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Abstract

Background: One approach to decreasing the cesarean delivery rate in the USA is to increase
the availability of birth attendants, including certified nurse midwives (CNMs), who offer trial of
labor after cesarean (TOLAC). We examined associations between provider type and mode of birth
for women attempting vaginal birth after cesarean (VBAC).

Methods: We performed a retrospective cohort study at a United States academic medical center
using prospectively collected data (2005-2012). We included healthy women with term singleton

vertex pregnancies after one or two prior cesareans who were managed by obstetricians or CNMs.
We assessed unplanned cesarean delivery by provider type using univariate and logistic regression
and examined labor interventions and predicted VBAC success.

Results: Overall VBAC success was 88% for 502 included patients. Unplanned cesarean rates
were similar by provider type. Black race, no prior VBAC, recurring clinical indication for
cesarean, labor augmentation/induction, and any Pitocin use were associated with increased
unplanned cesarean. Higher parity and early-term gestational age at delivery were associated with
decreased unplanned cesarean. Postpartum hemorrhage and composite maternal morbidity were
increased with unplanned cesarean, but there was no difference in neonatal outcome by mode of
delivery or provider type. Obstetricians had slightly higher composite adverse maternal outcomes.
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Nomogram-predicted VBAC success but not provider type was associated with unplanned

cesarean.

Conclusions: Unplanned cesarean was similar for patients attempting labor after cesarean
managed by midwives or obstetricians. Increasing the number of CNMs who manage TOLAC
may help decrease the high rate of cesareans.
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INTRODUCTION

The cesarean delivery rate in the United States has remained at 31% or higher for over a
decade.(Y) The first cesarean accounts for the majority of this high rate, but repeat cesarean is
also a major contributor and confers increased maternal morbidity and neonatal
complications.(? 3) Decreasing the first cesarean has become a major public health goal, but
improving the availability and success of trial of labor after cesarean (TOLAC) is another
approach to increasing vaginal delivery rates. Only 2.9% of all deliveries from 2016-2018
were attempted TOLACSs, and among women with a prior cesarean TOLAC rates have fallen
from ~50% in 1995 to ~18% in 2016-2018.(4: %) This decrease is largely due to concerns for
safety, adequate resources, and available providers.(6-9 1n 2012, only 57% of hospitals in
California and 41% of hospitals in New Mexico permitted TOLAC.(®: 10) Furthermore, in
one survey, only one-half of private practitioners in North Texas offered their patients
TOLAC.(® Increasing the pool of providers who offer labor after cesarean might be an
effective approach to increase vaginal delivery opportunities.

Successful VBAC occurs in 60-80% of women attempting TOLAC overall, but there are
scant data on TOLAC success by provider type.(11-13) One study of birthing centers found
certified nurse midwives (CNMs) achieved high TOLAC success.(4) The American College
of Obstetricians & Gynecologists (ACOG) suggests that TOLAC should only be undertaken
at “facilities that can provide cesarean delivery for situations that are immediate threats to
the life of the woman or fetus.”(X® The capability for immediate cesarean delivery is not
available at all hospitals or birthing centers, and, therefore, those sites may choose not to
offer TOLAC. Although the absolute risk of uterine rupture with labor after cesarean is less
than 1%, this remains a significant concern that can be well addressed in a collaborative care
model including immediately available surgeons.(t8: 17) Perinatal morbidity is higher in
TOLAC (0.13%) compared to elective repeat cesarean (0.05%), but the absolute risks are
very low.(18) Additionally, beyond the immediate surgical and postoperative risks, cesarean
delivery increases lifelong risks for the offspring, with higher rates of asthma, diabetes, and
childhood obesity compared to infants delivered vaginally.(!8: 19 Successful VBAC reduces
maternal risk for transfusion, unplanned hysterectomy, and intensive care unit admission.(3)
Despite the small but potentially catastrophic risks of TOLAC, it remains cost-effective and
provides improved long-term health outcomes compared to scheduled repeat cesarean.(29)

Data suggest that CNMs may have lower overall unplanned cesarean rates compared to
obstetricians managing low-risk pregnancies,(?1-23) but the rate of cesarean and the risks by
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provider type specifically for labor after cesarean are not known. We hypothesized that
CNM management of low-risk TOLAC patients increases vaginal delivery success without
additional morbidity. To study this, we compared cesarean for TOLAC patients managed by
CNMs and obstetricians and evaluated maternal and neonatal outcomes.

METHODS

We performed a retrospective cohort study using the University of Colorado Perinatal
Database, which includes all women delivered at the University of Colorado Hospital
tertiary care academic medical center between October 1, 2005 through December 31, 2012.
Trained research assistants abstracted delivery data prior to discharge from the hospital. In
order to confirm database accuracy, we verified study variables from the original medical
record for 26% of the cohort and found over 98% agreement between University of
Colorado Perinatal Database variables and the medical patient record.(?1) The Colorado
Multiple Institutional Review Board approved this study (COMIRB protocol #16-1786).

For our analysis, we included low-risk deliveries with these characteristics: singleton, term
gestation (37 0/7 through 41 6/7 weeks with estimated date of delivery determined by last
menstrual period [LMP] and/or ultrasound), vertex presentation, maternal age 18 through 40
years with one or two previous cesarean sections, and attempting labor. Subjects were
excluded for any of the following: high-risk pregnancy (not typically cared for by CNM:s),
missing medical record number, duplicate record, or cared for by a family practice group.
High-risk pregnancies were defined as non-viable fetus at labor admission, major fetal
anomalies, intrauterine growth restriction (IUGR), severe placental abnormalities, oligo- or
an-hydramnios, prelabor rupture of membranes (PROM), prior uterine rupture/classical
cesarean/’T’-incision, unknown prior cesarean incision type, hypertension, pregestational
diabetes, maternal renal or heart disease, maternal cancer, or alloimmunization. In total, 502
women made up our cohort (Figure 1). Race and ethnicity were self-reported. We calculated
pre-pregnancy body mass index (BMI) using height and weight before pregnancy or in the
first trimester, whereas BMI at delivery was the BMI calculated at hospital admission.(24)
From these data, we calculated maternal gestational weight gain, which was classified as
appropriate/below or excessive based on the Institute of Medicine’s recommendations.(2>)
We obtained the mothers’ prior TOLAC attempts to assess outcomes by prior VBAC history
(e.g. previous VBAC, failed TOLAC, or no attempt) and determined whether the indication
for the prior cesarean was recurring (e.g. abnormal labor progress, failed induction of labor,
failed prior VBAC) or not (e.g. non-reassuring fetal status). Our a priori sample size
calculation required at least 97 patients for each provider type using p<0.05 and 80% power
with an overall unplanned cesarean rate of 50% +/-5% and 20% difference in unplanned
cesarean between provider groups.

In a review of 348 randomly selected charts, provider type was confirmed by comparison to
a separate CNM birth data set; we found no errors in provider assignment or mode of birth.
Obstetric providers were faculty members in general obstetrics-gynecology or maternal fetal
medicine. CNMs included both faculty and private midwifery practices (i.e. all obstetricians
and all midwives delivering at University of Colorado Hospital were included). Private CNM
patients comprised 30% of the CNM group. In addition, some low-risk women receive care
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in community clinics based on proximity to the patient’s home. These clinics are staffed by
either obstetricians or midwives, and the delivering provider type was the same. Although
obstetricians care for all women with complicated pregnancies, we limited our cohort to
healthy, low-risk women. Hospital and private CNM practices use common nursing staff and
have similar institutional privileges. The CNMs practice independently unless complications
arise for which they request obstetric consultation. Although operative vaginal births and
cesarean delivery require transfer of care from CNM to obstetrician, we analyzed by original
provider type only (i.e. intention-to-manage analysis). Both midwifery and obstetric
practices incorporate trainees.

Gestational age at birth and neonatal birthweight were obtained from the birth summary.
Mode of delivery outcomes were vaginal delivery, operative vaginal delivery (forceps or
vacuum), and unplanned cesarean. Reasons for unplanned cesarean were primary indication
of failure to dilate/descend, labor dystocia, or fetal intolerance of labor/non-reassuring fetal
heart tracing. We also assessed neonatal adverse outcomes (surfactant administration,
APGAR score less than seven at five minutes, neonatal intensive care unit admission in the
initial 24 hours, respiratory distress syndrome diagnosis, shoulder dystocia, neonatal death,
and neonatal resuscitation, including blow-by oxygen requirement, positive pressure
ventilation/CPAP, intubation, and CPR/resuscitative measures) and maternal adverse
outcomes (intrapartum fever, postpartum hemorrhage, maternal death, episiotomy, third or
fourth degree perineal laceration, cesarean or postpartum hysterectomy). We examined a
maternal morbidity composite outcome of chorioamnionitis, hysterectomy, or postpartum
hemorrhage and a neonatal morbidity composite of APGAR score <7 at five minutes,
surfactant administration, neonatal intensive care unit admission, or intubation. An overall
composite adverse outcome was positive if any maternal or neonatal adverse outcome was
recorded.

For our entire cohort, we calculated proportions and unadjusted odds ratios for provider type
and delivery mode by maternal, pregnancy, and neonatal characteristics and by labor
complications, interventions, and outcomes. For characteristics with more than two
categories, p-values for the overall chi-square are reported. We then developed a
multivariable logistic regression model for unplanned cesarean, adjusting for factors that
were significantly different in the unadjusted analysis (maternal race, VBAC history, labor
augmentation or induction, any Pitocin [synthetic oxytocin] use, neuraxial analgesia use, and
gestational age at delivery). Only factors that remained significant in regression analysis
were retained.

We calculated the probability of VBAC success using the nomogram from Grobman et al.
(2007). The Grobman score is the predicted percent VBAC success based on readily
available clinical data including maternal age, height, weight, BMI, race/ethnicity, prior
vaginal delivery, vaginal delivery since last cesarean, and arrest of dilation or descent as the
indication for the previous cesarean.(?8) We used the Grobman score to evaluate whether
predicted VBAC success influenced the difference in unplanned cesarean by provider type.
Using receiver operator characteristics analysis, we classified scores of 0.65 or greater as
high probability for VBAC success. In a sensitivity analysis, we analyzed matched case-
control subgroups. In a second sensitivity analysis, we adjusted provider type comparisons
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for unplanned cesarean by nomogram-predicted VBAC success. P-values <0.05 were
considered significant. We used SAS 9.4 software for data analysis and GraphPad Prism 6
for figure preparation.

RESULTS

Cohort Composition and Demographics by Provider Type

We examined 22,593 pregnancies in the perinatal database for eligibility. Of those, 873 met
inclusion criteria, and 502 remained after all exclusions (Figure 1). Midwives managed 57%,
and obstetricians managed 43% of these women, and the overall predicted VBAC success
(Grobman score) was not different by provider type. The cohort was mostly normal-weight
Hispanic and white women between 25-34 years old (Table 1). Maternal demographics were
similar by provider type except that obstetric patients were more frequently early-term
gestational age at delivery (37 0/7 through 38 6/7 weeks), whereas CNM patients were more
likely to be full-term and late-term (39 0/7 to 42 weeks). The rate of successful VBAC
compared to all vaginal births in the entire database (not limited to low-risk patients) was
6.8% (1,115/16,360) which is similar to the 4.3% VBAC rate over the past three years at our
institution (July 2015 through June 2018); this suggests that the perinatal database
accurately captured most TOLAC attempts.

Factors Associated with Delivery Mode

Maternal factors associated with increased unplanned cesarean included black race (OR
2.45, 95% CI 1.17-5.11) and no prior successful VBAC (OR 5.67, 95% CI 2.01-15.97).
Protective factors decreasing the risk of unplanned cesarean included increased gravidity >2
(OR 0.46, 95% CI 0.27-0.80), increased parity =2 (OR 0.33, 95% CI 0.18-0.62), and early
term gestational age 37 0/7 — 38 6/7 weeks (OR 0.40, 95% CI 0.17-0.93). Some of these
risks (black race and no prior VBAC) and protections (gestational age 37 0/7-38 6/7 weeks)
for unplanned cesarean are consistent with prior findings.(26-28) Also similar to prior reports,
(27,28) |abor interventions associated with increased risk of unplanned cesarean included
labor augmentation (OR 5.16, 95% CI 2.65-10.04), labor induction (OR 8.66, 95% CI 3.73—
20.07), and any Pitocin use (OR 5.30, 95% CI 2.89-9.75; Table 2).

Cesarean Delivery and Labor Management Associated with Provider Type

The absolute difference in unplanned cesarean rate by provider type was 2.4% (a relative
decrease of 19% for obstetricians) which was not significant. The incidence of transfer from
CNM to obstetrician care was 16.8%. There was no significant association between
unplanned cesarean and provider type in either unadjusted or adjusted analyses (unadjusted
OR 0.78, 95% CI 0.45-1.37; adjusted OR 0.60, 95% CI 0.32-1.12; Table 3 and
Supplemental Table 1 published online only). To compare provider types by predicted
VBAC success, we examined predicted versus actual VBAC rates. Although low probability
of VBAC success (score <0.65) was associated with unplanned cesarean (OR 4.14, 95% CI
2.31-7.40), there was no difference by provider type across all predicted VBAC success
scores (Table 1 and Figure 2). Overall, the rate of successful VBAC for patients attempting
TOLAC was 88% (i.e., the number of successful VBACs for all attempted TOLACS). Over
time, the rate of unsuccessful TOLAC increased about two-fold in the final two years of data
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collection, decreasing the VBAC success to ~80% (Supplemental table 2 published online
only). In a sensitivity analysis among matched cases and controls, the lack of significant
difference by provider type persisted in both unadjusted or adjusted analysis (Supplemental
Tables 3 and 4 published online only). Patients managed by obstetricians were more likely to
undergo intrapartum interventions, such as labor induction and augmentation, artificial
rupture of membranes, epidural analgesia, and use of Pitocin (Table 1).

Morbidity Associated with Delivery Mode and Provider Type

We evaluated the association of provider type and delivery mode with maternal and neonatal
morbidity (Table 4). Postpartum hemorrhage (OR 2.51, 95% CI 1.31-4.83),
chorioamnionitis (OR 4.28, 95% CI 1.74-10.51), maternal composite morbidity (OR 3.14,
95% CI 1.73-5.69), and combined-composite (maternal or neonatal) morbidity (OR 2.78,
95% CI 1.56-4.94) were associated with unplanned cesarean. Maternal composite morbidity
was significantly higher for obstetric provider type compared to CNM (p=0.045), due to
increased chorioamnionitis and third- and fourth-degree perineal lacerations. The neonatal
composite and combined composite were not significantly different by provider type.

DISCUSSION

We did not detect a significant difference in unplanned cesarean rates for low-risk TOLAC
patients cared for by midwives or obstetricians in our intention-to-manage analysis. This was
true after adjusting for variables that were significantly different by provider type or mode of
delivery (race, prior VBAC, recurring maternal indication for cesarean, most recent delivery
mode, and spontaneous labor). We identified associations with unplanned cesarean in this
cohort similar to risks reported previously for unsuccessful TOLAC (black race, recurring
maternal indication for cesarean, induction of labor, labor augmentation, and Pitocin use).
(27, 28) Adjusted analysis also showed risks for unplanned cesarean in non-Hispanic black
women that were consistent with prior findings.(29) Factors that increased VBAC success
were also identified (successful prior VBAC, spontaneous labor, and high Grobman score).
(26-28) Obstetricians more frequently utilized labor induction, epidurals, and Pitocin.

(20, 21, 30) Morbidity by provider type was not significant, except that composite maternal
morbidity was slightly higher for patients managed by obstetricians. Several adverse
outcomes were associated with unplanned cesarean, including chorioamnionitis and
postpartum hemorrhage.

Identifying new health care delivery systems and management models may be an effective
way to increase vaginal delivery rates in the USA. Nationally, CNMs attend 13.4% of
vaginal births and 9.1% of all births.(31) Some reports have shown lower cesarean rates
overall for patients managed by midwives, 21 22. 32) byt we found no difference in unplanned
cesarean for TOLAC by provider type. The 19% relative decrease in unplanned cesarean that
we observed for obstetrician management could become clinically important if the rate of
unplanned cesarean or the number of TOLAC attempts were very high. We found no
national data on the number of TOLAC deliveries managed by CNMs, but our findings
suggest that increasing opportunities for midwives to manage low-risk TOLAC patients
could be a safe and effective means to improve vaginal birth rates. A cultural and ideological
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shift towards offering TOLACs may be a notable obstacle, however, as fewer providers and
hospitals are allowing TOLACs, some women may be unaware of the opportunity, and some
reports suggest that fewer women overall are requesting VBAC. (. 8-11.33) Oyr data were
collected prior to the publication of specific guidelines to reduce primary cesarean section.
(34) However, those guidelines are not directly applicable to the TOLAC population, raising
the possibility that new guidelines to reduce labor interventions specifically for TOLAC
could improve vaginal delivery success. The use of Pitocin and regional anesthesia were
significantly lower for CNM patients in our cohort, consistent with other studies(?2) although
a recent meta-analysis found no difference in Pitocin use by CNMs.(32)

This study has several strengths, including a large cohort from which we selected a low-risk
sample with prospective data collection of both maternal and neonatal data. We evaluated an
extensive set of maternal and pregnancy characteristics and used an established VBAC
success calculator (i.e., Grobman score) for risk stratification. There was no loss to follow
up as data were collected during admission for labor and birth. We recognize that
intrapartum provider care could have switched from midwife to obstetrician during labor and
for all unplanned cesareans, but we analyzed as intention-to-manage and the rate of patient
transfer was modest. Providers were part of group practices within a single institution,
reducing confounding due to variable individual, institutional, or time-sensitive factors. Our
results were consistent after adjusting for maternal characteristics that were different by
provider type, and a separate case-control sub-analysis gave similar findings. Our
conclusions may be generalizable to healthy patients in similar collaborative centers with
close working relationships between obstetricians and CNMs.

The study has some important limitations. First, it is retrospective, and there may be
unrecognized assignment bias. We cannot discern women who may have self-selected
provider type, though the demographics by provider were similar. We were unable to
discriminate between provider effects due to prenatal care versus intrapartum management,
and we have no long-term data on outcomes. It is possible that some women appeared more
than once in our cohort, but due to the deidentified dataset we could not adjust for repeat
enrollment. The high VBAC success rate could mean that healthy, low-risk patients were
well-selected for TOLAC and therefore more successful. Alternately, the high VBAC
success could be due to under-recording of unsuccessful TOLAC attempts (i.e. some cases
could have been recorded in the medical record as repeat cesarean instead of attempted
TOLAC because the delivery type would be cesarean or VBAC). However, matched case-
control sub-analysis gave similar results by provider type, even after adjustment. The high
VBAC success rate, therefore, may simply be due to an institutional culture that strongly
encourages TOLAC but recommends against it for those patients with low chance of
success. Furthermore, patient preference for an elective repeat cesarean could have removed
poorer candidates from attempting TOLAC, leaving candidates with a higher likelihood of
TOLAC success in our cohort. We recognize that our findings are only generalizable to other
large well-integrated nurse midwifery practices with obstetric support, which may not be
feasible in all community settings where immediate surgical back-up is not always available.
TOLAC is offered widely by both obstetric and midwifery providers at our institution and,
interestingly, unit-level presence of midwives has been associated with increased TOLAC
attempts but not VBAC success.(®®) Finally, we were unable to assess maternal motivation
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and TOLAC risk tolerance by provider group in our study, as midwifery patients might be
more motivated for TOLAC. Prior studies have also found that, among acceptable
candidates, managing providers not only influence patient decisions to undergo TOLAC but
also TOLAC success. (33 36)

Overall, there was no significant difference in unplanned cesarean rate by provider type
during attempted TOLAC. Patients cared for by CNMs had fewer interventions in labor but
similar VBAC success and morbidity. Although protocols are established to avoid the first
primary cesarean, 34 the United States’ health care system’s capacity to accommodate
TOLAC could be expanded by developing hospital guidelines to encourage more provider
types to offer TOLAC and emphasize collaborative practice models. Furthermore, our
experience suggests that other well-staffed institutions could potentially increase their
TOLAC success with rigorous counseling and patient selection. With the understanding that
TOLAC is a complex practice requiring increased resource availability, further investigation
with high-quality trials of maternity care models to evaluate provider type and management
approach is needed to decrease the rate of unplanned cesarean.
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University of Colorado Perinatal Database

(n=22,593) examined for eligibility

Subject

Page 11

>

Selection

v

Deleted duplicate records (n=7)
Deleted records missing medical record number (n=143)

Considered for inclusion criteria (n=22,443)
Term, singleton, vertex, maternal age 18-40
years, 1 or 2 previous CD, underwent a trial

of labor (TOL) during pregnancy of interest.

Remaining after inclusion criteria (n=873) ‘

—

Did not meet inclusion criteria (n=21,570)

- Non-term gestation (2657)

- Non-singleton (593)

- Non-vertex at labor onset (1084)

- Maternal age <18 years or >40 years (797)

- No trial of labor during pregnancy of interest (planned CD) (2006)
- No prior CD (14433)

v

| Final Sample (n=502) ‘

Excluded (n=371)

- Non-viable fetus at labor admission (19)

- Major fetal anomalies, [IUGR (34)

- Severe placental abnormalities (vasa previa, accreta, percreta,
increta) (1)

- Oligohydramnios or anhydramnios at labor admission (16)

- PROM (80)

- >2 prior cesarean deliveries (2)

- Prior uterine rupture (0)

- Prior classical or T-incision CS (0)

- Unknown prior CS incision type (0)

- Hypertension prior to or during pregnancy (includes gestational
hypertensive disorders, eclampsia, or chronic HTN) (49)

- Diabetes (pregestational) (6)

- Maternal renal or heart disease, or cancer (30)

- No onset of labor type in UCPD (12)

- Alloimmunization (3)

- Not CNM or OB prenatal services (105)

- Missing/illogical information maternal height or previous cesarean
indication (14)

v

Analysis

v

| Assigned to OB care (n=216) |

Figure 1.

Assigned to CNM care (n=286)

Subject selection flow diagram, Denver, Colorado, United States, 2005-2012.
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Figure 2:

Proportions and 95% CI of unplanned cesarean for predicted VBAC success scores by
obstetrician or midwife provider type, Denver, Colorado, United States, 2005-2012.
Subjects were divided by provider type and then into quintiles by predicted Grobman VBAC
success score. The 95% confidence interval for proportion of unplanned cesarean within
each quintile is graphed versus the predicted VBAC success. Line of agreement shows
perfect match between predicted and actual cesarean rates.
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Table 1:

Page 13

Patient demographics for the overall cohort and by provider type, Denver, Colorado, United States, 2005~

2012.

Characteristic

Maternal characteristics
Maternal age (years)
18-24
25-34
35-40

Pre-pregnancy BMI2‘3

<185
18.5-29.9
=230

BMI at deliveryz
18.5-29.9
=230

Gestational weight gain3
Appropriate/Below
Excessive
Race/Ethnicity
Hispanic
Black
Non-Hispanic white
Other
Marital status(married or partnered)
Maternal height (<60 inches)
Smoked during pregnancy
Gestational diabetes
Obstetric Characteristics

Gravidity

Parity

Successful previous VBAC4

Yes
No
Uncertain

Failed a previous TOLAC

OveraIIl N=502, No.
(%)

116 (23.1)
318 (63.4)
68 (13.6)

10 (2.1)
371(77.1)
100 (20.8)

240 (47.8)
262 (52.2)

274 (57.0)
207 (43.0)

251 (50.0)
59 (11.8)
146 (29.1)
46 (9.2)
371 (73.9)
31(6.2)
35(7.0)
28 (5.6)

177 (35.3)
325 (64.7)

260 (51.8)
242 (48.2)

135 (26.9)
365 (72.9)
1(0.2)
3(0.6)

Certified Nurse
Midwife N=286, No.
(%)

63 (22.0)
187 (65.4)
36 (12.6)

4(15)
220 (79.7)
52 (18.8)

136 (47.6)
150 (52.5)

159 (57.6)
117 (42.4)

146 (51.1)
32(11.2)
88 (30.8)
20 (7.0)
205 (71.7)
21(7.3)
21(7.3)
11.(3.9)

100 (35.0)
186 (65.0)

153 (53.5)
133 (46.5)

80 (28.1)
204 (71.6)
1(0.4)
2(0.7)
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Obstetrician N=216, No.
(%)

53 (24.5)
131 (60.7)
32 (14.8)

6 (2.9)
151 (73.7)
48 (23.4)

104 (48.1)
112 (51.9)

115 (56.1)
90 (43.9)

105 (48.6)
27 (12.5)
58 (26.9)
26 (12.0)
166 (76.9)
10 (4.6)
14 (6.5)
17 (7.9)

77 (35.7)
139 (64.4)

107 (49.5)
109 (50.5)

55 (25.5)
161 (74.5)
0
1(0.5)

P value

0.543

0.226

0.895

0.741

0.222

0.191
0.211
0.708
0.052

0.874

0.379

0.545

0.734



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fore et al.

Characteristic

Recurring indication for repeated
cesarean

Grobman score (probability)5
<0.65 (low)
=0.65 (high)
Fetal characteristics
Gestational age at delivery(weeks days)
370/7-386/7
390/7-406/7
410/7-416/7
Birthweight (g)
<2,500
2500-4200
>4200

Clinical suspicion of macrosomia present6
Labor interventions
Status of onset of labor
Spontaneous
Augmentation
Induction
Artificial rupture of membranes
Episiotomy performed
Received epidural
Prostaglandin use

Pitocin

OveraIIl N=502, No.

(%)

195 (38.8)

168 (34.9)
313 (65.1)

130 (25.9)
299 (59.6)
73 (14.5)

5 (1.0)
482 (96.0)
15 (3.0)
12 (2.4)

303 (60.4)
155 (30.9)
44.(8.8)
263 (52.4)
10 (2.0)
244 (48.6)
9(1.8)
189 (37.7)

Certified Nurse

Midwife N=286, No.

(%)
121 (42.3)

106 (38.4)
170 (61.6)

60 (21.0)
178 (62.2)
48 (16.8)

1(0.4)
278 (97.2)
7(2.5)
7(2.5)

186 (65.0)
81(28.3)
19 (6.6)
136 (47.6)
5(1.8)
124 (43.4)
3(1.1)
94 (32.9)

Obstetrician N=216, No.

(%)

74 (34.3)

62 (30.2)
143 (69.8)

70 (32.4)
121 (56.0)
25 (11.6)

4(1.9)
204 (94.4)
8(3.7)
5(2.3)

117 (54.2)
74 (34.3)
25 (11.6)
127 (58.8)
5(2.3)
120 (55.6)
6 (2.8)
95 (44.0)

Page 14

P value

0.067

0.067

0.010

0.171

0.923

0.027

0.013
0.653
0.007
0.148
0.011

1 . .
, N for each column may vary due to missing variables for each factor.

2, Mean BMI (kg/m2)(24)

, Pre-pregnancy weight, height, or weight at delivery was incomplete for twenty-one patients based on chart review.

, Prior VBAC percentages were calculated by dividing the number of ‘yes’, ‘no’, or ‘uncertain’ by the sum of the entire “successful previous

VBAC” category for that provider type/column.

, Unable to calculate the Grobman probability score if components were missing. Optimal 0.65 cutoff was determined by receiver operator

characteristics curve analysis.

, Based on documented clinical assessment not uniform estimated fetal weight definition.
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Table 2:

Proportion of unplanned cesareans by provider type and unadjusted odds ratios for unplanned cesarean
delivery by maternal and pregnancy characteristics, intrapartum interventions, and labor complications,
Denver, Colorado, United States, 2005-2012.

Characteristic Unplanned Cesareant sltljiiilsjﬂli:o\./gﬁ:;: Un’:\dju(sgtg(()i/0 Oéigs Ratio P value
N=58,N0.(%) '
Delivery mode outcomez
Overall (N=502) 58 (11.6) 0.404
Midwife (N=286) 36 (12.6)
Obstetrician (N=216) 22 (10.2)
Maternal characteristics
Maternal age (years)
18-24 16 (27.6) 100 (22.5) 0.93 (0.40-2.18) 0.38
25-34 32(55.2) 286 (64.4) 0.65 (0.30-1.39)
35-40 10 (17.2) 58 (13.1) Reference
Pre-pregnancy smi®?
<185 1(1.8) 9(2.1) 0.95 (0.12-7.67) 0.225
18.5-29.9 39 (68.4) 332 (78.3) Reference
>30 17 (29.8) 83 (19.6) 1.74 (0.94-3.24)
BMI at delivery3'4
18.5-29.9 25 (43.1) 215 (48.4) Reference 0.486
>30 33 (56.9) 229 (51.6) 1.24 (0.71-2.15)
Gestational weight gain4
Appropriate/Below 29 (50.9) 245 (57.8) Reference 0.393
Excessive 28 (49.1) 179 (42.2) 1.32 (0.76-2.30)
Race/Ethnicity
Hispanic 26 (44.8) 225 (50.7) Reference <0.05
Black 13 (22.4) 46 (10.4) 2.45(1.17-5.11)
Non-Hispanic white 13 (22.4) 133 (30.0) 0.85 (0.42-1.70)
Other 6 (10.3) 40 (9.0) 1.30 (0.50-3.35)
Marital status (married or partnered) 37 (63.8) 334 (75.2) 0.58 (0.33-1.03) 0.079
Maternal height (<60 inches) 5(8.6) 26 (5.9) 1.52 (0.56-4.12) 0.561
Smoked during pregnancy 7(12.1) 28 (6.3) 2.04 (0.85-4.91) 0.163
Gestational diabetes 4 (6.9) 24 (5.4) 1.30 (0.43-3.88) 0.759
Obstetrical Characteristics
Gravidity
2 30 (51.7) 147 (33.1) Reference 0.006
>2 28 (48.3) 297 (66.9) 0.46 (0.27-0.80)
Parity
1 43 (74.1) 217 (48.9) Reference <.001
>2 15 (25.9) 227 (51.1) 0.33 (0.18-0.62)
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Characteristic
N=58,No.(%)
Successful previousVBAC

Yes 4 (6.9)
No 54 (93.1)
Failed a previous TOLAC 1(1.7)
Recurring indicationfor cesarean 33(56.9)
Grobman score (probability)5
<0.65 (low) 37 (64.9)
>0.65 (high) 20 (35.1)

Fetal characteristics

Gestational age at delivery (weeks days)

370/7-386/7 7(12.1)

39 0/7 -406/7 37 (63.8)

410/7-416/7 14 (24.1)
Clinical suspicion of macrosomia 2(3.5)

6
present
Intrapartum interventions

Status of onset of labor

Spontaneous 14 (24.1)

Augmentation 31(53.5)

Induction 13 (22.4)

Artificial rupture of embranes 30(51.7)

Episiotomy performed NA

Received epidural 34 (58.6)
Prostaglandin use 2(3.5)

Pitocin 42 (72.4)

Unplanned Cesarean1

Successful VBAC
N=444, No. (%)

131 (29.6)
312 (70.4)
2(05)
162 (36.5)

131 (30.9)
293 (69.1)

123 (27.7)

262 (59.0)
59 (13.3)
10 (2.3)

289 (65.1)
124 (27.9)
31(7.0)
233 (52.5)
10 (2.3)
210 (47.3)
7(1.6)
147 (33.1)

Unadjusted Odds Ratio

(95% CI)

Reference
5.67 (2.01-15.97)
3.88 (0.35-43.44)
2.30 (1.32-4.00)

4.14 (2.31-7.40)

Reference

0.40 (0.17-0.93)
Reference
1.68 (0.85-3.31)
1.55 (0.33-7.26)

Reference
5.16 (2.65-10.04)
8.66 (3.73-20.07)
0.97 (0.56-1.68)

NA
1.58 (0.91-2.75)
2.23 (0.45-11.00)
5.30 (2.89-9.75)

Page 16

P value

<.001

0.309
0.004

<.001

0.01

0.638

<.001

>.99
0.387
0.124
0.607
<.001

NA = not applicable

1 . .
, N for each column may vary due to missing variables for each factor.

2 . . .
, Control (reference) group was care with CNM. Delivery mode for our model outcome was unplanned cesarean. P value for only this

characteristic applies to comparison of successful VBAC vs unplanned cesarean by provider type.

3 Mean BMI (kg/m2)(24)

, Pre-pregnancy weight, height, or weight at delivery was incomplete for twenty-one patients based on chart review.

, Unable to calculate the Grobman probability score if components were missing. Optimal 0.65 cutoff was determined by receiver operator

characteristics analysis.

, Based on documented clinical assessment not uniform estimated fetal weight definition.
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