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Abstract

Background: In July 2021, an academic institution suspended elec-
tive inductions of labor (eIOL) after 39 weeks. Our objective was to
determine how this policy impacted cesarean delivery rate and time
on labor and delivery.

Methods: A retrospective chart review was conducted of singleton,
cephalic pregnancies delivering between 39 and 41 weeks, during the
6 months before and after the policy change.

Results: From January 20, 2021, to January 29, 2022, there were 386
eligible deliveries, 50.3% before and 49.7% after the policy change.
There was no statistical reduction in total inductions after the policy
change restricting elOL (67.5% vs. 62.0%, P = 0.287). Time on labor
and delivery was similar (20.8 £ 13.0 vs. 20.6 + 11.7 h, P=0.800). Ce-
sarean delivery rates were unchanged (14.4% vs. 15.1%, P = 0.887).

Conclusions: Induction rates were not impacted by the policy. This
suggests physicians found alternative non-elective reasons for induc-
tion. There were no significant differences in time spent on labor and
delivery or cesarean delivery rate. The study was a convenience sam-
ple and not powered for definitive outcome differences.

Keywords: Induction of labor; Cesarean delivery; Duration of labor;
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Introduction

About 23% of births in the United States are induced [1]. Most
inductions of labor (IOLs) are performed for maternal or fe-
tal conditions that would worsen or cause complications if the
pregnancy were to continue [2]. Before 39 weeks, The Ameri-
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can College of Obstetrics and Gynecology (ACOG) recom-
mends against elective IOL (eIOL) and only recommends in-
duction when medically indicated [3, 4]. Additionally, ACOG
recommends IOL after 42 weeks to minimize mortality and
morbidity [5].

The literature supports the safety of eIOL in healthy pa-
tients after 39 weeks with singleton pregnancies [6]. After 39
weeks, elOLs are associated with decreased cesarean deliver-
ies, neonatal deaths, and maternal mortality compared to ex-
pectant management at the same gestational age [6]. The AR-
RIVE trial found that in low-risk nulliparous patients, there
were no differences in perinatal mortality, but the cesarean de-
livery rate was significantly decreased with eIOL at 39 weeks
[7]. Osmundson et al found that in nulliparous patients after
39 weeks, eIOL did not decrease cesarean deliveries, and was
associated with longer labors [8]. While there is conflicting
evidence for the safety of elOL, the literature overall supports
elOL at 39 weeks.

This academic institution previously supported eIOL in
low-risk patients after 39 weeks [9]. However, due to inad-
equate staffing due to coronavirus disease 2019 (COVID-19),
they opted to suspend elOL between 39 and 41 weeks. Be-
cause IOLs often increase time on labor and delivery and ce-
sarean delivery rates, this change was expected to decrease
staffing and resource demand [2, 6]. However, the effects of
this change on patient outcomes were unknown. It was pre-
dicted that the time patients spent on labor and delivery would
decrease after the policy change. Due to conflicting literature
on the impact of elOL on cesarean delivery rates, it was pre-
dicted that there would be no difference before and after the
policy change.

Materials and Methods

This study was approved by the University of Connecticut
Health Institutional Review Board (IRB number 22X-190-2),
and ethical compliance with human studies is not applicable.
This was a retrospective chart review of 6 months before
the policy change and 6 months after using Epic electronic
health record database. The policy was enacted on July 21,
2021, but allowed for already booked eIOL to proceed for up
to 1 week after the policy went into effect. Therefore, the post-
intervention group was adjusted by 1 week to account for this.
We included all patients with singleton pregnancies who deliv-
ered between 39 and 41 weeks, as this was the gestational age
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window that would be impacted by the policy change regard-
ing elOL after 39 weeks. Patients delivering between January
20, 2021, and July 20, 2021 at the institution were included in
the pre-policy group. Those delivering between July 29, 2021,
and January 29, 2022 were the post-policy group. A conveni-
ence sample was used based on the data available from this
time period. Patients were excluded if they had eclampsia, fe-
tal presentations other than cephalic, a known fetal anomaly,
multiple gestations, a post-term induction after 41 weeks, or
other medical indications for a non-elective IOL.

We collected basic demographic information including
age, race, ethnicity, gravidity, and parity to compare the groups
at baseline. Primary outcomes included cesarean delivery rate
and length of time spent on labor and delivery. Secondary
outcomes were other outcomes that could be impacted by the
policy change including third- or fourth-degree lacerations,
postpartum hemorrhage, maternal hemoglobin after delivery,
meconium-stained amniotic fluid, birth weight, Apgar score,
neonatal intensive care unit (NICU) admission, neonatal pho-
totherapy use, fetal birth injuries, stillbirths, neonatal deaths,
and maternal deaths. Other information collected included type
of delivery and type of labor onset (spontaneous or induced).
Potential confounders included prior cesarean deliveries, par-
ity, oxytocin use in non-induced patients, and maternal age.
Other confounders collected included maternal comorbidities,
pre-existing medical conditions, and those that may develop
during pregnancy, such as diabetes and hypertension.

SPSS (version 28) was used for statistical analysis. Fish-
er’s exact tests or Chi-squared tests were used for categori-
cal data. Independent samples #-tests were used for comparing
means of continuous data. When necessary, natural log trans-
formations were used for skewed variables so that parametric
t-tests could be used. Multivariable regression models were
performed to adjust for confounders. Regression models were
created using forward addition where all variables with P < 0.2
on univariable analysis were considered candidate variables.
This used an iterative process where the most impactful varia-
bles were individually added to create successive models until
the most parsimonious model was generated. This model was
confirmed with backwards removal where all variables were
included and then removed one at a time until the software
arrived at the final model. Cesarean delivery rate was a priori
chosen to be in the final model as the variable of interest and
primary outcome for the study.

Results

One hundred ninety-four patients with singleton, cephalic
pregnancies who delivered between 39 and 41 weeks within
January 20, 2021, and July 20, 2021 were included in the “be-
fore” group. One hundred ninety-two pregnancies who deliv-
ered between July 29, 2021, and January 29, 2022 were in-
cluded in the “after” group. The two groups were similar with
respect to race, ethnicity, maternal age, and maternal body
mass index (BMI) with no other significant pre-pregnancy
differences (Table 1). There was also no difference in preg-
nancy-related factors including gravidity, gestational diabetes,

gestational hypertensive disorders, or chorioamnionitis (Table
1). Patients were more likely primiparous in the “after” group
(54.7% vs. 45.4%, P = 0.026). There was a statistically sig-
nificant but likely clinically irrelevant difference in gestational
age at delivery (before = 39.6 £ 0.5 weeks vs. after = 39.7 +
0.5 weeks, P=10.017).

There was no difference in induction rates before com-
pared to after the policy change (67.5% vs. 62%, P = 0.287).
The was no difference in the cesarean delivery rate between
the two groups before and after the policy change (14.4% be-
fore vs. 15.5% after, P = 0.887). There were no significant dif-
ferences in secondary labor outcomes other than the frequency
of blood transfusions (5.2% before, 1.0% after, P=0.036) (Ta-
ble 2).

Given the nature of data for length of time on labor and
delivery with a minimum but no maximum, this led to a right-
tailed skewed distribution. We therefore used a transformation
using the natural log of the data to perform a #-test which re-
quires a normal distribution of data. Length of time spent on
labor and delivery was not different between the two groups
(20.8 £ 13.0 h before, 20.6 + 11.7 h after, P = 0.800).

Logistic regression was performed to assess the impact of
the policy on cesarean delivery rates while adjusting for con-
founders. When adjusting for significant confounders, includ-
ing age, BMI, chorioamnionitis, and length of time on labor
and delivery, there was no change in cesarean delivery rate
associated with the policy change either with or without ad-
justment (adjusted odds ratio (OR) = 0.845, 95% confidence
interval (CI) = 0.458 - 1.560). Increasing maternal age, higher
BMI, presence of chorioamnionitis and increasing time on la-
bor and delivery all led to higher odds of having a cesarean
delivery (Table 3). Notably, variables such as prior cesarean
delivery and parity, which historically have been known to im-
pact cesarean delivery rates with subsequent delivery, were not
included due to the model building criteria. Forward addition
sequentially adds the most impactful variables in an iterative
process. It stops adding variables once the most parsimonious
model is achieved. The only variable we required to be includ-
ed was the impact of the policy change. Using this methodol-
ogy, prior cesarcan delivery and parity were not included in
the final model.

Additional analyses were done to assess changes in over-
all maternal morbidity. Maternal morbidity was a composite
variable which was positive if any of the following occurred:
chorioamnionitis, increased length of stay (> 3 days for cesar-
ean and > 2 days for vaginal deliveries), third- or fourth-de-
gree perineal laceration, postpartum hemorrhage, postpartum
hemoglobin less than 10, blood transfusion, wound infection,
and/or death. There were no significant differences in overall
maternal morbidity before or after the policy change (48.1%
vs. 51.9%, P =0.394).

For neonatal outcomes, there were no significant differ-
ences in birth weight, NICU admission, birth injury, photo-
therapy use, or Apgar scores at 1 or 5 min between the two
groups (Table 4). No neonatal deaths occurred in either group.
Additional analyses were done to assess changes in composite
neonatal morbidity, which included NICU admission, Apgar
less than 7, meconium-stained amniotic fluid, phototherapy
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Table 1. Patient Demographics and Pre-Labor Characteristics Stratified by Study Group

Before policy change

After policy change

Demographic (n=194) (n=192) P
Race 0.246
White 99 (51.3) 85 (44.3)
Black 42 (22.3) 38 (19.8)
Asian 19 (9.8) 24 (12.5)
None of the above 32 (16.6) 45(23.4)
Ethnicity 0.292
Hispanic 44 (22.7) 53 (27.6)
Not Hispanic 150 (77.3) 139 (72.4)
Age (years) 30.2+5.0 30.1+5.5 0.811
Body mass index (kg/m?) 326+7.2 327+5.9 0.929
Gravidity 0.472
1 61 (31.4) 70 (36.5)
2 65 (33.5) 57 (29.7)
3 35 (18.0) 27 (14.1)
4 or more 33 (17.0) 38 (19.8)
Parity 0.029*
1 88 (45.4) 105 (54.7)
2 67 (34.5) 43 (22.4)
3 28 (14.4) 25 (13.0)
4 or more 11 (5.7) 19 (9.9)
Gestational diabetes 17 (8.8) 20 (10.4) 0.608
Gestational hypertension or pre-eclampsia 23 (11.9) 24 (12.5) 0.877
Chorioamnionitis 9 (4.6) 6(3.1) 0.600
Gestational age 39.6+0.5 39.7+0.5 0.017*

*P < 0.05. Data are presented as n (%) for categorical variables or mean * standard deviation for continuous variables.

use, stillbirth, neonatal death, and/or umbilical artery pH less
than 7.0. There were no significant differences in overall neo-
natal morbidity between the two groups (47.9% vs. 52.1%, P
=0.695).

Discussion

This study demonstrated that despite a new institutional pol-
icy to restrict elOLs, there was no change in overall induc-
tions. This was an unexpected finding and suggests that the
policy change had no impact on the variable it was intended
to influence. While this was initially surprising, we hypoth-
esized that the ARRIVE trial may have influenced physician
practice. This trial found that in low-risk nulliparous patients,
there was a significantly decreased cesarean delivery rate with
elOL compared to expectant management [7]. Knowing the
decreased cesarean delivery rate and ACOG Practice Bulletin
guidelines, physicians at this institution may have advocated
for induction between 39 and 41 weeks by identifying other
reasonable, but non-elective, IOL indications [9]. Gilroy et al

found that in 2019, the year following the publication of the
ARRIVE trial, there were more IOLs than in the year prior to
its publication [10]. This suggests that changes to physician
practice were made relatively quickly in response to the study.

The policy’s restriction made it impossible to follow
ACOG’s Practice Bulletin supporting elOL between 39 and
41 weeks. Our original analysis plan was to look at how the
reduction in inductions impacted our cesarean delivery rates.
However, with no change in induction rates, there would be
no change in cesarean delivery rates, and the project then be-
came an analysis of process adherence, which we still believe
produces clinically relevant data. Since inductions were not re-
duced, our data support the hypothesis that physicians contin-
ued performing these inductions via alternate pathways. There
are many studies regarding physician non-compliance with
national or societal guidelines, but fewer studies about non-
compliance with hospital policies when they conflict with pre-
sumed improved outcomes. Dankers et al examined why Dutch
physicians were prescribing alternate insulin regimens instead
of the recommended neutral protamine Hagedorn (NPH) insu-
lin. Reasons stated for non-adherence included disagreement
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Table 2. Labor Outcomes Stratified by Study Group

Outcome gleznl'e; i))olicy change élft:rl g;))licy change P
Type of labor onset 0.287
Spontaneous 63 (32.5) 73 (38.0)
Induced 131 (67.5) 119 (62.0)
Type of delivery 0.887
Vaginal 166 (85.6) 163 (84.9)
Cesarean 28 (14.4) 29 (15.5)
Periurethral laceration 30 (15.5) 31 (16.1) 0.890
Cervical laceration 6(3.1) 5(2.6) 1.000
Perineal laceration 0.643
First degree 38 (19.6) 36 (18.8)
Second degree 62 (32.0) 71 (37.0)
Third or fourth degree 6 (3.1) 8(4.2)
Estimated blood loss (mL) 412.0 +464.1 370.1 +349.9 0.323
Postpartum hemorrhage 24 (12.4) 22 (11.5) 0.875
Post-delivery Hb < 10 g/dL 91 (47.6) 85 (44.7) 0.608
Blood transfusion 10 (5.2) 2 (1.0) 0.036*
Wound infection 2 (1.0) 3(1.6) 0.684
Meconium-stained amniotic fluid 27 (13.9) 32 (16.7) 0.482
Time spent on labor and delivery (h) 20.8+13.0 20.6 £ 11.7 0.800
Increased length of stay 62 (32.1) 59 (30.7) 0.826

*P < 0.05. Data are presented as n (%) for categorical variables or mean * standard deviation for continuous variables. h: hours; Hb: hemoglobin.

Table 3. Logistic Regression for Factors Impacting Cesarean Delivery Rates

Variable Unadjusted OR 95% CI Adjusted OR 95% CI
Policy restricting elective induction of labor 1.055 0.601 - 1.852 1.183 0.641 -2.183
Maternal age (per year) 1.047 0.992 - 1.106 1.078 1.014 - 1.145
Maternal BMI (per unit) 1.074 1.032 - 1.116 1.066 1.021-1.114
Chorioamnionitis 7.519 2.604 - 21.739 5.102 1.524 - 16.949
Natural log of time spent on labor and delivery 3.425 1.961 - 6.803 2.793 1.520 - 5.128

Time spent on labor and delivery was right-skewed, so a natural log transformation was used to produce a normal distribution to satisfy parameters
for inclusion in the regression model. BMI: body mass index; OR: odds ratio; Cl: confident interval.

Table 4. Neonatal Outcomes Stratified by Study Group

Outcome glei);g ‘[‘))olicy change glft:eli g;))licy change P

Birth weight (g) 3,422.5+406.6 3,412.0+414.8 0.801
NICU admission 6 (3.1) 7 (3.6) 0.786
Birth injury 1(0.5) 1(0.5) 1.000
Phototherapy 1(0.5) 0 (0) 1.000
Apgar <7 21(10.9) 13 (6.8) 0.208
Apgar <3 5(2.6) 3 (1.6) 0.724
Neonatal death 0(0) 0(0) 1.000

Data are presented as n (%) for categorical variables or mean * standard deviation for continuous variables. NICU: neonatal intensive care unit.
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with the guidelines, quicker response with non-NPH insulin,
and belief that newer insulin regimens were better for their
patients [11]. While further investigation is required to under-
stand why we found no change in the overall induction rate, it
may be due to disagreement with the policy and a perceived
patient benefit with policy non-compliance. Unfortunately,
the retrospective nature of this study precludes any analysis of
physician motivations to continue inductions at the same rate
as before the policy restricting their use.

While the ARRIVE trial demonstrated a significant de-
crease in cesarean delivery frequency in those undergoing el-
OLs, there was no difference in cesarean delivery in this study
[7]. This is concordant with the findings of Nethery et al [12]. In
a post ARRIVE trial time series analysis, there was a significant
increase in elOL but no change in cesarean delivery rate [12].
In another study by Gilroy et al, it was found that there was a
decreased cesarean rate in the year following the publication of
the ARRIVE trial [10]. This may be because the overall rate of
inductions did not change. When included in regression mod-
els, age, BMI, chorioamnionitis, and length of time on labor and
delivery all significantly increased cesarean delivery rates, but
the policy change restricting elective inductions between 39 and
41 weeks had no impact. Furthermore, this policy change was
initially created to reduce staffing burden due to the COVID-19
pandemic, as elOLs were hypothesized to require more time and
resources. However, time spent on labor and delivery did not
change after the policy change, which may be due to the lack of
change in overall induction rate.

Our original analysis plan assumed inductions would be
reduced with restriction of elective inductions. When this was
not observed, time on labor and delivery and cesarean deliv-
ery rates would also be expected to remain unchanged. As we
shifted to an analysis of process adherence using a conveni-
ence sample, there is a possibility of a type II error and being
underpowered to detect a difference in induction rate before
and after the policy change. Assuming our rates of 67.5% vs.
62.0%, a post-hoc power calculation would have required
1,620 deliveries per group to detect a statistically significant
change in induction rate. Even with this sample size, we ques-
tion whether a reduction from 67.5% to 62.0% is clinically
meaningful. Since there are no recognized standards for in-
duction rates as there are for cesarean delivery rates, and the
ARRIVE trial supports increasing induction rates, there are no
data to guide whether this is a clinically meaningful reduc-
tion. Policies should focus on outcomes such as maternal and
neonatal outcomes, patient experience, infections, and impact
on cesarean delivery rates. Using alternative primary outcomes
such as cesarean delivery rate (14.4% vs, 15.1%, n = 54,212
per group) or time on labor and delivery (20.8 £+ 13.0 vs. 20.6
+ 11.7 h, n = 80,353 per group) would have yielded unattain-
able sample sizes, and these outcomes are even less likely to be
clinically different. We therefore think that it is reasonable to
conclude that the difference in induction rates is not clinically
meaningful and would not be even if we had achieved statisti-
cal significance.

There were no differences in any measured neonatal out-
comes before and after the policy change. This finding is simi-
lar to the ARRIVE trial, which reported no significant differ-

ences in perinatal death, severe neonatal complications, and
secondary neonatal outcomes, including birth weight, birth
injury, phototherapy, Apgar score, and NICU admission [7].
There was a significant difference in maternal blood transfu-
sions with more occurring before the policy. However, there
were no significant differences in estimated blood loss, post-
partum hemorrhage, or post-delivery hemoglobin below 10 g/
dL. Concordant with our results, Brun et al found that there
were no differences in blood loss or postpartum hemorrhage
between patients with spontancous labor compared to IOL
[13]. Notably, Brun et al did not find a difference in blood
transfusions, while we found higher rates of transfusion before
the policy change. A higher rate of transfusion in the period
where elective inductions were allowed is a meaningful out-
come for both patients and resource utilization. As this was a
secondary outcome and there is potential for type I error due to
multiple comparisons being performed on numerous relevant
secondary outcomes (Table 2), we support further work to de-
termine if this is a real difference. However, with no differ-
ence in rate of inductions, cesarean deliveries, blood loss, or
postpartum hemorrhage, we cannot determine any potential
mechanism for this difference.

A strength of this study is that there were clear before
and after time periods where elective inductions were and
were not being offered at a single institution. Multiple stud-
ies have shown the impact of initiating a policy to allow elOL
at 39 weeks. However, we are unaware of any other studies
on the impact of elOL restriction after they had been previ-
ously allowed. With perceived patient benefits from eIOL in
either scenario, changes to allow or restrict elOL are quite dif-
ferent propositions, making our study unique. A limitation of
this study is that it was not powered to a specific sample size,
which introduces the possibility of type II or beta error. How-
ever, it is unlikely that even with an infinite sample size, a clin-
ically meaningful difference would have been found for either
cesarean delivery rate or length of time on labor and delivery
because the data were so similar between the two groups.

Another limitation is that this was a retrospective chart
review and not a prospective study. This study design makes
it impossible to capture the rationale behind induction choices.
While we hypothesize that physicians possibly reclassified
elective inductions as medically indicated using less stringent
criteria, this is purely a hypothesis. Unfortunately, it is also
inherently difficult to study, even in a prospective design. With
the lack of change in induction rates, it is a reasonable explana-
tion for our data, but it should be interpreted cautiously. This
is also a single-center observational study, which makes direct
comparisons to the ARRIVE trial difficult.

Conclusions

When a policy restricting elOLs between 39 and 41 weeks
was implemented at this academic institution, there were no
significant changes in cesarean delivery rates, time spent on
labor and delivery, maternal morbidity, or neonatal morbidity.
We hypothesize that the lack of any meaningful differences in
outcomes was mediated by a lack of change in the overall in-
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duction rate. While this static induction rate was unanticipated
as the policy was meant to reduce the number of inductions,
further research is needed to confirm our hypothesis that this
was due to changes in physician behavior due to a perceived
benefit with eIOL.
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