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OBJECTIVE: We sought to develop a neural network (NN) to predict the
risk for cesarean delivery (CD) in term nulliparas.

STUDY DESIGN: Using software (BrainMaker for Windows, Version
3.0; California Scientific Software, Nevada City, CA), we trained
an NN with 225 patients obtained by chart review and included
for nulliparity, singleton vertex � 36 weeks’ gestation, and
reassuring fetal heart rate on admission. Training inputs included
several maternal and fetal clinical variables. Two logistic regres-
sion (LR) models using 225 and 600 patients (LR225 and LR600,
respectively) were developed. The NN and LR models were tested

for prediction of CD in a set of 100 patients not used for
development.

RESULTS: The NN, LR225, and LR600 correctly predicted 53%, 26%,
and 32% of the patients with CD and 88%, 95%, and 95% of the
patients with vaginal delivery, respectively.

CONCLUSION: Compared with LRs, the NN was slightly better in pre-
dicting CD and was similar for predicting vaginal delivery in nulliparas
with term singletons.
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Cesarean delivery (CD) has increased
by � 350% in the United States

since the 1970s, reaching a rate of 29.1%
in 2004.1,2 An American College of Ob-
stetricians and Gynecologists (ACOG)
Task Force, constituted in 1999 to study
the growing CD “epidemic,” found that
one of the greatest drivers of higher CD
rates came from the group of nulliparas
with singleton term gestations.3 Al-
though their report made recommenda-
tions for limiting CDs in this group,
these recommendations appear to have
had little, if any, impact on subsequent
CD rates.

Among the concerns associated with
labor in term nulliparas is the unpredict-
ability of its course and outcome. This
concern may also contribute to another
practice phenomenon, CD on maternal
request. A National Institute of Child
Health and Human Development
(NICHD) expert panel studied this issue
and concluded that, in the absence of any
increase in known clinical risk factors for
primary CD, CD on maternal request
may be contributing to higher rates of
primary CDs.2 In view of such concerns,
it would be reasonable to raise the fol-
lowing question: would CD be per-
formed more appropriately and would
some of these maternal concerns be mit-
igated if labor outcome could be pre-
dicted more accurately in advance?

Previous attempts to develop models
that predict the mode of delivery, based
on traditional formulaic and statistical
approaches, have incorporated variables
such as Bishop scores and other maternal
or fetal variables.4-10 To date, these mod-
els have shown limited predictive accu-
racy. Artificial neural networks (NNs)
are “intelligent” software programs that
have been used successfully to solve ob-
stetric and gynecologic prediction prob-
lems such as breast cancer survival, esti-
mation of fetal weight, duration of active

labor, and the significance of fetal heart
rate (FHR) patterns.11-18 Given the im-
portance of predicting the outcome of la-
bor in a group of patients with no obstet-
ric history, better prediction models
could prove beneficial to obstetric pro-
viders and their patients. Figure 1 shows
the building of the NN from scratch
starting with defining a problem or a
question, choosing the information, and
gathering data and creating network files
that will train the network. If the net-
work gets trained successfully, it gets
tested with a sample with a known out-
come. If the network gets tested success-
fully, it is run to predict the outcome of
new patients. If the network does not get
trained or tested successfully the ques-
tion or the input characteristics are mod-
ified and the network is tested again.
Therefore, our goal was to develop an
NN to predict the mode of delivery in
term nulliparas more accurately than
might be accomplished with conven-
tional modeling, such as logistic regres-
sion (LR).

MATERIALS AND METHODS
We reviewed the completed medical
records of all obstetric patients who de-
livered at our institution between 2005
and 2007. This review was approved by
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our institutional review board prior to its
inception. We identified 700 term nullip-
aras who met the following inclusion crite-
ria: (1) singleton pregnancy; (2) vertex pre-
sentation; (3) adequate pregnancy dating;
(4) reassuring FHR pattern on admission;
and (5) gestational age � 36 weeks. Pa-
tients were excluded for the following rea-
sons: (1) active herpes infection; (2) pla-
centa previa; (3) placental abruption; (4)
suspected fetal growth restriction; (5) se-
vere preeclampsia; (6) chorioamnionitis;
and (7) rupture of membranes�18 hours.
Of these 700 patients, 600 patients were se-
lected to create the NN and LR models and
100 patients were randomly segregated by
the NN program to form a set for testing
the resulting prediction models.

The NN was developed with software
(BrainMaker for Windows, version 3.0;
California Scientific Software, Nevada

City, CA). The NN structure consisted of
3 layers, feed-forward with a back prop-
agation algorithm. The NN predicts the
outcome based on input characteristics
and improves its predictive ability and
experience by correlating the outcome
with its input characteristics. The NN
contained 1 input layer with 15 inputs, 1
hidden layer, and 1 output layer with 2
outputs (CD and vaginal delivery). The
NN output is a probability between 0
and 1, similar in overall range to that of
LR models. In our model, a probability
that exceeded .5 would trigger a “yes” re-
sponse for CD; a value below that thresh-
old would trigger a “yes” response for
vaginal delivery. This value is fixed at the
start of NN development. The NN was
developed and trained using a learning
rate of 1.0 and tolerance of 0.1. The NN
inputs included both maternal and fetal
clinical variables. The maternal variables
were age, weeks of gestation, height,
weight, body mass index (BMI), systolic
and diastolic blood pressure on admis-
sion, Bishop score on admission, mem-
brane status on admission, group B
beta-streptococcus carriage, ethnicity,
and labor induction agents. Fetal vari-
ables were estimated fetal weight, station
on admission, and baseline FHR. After a
number of iterations, we determined
that the NN was optimally trained with a
set of 225 patients.

LR is a mathematical modeling ap-
proach that can be used to describe the
relationship of several predictor vari-
ables (X1, X2, . . , Xk) to a dichotomous
dependent variable Y. For our study, the
predictor variables were age, agent for la-
bor induction, weeks of gestation, esti-
mated fetal weight, station, Bishop, FHR,
height, weight, BMI, systolic and dia-
stolic blood pressure, ethnicity, mem-
brane status, and group B beta-strepto-
coccus carriage. The dichotomous
dependent variable was delivery mode.
Continuous variables (eg, weeks of ges-
tation, estimated fetal weight, station)
were treated continuous while discrete
variables (eg, induction, ethnicity, mem-
brane status) were treated categorically.
We used the Hosmer-Lemeshow good-
ness-of-fit test to assess linearity in as-

sessing the log odds scale. We also tested
for significant interactions among
variables.

We developed 2 multiple regression
models, LR225 and LR600, using the 225
patients in the NN training set and all
600 patients held out for NN develop-
ment, respectively. The prediction per-
formances of the NN and LR models
were tested with a set of 100 patients who
had not been used in model develop-
ment. The distributions of the variables
among the training and testing sets were
examined using �2 test or 1-way analysis
of variance, where appropriate, with an
alpha error of 0.05. Ranking of the ability
to predict delivery mode among the 3
different models was done using kappa
statistics for agreement between pre-
dicted and actual outcomes.

RESULTS
Patient characteristics for the NN and LR
training sets and the testing set are
shown in Table 1. We compared the ef-
fects of the additional 375 patients in the
second LR model using analysis of vari-
ance. Increasing the size of the LR dataset
resulted in significant increases in CDs
compared with the original LR dataset
and the testing set.

Table 2 shows the assessment of the
individual variables used in LR model
development. The only significant vari-
ables were Bishop score, BMI, weight,
and age; only the interaction between
these variables was calculated. Of the in-
dividual variables used for LR develop-
ment, Bishop scoring was the best single
predictor for both LR models. Using LR
forward selection procedure (P � .05),
the Bishop score was significantly se-
lected for the 225 patient training set (P
� .0003) and the 600 patient training set
(P � .0001). Our results showed that
only age � BMI was significant and this
interaction term was used in the model.

The receiver operating characteristic
curves for LR225 and LR600 are shown
in Figures 2 and 3, respectively. The
area under the receiver operating char-
acteristic curve is used as a measure of
diagnostic accuracy and can vary from
0.0-1.0. The areas under the receiver
operating characteristic curve were
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