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Abstract

OBJECTIVE—The objective of the study was to determine the threshold for defining abnormal
labor that is associated with adverse maternal and neonatal outcomes.

STUDY DESIGN—This study consisted of a retrospective cohort of all consecutive women
admitted at a gestation of 37.0 weeks or longer from 2004 to 2008 who reached the second stage
of labor. The 90th, 95th, and 97th percentiles for progress in the first stage of labor were
determined specific for parity and labor onset. Women with a first stage above and below each
centile were compared. Maternal outcomes were cesarean delivery in the second stage, operative
delivery, prolonged second stage, postpartum hemorrhage, and maternal fever. Neonatal outcomes
were a composite of the following: admission to level 2 or 3 nursery, 5 minute Apgar less than 3,
shoulder dystocia, arterial cord pH of less than 7.0, and a cord base excess of =12 or less.

RESULTS—Of the 5030 women, 4534 experienced first stage of less than the 90th percentile,
251 between the 90th and 94th percentiles, 102 between the 95th and 96th percentiles, and 143 at
the 97th percentile or greater. Longer labors were associated with an increased risk of a prolonged
second stage, maternal fever, the composite neonatal outcome, shoulder dystocia, and admission
to a level 2 or 3 nursery (P < .01). Depending on the cutoff used, 29-30 cesarean deliveries would
need to be performed to prevent 1 shoulder dystocia.

CONCLUSION—AIthough women who experience labor dystocia may ultimately deliver
vaginally, a longer first stage of labor is associated with adverse maternal and neonatal outcomes,
in particular shoulder dystocia. This risk must be balanced against the risks of cesarean delivery
for labor arrest.
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Emanuel Friedman®-3 revolutionized the management of labor with a series of publications
describing the patterns of normal labor of nulliparous and multiparous women in the 1950s.
These analyses led to the development of labor partograms and definitions of abnormal
labor, with specific actions recommended when the labor times exceeded predefined action
lines.4>

Changes in the population combined with rising induction and cesarean rates have led to
renewed interest in defining normal labor. Several contemporary labor curves utilizing
populations of women who reach 10 cm of dilation have been published using interval
censoring and polynomial modeling, techniques that account for repeated cervical
measurements and the impact of examination times on individual labor curves.5-13 In these
analyses, it has become customary to report the time to achieve 1 cm dilation in terms of the
median and 95th percentiles; however, these labor curves have been created in populations
in which all women achieved 10 cm of dilation. Thus, even though women exceed the 95th
percentile, they may still achieve full dilation and deliver vaginally.

The presentation of the 95th percentile in these publications appears to have been chosen
based on statistical customs rather than physiological significance or an association with
adverse outcomes. Unfortunately, this custom of reporting the 95th percentile inherently
suggests the 95th percentile as a threshold for abnormal labor, despite any documented
association of adverse outcomes with exceeding this threshold. Interventions for labors that
exceed the 95th percentile may lead to unnecessary cesarean deliveries without improving
the maternal and neonatal outcomes.

Therefore, we sought to evaluate the impact of exceeding several percentile thresholds of the
first stage of labor on maternal and neonatal outcomes in a contemporary population of
women who reached 10 cm of dilation.

Materials and Methods

We conducted a 4 year retrospective cohort study of all consecutive term (gestation of =37
weeks) deliveries at Washington University School of Medicine (St. Louis, MO) from July
2004 to June 2008 who reached 10 cm dilation. Institutional board review approval was
obtained from Washington University School of Medicine.

Women were included if their gestational age was at least 37 0/7 weeks’ gestation at
admission to labor and delivery, carried a singleton pregnancy in vertex presentation, and
had an arterial umbilical cord gas obtained at delivery. Women were excluded if they had a
prior cesarean, delivered preterm, had fetuses with congenital anomalies, or delivered by
cesarean before complete dilation.

Detailed information on maternal sociodemographic, obstetric and gynecological history,
medical and surgical history, prenatal history, antepartum history, and labor and delivery
course was extracted from the medical charts. The labor and delivery records included
medications, labor type, cervical examinations, cervical examination times, length of labor
stages, mode of delivery, and postpartum record. All data were extracted using close-ended
forms by trained research assistants who underwent regularly scheduled training.
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Because the first stage of labor can be defined in many ways, receiver-operator
characteristic (ROC) curves were generated to determine the definition of the first stage of
labor most closely associated with maternal and neonatal outcomes. The first stage of labor
was defined as the time from admission to complete dilation, time from 4 cm of dilation to
complete, dilation and time from 6 cm of dilation to complete dilation.

Women presenting with cervical examinations greater than 4 cm or greater than 6 cm were
assigned times based on the time of the first cervical examination to complete. The areas
under the ROC curves were calculated for each definition of the first stage. ROC curves
were created to visually evaluate the relationship between the length of the first stage and
maternal and neonatal outcomes, measured as a composite of any of the maternal and
neonatal outcomes of interest.

Maternal outcomes considered were cesarean delivery in the second stage, operative vaginal
delivery (forceps and vacuum), postpartum hemorrhage (as documented by the delivery
physician), prolonged second stage (specific for parity and regional anesthesia use), and
maternal fever. Neonatal outcomes considered were analyzed as a composite of the
following: 5 minute Apgar less than 3, arterial cord pH less than 7.0, cord base excess —12
or less, admission to a level 2 or 3 nursery, or shoulder dystocia. Shoulder dystocia was
documented by the delivery physician and at our institution is typically defined as requiring
at least 1 maneuver to deliver the anterior shoulder.

Thereafter the first stage of labor was defined as the time from 4 cm to complete dilation.
The exposure group was defined as having a first stage of labor less than the 90th percentile,
between the 90th and 94th percentile, between the 95th and 96th percentile, or the 97th
percentile or greater. Percentiles were determined for parity (nulliparous vs multiparous) and
labor type (induced vs spontaneous) (Figure 1). Maternal and neonatal outcomes were
considered as a composite and individually. Because shoulder dystocia is a potentially
debilitating complication that can be prevented with cesarean delivery, the number of
cesarean deliveries performed to prevent 1 shoulder dystocia was determined for each cutoff
of abnormal labor.

Study groups were compared using a Student t test or Mann-Whitney U test for continuous
or y2 for categorical variables as appropriate. Potentially confounding variables of the
exposure-outcome association were identified in the stratified analyses. Multivariable
logistic regression models were then developed to better estimate the effect of the length of
the first stage of labor on maternal and neonatal outcomes while adjusting for potentially
confounding effects. Clinically relevant covariates for initial inclusion in the models were
selected using the results of the stratified analyses, and factors were removed in a backward
stepwise fashion, based on significant changes in the likelihood ratio test. Factors considered
included parity, race, body mass index, birthweight, and use of oxytocin. All analyses were
completed using Stata SE, version 11 (StataCorp, College Station, TX).
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Of 5388 women in the cohort, 5030 were included in the analysis (11 excluded for
incomplete time data, 347 for prior cesarean). The ROC curves were created to visually
estimate the association between the length of the first stage and adverse outcomes using 3
different definitions of the first stage: time from admission to complete dilation, active phase
of labor defined as starting at 4 cm, and the active phase of labor defined as starting at 6 cm
(Figure 2). All 3 ROC curves had an area under the curve of 0.64-0.66, demonstrating a
moderate association between length of labor and the composite of adverse maternal and
neonatal outcomes. No curve demonstrated a clear cut point that could be used as a
threshold for determining abnormal labor.

Based on this information, we elected to use the time from 4 cm to complete dilation to
define the first stage of labor, and this definition was used in the remainder of the analyses.
The cutoffs used to define the 90th, 95th, and 97th percentiles from 4 cm to complete
dilation by parity and the type of labor can be found in Figure 1; the cutoffs ranged from 10
to 18 hours.

Of the 5030 women, 4534 women experienced a first stage 90th percentile or less for parity
and labor type, 251 experienced a first stage between the 90th and 94th percentiles, 102
experienced a first stage between the 95th and 96th percentiles, and 143 experienced a first
stage at the 97th percentile or greater. The groups were similar with respect to maternal age,
insurance status, and the presence of maternal hypertensive disorders (Table 1). Women
with a longer first stage, adjusted for parity and whether labor was induced, were more
likely to be white, nulliparous, obese, receive oxytocin, have diabetes, have been induced,
and have a macrosomic infant.

Maternal and neonatal outcomes were examined at each percentile division (Table 2). The
risk of a prolonged second stage and maternal fever (P < .01) increased as the first stage
length increased, although the risk of cesarean, operative vaginal delivery, and postpartum
hemorrhage remained unchanged. The composite adverse neonatal outcome, shoulder
dystocia, and admission to a higher-level nursery increased as the length of the first stage
increased (P < .01). Apgar score less than 3 at minutes, cord pH less than 7.0, and base
excess of =12 or less were not associated with increasing length of the first stage.

Table 3 displays the relative risks and adjusted odds of adverse outcomes at each percentile:
less than 90th vs 90th percentile or greater, less than 95th vs 95th percentile or greater, and
less than 97th vs 97th percentile or greater. At each percentile examined, a significant
increased risk existed for a prolonged second stage, maternal fever, the composite neonatal
outcome, and admission to a level 2-3 nursery. The risk of shoulder dystocia was
significantly increased for exceeding the 90th and 95th percentiles, although this did not
reach significance at the 97th percentile. The relative risk and adjusted odds ratios do not
appear to be significantly different between each percentile, as signified by the overlapping
confidence intervals.

We calculated the number of cesarean deliveries needed to prevent 1 shoulder dystocia and
1 event of the composite neonatal outcome when abnormal was defined at the 90th, 95th,
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and 97th percentiles of the first stage of labor (Table 4). Using a cutoff of the 90th
percentile, 30 cesarean deliveries (95% confidence interval [C1], 18-58) would be required
to prevent 1 shoulder dystocia. At the 95th percentile, 30 cesarean deliveries (95% ClI, 15—
128) would be required, and 29 cesarean deliveries (95% CI, 12-1426) would be required at
the 97th percentile.

In this analysis, a longer first stage of labor was associated with adverse maternal and
neonatal outcomes. Although these women ultimately reached 10 cm dilation and the vast
majority ultimately delivered vaginally, exceeding the 90th, 95th, and 97th percentiles was
associated with an increased risk of maternal fever, shoulder dystocia, and neonatal
admission to a level 2 or 3 nursery.

Given the potential devastating nature of shoulder dystocia, we specifically examined the
risk of shoulder dystocia and the number of cesarean deliveries needed to prevent 1 shoulder
dystocia at each percentile cutoff. Prior studies have been conflicting regarding the
association of a prolonged first stage of labor and the risk of shoulder dystocia, possibly
because of varying definitions of prolonged labor and shoulder dystocia.l4-17 In one
prospective study of labor management, a prolonged first stage of labor in nulliparas
(defined as >2 hours with no cervical change despite adequate contractions) was associated
with a 13-fold increase in the risk of shoulder dystocia.l6

We noted that the incidence of shoulder dystocia increased as the first stage of labor
increased beyond the 90th percentile. Depending on the percentile cutoff used, 29-30
cesarean deliveries for dystocia (95% ClI, 12-1426) would need to be performed to prevent 1
shoulder dystocia. The number of cesarean deliveries needed to prevent brachial plexus
injury will be significantly higher because only a small percentage of shoulder dystocia
results in brachial plexus injury.1” This finding deserves further investigation in prospective
studies.

Several prior studies have demonstrated that prolonged latent and active phases of labor are
associated with adverse maternal and neonatal outcomes.?8-21 However, these studies utilize
the definitions for abnormal published by Friedman.1=3 Although his work was
revolutionary for the time, a mounting body of literature suggests that these definitions need
to be reevaluated using a contemporary patient population and more advanced analytical
methods that can account for both repeated measures and differences in the timing between
exams.

These more recent analyses have created the custom of presenting time to progress in labor
as the median and 95th percentiles. Implicit in this custom is the suggestion that surpassing
the 95th percentile is abnormal despite the fact that in these analyses all women reached 10
cm of dilation.

A more recent analysis by Cheng et al?2 examined the length of the first stage of labor in
nulliparous patients in spontaneous labor by percentile. The investigators also noted that the
vast majority of women with a labor longer than the 95th percentile (defined as longer than
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30 hours in their analysis) would ultimately delivery vaginally. In this study, longer labor
was associated with an increased risk of chorioamnionitis but not with any adverse neonatal
outcomes. One major difference between this study and our study is that Cheng et al
included women who did not reach 10 cm of dilation; inclusion of women who did not reach
the second stage may have falsely shortened the first stage, resulting in a misclassification
bias.

Using ROC curves, we sought the most appropriate definition of the first stage of labor: time
from admission, time from 4 cm, and time from 6 cm to complete dilation. Each was
associated with the composite adverse outcomes with areas under the curve of 0.64-0.66.
We then sought a threshold for defining normal vs abnormal labor based on adverse
outcomes; however, no clear cutoff in which the risk of adverse outcomes was substantially
increased was identified. Therefore, we then examined several cutoffs for defining
abnormal: 90th percentile or greater, 95th percentile or greater, and 97th percentile or
greater. As the length of labor increased, the risks of a prolonged second stage, maternal
fever, shoulder dystocia, and admission to a level 2-3 nursery increased. However, lowering
the definition of an abnormal, or protracted, first stage of labor from the 95th to the 90th
percentile will likely result in an increased incidence of cesarean for arrest of dilation, which
carries its own costs and maternal risks. However, because these percentile definitions have
not been prospectively applied in comparison with traditional Friedman cutoffs of labor
dystocia, it is difficult to determine the real-world impact on costs and outcomes.

The strength of this study lies in the detailed information available on labor progress as well
as maternal and neonatal outcomes. This enabled us to examine a well-defined exposure
(length of the first stage) in relationship to clinically relevant outcomes. Additionally, our
large sample size enabled us to define the exposure specific to parity and whether labor was
induced, both of which are very important factors influencing the length of the first stage.

Our study is not without limitations, the first of which was the rarity of some of the neonatal
outcomes of interest, such as acidemia and base excess in term infants. Consequently, we
had limited power to examine these outcomes individually as a function of length of the first
stage. However, given that our institution routinely performs fetal heart rate monitoring on
all patients in labor, we would not expect to find differences in these outcomes based solely
on length of labor because physicians will typically intervene for nonreassuring fetal heart
rate tracings. In addition, we may have had limited power to detect a difference in outcomes
at the level of the 97th percentile because this is a rare exposure by definition.

Another limitation is that because of the rarity of the exposure, we are unable to analyze
multiparous and nulliparous women separately or spontaneous vs induced labor separately.
However, the exposures were defined specific to parity and labor type. Additionally, some
of the outcomes we examined are surrogate markers. For example, prolonged second stage
was evaluated because it is associated with adverse neonatal outcomes, such as shoulder
dystocia and acidemia, but may not necessarily be harmful in and of itself.

Most importantly, as a retrospective study, we are inherently limited by residual
confounding variables, such as differences in patient management. Only patients who
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reached the second stage were included in this study, and outcomes may have differed in
subjects undergoing cesarean prior to a dilation of 10 cm. Therefore, although our
retrospective study is hypothesis generating, it would be difficult to apply these findings
prospectively to a patient population.

In summary, a clear cutoff was not obvious from the ROC curves; adverse maternal and
neonatal outcomes appear to be related in a continuous fashion to length of labor without an
obvious threshold in which adverse outcomes dramatically increase. A first stage of labor
90th percentile or greater, 95th percentile, and 97th percentile is associated with increasing
risks of maternal fever, prolonged second stage, shoulder dystocia, and adverse neonatal
outcomes; however, between these groups, the risks did not change dramatically, and the
number of cesarean deliveries needed to prevent 1 event of shoulder dystocia is similar at
each cutoff. In light of these findings, we recommend a prospective evaluation of labor
management using contemporary definitions of the first stage of labor, examining in
particular cutoffs of the 95th percentile or greater.
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Harper et al.

TABLE 4

Number of cesarean deliveries needed to prevent 1 adverse event

Percentile  Number of cesarean deliveries needed to prevent 1 shoulder dystocia
290th 30 (18-58)2

295t 30 (15-128)2

297th

29 (12-1426)@

a ) .
95% confidence interval.
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