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Abstract

Background—In 2010 the Consortium on Safe Labor published labor curves. It was proposed
that the rate of cesarean delivery (CD) could be lowered by avoiding the diagnosis of arrest of
dilation before 6 cm. However, there is little information on the uptake of the guidelines and on
changes in CD rates that may have occurred.

Objective—To test the hypotheses that: 1) among patients laboring at term, rates of arrest of
dilation disorders have decreased leading to a decrease in the rate of CD; 2) in the second stage,
pushing duration prior to diagnosis of arrest of descent has increased also leading to reduction in
the rate of CD for this indication. As a secondary aim, we investigated changes in maternal and
neonatal morbidity.

Study Design—This was a secondary analysis of a prospective cohort study of all patients
presenting at = 37 weeks’ gestation from 2010-2014 with a non-anomalous vertex singleton and
no prior history of CD. Rates of CD, arrest of dilation, and changes in rates of maternal and
neonatal morbidity were calculated in crude and adjusted models. Cervical dilation at diagnosis of
arrest of dilation, time spent at the maximal dilation prior to diagnosis of arrest of dilation, and
time in the second stage prior to diagnosis of arrest of descent were compared over the study
period.

Results—There were 7845 eligible patients. The CD rate in 2010 was 15.8% and in 2014 17.7%
(p-trend 0.51). In patients undergoing CD for arrest of dilation, the median cervical dilation at the
time of CD was at 5.5 cm in 2010 and 6.0 cm in 2014 (p-trend 0.94). In these patients, there was
an increase in the time spent at last dilation: 3.8h in 2010 to 5.2h in 2014 (p-trend 0.02). There was
no change in the frequency of patients diagnosed with arrest of dilation at <6 cm: 51.4% in 2010
and 48.6% in 2014 (p-trend 0.56). However, in these patients, the median time spent at the last
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cervical dilation was 4.0h in 2010 and 6.7h in 2014 (p-trend 0.046). There were 206 CDs for arrest
of descent. The median pushing time in these patients increased in multiparous patients from 1.1h
in 2010 to 3.4h in 2014 (p-trend 0.009); in nulliparous patients these times were 2.7h in 2010 and
3.8h in 2014 (p-trend 0.09). There was a significant trend towards increasing adverse neonatal and
maternal outcomes (p<0.001 for each). The aOR for adverse maternal outcome for 2014 compared
to 2010 was 1.66 (95%CI 1.27, 2.17); however considering only transfusion, hemorrhage, or
infection, there was no difference (p-trend 0.96). The aOR of adverse neonatal outcome in 2014
compared to 2010 was 1.80 (95%CI 1.36, 2.36).

Conclusion—Despite significant changes in labor management that have occurred over the
initial years since publication of the new labor curves and associated guidelines, the primary CD
rate was not reduced and there has been an increase in maternal and neonatal morbidity in our
institution. A randomized controlled trial is needed.

Keywords

Cesarean delivery; labor management; arrest of dilation; arrest of descent; guidelines; neonatal
morbidity; maternal morbidity

INTRODUCTION

In 2010 Zhang et al. and the Consortium on Safe Labor proposed a labor curve based on a
contemporary cohort of parturients with normal neonatal outcomes.! The main difference
from the previous work of Friedman was that active labor begins at 6 cm dilation in both
multiparous and nulliparous patients.: 2 In an effort to stanch the increasing rate of cesarean
delivery (CD), The American College of Obstetricians and Gynecologists (ACOG) and
Society for Maternal-Fetal Medicine (SMFM) responded to the new labor curves with
workshop recommendations in 2012 and an Obstetric Care Consensus statement on safe
prevention of the primary CD in 2014.3: 4 It was proposed that the rate of CD could be
lowered by avoiding the diagnosis of arrest of dilation before 6 cm.! In the second stage,
providers were to let multiparous patients push for at least 2 hours and nulliparous patients
at least 3 hours.3

There has been controversy as to whether the new curves should be adopted.>11
Furthermore, it is unclear to what degree the new labor curves have been implemented into
clinical practice and what effect this may have had on CD rates.}? Change in clinical
practice in medicine is slow.13-15 For instance, within obstetrics, the delay between
discovery of the beneficial effects of antenatal corticosteroids and their adoption into routine
practice has been well documented.16

We therefore aimed to investigate how and to what degree the new labor guidelines have
been adopted within a single, tertiary care academic medical center where adoption of the
new curve was encouraged through widespread education of residents and attending
physicians from 2010 to the present. We tested the hypothesis that among low-risk patients
laboring at term, rates of arrest of dilation disorders have decreased leading to a decrease in
the rate of CD. We also hypothesized that in the second stage, pushing duration prior to
diagnosis of arrest of descent has increased also leading to reduction in the rate of cesarean
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for this indication. As a secondary aim, we investigated changes in maternal and neonatal
morbidity over the study period. Finally, we investigated providers’ attitudes and knowledge
of the contemporary guidelines.

MATERIALS AND METHODS
Study Design and Population

This was a secondary analysis of a prospective cohort study of all patients laboring at or
beyond 37 0/7 weeks at Washington University School of Medicine from 2010-2014. Low-
risk patients admitted for either spontaneous or induced labor at = 37 weeks’ gestation were
included. Low-risk was defined as patients similar to those in the Consortium on Safe Labor
cohort of parturients.! We excluded women with a history of CD, multiple gestation, non-
vertex presentation, fetal anomalies, or in utero fetal demise. Women presenting for
scheduled CD were also excluded.

Data Collection

Clinical and demographic information was abstracted by formally trained obstetric research
nurses. Intrapartum events including all cervical exams were obtained from the labor and
delivery record. Race/ethnicity was assigned as African-American, Caucasian, Latina, or
other based on patient report. Simplified Bishop Score was calculated prior to any cervical
ripening by the admitting provider.1” Use of induction/augmentation agents including
prostaglandins, Foley bulb, and oxytocin was recorded. The hospital uses a hybrid paper-
electronic medical record which does not warn about possible labor disorders. It is possible
to generate and review a graphic labor record/curve, but this is at the discretion of the
provider.

Mode of delivery and indications for operative deliveries were abstracted from the delivery
record. Information on comorbidities included hypertensive disorders as well as both pre-
gestational and gestational diabetes. Gestational diabetes was defined as glucose =140 g/dL
on a glucose tolerance test followed by at least 2 abnormal values on a 3-hour glucose test
using the National Diabetes Data Group definitions.18 Since 2013, preeclampsia has been
defined using the updated ACOG guidelines;19 prior to that it was defined based on blood
pressure >140 mm Hg systolic or >90 mm Hg diastolic and proteinuria. The composite
neonatal adverse outcome included death, hypoxic-ischemic encephalopathy, meconium
aspiration syndrome, need for therapeutic hypothermia, intubation, oxygen therapy,
ventilator support, suspected sepsis or any other condition requiring a stay in the Level IV or
Level Il nurseries. These diagnoses were made by the attending neonatologist. The National
Institute of Child Health and Human Development criteria were used for diagnosis of
hypoxic-ischemic encephalopathy.2® Meconium aspiration syndrome was diagnosed based
on respiratory distress in the presence of meconium-stained amniotic fluid.2! Therapeutic
hypothermia is employed in accordance with routine institutional guidelines.22 For the
composite, only one morbidity was counted per neonate. We included suspected sepsis as a
morbidity because it is associated with increased duration of membrane rupture and because
even if the evaluation is negative, workup for sepsis is associated with increased neonatal
evaluation and treatment.23: 24 Maternal morbidities included wound infection, fever,
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hemorrhage, transfusion, endometritis, or other severe morbidity as documented by the
treating clinician.

The primary outcomes were rates of CD per year, indications for CD, and average cervical
dilation at CD for arrest of dilation over the course of the study. Due to the very small
amount of missing data, complete case analysis was used and imputation was not performed.

Statistical Analysis

Demographic and clinical characteristics were compared by year using chi-square or Fisher
exact test for categorical variables. Continuous variables were assessed for normality with
the Kolmogorov-Smirnov test and then ANOVA or Kruskal-Wallis tests were used as
appropriate. Rates of CD were computed by year, and the Cochrane-Armitage test of trend
was used to examine trend. As a sensitivity analysis, we also restricted these analyses to
nulliparity as well as augmented/induced labor. Adjusted odds ratios (aOR) and 95%
confidence intervals (Cl) of CD by year were computed with logistic regression and
potential confounders including maternal age, body mass index (BMI), race/ethnicity,
nulliparity, labor type (spontaneous, augmented, or induced), use of prostaglandins,
oxytocin, or Foley bulb, macrosomia (birthweight >4000g), and maternal diabetes or
hypertensive disorders. Next, rates of indications for CD were determined and the Cochrane-
Armitage test was used to test for trend.

To further examine specific labor management characteristics, the median and interquartile
range (IQR) of cervical dilation in patients undergoing CD for arrest of dilation each year
were calculated and the Cochrane-Armitage test used to test for trend. To examine if there
was a change in the characteristics of labor progress over time, the time in hours spent at the
last cervical dilation prior to CD for arrest of dilation was calculated. This was considered as
the time between the first diagnosis of the maximum cervical dilation and the last time this
exam occurred. The median and IQR of time in hours were calculated, and a generalized
linear model used to test for trend.

We dichotomized CDs for arrest of dilation into cervical dilation at =6 cm or <6 cm, and
examined changes in the rates of these deliveries with both crude analyses as well as
analyses adjusted for the above-mentioned potential confounders. Since more than one
potentially competing diagnosis was often recorded which could have been the overriding
indication for CD (such as non-reassuring fetal status), we performed a sensitivity analysis
restricted to those with a solitary diagnosis of arrest of dilation.

To examine second stage characteristics, we compared the median pushing time over the
study period in patients diagnosed with arrest of descent, stratifying by parity. Finally, we
examined crude rates and aORs of adverse maternal or neonatal outcomes by adjusting for
the above-mentioned potential confounders. We also compared rates of 5-minute APGAR
score <7.

To accompany our analyses of changes in labor management, we conducted a survey of
obstetricians at our institution, including chief residents, Maternal-Fetal Medicine fellows,
and generalist and Maternal-Fetal Medicine faculty. Participants were asked 5 questions
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regarding their understanding and practices of labor management since the release of the
guidelines.

The study was approved by the Washington University in St. Louis Human Research
Protection Office. The sample size was fixed due to the retrospective nature of the study. We
included all women who met inclusion criteria, without an a priori sample size calculation.
A p-value <0.05 was considered statistically significant. We did not adjust for multiple
comparisons. Analyses were performed in SAS software (version 9.2; SAS Institute, Inc,
Cary, NC).

Patient Characteristics

There were 7845 eligible patients, and patient characteristics are shown in Table 1. Maternal
age increased slightly over the study period, and the rate of preeclampsia increased from 8%
to 18% (p<0.001). The frequency of unfavorable cervical exam at admission and use of
Foley bulb induction increased over time. Information on BMI was missing in 91 patients
(1.15%), which was the covariate with the largest amount of missing information.

Primary Outcomes

Figure 1 shows primary CD and arrest of dilation rates by year. There was no significant
trend toward decreased arrest of dilation diagnoses (p-trend 0.39) or overall CD (p-trend
0.51). In analyses restricted to spontaneous/augmented labor, there were no differences in
diagnoses of arrest of dilation (p-trend 0.58) or in CD rates (p-trend 0.40), which was also
true in analyses restricted to nulliparous patients. Comparing each year to 2010, the adjusted
analyses demonstrated no associations between year and CD (aOR for 2014: 0.97, 95%Cl
0.77, 1.23). There were no significant changes in indications for CD across the study period
(Table 2).

Arrest of Dilation

There were 430 patients who underwent CD for arrest of dilation, and 70% of these (301
patients) were undergoing induction of labor (IOL). In patients undergoing CD for arrest of
dilation, the median cervical dilation at the time of CD was unchanged at 5.5 cm in 2010
(IQR 4.8 cm, 7.5 cm) and 6.0 cm in 2014 (IQR 5.0 cm, 6.5 cm) (p-trend 0.94) (Table 3). In
patients in spontaneous/augmented labor, the median cervical dilation at time of arrest of
dilation diagnosis was 7.5 cm in 2010 (IQR 5.0 cm, 8.5 cm) and 6.0 cm in 2014 (IQR 5.8
cm, 7.0 cm) (p-trend 0.51). In IOL patients, the median cervical dilation at time of arrest of
dilation was 5.0 cm in 2010 (IQR 5.0cm, 6.3cm) and 5.3 cm in 2014 (IQR 5.0 cm, 6.5 cm)
(p-trend 0.94).

In patients diagnosed with arrest of dilation, there was a significant increase over the study
period in the amount of time spent at last dilation, from 3.8h in 2010 to 5.2h in 2014 (p-trend
0.02) (Table 3). In patients undergoing 10L, the median time spent at the last cervical
dilation prior to diagnosis of arrest of dilation was 4.0h in 2010 (IQR 1.0h, 6.5h) and 5.8h
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(IQR 2.8h, 8.1h) in 2014 (p-trend 0.047). There were 88 patients (20.5%) with arrest of
dilation who had only one exam at the final cervical dilation.

There was no change in the frequency of patients diagnosed with arrest of dilation at <6 cm
over the study period: 51.4% in 2010 and 48.6% in 2014 (p-trend 0.56), (Table 3). However,
in these patients, the median time spent at the last cervical dilation was 4.0h (IQR 1.0h,
8.3h) in 2010 and 6.7h (IQR 1.2h, 9.6h) in 2014 (p-trend 0.046). In adjusted analyses there
was no association between year of delivery and CD for arrest of dilation at <6 cm (aOR for
2014 vs. 2010 0.90, 95% CI 0.45, 1.80). The results were unchanged when restricted to
cases in which the sole diagnosis was arrest of dilation (n=245).

Arrest of Descent

Over the study period there were 206 CDs performed for arrest of descent, 200 of which
were in patients with epidurals. Arrest of descent was the indication for CD in 22.6% of CD
in 2010 and 17.0% in 2014 (p-trend 0.12). In adjusted analyses the aOR for arrest of descent
in 2014 compared to 2010 was 0.65 (95%CI 0.39, 1.11). The median pushing time in these
patients increased in multiparous patients from 1.1h in 2010 (IQR 0.8, 2.2) to 3.4h in 2014
(IQR 2.0h, 4.4h), p-trend 0.009, although the numbers of multiparous patients with this
diagnosis were small (n=44). In nulliparous patients (n=156), the median pushing time in
patients diagnosed with arrest of descent was 2.7h in 2010 (IQR 2.0h, 3.8h) and 3.8h in 2014
(IQR 2.6h, 4.2h) which was not statistically significant (p-trend 0.09).

Secondary Outcomes

There was a significant trend towards increasing adverse neonatal and maternal outcomes
over the study period (p<0.001 for each) (Table 4). The aOR for adverse maternal outcome
for 2014 compared to 2010 was 1.66 (95%ClI 1.27, 2.17), while the aOR of adverse neonatal
outcome was 1.80 (95%CI 1.36, 2.36).

Rates of suspected neonatal sepsis significantly increased from 5.7% in 2010 to 10.8% in
2014 (p-trend <0.001), as did the rate of respiratory distress (from 3.7% in 2010 to 5.0% in
2014, p-trend 0.03). Although overall there was no significant association between a longer
time spent at final cervical dilation in patients diagnosed with arrest of dilation and
development of neonatal morbidity (p 0.48), the median time in patients without neonatal
respiratory distress was 3.3h (IQR 1.0h, 6.2h) and in patients with neonatal respiratory
distress was 5.5h (IQR 2.1h, 9.6h) (p 0.044). There was also no association between
increased second stage length prior to CD for arrest of descent and neonatal morbidity (p
0.80). There was no change in percentage of neonates with 5-minute APGAR score <7 at 5
minutes of life over the study period (p-trend 0.25).

There was no association between amount of time spent pushing prior to arrest of descent
diagnosis and maternal morbidity (p 0.86) or in the amount of time spent at last cervical
dilation prior to arrest of dilation diagnosis (p 0.46). The majority of the increase in maternal
morbidity was due to an increase in “other” morbidity in 2014 compared to other years.
Considering only transfusion, hemorrhage, or infectious morbidity, there was no difference
in rates of maternal morbidity over the course of the study period (p-trend 0.96).
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Survey of Providers

All 16 providers who were asked to participate in the survey responded. There was
unanimous agreement that “our understanding of normal labor has changed over the last 10
years.” All respondents agreed that changes included the timing of the active phase, length
of the latent phase, and shape of the labor curve. Respondents indicated that active labor
beings at 6 cm. When asked what they would do “if a patient has adequate contractions on
oxytocin and is unchanged at 4 cm after 3 hours,” all respondents indicated they would
continue current management as opposed to diagnosing arrest of dilation.

COMMENT

Principal Findings
We found that between 2010 and 2014 there was no change in the CD rate or arrest of
dilation rate in low-risk patients at our institution. However, there was an increase in time at
most advanced cervical dilation prior to diagnosis of arrest of dilation between 2010 and
2014. There was no increase in the median cervical dilation at arrest of dilation diagnosis.
However, in patients being diagnosed with arrest of dilation at <6 cm, the time spent at the
most advanced cervical dilation increased by a median 2.7 hours. There was an increased
pushing time prior to diagnosis of arrest of descent in multiparous but not nulliparous
patients. Rates of neonatal and maternal morbidities increased over the study period.
Providers polled unanimously indicated agreement with the ACOG/SMFM guidelines.

Strengths and Limitations

A strength of our study is that data were collected prospectively by trained obstetrical
research nurses as part of a large ongoing cohort study. Because we had information on each
cervical exam we were able to accurately ascertain duration of time at maximal cervical
dilation and cervical dilation at time of CD. Furthermore, the detailed data permitted us to
evaluate and adjust for multiple potentially confounding factors.

As with any study, there are limitations to be considered. Baseline characteristics including
IOL rates differed throughout the study period. Although we controlled for confounding,
there is the possibility of residual confounding by unmeasured factors. Our sample size was
fixed and our ability to detect small changes in the CD rate may have been limited.
Additionally, the relatively small number of CDs for arrest of dilation and arrest of descent
may have limited our power to detect changes over time. A post-hoc calculation shows that
to detect a statistically significant change (with 80% power) in the CD rate from the
observed 15.8% in 2010 to 17.7% in 2014, there would need to be 6048 patients in each
year. Although post-hoc power analysis is not always advisable, this does indicate that our
findings should be investigated in a larger Labor and Delivery unit or in a multicenter
study.2> Notably, the majority of arrest of dilation cases occurred in patients undergoing
IOL, and providers may have used “arrest of dilation” as a shorthand for “failed induction.”
However, there were also no changes in the rates of arrest of dilation in the spontaneous/
augmented laboring patients. Furthermore, “failed induction” was listed by providers as a
separate and non-overlapping diagnosis in many cases. Our analysis covers the period from
2010-2014, which is the year the guidelines were formally released.® Further analyses will
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be needed now that 3 years have passed to see what further impact the guidelines may have
had.

Interpretation

Although there were significant changes in labor management over the study period, there
was no change in CD rate in our study population. The CD rate in the United States has
remained relatively constant since 2009, although the “low-risk” CD rate declined from 28%
in 2009 to 25.8% in 2015.26 Our study is one of the first to examine the impact of the new
labor guidelines at the hospital level. A similar study from Pennsylvania examined the
adoption of the new labor guidelines in nulliparous patients; researchers found a decrease in
cesarean rates from 26.9% to 18.8% and the frequency of CD for arrest of dilation dropped
from 7.1% to 1.1% after implementation of the new guidelines.12 There are multiple
possible explanations as to why we did not confirm these findings in our study. Perhaps most
important is the difference in patient characteristics, notably obesity. While the average BMI
in their study was 24.6 kg/m? for the pre-intervention group, our mean BMI was 32.1 kg/m?.
Multiple studies have shown that labor is longer in obese parturients, and thus the
applicability of the new guidelines to this group may be questionable.2”: 28 Secondly, we
included multiparous patients as well as nulliparous patients, and the effects of these
guidelines on patients of differing parity is unknown. Furthermore, their primary outcome
was the CD rate among induced or augmented patients, while ours was the total CD rate.
Our study also incorporated a far greater number of patients and took place over 5 years.
Limiting the study period to a small number of patients immediately before and after the
adoption of a labor management guideline may represent a different scenario than trying to
capture labor management patterns in a large labor and delivery unit over time. Notably in
their study Wilson-Leedy et al. found a decrease in maternal morbidity but a possible
increase in neonatal morbidity.12 The effects of the new labor guidelines on morbidity
remain to be determined.

There was an increase in the amount of time spent at the last cervical dilation prior to CD for
arrest of dilation over the study period, without any associated change in median cervical
dilation in patients diagnosed with arrest of dilation or in CD rates. This might indicate that
although providers were more lenient in allowing labor to continue at the maximum dilation,
this approach may not lead to a reduction in CD rates. The same was true of time spent
pushing: an increase in time until arrest of descent diagnosis did not correspond to a
decrease in CD rates.

Although there were major changes in labor management in our institution, there was still a
high rate of CD for arrest of dilation at <6 cm throughout the study period. It is well-known
that clinical practice often lags behind both changes in primary evidence as well as clinical
guidelines.13-16 Reasons for failure to follow guidelines include knowledge gaps,
disagreement with the guidelines, presence of external barriers, and the need to overcome
inertia.13 Studies of dissemination and implementation science have demonstrated a number
of effective approaches to encourage uptake of new guidelines into clinical practice.2® These
include alert systems and templates, neither of which have been specifically used at our
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institution in regards to the new labor guidelines.29 Peer review has been tried in efforts to
lower the cesarean delivery rate with variable success, although not in our institution.30-32

Of note, we found increasing rates of both maternal and neonatal morbidity over the study
period even after adjustment for multiple potential confounders including preeclampsia.
There was an increase in neonatal respiratory morbidity in patients with longer periods of
arrested dilation, although overall there were no associations between length of arrest and
maternal or neonatal morbidity. Some have posited that adoption of the Consensus
guidelines could result in increased rates of morbidity, which may be reflected in our study
findings.® 8 In particular there has been controversy regarding the recommendation to
extend the second stage, as prolonged second stage has been associated with maternal and
neonatal morbidity.33-38

The reason for the dramatic increase in suspected sepsis is unclear, but may be due to
changes in neonatology practice as opposed to an actual increase in the rate of true sepsis.
The rate of preeclampsia increased in our population. This is likely due to the change in
diagnostic criteria that occurred during the study period.19 Severe maternal morbidity has
been increasing throughout the United States, and thus our findings deserve further
inquiry.3% 40 Since the driver of the increase in maternal morbidity in 2014 was “other,” this
may be due to ascertainment bias in our data collection system. Due to the observational
nature of our study we cannot draw causal inferences with regard to the association between
the change in labor practices and changes in morbidity. Considering the increase in
morbidity as well as the lack of effect on CD rates seen in our study, a cost-benefit analysis
is needed.

Conclusion

Despite significant changes in labor management that have occurred over the initial years
since publication of the Zhang labor curves and associated guidelines, there was no decrease
in the primary CD rate at this single tertiary care institution, and there has been an increase
in maternal and neonatal morbidity. A randomized controlled trial is needed to fully
ascertain the effect of the new guidelines on CD rates and morbidities.
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Condensation

Despite changes in labor management, there was no reduction in the cesarean delivery
rate and there was an increase in morbidity in our institution.
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Cesarean Delivery and Arrest of Dilation Rates by Year
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Figure 1. Cesarean Delivery and Arrest of Dilation Rates by Year
The rates of cesarean delivery and arrest of dilation did not change from 2010-2014.
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Table 3

Characteristics of Patients with Arrest of Dilation (n=430)

Page 16

Year (n) Time Spent at Final Cervical Dilation,

Cervical Dilation at Arrest Diagnosis,

Arrest of Descent Diagnosis with

hours cm Dilation <6 cm, n
2010 (72) 3.8 (0.8, 6.0) 5.5 (4.8, 7.5) 37 (51.4)
2011(106) 2.6 (0.5, 4.9) 6.0 (5.0, 7.5) 45 (42.5)
2012 (86) 25(0.9,6.2) 6.0 (5.0, 8.0) 31(36.1)
2013(94) 3.3(L.7,6.7) 6.25 (5.0, 8.0) 36 (38.3)
2014 (72) 5.2 (2.5, 8.0) 6.0 (5.0, 6.5) 35 (48.6)
p-trend 0.022 0.94 0.56

Data represented as median (interquartile range) or n (%)
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