,
we found premature rupture of membranes, foetal abdominal
circumference, prolonged latent phase and foetal position
and station at the early stage of the active phase as the risk
factors causing labour dystocia occurring in the active phase.

The premature rupture of membranes before labour is a
common complication in obstetrics. The incidence rate is
about 2.7%-17.0%. It could lead to premature delivery, foetal
distress, infection and dystocia, even fatally threatening the
health of the mother and foetus (American College of
Obstetricians and Gynecologists’ Committee on Practice
Bulletins-Obstetrics 2016). The premature rupture of mem-
branes was often considered a warning sign of dystocia,
most of which occurred in those who did not engage in the
foetal head. It is caused by the gap between the foetal pres-
entation and pelvis, communication between anterior and
posterior amniotic fluid and uneven stress on the anterior
amniotic sac. The premature rupture of membranes causes
amniotic fluid loss. The uterine wall is close to the carcase
and is prone to uncoordinated uterine contraction or blocked
rotation of the foetal head, increasing the chance of dystocia
(Waters and Mercer 2009).

Foetal weight is an important factor influencing obstetri-
cians to evaluate the success of delivery. Foetal abdominal
circumference is the most effective parameter for evaluating
foetal weight (Hautakangas et al. 2018). Catalin pointed out
that the increase in foetal weight in the third trimester was
primarily manifested by the increased foetal abdominal cir-
cumference and not by the changes in the foetal head cir-
cumference and biparietal diameter, which was related to the
continuous accumulation of fat and the accumulation and
storage of liver glycogen (Catalin 2009). One systemic review
reported that both foetal abdominal circumference and the
estimated foetal weight are equally accurate in predicting
macrosomia (Coomarasamy et al. 2005). Foetal macrosomia
was recognised as one of the risk factors for intrapartum dys-
tocia and other major maternal and foetal childbirth compli-
cations (American College of Obstetricians and Gynecologists’
Committee on Practice Bulletins-Obstetrics 2016, Araujo
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Junior et al. 2017). Therefore, the foetal abdominal circumfer-
ence was considered an independent risk factor for dystocia
(Henrichs et al. 2003).

The prolonged latent phase is the earliest sign of dystocia.
However, by occurring in the early stages of labour, it is diffi-
cult to distinguish it from false labour. Hence, it is ignored,
and an early treatment opportunity to prevent dystocia and
the adverse outcome for the mother and foetus is missed
(Bauer and Voutsos 2013, ACOG Committee 2019). A study of
10,677 women found that the longer the latent phase, the
greater is the probability of CS. Moreover, the rate of post-
partum haemorrhage, chorioamnionitis, blood transfusion
and dystocia is increased (Grobman et al. 2018). The causes
of a prolonged latent phase are uterine atony, cephalopelvic
disproportion and abnormalities in pelvic size (Angeby et al.
2018).

Souka et al. reported that the anterior occipital position
was the most common position during labour, followed by
the posterior and transverse occipital positions (Souka et al.
2003). These could be converted to the anterior occipital pos-
ition during labour. However, the labour process, if stagnant,
should be diagnosed as persistent occipital transverse or pos-
terior position. In the first stage of labour, these were related
to labour dystocia (Choi et al. 2016, Tempest et al. 2020).
Abnormal foetal position can affect foetal head descent, mak-
ing the head float high and resulting in labour dystocia. The
foetal station was above the level of the ischial spine during
the active phase, increasing the possibility of dystocia
(Kimmich et al. 2018).

4.2. Application and advantages of the nomogram for
predicting labour dystocia occurring in the active phase

Five risk factors, namely, premature rupture of membranes,
foetal abdominal circumference, prolonged latent phase, and
foetal position and station at the early stage of the active
phase, were incorporated into the R software to construct
the prediction nomogram of labour dystocia occurring in the
active phase. The total score was obtained by adding the
scores of all the risk factors according to the nomogram
model at the early stage of the active phase. The value corre-
sponding to the total score was the probability of labour dys-
tocia occurring in the active phase. For example, a primipara
who had just been admitted to the hospital had a premature
rupture of membranes. The abdominal circumference of the
foetus measured by B-ultrasound was approximately 348 mm.
The latent phase lasted 18h, and the foetal station revealed
‘—1', and occipital posterior position, at a cervical dilation of
5cm. The score based on the nomogram was
20+70439+66.5=195.5, and the corresponding probabil-
ity of dystocia was approximately 83%. The probability of
dystocia was high and some interventions were needed to
change the risk factors, for example, turning the abnormal
foetal position into the anterior occipital position by hand or
oxytocin for augmentation.

In previous studies, only the risk factors of labour dystocia
were reported, and few prediction models were established.
Nahaee (2020) predicted labour dystocia in the active phase
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and found that a maternal height of less than 160cm, low
income, labour induction, epidural analgesia, maternal anx-
iety, dehydration and insufficient support from medical staff
during delivery were the predictive factors of labour dystocia.
However, the study primarily focussed on maternal factors
and the lack of foetal factors, such as foetal weight, foetal
station and position, affecting the labour progress. In our
study, the multivariate logistic regression analysis integrated
maternal and foetal data pre-labour and during labour to
establish the prediction model of labour dystocia occurring
in the active phase. The sensitivity and specificity of the pro-
posed model were high, suggesting the clinical significance
of the model. The nomogram based on the predictive model
discarded complicated calculations and presented an easy
visual graph-based method to predict the probability of
labour dystocia occurring in the active phase. The included
variables in this nomogram were simple and easy to obtain
at the early stage of the active phase. For example, the
abdominal circumference of the foetus, accurately obtained
through B-ultrasound in the week before delivery, replaced
the foetal weight, which could only be estimated before
delivery. In addition, by using this prediction model, new
team members can be trained to judge the labour situation,
remind them of the focus that affects the progress of labour,
consolidate their basic knowledge and translate it into clinical
practice. Therefore, this model not only has certain clinical
application value, but also can be used for team training and
promote the homogenisation of labour management.

4.3. Limitations and future study prospects

First, this study only involved a single-centre population in
this region. Because the selected centre treated critically ill
pregnant women, there were relatively few pregnant women
without contraindications to a trial of vaginal delivery, lead-
ing to a small number of included populations and a lack of
external validation.

Second, all parameters related to labour progress were
artificially evaluated. However, according to medical conven-
tions, the subjective finger examination method was used for
evaluation (Buchmann and Libhaber 2007, Zhang et al. 2010).
The resulting judgement error is a common problem that
was difficult to solve when studying the labour process. The
midwifery team in this research institution was mostly per-
manent, receiving periodic skill assessments and training. In
case of abnormal labour progress, attending physicians are
requested for joint evaluation and treatment, developing cer-
tain homogeneity for the judgement of the labour process.

To solve the above limitations and deficiencies, we plan to
conduct multi-centre and big data analysis to evaluate the
prediction model performance externally.

5. Conclusion

Foetal abdomen circumference, PROM, prolonged latent
phase, the foetal station and foetal position at the early stage
of the active phase are independent factors influencing
labour dystocia that occurs in the active phase. The

prediction model and nomogram were established according
to these factors to effectively and accurately predict the LD
in the active phase for primipara. In addition, it can help
clinicians in the early identification of labour dystocia in the
active phase to improve maternal and infant outcomes.
However, clinicians cannot simply rely on the model but also
consider the actual situation of each pregnant woman to
ensure the safety of mothers and infants.
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