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Abstract
Objective—To determine risk factors for cesarean delivery in nulliparas at labor admission.

Study Design—Nulliparas with liveborn, singleton gestations =37 weeks in spontaneous or
induced labor were analyzed from the Consortium on Safe Labor database in a retrospective
observational study. Classification and regression tree (CART) and multivariate logistic regression
analysis determined risk factors for cesarean delivery.

Result—Of the 66,539 nulliparas, 22% had a cesarean delivery. In the CART analysis, the first
cervical dilation exam was the first branch followed by body mass index (BMI). Cesarean
deliveries occurred in 45%, 25%, 14%, and 10% of deliveries at <lcm, 1-3cm, 4cm, and =5cm
dilated respectively. The BMI influence was most evident in the <1cm dilation category with 26%
of BMI<25 and 66% of BMI240 having a cesarean delivery. The fewest cesarean deliveries (5%)
occurred in those =5cm and BMI<25. In the multivariate regression analysis, first cervical dilation
exam <1cm (OR 5.1, 95%CI 4.5-5.7; reference =5cm) and BMI>40 (OR 5.1, 95%Cl 4.6-5.7;
reference BMI1<25.0) had the highest odds for cesarean delivery.

Conclusion—Cervical dilation on admission followed by BMI were the two most important risk
factors for cesarean delivery identified in both CART and multivariate regression analysis.
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Introduction

A critical issue in obstetrics is the rising cesarean delivery rate, which reached a high at
32.9% in 2009 in the United States.! Nulliparas comprise approximately 22-26% of all
cesarean deliveries.l 2 In addition to the known short-term complications such as infectious
morbidity and thromboembolic events, cesarean deliveries are associated with long-term
complications such as abnormal placentation and hysterectomy.3: 4 The cesarean performed
in a nullipara is a seminal event as it impacts future delivery route decisions and potentially
contributes to maternal morbidity.

The ability to determine which women are at higher risk for cesarean delivery is important
in obstetrical care as this may modify management protocols and lead to improved perinatal
outcomes. This is especially true for nulliparas as labor course and outcome is more difficult
to determine compared to multiparas. Logistic regression analyses are amongst the most
common methods used to describe associations between risk factors and outcomes (e.g., trial
of labor after cesarean delivery and delivery route), but they have limited ability to predict
outcomes.>: 6. 7. 8.9 Classification and regression tree (CART) analysis not only accounts for
complex relationships between variables, but also presents the results in a clinically useful
form. In this approach, progressive splitting of the study population into subgroups occurs
according to the independent variables. The underlying mathematical algorithm chooses the
variables to split by, the discriminatory values of the variables, and the order in which
splitting occurs, with the objective of maximizing outcome discrimination at each step. The
process develops a hierarchical tree structure that allows for the visualization of complex
interactions when multiple variables are analyzed simultaneously. CART analysis is a
different approach to studying risk factors and outcomes and a few investigations in
obstetrics (e.g., outcomes after emergent cerclage, perineal lacerations, postpartum
hemorrhage, and primary cesarean delivery in a non-laboring population) have employed
this methodology.8: 10. 11. 12 The objective of this study was to identify factors present upon
labor admission that are associated with cesarean delivery in nulliparas from the Consortium
on Safe Labor database using CART analysis and then compare these findings to
multivariate logistic regression analysis.

Materials and Methods

This is a secondary analysis of data from the Consortium on Safe Labor, which sought to
establish a comprehensive database from multiple sites and characterize labor and delivery
in a contemporary group of women experiencing current obstetrical clinical practices. The
complete database contained 228,438 deliveries between 2002 and 2008 acquired from
electronic obstetrical databases. Twelve clinical centers with 19 distinct hospitals across 9
American College of Obstetricians and Gynecologists (ACOG) districts participated in the
Consortium on Safe Labor. The majority (87%) of births occurred between 2005 and 2007.
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All live births at 23 weeks or later were included in the database. Participating institutions
extracted detailed information from their electronic medical records on maternal
demographics, medical history, reproductive and prenatal history, labor and delivery,
postpartum, and newborn information. The Institutional Review Boards of all 12
participating institutions approved the initial project. More detailed information regarding
the formation of the database is provided elsewhere.13. 14

For the current retrospective observational study, the inclusion criteria were nulliparas with
live-born cephalic singletons at = 37 0/7 weeks gestation. Excluded were women with a
prelabor cesarean delivery, defined by an absent trial of labor and a first cervical dilation
exam <6¢cm and none of the following criteria: induction of labor, augmentation of labor,
intrapartum tocolytics, episiotomy, shoulder dystocia, vaginal lacerations, a cesarean
performed for failure to progress or failed induction, or a date/time of full cervical dilation
or onset of spontaneous labor in the database. All other cesarean deliveries not meeting the
above criteria were classified as intrapartum and included in the study. A nullipara was a
woman without a prior 20 week or longer gestational age delivery. The primary outcome
was delivery route categorized as cesarean or vaginal delivery. Independent variables
considered included maternal age, race, gestational age, short stature (<1.5 m), admission
body mass index (BMI, kg/m?2), pre-gestational or gestational diabetes, hypertension (all
types combined), cervical dilation on admission or first cervical exam recorded (in
centimeters), and induction of labor. The self-reported maternal height and weight most
proximate to the time of labor admission (last documented weight at a prenatal visit or
admission weight) were used to calculate BMI for each patient. These independent variables
were selected not only because they were known at the time of admission to labor and
delivery, but also because they have been shown to be associated with delivery

route, 1% 16, 17,18, 19,20 The data for maternal age (< 30 vs. = 30 years), gestational age
(37-39 vs. = 40 weeks), height (<1.5 m), and admission or first cervical dilation (<1 cm, 1-3
cm, 4 cm, or = 5 cm) were analyzed as categorical variables based on the distribution of the
variables in the database and clinical relevance. Any further reference to cervical dilation
reflects either the admission or first cervical exam in the database. The BMI data were
grouped into categories by 5 unit increments, similar to WHO criteria (< 25.0 kg/m2,
25.0-29.9 kg/m?2, 30.0-34.9 kg/m?, 35.0-39.9 kg/m?, and > 40 kg/m?).2! These independent
variables were compared between the cesarean and vaginal deliveries using two sided t-tests
for continuous and chi-square tests for categorical variables. A P-value <0.05 was
considered statistically significant.

CART analysis then studied the dependent variable of delivery route with the independent
variables described above using IBM SPSS Decision Trees 22 (Chicago, IL), implementing
the Exhaustive Chi-squared Automatic Interaction Detection methodology, with 10-fold
cross-validation. This cross-validation procedure allows use of all the data, where the dataset
is randomly divided into 10 separate sub-groups of participants. For each of the 10 sub-
groups, a tree is built with the 90% of the participants, also known as the learning sample.
The 10% sub-group is then treated as a test sample. Each of the 10% sub-groups serve once
as a test sample and serve as part of the learning sample 9 times. A total of 10 trees are built
with each one excluding one of the sub-groups, with the final classification tree based on a
summary of the 10 separate classification trees. Further specification of the classification
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tree included an alpha of 0.05 for splitting after incorporating a Bonferonni adjustment, a
minimum parent node size of 1000 cases, a minimum child node size of 500 cases, and a
maximum tree depth of 3. Separate analysis which excluded labor inductions and missing
data were also performed. Next, univariate analysis followed by multivariate logistic
regression analysis was done using a backward elimination model with the same
independent and dependent variables as the CART analysis. Odds ratios (OR) and 95%
confidence intervals (CI) were reported.

Of the 228, 438 deliveries in the entire Consortium on Safe Labor database, 91,424 (40%)
were nulliparas. After exclusions, 66,539 met the eligibility criteria (Figure 1). Table 1
describes the demographic data of the eligible cohort grouped by delivery route where 22%
overall had a cesarean delivery. Short stature, African American and Hispanic race/ethnicity,
diabetes, hypertension, and induced labor were more common in cesarean compared to
vaginal deliveries, P<0.001. Greater mean maternal age (26.6+6.4 vs. 24.5+5.7 years), and
admission BMI (32.6+6.8 vs. 29.6+5.4 kg/m?) were also characteristic of the cesarean
delivery group, P<0.001. In addition, those delivered by cesarean had a lower cervical
dilation (2.2+£1.8 cm) compared to vaginal deliveries (3.3+2.2 cm, P<0.001).

Missing data accounted for 74 (0.1%) maternal age, 3,374 (5%) maternal race, 11,811 (17%)
admission BMI's, and 4,257 (6.4%) cervical dilations, with some women having more than
one of the variables missing. For the CART analysis, a separate “missing” branch was
created for the age and race variables, leaving 51,104 participants for this analysis. Cervical
dilation was the first branch of the CART. Cesarean deliveries occurred in 45%, 25%, 14%,
and 10% at <1 cm, 1-3 cm, 4 cm, and =5 cm respectively (Figure 2). BMI was the second
branch for all dilation categories. A BMI=30 was associated with the most cesarean
deliveries across all dilation levels. The BMI influence was most evident in the <lcm
dilation category with 26% of BMI < 25 and 66% of BMI = 40 having a cesarean delivery.
The terminal nodes were varying occurrences of maternal age, gestational age, and race but
none of them represented extreme occurrences of cesarean delivery (data not shown). The
fewest cesareans (5%) occurred in those =5 cm and BMI < 25. Height, diabetes,
hypertension, and induction did not present as significant contributors over and above the
other independent variables included in this model.

Because of the potential correlation between cervical dilation and induction (i.e., more
inductions at lower cervical dilations), the induction variable was removed and the analysis
was repeated. All branch points and proportions of cesarean deliveries were exactly the
same as the analysis with induction (data not shown) which again confirmed that induction
was not one of the top hierarchical variables. Maternal age, height, and gestational age were
also entered into the analysis as continuous variables. The first two branch points (cervical
dilation and BMI) and cesarean delivery proportions were exactly the same with varying
occurrences of maternal age, height, and gestational age in the third branches (data not
shown). To assess the impact of missing data, another analysis was performed whereby a
“missing” value was entered as a separate category for cervical dilation and BMI. The
results were similar with a first branch point of cervical dilation followed by second branch
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points of either BMI or induction and then varying occurrences of maternal age, gestational
age, and BMI as the third branch points (results not shown). The highest proportion of
cesarean deliveries still occurred in women with a cervical dilation <1 cm and BMI = 40
(66%) whereas the fewest occurred in cervical dilation =5 cm, <30 years old and not
induced (7%). The “missing” cervical dilation (35% cesarean delivery) branch was further
split by induction whereby 47% of induced labors resulted in a cesarean delivery.

In the univariate and multivariate logistic regression analysis, all variables were significantly
associated with delivery route except for hypertension in the multivariate analysis (Table 2).
Cervical dilation <1cm (OR 5.1 95% CI 4.5-5.7; reference =5cm) and BMI= 40 (OR 5.1,
95% CI 4.6-5.7; reference <25.0) had the highest odds for cesarean delivery in the
multivariate analysis.

Discussion

In this large multicenter retrospective investigation using an electronic obstetrical database,
we determined a hierarchy of risk factors for cesarean delivery from an analysis of maternal
demographics, medical history, and labor characteristics in nulliparas based on information
available when the woman was admitted to labor and delivery. The CART analysis indicated
that the most discriminatory risk factor for cesarean delivery was cervical dilation, followed
by admission BMI. Similar to prior studies, other demographic and clinical factors also
influenced cesarean deliveries whereby maternal age, race, and gestational age were the
most important ones in the current study.1%: 16. 17. 19 Thjs information is timely as cesarean
deliveries continue to climb, maternal weight is increasing in parallel with the obesity
epidemic in the United States, and other collaborations have begun to implement protocols
and initiatives to reduce elective inductions and unplanned cesarean deliveries along with
improving the overall quality of care.22 23 24 Our number of intrapartum cesarean deliveries
(22%) was higher than reports from Ireland for nulliparous women with a singleton cephalic
fetus at term (14%), but similar to overall cesarean deliveries for nulliparous women in the
United States (22-26%).2: 15 25 Other studies also support that expectant management of
nulliparas could lead to lower cesarean deliveries, yet there is also evidence to support that
elective inductions decrease cesarean deliveries and other perinatal morbidity.15: 26. 27, 28,29
This will likely be an ongoing area of population-based research. In the interim, according to
the summary from the “Preventing the First Cesarean Delivery” workshop in 2012, labor
induction with an unfavorable cervix should not be undertaken unless delivery is indicated
for clear maternal or fetal benefit.30

The advantage of using CART methodology as compared to multivariate logistic regression
was the clearer delineation of the most important risk factors for cesarean delivery among
several variables that have known associations with delivery route. The CART analysis also
allows for a more visual presentation of the data compared to interpreting coefficients from
logistic regression models, and so clinicians and patients may have a better understanding of
their labor status and outcomes if they are explained with the CART analysis method as
compared to odds ratios or relative risks. For example, based on the CART analysis in this
study, 26-66% of nulliparas with a cervical exam of < 1cm had a cesarean delivery, as
compared to lower cesarean delivery percentages (7-18%) if the admission occurred when
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the cervix was at least 4-5 cm dilated, depending on values of other important factors such
as BMI and maternal age. From the logistic regression analysis, there is a 5.1-fold increased
odds for cesarean delivery if admitted at 1 cm compared with a dilation of 5cm or more
(Table 2), assuming all other factors in the model are held constant. This finding may be less
interpretable for a layperson.

Although not all deliveries from the entire Consortium of Safe Labor cohort were included
in this study, this secondary analysis was similar with respect to demographics, BMI, and
inductions to the overall cohort.13: 14 The multicenter approach allows for the information to
be generalized to practices across the United States, but especially so for those who manage
labor of obese women. As a retrospective study, individual cervical exams, labor practices,
and indications for cesarean delivery could not be assessed, but the outcomes in this
database likely reflect actual decision-making and clinical practice. Approaches to cervical
ripening included a full-spectrum of agents including prostaglandins and foley bulbs, etc.
We opted to use admission BMI rather than a prepregnancy BMI because weight most
proximate to delivery would have a greater impact on actual delivery route. The cervical
dilation variable was a combination of the cervical exam on admission (mean 2.98 + 2.16
cm) and the first cervical exam (mean 2.74 + 1.95 c¢cm) in the database which minimized the
missing data for this variable but may have introduced some bias with higher cervical
dilations being analyzed. As the intent was to study factors present at admission, intrapartum
variables such as oxytocin, chorioamnionitis, epidurals, labor length, or birth weight that
may have also influenced the delivery route were not included in the analysis.

In large databases such as this one, it is expected to have missing data. This was minimal in
most analyzed variables except for BMI. A unique feature of CART is that it allows for
analysis of missing data as a discrete category. We can explain the differences in delivery
route in the “missing” cervical dilation category by assuming that those who were induced
had a low cervical dilation (i.e. <1 cm) and therefore higher cesareans (47%). Likewise,
those who presented with advanced dilations and delivered vaginally (80% of non-induced
missing cervical dilations) and quickly after admission did not have a documented cervical
exam. With respect to missing BMI, there did not appear to be a trend to this missing data as
cesarean delivery for missing BMI fell in between the other BMI categories in each cervical
dilation branch suggesting that the missing BMI data represented the full range of BMI.
Given the otherwise similar findings of the two CART analysis (with and without missing
data categories), we do not suspect that missing data entered appreciable bias in the study
results.

Although most nulliparas will have a vaginal delivery, this study provides clinically useful
information that may not only help determine nulliparas who will require a cesarean delivery
by using easily ascertainable clinical characteristics available at the time of admission but
also assist clinicians in counseling patients about the risk for cesarean and provide further
data to encourage nulliparas to await spontaneous labor if there are no contraindications, or
to delay admission until the cervix is dilated to at least 4 cm, as deterrents to cesarean
delivery. Future studies are needed to investigate more accurate analytical approaches to
identify risk factors for the first cesarean delivery, yet our CART analysis findings were
similar to those of logistic regression analysis. Further studies should also consider using
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CART analysis as an alternative to more traditional regression analysis to determine the
most important risk factors for other perinatal outcomes.
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228,438 Deliveries from Consortium on Safe Labor Assessed for Eligibility
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Figure 1. Participant selection
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Total n=51104

Figure 2. Classification and Regression Tree Analysis for Delivery Route in Nulliparas

1# Branch: Cervical dilation {cm)

2 Branch: BMI (kg/m?)

i

=1

1-3

25

44% CD 2263

25% CD 5305

14% CD 2582

ﬂds

—— | 26% CD 157

25-29.9
30-34.9
47% CD 643

35-39.9

57% CD 403

- | 66% CD 358

13% CD 400
25-209
— (20% CD 1713)

30-34.9
— . (28% CD 1601

35-39.9
36% CD 866

240

46% CD 725

<26
7% CD 222
25-299
12% CD 932
30-349
16% CD 744
25090

240

30% CD 306

<26

5%CD71

25-209
8% CD 221
:

CD cesarean delivery, VD vaginal delivery, GA gestational age
Data presented as CD% and number in each shape (ovals and rectangles)
Rectangles represent terminal nodes (no other variables had a statistically significant impact

on delivery route).

Page 10

3rd branches were variations of maternal age, gestational age, or race, but none represented
extreme occurrences of cesarean delivery (data not shown).
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Univariate and Multivariate logistic regression analysis for cesarean delivery

Table 2

Variable Unadjusted OR | 95%CI Adjusted OR 1 | 95%CI
Maternal age =30 years 2.0 19-21 19 1.8-2.0
Maternal height <1.5m 2.0 18-23 | 19 1.7-2.2
Race

White ref ref

Black 1.6 1.5-1.7 1.7 1.6-1.8
Hispanic 14 13-15 | 15 1.4-1.6
Other 15 1.4-1.6 1.6 1.5-1.8
Admission BMI (kg/m?)

<25.0 ref ref

25.0-29.9 1.7 1.6-1.8 1.6 1.5-1.7
30.0-34.9 2.7 2529 | 25 2.3-2.7
35.0-39.9 3.9 3.6-43 | 35 3.2-3.9
240.0 6.2 56-68 | 5.1 4.6-5.7
Diabetes 2.2 20-24 | 14 1.3-1.6
Hypertension 1.8 1.7-20 | .2 -
Gestational age >40 weeks | 1.6 15-16 | 15 1.4-1.6
Admission cervical dilation

<lcm 7.9 72-86 | 51 45-5.7
1-3cm 33 3136 | 26 2.4-2.9
4cm 1.6 1.5-1.8 15 1.4-1.6
25cm ref ref

Induction 25 2.4-2.6 1.4 1.3-14

Lrhe multivariate model included all the covariates specified in the ‘Adjusted OR’ column of this table.

Hypertension was eliminated from the final model in the backward elimination regression analysis.
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