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Abstract

Objective—To examine the association between expanded access to collaborative midwifery and
laborist services and cesarean delivery rates.

Methods—This was a prospective cohort study at a community hospital between 2005 and 2014.
In 2011, privately insured women changed from a private practice model to one that included 24-
hour midwifery and laborist coverage. Primary cesarean delivery rates among nulliparous, term,
singleton, vertex women and vaginal birth after cesarean delivery (VBAC) rates among women
with prior cesarean were compared before and after the change. Multivariable logistic regression
models estimated the effects of the change on the odds of primary cesarean and VBAC; an
interrupted time series analysis estimated the annual rates before and after the expansion.

Results—There were 3,560 nulliparous term singleton vertex deliveries and 1,324 deliveries
with prior cesarean during the study period; 45% were among privately insured women whose
care model changed The primary cesarean rate among these privately insured women decreased
after the change, from 31.7% to 25.0% (p=0.005, adjusted odds ratio (aOR) 0.56 (95% CI1 0.39 —
0.81). The interrupted time series analysis estimated a 7% drop in the primary cesarean rate in the
year after the expansion, and a decrease of 1.7% per year thereafter. The VBAC rate increased
from 13.3% before to 22.4% afterward; aOR 2.03 (95%CI 1.08 — 3.80).

Conclusion—The change from a private practice to a collaborative midwifery—laborist model
was associated with a decrease in primary cesarean rates and an increase in VBAC rates.
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Introduction

Obstetric practice in the US currently faces a number of challenges. Cesarean delivery rates
have been increasing and vaginal birth after cesarean delivery (VBAC) rates are decreasing,
without concomitant improvement in maternal or neonatal outcomes (1-3). Because of the
inherent difficulties associated with balancing outpatient, surgical, and personal
responsibilities with the unpredictable nature of labor and delivery, the laborist model, has
seen rapid growth in recent years and is estimated to be used in up to approximately 40% of
US hospitals(6, 7). The term “laborist” has many definitions, but generally designates an
obstetrician who provides in-house labor and delivery coverage without competing clinical
duties (7). Recent studies suggest that the presence of laborists is associated with decreased
rates of cesarean delivery; hypothesized reasons for these decreases include increased
tolerance with equivocal fetal heart rate tracings and decreased competition between a
physician’s desire to patiently await a vaginal delivery and outside clinical and personal
responsibilities. (8-10). Access to midwifery care has also been shown to be associated with
lower cesarean delivery rates, although data are sparse. (13-15)

We previously reported that primary cesarean delivery rates at a single institution in
Northern California were lower among publically insured women who delivered under a
laborist model that includes 24-hour in-hospital midwifery coverage than among privately
insured patients who delivered under a traditional private practice model (16). In this report
we present results of an analysis of the expansion of this laborist-midwifery model to
privately insured patients.

Materials and Methods

We conducted a cohort study of all liveborn deliveries at Marin General Hospital between
April 2005 and March 2014. All publicly insured women at this institution, which is the only
obstetric hospital in the county, are covered under the Medi-Cal program (California’s state
Medicaid program) and most receive prenatal care from midwives working at a public
clinic, while the overwhelming majority of privately insured women receive their prenatal
care from a private practice physician in a variety of group or solo practice settings. Prior to
April 2011, these two groups also experienced two different models of labor and delivery
care. Specifically, publicly insured women were cared for primarily by midwives, with 24-
hour in-house laborist back-up. Privately insured women were managed under the more
conventional private practice model, in which their labor and delivery care was provided by
the private physician or a covering partner who took call while at home or in the office and,
in general, managed labor remotely

In April 2011, a large change was instituted in the way that labor and delivery coverage was
organized. This change occurred because of concerns about the economic feasibility of
maintaining 24-hour in-house obstetrician and midwifery coverage for only half of the
patients (i.e., the publicly insured), the desire to expand access to midwifery services to all
patients, and the difficulties faced by the private practitioners integrating labor and delivery
coverage with other responsibilities (17). Coverage was changed so that the midwifery and
laborist services would be available to the privately as well as the publicly insured women.
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A group of 10 private practice physicians began to take labor and delivery call as laborists,
joining the obstetricians who had been caring for the publicly insured (those providing
prenatal care to the publicly insured women as well as per-diem laborists). After the change,
one midwife and one laborist were in-house, 24 hours a day, working collaboratively to
provide primary labor management for all private and public patients of the newly formed
group. For the private patients, this new model introduced two significant changes: the
option of midwifery care, and having their managing clinician in house at all times. While
privately insured women who opted for physician care could request to be delivered by a
member of the private practice group if the in-house obstetrician was not a member, their
labor was always managed by the in-house laborist. A small group of private physicians did
not participate in this change and maintained the private practice model; the patients cared
for by these providers were not included in this analysis. Our primary hypotheses were that
this expansion would be associated with 1) decreased primary cesarean delivery rates and 2)
increased vaginal birth after cesarean (VBAC) rates among the privately insured patients.

Maternal and neonatal data were collected prospectively by delivering clinicians and nurses,
as well as three dedicated chart abstractors These data were used for state reporting and birth
certificate reporting as well as research, ensuring complete records.

The primary predictor for this analysis was the change in practice occurring in 2011 that
expanded access to 24-hour in-house midwifery and laborist services to the privately insured
women whose providers participated in the laborist system. Our two primary outcomes were
primary cesarean rates among nulliparous women carrying term, singleton pregnancies in
the vertex position and VBAC rates among women with a history of prior cesarean. To
examine the possibility of secular trends in primary cesarean and VBAC rates over time, we
also examined these outcomes in the publicly insured women whose care model did not
change, and who thus served as a non-equivalent control group (18, 19). As a secondary
outcome, we examined a composite of short-term adverse neonatal outcomes including 5
min Apgar <7, umbilical artery pH<7.0 and umbilical artery base excess < —12.

Demographic and clinical characteristics were compared before and after the practice
change using chi-square or t-tests; this was done separately for the privately insured and
publicly insured patient groups.

We analyzed changes in the outcomes three ways: 1) a simple pre-post analysis comparing
rates before and after the practice change, stratified by insurance status and using chi-square
tests; 2) a multivariable logistic regression model comparing rates before and after the
change, controlling for maternal clinical and demographic covariates and including an
interaction term with insurance status; and 3) an interrupted time series analysis that allowed
us to examine the possibility of concurrent secular trends in cesarean delivery rates which
could influence the results. Interrupted time series models estimate the slope of each
outcome over time before and after the intervention, compare the slope of outcome rates
before and after the practice change, and examine the model-predicted change in outcome
level at the time of the expansion. For each outcome, interrupted time series models were fit
as linear models of annual rates expressed as percentages with an autoregressive residual
correlation structure. Statistical significance was considered with p-values < 0.05;
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interactions with p-values <0.1 were examined more closely. All analyses were performed
with SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) We excluded privately insured
women who delivered with the few remaining private physicians who did not join the
laborist call pool.

Deliveries included in these analyses occurred between April 2005 and March 2014 (six
years before and three years after the expansion) and were among women who were either
covered by public insurance and received prenatal care at the publicly-funded clinic or who
had private insurance and were cared for by the private practice physicians who joined the
laborist system. Approval for the study was granted by the UCSF Committee on Human
Research and the Marin General Hospital Institutional Review Board.

Between April 2005 and March 2014, there were a total of 13,194 births for a mean annual
delivery volume of 1466. Of these, 4,884 deliveries met criteria for inclusion in the analysis,
3,413 before the practice change and 1,471 afterward. 3,560 women were nulliparous, and
delivered term, singletons in the vertex position, and 1,324 had a prior cesarean. About half
(49%) of these women (N=2406) were privately insured and, as a group, were exposed to
the practice change. There were 10 private obstetricians who changed their practice model
and began providing 24-hour in-house laborist coverage, without any change in
reimbursement scheme; as they were salaried and were paid the same for a shift whether or
not they performed any deliveries. Before the change, laborist coverage was provided by
three obstetricians who provided prenatal care to the publicly insured women covering 25%
of the shifts, a laborist program director who covered 15% of the shifts, and 10-12 per-diem
laborists who covered the remaining 60% of the shifts. After the change, the 10 private
practice physicians who joined the laborist call pool covered 30% of the shifts, and the
number of shifts covered by 6-8 per-diem laborists went down to 30%. Twenty-four hour
in-house midwifery coverage was provided by an annual average of 14 midwives before and
12 midwives after the expansion, with the decrease in staff due to an increase in full-time
rather than part-time workers. The midwifery service attended to 21% of the privately
insured vaginal births in the first year of the new program, and increased to 42% by the third
year. In contrast, the midwifery service attended 80-90% of the vaginal births among the
publicly insured before and after the change.

There were several differences in the demographic and clinical characteristics of the
privately insured women who delivered after the practice change compared to those who
delivered before, including a higher percentage with diabetes and hypertension, and a lower
percentage who underwent induction of labor (Table 1). Among publicly insured women,
we observed increases in the percentage who had college degrees, the percentage who used
epidurals, and maternal age.

The privately insured nulliparous women whose providers participated in expansion of

midwifery and laborist services had a decrease in the rate of primary cesarean delivery from
31.7% to 25.0%, (p=0.005,Table 2) During the same time period, the primary cesarean rate
did not significantly change among the publicly insured women (15.5% vs. 16.1%, p=0.78).
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A multivariable logistic regression model (controlling for maternal age, race/ethnicity,
education, gestational age, epidural, induction of labor, maternal medical complication, birth
weight, delivery year, and with an interaction term for insurance type) revealed a clinically
and statistically significant reduction in primary cesarean rates after the practice change
among the privately insured women (aOR 0.56, 95% CI 0.39 — 0.81, p=0.002), but not
among the publicly insured women (aOR 0.80, 95% CI 0.54 — 1.17, p=0.25). The p value for
the interaction term was 0.092.

Similar to national trends, the primary cesarean rate among the privately insured increased
by 0.6% per year before the practice change (Figure 1). During the first year of the
expansion the primary cesarean rate dropped by an estimated 6.9% (p=0.009) and thereafter
this rate continued to decrease by nearly 2% per year. The slopes of the estimated annual
change in primary cesarean rates both before and after the practice change significantly
differed from zero, and the two slopes significantly differed from one another (Appendix 1,
available online at http://links.lww.com/xxx).

The primary cesarean rates among the publicly insured women followed a similar trend, but
while the regression slope prior to the expansion was significantly different from zero, the
slope after the expansion was not, and the rates of change before and after were not
significantly different from each other (Appendix 1, http:/links.lww.com/xxx). There was
no significant drop at the time of expansion among the publicly insured. We performed a
sensitivity analysis including induction of labor as a covariate because the rates of induction
changed during the study period and found results similar to the primary analysis among the
privately insured women: the decrease at the time of the practice change was estimated at
3% (p=0.029) and the annual primary cesarean rate was 3% lower after the expansion than
before (p=0.004).

We also observed a substantial increase in the VBAC rate among the privately insured
women who had a prior cesarean, from 13.3% to 22.4% (p=0.002, Table 3) Whereas the
VBAC rate decreased among the publicly insured women, this change was not statistically
significant (33.8% vs. 26.8% p=0.07). When we adjusted for confounders, the increase in
VBAC rate remained statistically significant in the privately insured group (aOR 2.03, 95%
Cl 1.08-3.80, p=0.03). The p-values for the interaction between the pre-post practice change
indicator and insurance status were 0.0005 and 0.0016, for the unadjusted and adjusted
models, respectively.

Results of the interrupted time series analysis of trends in VBAC rate over time before and
after the practice change are shown in Figure 2. Prior to the change, there was no significant
effect of calendar year on the VBAC rate among the privately insured women (0.4% annual
decrease, p=0.38). Following the practice change, privately insured women had an 8%
annual increase in VBAC rate (p=0.004); the difference between pre- and post-practice
change slopes was statistically significant (p=0.004). (Appendix 2, available online at http://
links.lww.com/xxx) Among the publically insured women the difference in model-predicted
VBAC rates in the year following the practice change was not significant, and no difference
emerged in the decreasing rate of VBAC before and after the practice change (2% vs. —4%,
p=0.3 for difference pre- vs. post-practice change slopes). In other words, while the simple
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pre-post analysis of publically insured women suggested a lower rate of VBAC after the
expansion, the interrupted time series analysis revealed that this change in rate represented a
persistent trend rather than a change that might be attributable to the intervention itself.

There were no statistically significant differences among rates of the composite of adverse
short-term neonatal outcomes (incidence of Apgar < 7, umbilical artery pH <7.0 or
umbilical artery base excess >12) before or after the expansion among the privately insured
women exposed to the practice change (21/1649, 1.3% vs. 14/748, 2.3%, p=0.07) (Table 4).
As seen in Figure 3, adverse neonatal outcomes among the privately insured patients were
increasing before the practice change and maintained a similar rate of increase afterward,
without any statistically significant change after the expansion (0.07% vs. 0.66%, p=0.11 for
differences in rates of change) (Appendix 3, available online at http://links.lww.com/xxx).
The interaction between the pre-post practice change indicator and insurance status was not
statistically significant in neither the adjusted or unadjusted model (p=0.14 for both
models).

Discussion

In this study, we found that the expansion of midwifery and laborist services in a
collaborative practice model at a single community hospital was associated with a decreased
primary cesarean delivery rate and an increased rate of VBAC

Our study has two methodological strengths that bolster the validity of our findings. First,
unlike many pre—post analyses of practice changes at the hospital level, we had a control
group at the same hospital that would have experienced any other hospital-wide
interventions that may have had an impact on cesarean delivery rates. Also, we performed
an interrupted time series analysis in addition to the simple pre-post analysis. While a pre—
post analysis is easier to understand, it can lead to misleading results. For example, if the
primary cesarean rates were steadily decreasing in this hospital due to other factors, a simple
pre—post analysis would estimate a lower rate after the expansion, but this would not be
attributable to the practice change. In our study, we graphically demonstrated the converse:
primary cesarean rates were increasing slightly before the expansion and decreased
afterward. This pattern of change in the primary cesarean rates was similar in both groups,
although the magnitude of the change was only clinically and statistically significant among
the privately insured women.

Another important finding is the substantial increase in VBAC rates among the privately
insured women. Only the group of women whose providers participated in this expansion
saw a reversal of the trend of decreasing VBAC rates with an increase in VBAC rate, both at
the time of the expansion and for each year thereafter. The presence of 24-hour in-house
providers who were directly involved in the care of privately insured women may explain
this increase; private prenatal care providers may have been more likely to recommend trial
of labor after cesarean because they no longer had to contend with the difficulties of
managing these high-risk patients remotely or being called in to attend to an emergency
while on call from the office or home.
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A similar decrease in primary cesarean rates associated with implementation of a laborist
program in Nevada has been reported; however, the Nevada study only demonstrated
decreased rates with dedicated laborists without any outpatient duties. (9) The program
described in our analysis differed from the Nevada program in two ways: midwifery services
were also included, and the in-house laborists cared for all laboring patients regardless of
insurance status, which may explain why we observed a decrease in cesarean rates using
“community laborists” while they did not.

While our results point to a clear decrease in primary cesarean delivery and increase in
VBAC rates associated with the midwifery—laborist expansion, we are unable to identify
whether this change was due to the increased availability of in-house obstetricians and
midwives, the collaborative practice model that developed as a result of the expansion, or
another unidentified factor. We cannot be certain whether other factors could have led to the
decrease in rates, although there were no other official hospital policies that took effect
during this time. It is possible that the decreased induction rate was due to fewer elective
inductions for provider convenience, but the sensitivity analysis that included induction
status suggests that any change in induction rates was not the primary driver of the decrease
in cesarean delivery seen in our study.

Several limitations deserve comment. This is an analysis of a practice change at a single
institution; whether similar changes would happen with the implementation of this model at
other hospitals is not known. Due to the rarity of adverse events and a high degree of
missing cord gas collection (40%), we were underpowered to detect small changes in the
rates of adverse neonatal outcomes. Based on our sample size and the low frequency of
adverse events, our study was powered to detect a post-intervention rate in the privately
insured of 3.0%, and the 95% CI calculated from the interrupted time series suggests that the
true difference in slopes before and after the intervention may range from —0.02% to 1.20%.
We therefore cannot rule out a true small increase in adverse neonatal outcomes, and future
studies should focus efforts on complete data collection of adverse neonatal outcomes
including NICU admission, birth trauma, and routine cord gas assessment.

Our study adds to the growing literature on the association between laborists and midwives
and decreasing primary cesarean rates and increasing VBAC rates. As other maternity
hospitals consider changing their staffing paradigms, similar analyses should be conducted
to evaluate the association of expanding laborist and midwifery services with maternal and
neonatal outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Nulliparous term singleton vertex primary cesarean delivery rate among privately and

publicly insured women before and after expansion of midwifery and laborist services. This
graph shows the rates of nulliparous term singleton vertex cesarean delivery plotted over
time and the model-predicted rates before and after the practice change as predicted by the
interrupted-time series analysis. *The slope is statistically different from zero.
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Figure 2.
Vaginal birth after cesarean delivery (VBAC) rate among privately and publicly insured

women before and after expansion of midwifery and laborist services. This graph shows the
rates of VBAC plotted over time and the model-predicted rates before and after the practice
change as predicted by the interrupted-time series analysis. *The slope is statistically
different from zero.
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Figure 3.
Composite adverse neonatal complication rate among privately and publicly insured women

before and after expansion of midwifery and laborist services. This graph shows the rates of
composite short term adverse neonatal outcomes (5 minute APGAR <7, umbilical artery
pH<7.0, umbilical artery base excess <—12) plotted over time and the model-predicted rates
before and after the practice change as predicted by the interrupted-time series analysis.
None of the slopes were statistically different from zero.
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