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Abstract

Objective—To estimate the associations between the duration of active pushing during the
second stage of labor and maternal and neonatal outcomes.

Methods—We performed an observational study in which data were obtained by trained
abstractors from maternal and neonatal charts of deliveries at 25 hospitals over a 3-year period. In
this secondary analysis, women with no prior cesarean delivery who had a term, singleton,
cephalic gestation and reached complete dilation were analyzed. The duration of pushing, defined
as the time from initiation of pushing to either vaginal delivery or the decision to proceed with a
cesarean, was determined. The primary maternal outcome was cesarean delivery and the primary
neonatal outcome was a composite that included: mechanical ventilation, proven sepsis, brachial
plexus palsy, clavicular fracture, skull fracture, other fracture, seizures, hypoxic ischemic
encephalopathy, or death. Nulliparous and parous women were analyzed separately in univariable
and then multivariable analyses.
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Results—Fifty three thousand two hundred eighty five women were analyzed. In both
nulliparous and parous women, longer duration of pushing was associated with increased odds of
both cesarean delivery and the neonatal adverse outcome composite. Nevertheless, even after 4
hours of pushing, approximately 78% of nulliparous women who continued with active pushing
had a vaginal delivery and over 97% did not have the composite adverse neonatal outcome.
Similarly, after more than 2 hours of pushing, approximately 82% of parous women who
continued active pushing delivered vaginally and over 97% did not have the adverse neonatal
outcome.

Conclusion—A longer duration of pushing is associated with an increased relative risk, but
small absolute difference in risk, of neonatal complications. Approximately 78% of nulliparous
women delivered vaginally even after 4 hours of pushing.

As the cesarean rate has continued to climb, there has been increasing interest in
determining best practices in labor and how they might be used to prevent unnecessary
cesarean deliveries. One area of focus has been the duration of the second stage. Recently, in
a document entitled “Safe prevention of the primary cesarean delivery” which was a joint
document from ACOG and SMFM, the authors noted that arrest of the second stage should
not be diagnosed until 2 and 3 hours in parous and nulliparous women without epidural
analgesia have elapsed, respectively, and that “longer durations may be appropriate on an
individualized basis.”?

Nevertheless, there remains uncertainty about this recommendation for several reasons.
First, many studies of the duration of the second stage may not have been large enough to be
able to discern the extent to which this duration is associated with differences in infrequent,
but clinically important, neonatal outcomes. Second, it is not entirely clear in many of the
studies what the “duration” actually represents, as it has been difficult from large
administrative databases to distinguish active pushing from delayed pushing (i.e., after
complete dilation but before pushing has begun) or from the time after which a decision for
cesarean has been made but before the delivery has occurred.1-

Thus, the association between the duration of active pushing and obstetric outcomes remains
uncertain. The Assessment of Perinatal Excellence study (APEX) was an observational
study of over 100,000 women in which trained research personnel abstracted detailed labor
data. The objective of the present analysis was to use this detailed and large dataset to
estimate whether a longer duration of active pushing, independent of delayed pushing, was
associated with a higher frequency of adverse maternal and neonatal outcomes.

Materials and Methods

Between 2008 and 2011, investigators at 25 medical centers of the Eunice Kennedy Shriver
National Institute of Child Health and Human Development Maternal-Fetal Medicine Units
(MFMU) Network performed an observational study (i.e., the APEX study). Patient
characteristics, intrapartum events, and pregnancy outcomes were collected on all deliveries
at these hospitals on randomly selected days representing one third of deliveries over a
three-year period. Trained and certified research personnel abstracted all charts. For this
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study, all centers obtained institutional review board approval and a waiver of informed
consent. Full details of the technique of data collection have been described previously.6.7

Women were considered eligible for this secondary analysis if they had no prior cesarean,
had a singleton, cephalic gestation at = 37 weeks, and reached complete dilation. The
duration of active pushing, defined as the duration between the initiation of pushing and
either vaginal delivery or the decision to proceed with cesarean delivery was determined.
Not included in the duration of active pushing was the duration of delayed pushing, which
was defined as the time between the identification of complete dilation and the initiation of
active pushing.

In order to facilitate clinical translation of the results, women were grouped according to
their duration of active pushing in 60-minute increments: < 1 hour, 1 to < 2 hours, 2to <3
hours, 3 to < 4 hours, and = 4 hours. Patient characteristics and outcomes were compared in
univariable analysis between the groups after stratification by parity. The primary maternal
outcome was cesarean delivery, although other outcomes such as post-partum hemorrhage
(defined as > 500 cc and > 1000 cc estimated blood loss at vaginal and cesarean delivery,
respectively) and 3™ or 4t degree perineal laceration were assessed as well. The primary
neonatal outcome was an adverse event composite that included any of the following events:
mechanical ventilation, proven sepsis (i.e., clinical evidence of infection in combination
with positive blood, urine, or cerebrospinal fluid culture), brachial plexus palsy (i.e., a
diagnosis of brachial plexus palsy noted after delivery that involved the nerves of the
brachial plexus with partial or complete paralysis affecting an upper extremity), clavicular
fracture, skull fracture, other fracture, seizures, hypoxic ischemic encephalopathy (HIE), or
death (within 120 days of delivery).

The chi-square test, Cochrane-Armitage trend test, and nonparametric Kruskal-Wallis test
were utilized as appropriate. Multivariable analysis with binary logistic regression was used
to assess which outcomes remained independently associated with duration of active
pushing after adjustment for potential confounding factors. Covariates entered into the
multivariable regression were those baseline characteristics that had been assessed in
univariable analysis. Odds ratios with 95% confidence intervals were estimated from the
regression equations. Multivariable analyses were performed for all maternal outcomes and
for the primary neonatal composite. Individual neonatal outcomes could not be examined in
multivariable analysis given the infrequency of their occurrence. The duration of active
pushing was entered into the regression equation as a categorical variable using the groups
defined by the duration categories above. Also entered into the regression was the list of
patient characteristics. Lastly, the duration of delayed pushing as a categorical covariate
(using the same time intervals that had been used to categorize durations of active pushing)
was adjusted for in all multivariable equations. All tests were two sided and P < .05 was
used to define statistical significance. There were no adjustments for multiple comparisons,
and analyses were performed using SAS. No imputation for missing data was performed
(Table 1).
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Of the 115,502 women in the APEX study, 53,285 women met inclusion criteria for this
analysis (Figure 1). Forty-nine percent (N = 26,028) were nulliparous and 51% (N = 27,257)
were parous. Few (5.7%) nulliparous women and no parous woman actively pushed for
more than 3 hours (Table 2). Women who pushed for longer durations of time were more
likely to be older, non-Hispanic white, have diabetes mellitus, and have received epidural
analgesia.

As the duration of the active pushing increased, the chance of a cesarean delivery or an
operative vaginal delivery increased as well (Table 3). The risk of a postpartum hemorrhage
and third or fourth degree lacerations also increased with longer duration of active pushing.
Even at more than four hours of pushing, however, the chance of vaginal delivery for a
nulliparous woman was approximately 78%; at more than two hours of pushing, the chance
of a vaginal delivery for a parous woman was approximately 82%.

The composite adverse neonatal outcome also increased in frequency with a longer duration
of pushing. Statistically significant increases were noted in several individual components of
the composite outcome, including brachial plexus palsy, seizures, and HIE. The absolute
difference in risk, however, was small — in all cases approximately 1% or less.

The results from the multivariable analyses largely mimic those of the univariate analyses
(Tables 4 and 5). Women, regardless of parity, generally had higher odds of experiencing
cesarean delivery, operative vaginal delivery, postpartum hemorrhage, 3™ or 4™ degree
laceration, and the neonatal composite adverse outcome with longer durations of pushing.
The associations between duration of pushing and the various outcomes also were similar
when “center” was evaluated in the multivariable regressions as a potential confounder (data
not shown).

Discussion

In this analysis, we have assessed the relationship between the duration of active pushing
and obstetric outcomes. We have found that it is quite uncommon that nulliparous women
push more than three hours or parous women push more than two hours. This is consistent
with contemporary data from the Consortium of Safe Labor.8 It does appear that a longer
duration of pushing is statistically associated with a rise in the frequency of maternal and
neonatal adverse outcomes. Nevertheless, even when nulliparous women exceed 4 hours of
pushing or parous women exceed 2 hours of pushing, they continue to have a relatively high
chance of vaginal delivery and low chance of neonatal adverse outcomes.

This analysis generally supports the conclusions of other investigators, particularly with
regard to maternal outcomes. For example, Rouse et al utilized data on 4126 women from a
randomized trial of fetal pulse oximetry and showed that the duration of the second stage
was associated with higher odds of chorioamnionitis, uterine atony, and 3" or 41 degree
pelvic laceration.? That study, as well as others, did not demonstrate an increased risk of
neonatal adverse outcomes with longer second stage duration?-, although the sample sizes
may not have been sufficiently large to demonstrate differences even if they were to exist. In
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contrast, in the present study, which included over 50,000 women, a statistical rise in
adverse neonatal outcomes also was seen as the duration of the second stage increased.

This analysis extends the findings of prior studies by specifically analyzing only the duration
of active pushing, and not a more ill-defined second stage that may or may not include
delayed pushing or the duration between when a cesarean delivery has been decided upon
and when it has been performed. The exclusion of the latter interval is particularly
important, as “prolonged” second stages that include this duration may not reflect the length
of the second stage itself, but prolonged time in effecting a cesarean delivery. The study has
additional strengths, including its large sample size, its geographically and demographically
diverse population, and data that are derived from direct chart abstraction by trained
research personnel.

Nevertheless, the limitations of this study with regard to translation to clinical practice
should be noted. These are observational data, and it cannot be known whether the
relationships are causal or whether avoiding a longer second stage would necessarily avert
adverse outcomes. It is possible, for example, that a higher chance of postpartum
hemorrhage is not directly due to longer pushing per se, but is more likely in women who
require that duration of time to deliver. If this were the case, earlier intervention would not
lessen the risk of the complication. Also, we do not know the orientation of the vertex as
pushing began or as the second stage progressed. And, the findings should not be interpreted
to set a single standard with regard to the optimal duration of pushing for all women. Indeed,
this study demonstrates that there is a not a single time at which obstetric outcomes suddenly
become worse. Accordingly, for any individual woman, the weighing of risks and benefits
will have to account for a variety of individual factors such as the estimated fetal weight, the
assessment of fetal status, the extent of descent in the pelvis, and the presence of continued
descent with pushing.

The prevention of unnecessary cesarean deliveries and the reduction of maternal and
neonatal morbidity remain important goals. There is no one risk-free solution regarding
labor management or route of delivery, and maternal and neonatal risks are sometimes in
conflict. These data should give providers confidence that in the significant majority of
women, overall outcomes remain good even after “prolonged” durations of active pushing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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v
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Figure 1.

v

Excluded (n=62,217)

Scheduled cesarean delivery: 13,356

Trial of labor after cesarean
delivery: 9,023

Multiple gestation: 1,912

Nonvertex presentation: 2,586

<37 weeks of gestation: 8,010

Did not reach complete dilation: 9,130

Duration of active pushing not
available: 18,200

Flow chart detailing composition of the study population.
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