
Original Research ajog.org
Pregnancy outcomes after implementation of an
induction of labor care pathway
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BACKGROUND: Induction of labor is common; however, the optimum clinical strategy for induction of labor is less clear. Variations in clinical
practices related to induction of labor may lead to increased complications and longer induction of labor times.
OBJECTIVE: This study aimed to analyze whether the implementation of an evidence-based standardized care pathway improves the clinical
outcomes associated with induction of labor.
STUDY DESIGN: This was an approved quality improvement project implementing a clinical care pathway for induction of labor. Moreover,
this was a retrospective cohort study of inductions of labor for 5 months before (January 2018 to May 2018) and 14 months after (August 2018
to September 2019) the implementation of the care pathway. The primary outcome was time from admission to delivery. Time from admission to
delivery was stratified by mode of delivery. The secondary outcomes included chorioamnionitis, endometritis, neonatal intensive care unit admis-
sions, cesarean delivery, postpartum hemorrhage, and a composite of unanticipated outcomes (chorioamnionitis, endometritis, neonatal intensive
care unit admissions, cesarean delivery, and postpartum hemorrhage). In addition, pathway adherence was analyzed. The outcomes were ana-
lyzed using 2-tailed t tests for continuous data and the Fisher exact test and chi-square tests for categorical data. Propensity score matching was
used to assess for confounding by potential covariates.
RESULTS: A total of 1471 inductions of labor were reviewed, with 392 inductions of labor before the implementation of the care pathway and
1079 inductions of labor after the implementation of the care pathway. The pathway was associated with a nonsignificant reduction in the time
from admission to delivery by 1.2 hours (from 23.4 to 22.2 hours; P=.08). There was a nonsignificant increase in the time to cesarean delivery
before (28.2 hours) and after (28.8 hours) protocol implementation (P=.71). There was a significant decrease in the time to delivery by 1.7 hours
for vaginal deliveries (from 22.2 to 20.5 hours) after protocol implementation (P=.02). There was a significant decrease in chorioamnionitis (from
12.5% to 6.0%; odds ratio, 0.44; 95% confidence interval, 0.29−0.67), a significant decrease in endometritis (from 6.9% to 2.6%; odds ratio,
0.36; 95% confidence interval, 0.20−0.65), and a significant decrease in composite unanticipated outcomes (from 56.9% to 36.6%; odds ratio,
0.46; 95% confidence interval, 0.34−0.56) after the implementation of the care pathway. There was no significant difference in postpartum
hemorrhage (from 7.9% to 6.1%; odds ratio, 0.76; 95% confidence interval, 0.48−1.22), neonatal intensive care unit admissions (from 18.1%
to 14.0%; odds ratio, 0.74; 95% confidence interval, 0.54−1.02), or cesarean deliveries (from 19.6% to 20.1%; odds ratio, 1.03; 95% confi-
dence interval, 0.76−1.40) after the implementation of the care pathway. Pathway adherence varied, ranging from 50% to 89%.
CONCLUSION: The introduction of a standardized induction of labor pathway was associated with a nonsignificant reduction in the time from
admission to delivery by 1.2 hours and improved pregnancy outcomes, including decreased infections and unanticipated outcomes. Further
opportunities for improvements in clinical outcomes may be realized with increased compliance with the care pathway.
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Why was this study conducted?
This study aimed to determine the effect of a standardized induction of labor
(IOL) protocol on the time to delivery and outcomes related to IOL.

Key findings
This study found that implementation of a standardized IOL pathway was asso-
ciated with a nonsignificant decrease in the mean IOL time by 1.2 hours and
with significant improvements in pregnancy outcomes, including a decrease in
infections and composite unanticipated outcomes (infection, neonatal intensive
care unit admission, cesarean delivery and postpartum hemorrhage).

What does this add to what is known?
This study emphasizes the importance of standardized clinical care and
decreased clinical variation related to IOL.

Original Research ajog.org
Introduction
Induction of labor (IOL) in the United
States has increased over time and is
currently performed in approximately
30% of all deliveries.1 IOL is indicated
for both maternal and fetal indications
when the risks of continuing the preg-
nancy outweigh the risks of IOL and
delivery. Recent data regarding the ben-
efits of IOL in nulliparous women at 39
weeks of gestation2,3 and hypertension
guidelines4,5 have led to increased IOLs.
At our institution, the IOL rate is
approximately 40% with significant var-
iation in practices among clinicians.
Although general recommendations

exist, including time for cervical ripening,
cervical dilation, and the second stage of
labor,6,7 previous studies have been lim-
ited by small sample sizes,8 and clinicians
must choose from many options, includ-
ing pharmacologic and mechanical meth-
ods. There is evidence that clinical
standardization of IOL leads to superior
patient outcomes.9 Previous studies have
shown that standardized labor manage-
ment results in a decreased incidence of
women in latent labor at 12 hours, elimi-
nates failed IOL as an indication for cesar-
ean delivery (CD) in multiparous
women,10 lowers the rates of failed IOLs,
shortens the time in labor,11 and decreases
the time from initiation of IOL to delivery,
with no difference in outcomes, including
postpartum hemorrhage (PPH), cho-
rioamnionitis, neonatal intensive care unit
(NICU) admission, or CDs.12

Clinical pathways are evidence-based
guidelines for the management of
2 AJOG Global Reports February 2024
patients that include essential steps and
local protocols used by multidisciplin-
ary teams to decrease clinical variation
and improve outcomes.13 Clinical path-
ways include 5 necessary criteria: (1)
structured multidisciplinary plan of
care, (2) intervention used to imple-
ment evidence into local practices, (3)
intervention detailing the steps in the
treatment algorithm, (4) intervention
that includes criteria-based progression,
and (5) intervention designed to stan-
dardize care.13 Clinical pathways allow
for ongoing monitoring and refining of
the pathway based on feedback.

Because the absolute best choice
among various IOL methods has not
been proven, we aimed to standardize
the IOL process with a clinical pathway
to improve outcomes. Our objective
was to analyze whether a standardized,
evidence-based IOL care pathway
decreases the time from admission to
delivery and improves clinical out-
comes. We hypothesized that a stan-
dardized IOL care pathway would
decrease the time for IOL and improve
maternal and fetal outcomes.

Materials and Methods
This was a quality improvement project
to assess the effect of a standardized
care pathway for IOL in a tertiary care
center. The study was deemed to be a
quality improvement project by the
institutional review board at Naval
Medical Center San Diego, San Diego,
California. This institution is a large ter-
tiary care referral center with
approximately 2500 deliveries per-
formed annually. Before the implemen-
tation of the care pathway, IOL was
managed at the discretion of clinicians
with potential variation in practices.
This was a retrospective cohort study of
patients undergoing IOL at >34 weeks
of gestation between January 2018 and
September 2019. IOLs were included
for the 5 months before (January 2018
to May 2018) and 14 months after
(August 2018 to September 2019) the
implementation of the care pathway. A
2-month washout period (from June
2018 to July 2018) was performed where
data were not analyzed during imple-
mentation. The primary outcome was
time from admission to delivery. The
secondary outcomes included cho-
rioamnionitis, endometritis, NICU
admissions, CD, PPH, and a composite
of unanticipated outcomes, including
chorioamnionitis, endometritis, NICU
admissions, CD, and PPH.
The Revised Standards for Quality

Improvement Reporting guidelines14

and the Lean Six Sigma Define-Mea-
sure-Analyze-Improve-Control process
were followed. During the define phase,
a multidisciplinary team of obstetrician-
gynecologists, maternal-fetal medicine
physicians, anesthesiologists, neonatol-
ogists, and nurses defined the current
state and made recommendations for
the future state. Pathway development
focused on previous studies that
reported a standardized protocol for
IOL.10,11 The team completed a cause-
and-effect diagram to understand the
root causes of adverse outcomes after
IOL to identify drivers affecting patient
outcomes (Figure 1). Multidisciplinary
focus groups of clinicians and nurses
identified practice gaps and solutions to
improve care (Supplemental Figure 1).
The resulting evidence-based IOL

care pathway (Supplemental Figure 2)
incorporated key features:

1. Requiring gestational age of ≥39
weeks or a medical indication

2. Cervical ripening using mechanical
or pharmacologic methods (miso-
prostol 25 mg vaginally every 4 hours
or 50 mg orally every 4 hours for a
max of 24 hours was preferred

http://www.ajog.org


FIGURE 1
Cause and effect diagram of root causes of adverse outcomes

EMR, electronic medical record; NICU, neonatal intensive care unit.
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because of cost and effectiveness),
with combination methods (miso-
prostol and Foley balloon catheter)
preferred15,16

3. Recommendations for artificial rup-
ture of the membranes within
24 hours of starting the IOL17,18 and
placement of an intrauterine pressure
catheter (IUPC) to monitor contrac-
tion strength within 6 hours of mem-
brane rupture11

4. Titration of oxytocin to achieve ade-
quate contraction Montevideo units
(MVUs; 200−300)11

5. Use of an oxytocin checklist to assess
for uterine tachysystole or fetal heart
rate decelerations, with recommen-
dations to decrease or stop oxytocin
if tachysystole (>5 uterine contrac-
tions in 10 minutes for any 20-min-
ute interval) or significant heart rate
decelerations (no more than 1 late
deceleration and no more than 2 var-
iable decelerations exceeding 60 sec-
onds in duration and decreasing >60
beats per minute from the baseline
within the previous 30 minutes)19
6. Administration of oxytocin for at
least 12 to 18 hours after membrane
rupture before diagnosing a failed
IOL or more than 24 hours of latent
labor before diagnosing a failed
IOL6,7

7. In active labor, diagnosis of active
phase arrest if the cervix is
unchanged despite adequate MVUs
after ≥4 hours or inadequate con-
tractions for ≥6 hours6,7

8. Arrest of descent defined as at least
2 hours of pushing in multiparous
patients and at least 3 hours of push-
ing in nulliparous patients6,7

We hypothesized that this combina-
tion of interventions would decrease
IOL time because of recommendations
for membrane rupture and titration of
oxytocin based on MVUs. Furthermore,
the addition of the “Obstetric care con-
sensus on safe prevention of primary
cesarean delivery” recommendations6

and the addition of the oxytocin check-
list19 were hypothesized to decrease CD
rates and improve neonatal outcomes.
From May 2018 to June 2018, clinicians
and nurses received education on the
proposed pathway and the importance
of process standardization. The pathway
was initiated on labor and delivery in
June 2018. An IOL note was imple-
mented in the electronic medical record
(EMR) in July 2018 to document the
methods of IOL and details of pathway
use and deviations, and reeducation on
the pathway was completed in August
2018. Planned review and revision were
performed 6 months after the imple-
mentation of the care pathway (January
2019) as part of the ongoing quality
improvement monitoring.
During the measure phase, outcomes

were compared before and after the
implementation of the care pathway.
Pathway compliance was monitored
using data from electronic reports, data
from recorded fields, and real-time
medical record reviews by trained nurse
abstractors. Data were verified by study
nurses to ensure accuracy and com-
pleteness. The primary outcome
February 2024 AJOG Global Reports 3
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measure was time from admission to
delivery. The secondary outcomes
included infections (chorioamnionitis
and endometritis), NICU admission,
CD, PPH (defined as delivery with total
blood loss of ≥1000 mL), a composite
of one or more unanticipated outcomes
(chorioamnionitis, endometritis, NICU
admissions, CD, and PPH), and path-
way compliance. NICU admissions
were reviewed by a neonatology physi-
cian (J.O.) to ensure NICU admissions
were potentially associated with IOL.
NICU admissions for prematurity, con-
genital anomalies, and hyperbilirubine-
mia were not included as NICU
admissions.
Compliance data were collected by

tracking the following criteria: failure to
active range of motion (AROM) within
24 hours of starting oxytocin, not plac-
ing an IUPC within 6 hours of ruptured
membranes, diagnosing active phase
arrest (arrest of dilation) at <4 hours
with adequate contractions (MVUs of
>200) or 6 hours with inadequate con-
tractions after ruptured membranes,
diagnosing failed IOL before 24 hours
on oxytocin after cervical ripening or
<12 hours on oxytocin with ruptured
membranes, or arrest of descent diag-
nosed before 2 hours of pushing in mul-
tiparous patients or before 3 hours of
pushing in nulliparous patients. If any
FIGURE 2
Pathway adoption over time

Lutgendorf
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of these criteria were met, the IOL man-
agement was considered noncompliant
with the IOL care pathway.

Demographic and clinical data
included age, body mass index, parity,
gestational age at admission for IOL,
IOL indication, and self-reported race
as collected in the Defense Enrollment
Eligibility Reporting System (DEERS).
Racial categories used are those in
DEERS, including Asian Pacific
Islander, Black, White, American
Indian or Alaska Native, other, and
unknown.

During the analyze, improve, and
control phases, data were analyzed to
determine the opportunities for
improvements. Clinicians and nurses
were surveyed to determine pathway
use and identify necessary revisions to
the pathway. Based on clinician and
nurse inputs, definitions were clarified
for cervical ripening and active labor
using cervical examinations and the
Bishop score. The second version was
published in February 2019 (Supple-
mental Figure 2). The target compliance
rate was set at 80%, anticipating that
10% to 15% of the time clinicians may
need to deviate from the pathway for
individual patients. Additional educa-
tion was planned if significant changes
to the clinical pathway or if compliance
dropped below the 80% target. This was
. Induction of labor care pathway. Am J Obstet Gynecol Glob R
completed at 3 time points, August
2018, April 2019, and August 2019
(Figure 2). The sample size after the
implementation of the care pathway
needed to detect a 2-hour difference in
the mean time from admission to deliv-
ery was 517, with a power of 80%, an a

level of .05, and a standard deviation
assumption (§12) of the observations
before the pathway for both groups. A
2-hour difference from admission to
delivery was selected as a clinically
meaningful decrease in time. As this
was an ongoing quality improvement
project, data were monitored during the
established period after the implemen-
tation of the care pathway to assess the
outcomes and the quality improvement
process.
Data were analyzed using a 2-tailed

Student t test for continuous data and
the chi-square or Fisher exact test for
categorical data; moreover the rates of
pathway compliance were calculated,
along with the odds ratios (ORs) and
95% confidence interval (CIs). Statisti-
cal analysis was performed using R (ver-
sion 4.1.2; R Foundation for Statistical
Computing, Auckland, New Zealand).
Propensity score matching was used to
estimate the average marginal effect
that the implementation of the care
pathway had on the time from admis-
sion to delivery, accounting for
ep 2023.
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confounding by covariates (age, BMI,
race, ethnicity, and gestational age).
Race and ethnicity are social constructs,
and racial differences in outcomes rep-
resent consequences of structural rac-
ism or inequitable health opportunities
based on race and ethnicity. Matching
was performed using the MatchIt pack-
age in R. Matching with replacement
was used, with a target standardized
mean difference (SMD) of <0.1. SMD
was used as the statistic to examine the
balance of covariate distribution
between groups before and after the
implementation of the care pathway. As
the SMD is independent of the units of
measurement of the variables, it allows
for comparison among variables with
different units of measurement. Propen-
sity score matching was limited to par-
ticipants with complete data. To
estimate each treatment effect and its
standard error, a logistic regression
model was fit for each outcome (hours
to delivery, PPH, chorioamnionitis,
endometritis, NICU admissions, CD,
and composite unanticipated adverse
outcomes) with predictors consisting of
the treatment (protocol implementa-
tion), covariates, IOL indication, and
their interaction and included the full
matching weights in the estimation.
The average treatment effect in the
treated (ATT) was used to define the
average effect of the treatment (clinical
care pathway). The glm function was
used to fit the outcome, and the com-
parisons function in the marginaleffects
package was used to estimate the ATT.

Results
A total of 1471 patients were included,
with 392 IOLs before the implementation
of the care pathway (January 2018 to
May 2018) and 1079 IOLs after the
implementation of the care pathway
(August 2018 to September 2019). The
IOL rates were 39.0% (392 IOLs among
1021 deliveries over 5 months) before the
implementation of the care pathway and
40.9% (1079 IOLs among 2641 deliveries
over 14 months) after the implementation
of the care pathway. Maternal characteris-
tics, IOL indications, and mode of deliv-
ery are summarized in Table 1. Patients
in the postpathway group were
significantly younger by 1.5 years, had
more patients in the other category for
self-reported race, and had a slightly
more favorable Bishop score than patients
in the prepathway group (Table 1). There
was no statistically significant difference
in IOL indications before and after the
implementation of the care pathway
(Table 1).

After the implementation of the IOL
care pathway, there was a nonsignificant
reduction in the time from admission to
delivery by 1.2 hours (from 23.4 to 22.1
hours; P=.08) (Table 2). When stratified
by mode of delivery, there was a nonsig-
nificant increase in the time to CD
before (28.2 hours) and after (28.8
hours) protocol implementation
(P=.71). For vaginal deliveries, there
was a significant decrease in the time to
delivery by 1.7 hours after protocol
implementation (from 22.2 to 20.5
hours; P=.02). For the secondary out-
comes, there was a significant decrease
in chorioamnionitis by 6.5% (from
12.5% to 6.0%; OR, 0.44; 95% CI, 0.29
−0.67), a significant decrease in endo-
metritis by 4.3% (from 6.9% to 2.6%;
OR, 0.36; 95% CI, 0.20−0.65), and a sig-
nificant decrease in the composite
unanticipated outcomes by 20.3% (from
56.9% to 36.6%; OR, 0.44; 95% CI, 0.34
−0.56). There was no significant differ-
ence in NICU admissions (from 18.1%
to 14.0%; OR, 0.74; 95% CI, 0.54−1.02),
CDs (from 19.6% to 20.1%; OR, 1.03;
95% CI, 0.76−1.40), or PPH (from 7.9%
to 6.1%; OR, 0.76; 95% CI, 0.48−1.22).
Of the IOLs that occurred after the
implementation of the care pathway,
897 (75%) were adherent to the path-
way. Pathway adherence ranged
between 50% and 89% throughout the
implementation process as shown in
Figure 2, with pathway education and
reeducation time points noted. When
compliance was stratified into IOL
methods (failure to AROM within
24 hours of starting oxytocin and not
placing an IUPC within 6 hours of rup-
tured membranes) compared with CD
indications (diagnosing active phase
arrest at <12 to 18 hours on oxytocin
with ruptured membranes, diagnosing
failed IOL <24 hours on oxytocin, diag-
nosing arrest of dilation <4 hours of
adequate contractions after membrane
rupture or <6 hours of inadequate con-
tractions, and arrest of descent before
2 hours of pushing in multiparous
patients and before 3 hours of pushing
in nulliparous patients), 165 cases
(69%) were attributed to deviations
from IOL methods, and 74 cases (31%)
were deviations from CD indications.
When stratified by parity, nulliparous

patients had a nonsignificant 1.5-hour
decrease in the time to delivery, from
26.5 before protocol implementation to
25 hours after protocol implementation
(P=.09). Furthermore, nulliparous
patients had a significantly shorter time
from admission to vaginal delivery by
2.5 hours after protocol implementa-
tion, from 25.5 hours before protocol
implementation to 23 hours after proto-
col implementation (P=.01), and there
was a nonsignificant increase in the
time to CD for nulliparous patients,
from 29.3 hours before protocol imple-
mentation to 30.9 hours after protocol
implementation (P=.42). All delivery
times were shorter for multiparous
patients than nulliparous patients, with
nonsignificant decreases in time to
delivery from 18.2 hours before proto-
col implementation to 17 hours after
protocol implementation (P=.17). There
was a nonsignificant decrease in the
time to vaginal delivery for multiparous
patients from 17.9 hours before proto-
col implementation to 16.5 hours after
protocol implementation (P=.14), and
there was a nonsignificant decrease in
the time to CD, from 21.8 hours before
protocol implementation to 20.4 hours
after protocol implementation (P=.68).
In addition, multiparous patients had
significantly lower rates of protocol
deviations (14.3%) than nulliparous
patients (26.4%) (P<.001).
Propensity score matching was used

to estimate the average marginal effect
of the IOL care pathway on the time
from admission to delivery (SMD) com-
pared with prepathway deliveries. The
optimal matching estimate yielded ade-
quate balance as indicated in Table 1,
and covariate balance is displayed in the
Love plot shown in Supplemental
Figure 3. A total of 161 records were
excluded for missing data (52 in the
February 2024 AJOG Global Reports 5
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TABLE 1
Maternal characteristics and delivery mode in the pre- and postcare pathway implementation cohorts

Characteristic

Prepathway cohort:
Jan. 2018 to May 2018
(n=392)

Postpathway cohort:
Aug. 2018 to Sept. 2019
(n=1079) P value

Prematch SMD
(n=299)

Postmatch SMD
(n=1070)

IOL rate, n/N (%) 392/1021 (39.0) 1079/2641 (40.9)

Age (y) 31.0§5.3 29.4§5.3 <.001 �0.260 �0.022

BMI (kg/m2) 32.5§6.0 32.6§5.9 .71 �0.008 0.056

Race, n (%)

American Indian or Alaska Native 1 (0.3) 8 (0.7) — 0.050 �0.061

Asian Pacific Islander 25 (6.4) 59 (5.5) .036 �0.033 �0.005

Black 56 (14.3) 168 (15.6) 0.030 0.017

Other 91 (23.2) 322 (29.8) 0.119 0.09

Unknown 10 (2.6) 13 (1.2) �0.160 0.074

White 209 (53.3) 509 (47.2) �0.089 �0.099

Ethnicity, n (%)

Hispanic 45 (11.5) 184 (17.1) .009 0.119 0.025

non-Hispanic 347 (88.5) 895 (82.9)

Parity

Nulliparous 244 (60.7) 702 (65.1) .128 �0.061 0.028

Multiparous 158 (39.3) 377 (34.9)

Bishop score (mean) 3.16 4.05 <.001 0.372 0.049

Gestational age (wk) 38 5/7 38 6/7 .43 0.029 0.043

<36 0/7 20 (5.1) 45 (4.1) .79

36 0/7 to 38 6/7 145 (37.0) 426 (39.5)

39 0/7 to 39 6/7 91 (23.2) 259 (24.0)

40 0/7 to 40 6/7 88 (22.4) 221 (20.5)

≥41 0/7 48 (12.2) 127 (11.8)

Mode of delivery

Vaginal 289 (73.7) 823 (76.2) .56 — —
Operative vaginal 17 (4.3) 35 (3.2) — —
Cesarean 77 (19.6) 217 (20.1) — —

IOL indication

FHR abnormality 32 (8.2) 50 (4.6) .09 �0.201 0.048

Hypertensive disorders 134 (34.1) 429 (39.8) 0.133 �0.040

Fetal growth restriction 7 (1.8) 22 (2.0) �0.019 0.00

Fetal indications 4 (1.0) 6 (0.6) �0.075 0.013

Elective≥39 wk 48 (12.2) 162 (15.0) 0.072 �0.049

Postdates≥41 wk 56 (14.3) 127 (11.8) �0.098 0.066

Diabetes mellitus 14 (3.6) 44 (4.0) 0.036 �0.016

Intrahepatic cholestasis 16 (4.1) 45 (4.1) 0.069 �0.005

Oligohydramnios 8 (2.0) 29 (2.7) 0.073 0.00

Other 42 (10.7) 84 (7.8) �0.119 �0.035

Ruptured membranes 29 (7.4) 80 (7.4) �0.040 0.068

Some columns may not add to 100% because of missing data. Chi-square analysis was used to calculate for age, race, gestational age categories, delivery method, and IOL indication. The Fisher
exact test was used to calculate for ethnicity. The 2 sample t test was used to calculate for age, mean gestational age, and BMI.

BMI, body mass index; FHR, fetal heart rate; IOL, induction of labor; SMD, standardized mean difference.
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TABLE 2
Comparison of clinical outcomes for IOL before and after the implementation of an IOL care pathway

Outcome metric

Prepathway
implementation:
Jan. 2018 to May
2018 (n=392)

Postpathway
implementation:
Aug. 2018 to Sept.
2019 (n=1079) OR (95% CI) P value

Completed
match ATTa

Completed
match P valuea

Time from admission to
delivery (h)

23.4§12.0 22.2§11.2 — .08 �1.200 .026

Chorioamnionitis 49 (12.5) 64 (6.0) 0.44 (0.29−0.67) <.001 �0.046 .003

Endometritis 27 (6.9) 28 (2.6) 0.36 (0.20−0.65) <.001 �0.051 .001

PPH 31 (7.9) 66 (6.1) 0.76 (0.48−1.22) .23 �0.098 .413

NICU admissions 71 (18.1) 177 (14.0) 0.74 (0.54−1.02) .058 �0.017 .419

CDsb 77 (19.6) 217 (20.1) 1.03 (0.76−1.40) .88 �0.014 .51

Unanticipated outcomes
associated with IOL (cho-
rioamnionitis, endometritis,
NICU admissions, CD, and
PPH)

223 (56.9) 395 (36.6) 0.44 (0.34−0.56) <.001 �0.215 <.001

Data are presented as mean§SD or number (percentage), unless otherwise indicated. Some columns may not add to 100% because of missing data.

ATT, average treatment effect on the treated; CD, cesarean delivery; CI, confidence interval; IOL, induction of labor; NICU, neonatal intensive care unit; OR, odds ratio; PPH, postpartum hemorrhage;
SD, standard deviation.
a Generated from propensity score matching with replacement, including only patients with complete variables (n=1491);; b Delivery method not available for 9 predeliveries and 4 postdeliveries.
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prepathway group and 103 in the post-
pathway group). Of the remaining 334
individuals in the prepathway group, 82
were discarded with matching, leaving
252 individuals in the prepathway
group and 976 individuals in the post-
pathway group for propensity score
matching. Based on the matching, the
estimated ATT of the implementation
of the care pathway included a signifi-
cantly lower risk of composite unantici-
pated outcomes, chorioamnionitis,
endometritis, and time from admission
to delivery. The rates of CD, NICU
admission, and PPH had nonsignificant
decreases, as shown in Table 2.

Comment
Principal findings
The implementation of a standardized
IOL care pathway was associated with a
small nonsignificantly shorter time
from admission to delivery of 1.2 hours
and improved patient outcomes, includ-
ing decreased risks of chorioamnionitis,
endometritis, and composite unantici-
pated outcomes. This emphasizes that,
even in the absence of large randomized
controlled clinical trials, implementing
an evidence-based practice and decreas-
ing clinical variation are associated with
improved outcomes.

Results
Similar to previous studies, we noted
small improvements in the time to
delivery with a standardized IOL
protocol.11,12 These improvements in
the time to delivery were primarily
driven by a significant decrease in the
time to vaginal delivery by 1.7 hours
from 22.2 hours before protocol imple-
mentation to 20.5 hours after protocol
implementation (P=.02). Nulliparous
patients had a significantly shorter time
to vaginal delivery by 2.5 hours after
protocol implementation; thus, this
intervention may be particularly effec-
tive in decreasing the time to delivery in
nulliparous patients. Our study demon-
strated improvements in infections and
NICU admissions, which were not
reported previously.11,12

Clinical implications
The data suggest that a care pathway,
including standardized management
of IOL, is associated with improved
outcomes and could be implemented
in other practices. Improvements in
obstetrical outcomes have been
reported for standardized manage-
ment of hypertension, with decreases
in maternal mortality from the leading
cause of maternal death to the 11th
cause of maternal death.20 Standard-
ized oxytocin in-use checklists
decrease oxytocin infusion rates,
decrease CDs, and improve neonatal
outcomes.19,20 Oxytocin checklists
were a part of our IOL care pathway
and may have contributed to improved
outcomes. Before the implementation
of the IOL care pathway, oxytocin
checklists were used by nursing staff to
document the initiation of oxytocin
and for assessments in labor21; how-
ever, there was no protocol to decrease
or stop oxytocin based on checklist
results, and management was at the
discretion of individual clinicians.
Care pathways are standardized

approaches to care that improve out-
comes by decreasing clinical variation.
This care pathway was based on pub-
lished protocols emphasizing cervical
ripening, early amniotomy with IUPC
February 2024 AJOG Global Reports 7
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placement to titrate oxytocin, and stan-
dardized definitions for the failure
of IOL.10,11 Combination methods,
including a Foley catheter and
misoprostol15,22 or oxytocin,16 were rec-
ommended because of decreased time
to delivery, with a recent meta-review
demonstrating that a combination of a
single-balloon catheter and misoprostol
was the most effective approach to IOL
with increased odds of vaginal delivery
within 24 hours, decreased CD, and
decreased NICU admissions.22

Although clinicians were concerned
about potential increased infections
with membrane rupture and IUPC
placement, significant decreases in
chorioamnionitis and endometritis
rates occurred after the implementa-
tion of the care pathway. These results
are consistent with other studies that
did not demonstrate increased infec-
tion rates with early amniotomy and
placement of an IUPC for monitoring
IOL.11,23 It is possible that IUPC use
improved the ability to accurately
monitor contractions and optimize
titration of oxytocin, resulting in a sig-
nificantly shorter IOL time, decreased
uterine tachysystole, and improved
outcomes. Furthermore, although
placement of an IUPC is not required
for labor management or to diagnose
labor arrest disorders,7 palpation of the
strength of uterine contractions
requires additional hands-on assess-
ments and may not be regularly
applied in clinical practice. Moreover,
active management of IOL with early
amniotomy has been shown in nullipa-
rous patients to lead to shorter labor
with less labor dystocia, lower CD
rates, lower abruption rates, and no
increase in complications.17,18
Research implications
The care pathway was developed using
quality improvement assessment practi-
ces to assess potential drivers of adverse
outcomes related to IOL and was based
on the best available evidence. Wider
adoption of standardized IOL protocols
at multiple institutions would be benefi-
cial to assess the effect of more wide-
spread standardization.
8 AJOG Global Reports February 2024
Strengths and limitations
The strengths of this study include the
relatively large cohort of patients under-
going induction over a 15-month
period. The involvement of a multidis-
ciplinary team in protocol development
and education and increased compli-
ance over time were other strengths.
The care pathway also included a focus
on potential drivers of adverse out-
comes and was designed to improve
outcomes and decrease the time to
delivery. Another strength of this study
includes data extraction by nurse
abstractors, which improved data qual-
ity, as they were able to validate compli-
ance data.

The study also had limitations.
Despite education, pathway compliance
variably ranged between 50% and 89%.
This is common with new protocols,
and compliance improved with reedu-
cation (Figure 2). Another limitation
was that IOL time was calculated from
the time of admission in the EMR, and
there may have been variation in the
timing of interventions. This was a non-
randomized study, with possible selec-
tion bias. However, prepathway and
postpathway groups had similar base-
line characteristics and prognoses, and
similar results were achieved with pro-
pensity score matching. Although large
randomized controlled trials have not
clarified the optimal approach to IOL,8

the standardized protocol included the
best available evidence,6,7,9,17−21,23 expe-
rience from observational trials,10,11 and
a recent meta-review.22 The care path-
way recommended amniotomy within
24 hours of starting oxytocin; however,
an earlier amniotomy within 1 to
4 hours after cervical ripening12,24 may
have affected the study outcomes.
Finally, the decreased time to delivery
was relatively small and nonsignificant,
1.2 hours less than before the imple-
mentation of the care pathway, and this
may not be considered clinically mean-
ingful.

As this was an observational study,
we were unable to draw conclusions
regarding causality, and although we
standardized important aspects of IOL,
other potential variations in practices
may remain and may change over time.
During the study period, there was no
other significant institutional practice
change, such as blood loss assessment,
diagnostic criteria for chorioamnionitis
or endometritis, and criteria for NICU
admission. Our study was also limited
by the relatively small amount of pre-
protocol data that did not allow for an
interrupted time series analysis, and we
cannot control for any potential trends
in the data. However, a visual review of
the graphed data of time to delivery did
not demonstrate any significant or sus-
tained trends. We also cannot mitigate
the potential effect of the Hawthorne
effect, where individuals may have
changed behavior because of ongoing
evaluation. However, the implementa-
tion of a care pathway is a generalizable
real-world practice that could be imple-
mented at other institutions.

Conclusions
A quality improvement initiative with
the implementation of a standardized
IOL care pathway was associated with
improved patient outcomes, including a
small, nonsignificantly decreased time
from admission to delivery (1.2 hours),
decreased infections, and decreased
unanticipated outcomes. Similar pro-
cess standardizations for IOL in other
practice settings may similarly decrease
clinical variation and improve out-
comes. &

Supplementary materials
Supplementary material associated with
this article can be found in the online ver-
sion at doi:10.1016/j.xagr.2023.100292.
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