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Abstract
Background

Standardized labor induction protocols improve obstetric outcomes. However, these protocols are
complex. The Consolidated Framework for Implementation Research describes intervention components
as “core” and “adaptable periphery.” We aimed to identify core components by investigating the individual
components of an evidence-based protocol most associated with effectiveness. We planned to utilize this
information to simplify our protocol prior to multi-site implementation.

Methods

This is a secondary analysis of an RCT comparing time to delivery among four labor induction methods.
All patients enrolled in the trial had their labor managed with a multidisciplinary-developed, evidence-
based labor induction protocol. For each patient’s induction, we assessed �delity to 7 components of the
protocol. Primary effectiveness outcomes included cesarean delivery, maternal morbidity, and neonatal
morbidity. Bivariate analyses assessed association of each component with each primary effectiveness
outcome. Multivariable logistic regression determined independent predictors of each outcome while
controlling for demographic and clinical factors known to be related to our outcomes.

Results

The 491 patients enrolled in the RCT were included in this analysis. While multiple components were
associated with each outcome in bivariate analysis, few were found to be independent predictors of
effectiveness in multivariable analysis. For cesarean delivery, only one component “for women in active
labor, all cervical exams were performed ≤2.5 hours apart” was an independent predictor. For maternal
morbidity, only one “if an intracervical Foley catheter was utilized for cervical ripening, it was removed
within 12 hours of placement” remained signi�cant. For neonatal morbidity, two components “all cervical
exams performed in latent labor were performed ≤4.5 hours apart” and “for women in active labor, all
cervical exams were performed ≤2.5 hours apart” remained independent predictors. Of the independent
predictors of effectiveness, most re�ected the overarching concept of “frequent exams in labor will allow
for more frequent intervention when no change is made”.

Conclusions

This study demonstrates a novel strategy to identify which components of an evidence-based
intervention should be “core” and which are “adaptable periphery”; this provides valuable information
when designing for dissemination and implementation. With an understanding of the relationship
between �delity to individual protocol components and effectiveness, we can systematically simplify
interventions prior to large-scale implementation, a potential strategy to increase implementation
success. These data will be used to streamline our protocol to best target cesarean rate and
maternal/neonatal morbidity prior to a planned type I hybrid effectiveness-implementation trial.
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Contributions To The Literature:
Standardized labor induction protocols improve obstetric outcomes. However, these protocols are
complex and di�cult to implement.

To best prepare our protocol for implementation success, we identi�ed the individual components of
a labor induction protocol most associated with effectiveness.

Understanding the relationship between �delity to individual intervention components and improved
effectiveness is a novel strategy to determine core components in an evidence-based fashion, with
the potential to increase large-scale implementation success.

Our data will be used to streamline our protocol to best target cesarean rate and maternal/neonatal
morbidity prior to a planned type I hybrid effectiveness-implementation trial.

Background:
The Consolidated Framework for Implementation Research (CFIR) describes complex interventions as
having “core components” and “adaptable periphery” [1]. Core components are referred to as those
essential items that cannot be altered without harming the integrity of the intervention, while the
adaptable periphery is thought to be alterable to a speci�c clinical context [2, 3]. Damschroder et al points
out how few papers describing implementations clearly delineate where interventions component fall
within this framework, and how utilization of this terms in implementation science literature would ease
widespread replication [1, 4]. Yet, little work has been done on how best to differentiate between core
components and adaptable periphery. This study details a novel strategy for determining core
intervention components through the example of an evidence-based practice within obstetrics.

In obstetrics, labor induction makes up 20% of all deliveries in the United States (US), accounting for
approximately 900,000 US women annually [5]. Labor induction is de�ned as the stimulation of labor
contractions during pregnancy before labor begins spontaneously, with the goal of achieving a vaginal
delivery. As the cervix needs to soften, thin, and open to prepare for delivery, cervical ripening methods,
such as medications or devices, are utilized. Throughout the course of an induction, additional
interventions known to be effective in spontaneous labor management [6–10], such as arti�cial rupture
of the amniotic sac and utilization of oxytocin, may be incorporated. Components of decision-making
during labor induction, such as frequency of cervical exams, when and if to perform arti�cial membrane
rupture, use of oxytocin and intrauterine pressure catheters (a device used to measure contraction
strength), as well as thresholds for cesarean section, are highly variable across and within centers [11–
12].

The utilization of protocols to standardize care has been shown to decrease adverse outcomes in various
medical �elds, including obstetrics [13–20]. The American College of Obstetricians and Gynecologists
(ACOG) has led a national effort to establish protocols and standardize labor and delivery management
[16]. Our group has retrospectively evaluated our hypothesis that standardization of labor induction can
improve overall obstetric outcomes [21–22]. Cesarean delivery rate and maternal/neonatal morbidity



Page 4/15

were compared between women in a randomized trial of cervical ripening agents who were undergoing
labor induction with a standardized protocol versus an observational cohort of women being induced at
the same time, with labor management at the discretion of the provider. The standardized labor induction
protocol was approved by a multidisciplinary institutional obstetrical committee prior to its initiation and
included recommendations for frequent cervical exams and interventions such as oxytocin and
amniotomy at particular time points. We found that utilization of a standardized labor induction protocol
led to a 70% reduction in neonatal morbidity overall (RR: 0.31, 95% CI: 0.13–0.70), as well as a 35%
reduction in primary cesarean delivery rate speci�cally for Black women, (RR 0.64 95% CI: 0.45–0.92),
thereby eliminating a racial disparity in cesarean rate.

However, like most interventions, protocols regarding labor, such as the standardized labor induction
protocol used in our preliminary work, are complex and multi-pronged. We believe that simplifying our
protocol would lead to more successful implementation and dissemination [23–24]. Thus, we aimed to
determine core components of our effective labor induction protocol that improve three important
obstetric outcomes: cesarean delivery rate, maternal morbidity, and neonatal morbidity. Our overall goal
was to streamline the standardization of labor induction to a more parsimonious protocol for a planned,
future type I hybrid effectiveness-implementation trial [25].

Methods:
We performed a secondary analysis of a randomized clinical trial comparing time to delivery among four
different induction methods (misoprostol alone, cervical Foley alone, misoprostol/cervical Foley
concurrently, cervical Foley/oxytocin concurrently) [26]. This study was performed at the Hospital of the
University of Pennsylvania from May 2013 to June 2015. This study was approved by the institutional
review board at the University of Pennsylvania and all women provided written consent before
participation in this study.

Women were included in this study if they had labor induced for any indication and met the following
inclusion criteria: full term (≥ 37 weeks), ≥ 18 years of age in cephalic presentation, with amniotic
membranes not ruptured, and a cervical exam that required a ripening agent to begin labor. Women were
excluded from the study if they had a prior cesarean delivery, had a multiple gestation (e.g. twins, triplets),
a contraindication to vaginal delivery, major fetal anomaly, did not speak English, or had a maternal
condition requiring special management in labor such as HIV or eclampsia [26].

Women enrolled in this study were recommended to have their induction and labor managed with a
standardized protocol speci�c to the cervical ripening method. The protocol was derived by two of the
investigators (LDL, SKS) and approved by an institutional Obstetrical committee prior to initiation of the
randomized trial. It was modeled after prior studies that utilized an active management protocol [6–10].
The protocol was used for induction management, as well as latent (de�ned as the stage of labor prior to
6 cm dilation) and active labor (de�ned as the stage of labor at ≥ 6 cm). The cervical ripening method
was the only thing that could differ among women. For the purpose of the current study, the protocol was
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divided into seven speci�c recommendations that we could determine, based on review of the Electronic
Health Record (EHR), whether the provider was or was not compliant with that protocol component for a
given patient. These were referred to as �delity measures. Four of these measures were
recommendations for management within latent labor and three were within active labor. In addition, the
investigators came to a consensus that these 7 �delity measures cluster into 3 themes that re�ect why
we believed they may work to improve outcomes (Table 1). These themes included: (1) “do not continue
futile procedures”, (2) “frequent exams will allow for more frequent intervention when no change is
made”, and (3) “intervene when cervical change is not made”.

Table 1
Standardized Labor Induction Protocol Fidelity Measures:

Standardized Labor Induction Protocol Fidelity Measures

Measure Protocol Recommendation Compliance Determination

Theme #1: Do not continue futile procedures.

#1
(Latent)

If a foley balloon is utilized, it is to
be removed 12 hours after
placement or when falls out.

If a foley balloon was utilized, did it fall out/was it
removed by 12.5 hours after placement?

#2
(Latent)

If misoprostol is utilized, it should
not be continued beyond 6 doses or
24 hours of use.

If misoprostol was used, was it used for less than
24 hours and less than or equal to 6 doses?

Theme #2: Frequent exams will allow for more frequent intervention when no change is made.

#3
(Latent)

Exams should be performed every
2–4 hours in latent labor.

Were all exams in latent labor performed less than
or equal to 4.5 hours apart?

#4
(Active)

Exams should be performed every
1-2hrs in active phase .

Were all exams in active labor performed less than
or equal to 2.5 hours apart?

Theme #3: Intervention when cervical change is not made.

#5
(Latent)

If patient is ≥ 4 cm dilated and has
intact membranes, perform
amniotomy.

If the patient reached 4 cm, was the patient
already ruptured or amniotomy performed at that
exam?

#6
(Active)

If patient has same exam 2 hours
apart in active labor, and is already
ruptured, oxytocin should be
started.

If active labor was reached and the patient was
already ruptured with 2 exams at the same
dilation 2 hours apart, was oxytocin
started/running?

#7
(Active)

If patient has same exam 2 hours
apart in active labor, and is already
on oxytocin/ruptured, place
intrauterine pressure catheter.

If active labor was reached and the patient was
already ruptured and on oxytocin with 2 exams at
the same dilation 2 hours apart, was an
intrauterine pressure catheter placed?

To determine �delity to the protocol, for every woman enrolled, the labor process was examined through
the EHR for compliance with each of the seven recommendations. Delivery, maternal, and neonatal
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outcomes were recorded. Primary effectiveness outcomes were: (1) cesarean delivery (2) composite
maternal morbidity (de�ned as any of the following that occurred during labor, delivery, or in the 4 weeks
postpartum: blood transfusion, endometritis, wound separation/infection, venous thromboembolism,
hysterectomy, intensive care unit admission, or death) and (3) composite neonatal morbidity (de�ned as
any of the following that occurred prior to neonatal discharge: neonatal resuscitation requiring
supplemental oxygen outside of the delivery room or culture proven/presumed neonatal sepsis).

Bivariate comparisons of each of the seven �delity measures with each of the three primary effectiveness
outcomes were performed with Fisher exact tests and chi square tests, where appropriate. Bivariate
analysis was considered to be signi�cant if p < 0.20, as we were willing to accept a 20% chance of type I
error to keep a component in our protocol. Multivariable logistic regression was used to assess for
independent predictors of each outcome while controlling for key demographic and clinical factors that
impact cesarean and morbidity such as age, body mass index (BMI), and parity. Demographic and
clinical characteristics associated on bivariate tests (p < 0.20) with the outcome of interest were
evaluated as potential covariates if they had biologic plausibility to be confounders. These were placed
into each model with the individual �delity measures found to be associated with that effectiveness
outcome. Backwards stepwise elimination of covariates (with p-value > 0.20 for removal) was performed
for each regression model to determine which covariates and �delity measures to retain in the �nal
models. The �nal multivariable models include all variables with a p < 0.05. Statistical analyses were
performed with Stata 15 (StataCorp, College Station, TX). This study was performed with a �xed sample
size determined by those who enrolled in the original study.

Results:
Based on the sample size of the parent, randomized trial, 491 women were included in this analysis.
Demographic and clinical characteristics are detailed in Table 2. Included women were of median age 27,
77.6% identi�ed as Black, and 93.7% were overweight or obese at delivery by BMI. Of our sample, 27.7%
(n = 136) underwent cesarean delivery, 7.3% (n = 36) met criteria for maternal morbidity, and 3.1% (n = 15)
met criteria for neonatal morbidity.
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Table 2
Demographic and Clinical Information:

Demographic N(%)

Maternal Age* 27 [22–32]

Race  

Black/African American
Caucasian
Asian
Other/Unknown

381 (77.6)
76 (15.5)
11 (2.2)
23 (4.7)

BMI at delivery  

< 25.0 (Normal weight)
25.0-29.9 (Overweight)
30.0-34.9 (Obese Class 1)
35.0-39.9 (Obese Class 2)
≥40.0 (Obese Class 3)

29 (6.3)
123 (26.9)
110 (24.0)
105 (22.9)
91 (20.0)

Insurance  

Private
Public/Uninsured

165 (33.6)
326 (66.4)

Nulliparous 290 (59.1)

Gestational age at induction* 39 [38–40]

Diabetes  

Gestational diabetes
Pre-gestational

33 (6.7)
11 (2.2)

Chronic hypertension 40 (8.1)

Pregnancy Related Hypertension  

GHTN/Mild PEC
Severe/Superimposed PEC

114 (23.2)
50 (10.2)

Indication for induction  

Later term/post-term
Maternal §

Fetal ||

Elective/Other ¶

64 (13.0)
148 (30.1)
225 (45.8)
54 (11.0)

* Median (Inter-quartile range); § Examples include: chronic hypertension, gestational hypertension,
preeclampsia, diabetes, renal disease, history of venous thromboembolism, cardiac disease or other
chronic medical condition where induction was recommended; || Examples include: Oligohydramnios,
intrauterine growth restriction, abnormality on fetal testing; ¶ Examples of “other” include: history of
an intrauterine fetal demise, vaginal bleeding at term, cholestasis
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Demographic N(%)

Bishop score at induction * 3 [2–4]

Cervical dilation at induction * 1 [1-1.5]

* Median (Inter-quartile range); § Examples include: chronic hypertension, gestational hypertension,
preeclampsia, diabetes, renal disease, history of venous thromboembolism, cardiac disease or other
chronic medical condition where induction was recommended; || Examples include: Oligohydramnios,
intrauterine growth restriction, abnormality on fetal testing; ¶ Examples of “other” include: history of
an intrauterine fetal demise, vaginal bleeding at term, cholestasis

Table 3 shows bivariate comparisons between each of the seven �delity measures and each of the three
effectiveness outcomes. For cesarean delivery, �ve of the seven �delity measures were found to be
signi�cantly associated with effectiveness: (1) “if an intracervical Foley catheter was utilized for cervical
ripening, it was removed within 12 hours of placement” (29.3% cesarean rate in compliant inductions vs.
50.0% in non-compliant inductions, p = 0.13), (2) “all cervical exams performed in latent labor were
performed ≤ 4.5 hours apart” (21.0% vs. 34.3%, p = 0.001), (3) “if misoprostol was utilized, it was not
continued beyond 6 doses or 24 hours of use” (20.3% vs. 48.8%, p < 0.001), (4) “for women in active labor,
all cervical exams were performed ≤ 2.5 hours apart” (14.8% vs. 34.0%, p < 0.001), and (5) “if patient has
the same exam 2 hours apart in active labor, and is already on oxytocin with a ruptured amniotic sac, an
intrauterine pressure catheter should be placed” (19.2% vs. 40.5%, p = 0.002).
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Table 3
Bivariate Comparisons Among Fidelity Measures and Effectiveness Outcomes:

Fidelity Measure N (%) Cesarean
Delivery

p
value

Maternal
Morbidity

p
value

Neonatal
Morbidity

p
value

LATENT LABOR MEASURES

1. If a foley balloon is utilized, it is to be removed 12 hours after placement or when falls out.
Theme #1; n = 363 foley balloons placed

      0.13   0.07   0.64

Yes, Compliant with
Protocol

351
(96.7%)

103
(29.3%)

  27 (7.7%)   13 (3.7%)  

No, Noncompliant
with Protocol

12
(3.3%)

6 (50.0%)   3 (25.0%)   0 (0)  

2. Exams should be performed every 2–4 hours in latent labor.
Theme #2; n = 491 (all patients)

      0.001   0.53   0.03

Yes, Compliant with
Protocol

243
(49.5%)

51 (21.0%)   16 (6.6%)   3 (1.2%)  

No, Noncompliant
with Protocol

248
(50.5%)

85 (34.3%)   20 (8.1%)   12 (4.8%)  

3. If misoprostol is utilized, it should not be continued beyond 6 doses or 24 hours of use.
Theme #1; n = 238 inductions with misoprostol used

      < 
0.001

  0.005   0.28

Yes, Compliant with
Protocol

197
(82.8%)

40 (20.3%)   7 (3.6%)   4 (2.0%)  

No, Noncompliant
with Protocol

41
(17.2%)

20 (48.8%)   6 (14.6%)   2 (4.9%)  

4. If patient is ≥ 4 cm dilated and has intact membranes, perform amniotomy.
Theme #3; n = 481 (all patients reached 4 cm, but 10 rupture dilations were unknown)

      0.35   0.62   1.00

Yes, Compliant with
Protocol

357
(74.2%)

91 (25.5%)   24 (6.7%)   11 (3.1%)  

No, Noncompliant
with Protocol

124
(25.8%)

37 (29.8%)   10 (8.1%)   3 (2.4%)  

ACTIVE LABOR MEASURES

1. Exams should be performed every 1-2hrs in active phase.
Theme #2; n = 449 patients reached active labor
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Fidelity Measure N (%) Cesarean
Delivery

p
value

Maternal
Morbidity

p
value

Neonatal
Morbidity

p
value

      < 
0.001

  0.58   0.03

Yes, Compliant with
Protocol

305
(67.9%)

45 (14.8%)   19 (6.2%)   5 (1.6%)  

No, Noncompliant
with Protocol

144
(32.1%)

49 (34.0%)   11 (7.6%)   8 (5.6%)  

2. If patient has same exam 2 hours apart in active labor, and is already ruptured, oxytocin should be
started.
Theme #3; n = 449 patients reached active labor

      1.00   1.00   1.00

Yes, Compliant with
Protocol

356
(98.1%)

88 (24.7%)   27 (7.6%)   13 (3.7%)  

No, Noncompliant
with Protocol

7
(1.9%)

1 (14.3%)   0 (0)   0 (0)  

3. If patient has same exam 2 hours apart in active labor, and is already on oxytocin and ruptured,
place intrauterine pressure catheter.
Theme #3; n = 449 patients reached active labor

      0.002   0.30   0.29

Yes, Compliant with
Protocol

411
(91.7%)

79 (19.2%)   26 (6.3%)   11 (2.7%)  

No, Noncompliant
with Protocol

37
(8.3%)

15 (40.5%)   4 (10.8%)   2 (5.4%)  

For maternal morbidity, two measures were signi�cantly associated with effectiveness: (1) “if an
intracervical Foley catheter was utilized for cervical ripening, it was removed within 12 hours of
placement” (7.7% maternal morbidity rate in compliant inductions vs. 25.0% maternal morbidity in non-
compliant inductions, p = 0.07) and (2) “if misoprostol was utilized, it was not continued beyond 6 doses
or 24 hours of use” (3.6% vs. 14.6%, p = 0.005). Both of these measures �t under theme #1, “do not
continue futile procedures.”

Finally, for neonatal morbidity, two different measures were signi�cantly associated with effectiveness:
(1) “all cervical exams performed in latent labor were performed ≤ 4.5 hours apart” (1.2% neonatal
morbidity in compliant inductions vs. 4.8% in non-compliant inductions, p = 0.03) and (2) “for women in
active labor, all cervical exams were performed ≤ 2.5 hours apart” (1.6% vs. 5.6%, p = 0.03). Both
measures �t under theme #2, “frequent exams will allow for more frequent intervention when no change
is made.”
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While multiple �delity measures were associated with each outcome in bivariate analysis, few were found
to be independent predictors of effectiveness outcomes in multivariable analysis when controlling for
body mass index, parity, and race. For cesarean delivery, only (1) “for women in active labor, all cervical
exams were performed ≤ 2.5 hours apart” was an independent predictor. For maternal morbidity, (1) “if an
intracervical Foley catheter was utilized for cervical ripening, it was removed within 12 hours of
placement” remained signi�cant. For neonatal morbidity (1) “all cervical exams performed in latent labor
were performed ≤ 4.5 hours apart” and (2) “for women in active labor, all cervical exams were performed 
≤ 2.5 hours apart” remained independent predictors. Of the independent predictors of effectiveness for all
effectiveness outcomes, most re�ected theme #2, “frequent exams in labor will allow for more frequent
intervention when no change is made.”

Discussion:
This study presents a novel strategy to determine core intervention components in a standardized labor
induction protocol and their association with critical obstetric effectiveness outcomes. In �nding three of
seven �delity measures to be independently associated with cesarean delivery, maternal morbidity, or
neonatal morbidity, we have the potential to streamline our labor induction protocol to focus on these
components prior to large-scale implementation in a planned type I hybrid effectiveness-implementation
trial.

The sharp increase in the US cesarean rate from 1996 through 2011 without a subsequent decrease in
maternal or neonatal morbidity has raised signi�cant concern that cesarean delivery is overused [27].
Statewide analyses have demonstrated that 15–40% of cesareans may be medically unnecessary [28–
29]. Large-scale work that effectively reduces the primary cesarean rate has thus far been limited.

Furthermore, maternal morbidity and mortality in the United States is highest among all developed
nations [30]. In addition, racial disparities are present in most obstetric outcomes, with Black women at
greater risk of perinatal morbidity than non-Black women [31–32]. Black women in the United States are
twice as likely to experience a fetal mortality and nearly 4 times more likely to die themselves in and
around pregnancy [33–34]. In addition, Black women have higher cesarean rates than non-Black women
even when accounting for sociodemographic and clinical differences [35].

The utilization of protocols to standardize care has decreased adverse outcomes in various medical
�elds, including obstetrics [13–20]. This led us to study a novel means of reducing the primary cesarean
rate: standardization of labor induction. Our prior work demonstrated that standardization of labor
induction practices into a comprehensive protocol is associated with a reduction in the primary cesarean
rate for Black women, as well as neonatal morbidity overall [21–22].

However, even if the labor induction protocol improves outcomes in a research setting, our intervention
can only impact national health outcomes if patients and clinicians are willing to accept the protocol into
routine care. Thus, we are planning a prospective, type I hybrid effectiveness-implementation trial [25] to
evaluate the effectiveness of our standardized labor induction protocol, while simultaneously assessing
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implementation outcomes in order to best prepare our intervention for widespread, successful
dissemination and implementation in the national arena.

Our data demonstrated that three of seven individual components of a standardized labor induction
protocol were independently associated with effectiveness outcomes: cesarean delivery, maternal
morbidity, or neonatal morbidity. Those components found to be important mainly fell under the theme of
“frequent exams in labor will allow for more frequent intervention when no change is made.” This �nding
re�ects the idea that, with frequent exams, we can more quickly diagnose issues with labor progress. With
timely diagnosis, we can more quickly intervene, and thus prevent lengthy and failed inductions, which
may lead to cesarean, as well as morbidity for mother and baby. Thus, as we move forward with our
planned prospective, type I hybrid trial, we will focus our intervention on this theme.

An additional strength of this study is its focus on health disparities, a �eld onto which implementation
science has only recently focused its lens [36–37]. The concepts presented in this work may be
transferable to other evidence-based practices designed to reduce such disparities.

This study has several limitations. First, while we were able to establish seven discrete �delity measures
that could be pulled from the medical record, there were several less concrete protocol components that
were unable to be evaluated in this work. Second, several of the components were so well adhered to that
it was di�cult to see an association with effectiveness. If more inductions had been noncompliant with
those components, an association with effectiveness may have been able to be established. Thus, it
would be prudent to incorporate these highly adhered to components into the protocol for our planned
trial, as they may still have an important impact on outcomes. Maternal and neonatal morbidity are also
rare outcomes, at 7.3% and 3.1% respectively, limiting their evaluation, particularly within regression
modeling, in our small sample size. Finally, this is a secondary analysis of a randomized trial performed
at one, urban, academic site, limiting generalizability of these results to our planned multi-site
implementation.

Conclusions:
While the study of �delity to an intervention and its relationship to effectiveness is not a new concept, this
study is unique in its overarching goal: to utilize data on �delity to individual intervention components
and their association with effectiveness as a means to systematically identify core components. This
knowledge can be used to simplify a protocol prior to large-scale implementation. The concept of
streamlining multi-component interventions in an evidence-based fashion could present a novel strategy
for implementation acceptability, adoption, and penetration.
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