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Abstract

Induction of labor is increasingly a common component of the intrapartum care. Knowledge of 

the current evidence on methods of labor induction is an essential component of shared decision­

making to determine which induction method meets an individual’s medical needs and personal 

preferences. This article provides a review of the current research evidence on labor induction 

methods, including cervical ripening techniques and contraction stimulation techniques. Current 

evidence about expected duration of labor following induction, use of the Bishop score to guide 

induction, and guidance on the use of combination methods for induction are reviewed.

Precis:

This is a state of the science review of methods for induction of labor at term gestation.
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INTRODUCTION

Induction of labor (IOL) is the artificial stimulation of cervical ripening and progressive 

uterine contractions to facilitate birth.1, 2 Between 2007 and 2017, the percentage of people 

experiencing IOL increased by nearly 10%, with more than one in four (25.5%) having an 

IOL in 2017.3 More frequent use of induction techniques is driven by increasing numbers of 

pregnant people with medical complications during pregnancy and use of elective IOL prior 

to 42 completed weeks.4–7 In addition, there is renewed interest in elective IOL following 

the publication of the ARRIVE trial (A Randomized Trial of Induction Versus Expectant 

Management), which demonstrated benefits of IOL at 39 weeks’ gestation on rates of 

cesarean birth and hypertensive disorders of pregnancy among low-risk, nulliparous women 

in some settings.8

Although findings of the ARRIVE trial have fueled conversations about routine IOL, 

the American College of Nurse-Midwives (ACNM) continues to recommend waiting for 

spontaneous onset of labor in the absence of complications.5 There are wide variations in 

hospital rates of cesarean birth following IOL; ranging from 32% to 60% in California 

alone.9 This considerable heterogeneity in IOL success supports the need for greater use of 

evidence to determine the ideal methods for cervical ripening and contraction stimulation. 

This article summarizes current research on IOL methods for low-risk people at term 

gestation.

To identify current evidence on methods used to induce labor, four bibliographic databases, 

Embase.com, PubMed, Web of Science Core Collection, and Scopus were searched using 

the following inclusion criteria: 1) publications in English language, 2) IOL at or beyond 

early term gestation (37 0/7 weeks gestational age10), and 3) original research, meta­

analyses, or systematic reviews involving labor induction methods of membrane sweeping, 

prostaglandins, cervical ripening balloon [transcervical catheters], amniotomy, and synthetic 

oxytocin. Search dates ranged between January 1, 2015 and October 11, 2020, with focus on 

studies published in the past three years.

BACKGROUND

Once a pregnant person and their care provider opt for labor induction after a shared 

decision-making process, IOL typically includes cervical ripening (if needed) followed by 

stimulation of uterine contractions and subsequent management of latent and active phases 

of labor.11–14 Optimal IOL management begins with an individualized assessment of each 

patient’s degree of labor readiness using the Bishop score (Table 1).15 The California 

Maternal Quality Collaborative (CMQCC) suggests that cervical ripening continue until a 

Bishop score that is 6 or higher for multiparous and 8 or higher for nulliparous people.16 

If cervical ripening is indicated, mechanical and/or pharmacological interventions can be 

used.17

The next stage of induction focuses on stimulation of uterine contractions to cause 

progressive cervical dilation.2 During the latent phase, laboring people experience regular 

painful contractions which are sometimes accompanied by other symptoms including bloody 
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show, fluid loss, or gastrointestinal symptoms.18 The latent phase of IOL is often not 

recognized as a distinct component of an IOL, possibly contributing to premature diagnosis 

of failed IOL. In a recent study of nulliparous people (N = 10,677) in the United States,19 

researchers defined latent phase during IOL as starting after successful cervical ripening, 

synthetic oxytocin initiation, and amniotomy and ending when the cervix was 5 centimeters 

dilated. That study found that 65.5% of the participants reached active labor by 6 hours 

and 96.4% achieved active labor after a 15-hour latent phase. Although maternal morbidities 

like postpartum hemorrhage and chorioamnionitis increased with longer latent phase (P 
<.001 for both), most adverse perinatal outcomes including shoulder dystocia (P = .258) and 

uterine artery pH < 7.0 (P =.268) were not seen more frequently in participants with longer 

latent phases.

When an IOL is successful, induction methods trigger and advance physiologic positive 

feedback loops that progress from latent to active phase labor. According to the Obstetric 

Care Consensus guidelines by the American College of Obstetricians and Gynecologists and 

the Society for Maternal-Fetal Medicine,20 a failed IOL occurs when the laboring person 

has no cervical progression during the latent phase after oxytocin is administered for at least 

12–18 hours in the presence of ruptured membranes.20.19 When following these guidelines 

strictly, investigators recently found that failed IOL occurred in only 2.0% of nulliparous 

people (N=4123) having an IOL between 39 and 40 weeks’ gestation in a large medical 

system.21 Once the active phase of IOL begins, unplanned cesarean births are not classified 

as ‘failed labor induction,’ but are instead indicated based on existing labor diagnoses, 

including labor arrest or concerning fetal heart rate pattern.20

CERVICAL RIPENING

Cervical ripening methods addressed in this review include membrane sweeping, 

prostaglandins, cervical ripening balloon, and synthetic oxytocin (Table 2, Supporting 

Information: Appendix S1).

Sweeping Membranes

Sweeping membranes is an intervention wherein 1–2 gloved fingers are inserted through the 

cervical os in order to sweep or separate the amniotic membrane from the lower wall of 

the uterus.22 Sweeping of fetal membranes causes an immediate increase in prostaglandin 

F2alpha metabolites.11 Inside the cervix, these prostaglandins degrade the extracellular matrix 

of collagen fibers, causing them to become loosely organized and pliable.11, 23 Antepartum 

membrane stripping in people who are recto-vaginally colonized with GBS appears to be 

safe and does not adversely affect maternal or neonatal outcomes.24, 25

In a systematic review and metanalysis from 2019 (7, studies, N=2252 birthing individuals), 

membrane sweeping compared to expectant management promoted spontaneous labor (RR, 

1.21; 95% CI, 1.13–1.28, P ≤ .001) and reduced the need for IOL after 42 weeks’ gestation 

(RR, 0.52, 95% CI, 0.41–0.67, P ≤ .001) without increased maternal or fetal morbidity.26 

A 2020 Cochrane review showed similar promotion of spontaneous labor with membrane 

sweeping compared to expectant management (aRR 1.21; 95% CI 1.08–1.34, 17 studies, 

N=3170 participants).22 Those reviewers also found that membrane sweeping compared to 
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expectant management did not increase the risk for cesarean birth, assisted vaginal birth, 

maternal death, serious morbidities, or neonatal death. Membranes can be swept serially, 

but this approach is not more efficacious than a single sweep performed after 38 weeks’ 

gestation.22, 26

In addition, membrane sweeping can be used during IOL to shorten the time to birth. In 

a 2018 meta-analysis (4 trials, N=1377 participants), Liu et al. examined the influence 

of membrane sweeping during the first cervical exam with IOL on participants’ chances 

of achieving vaginal birth within 48 hours.27 All participants included in this study were 

induced using a similar combination of mechanical or pharmacological interventions, either 

with or without membrane sweeping for the control and comparison groups. Lui found an 

increase in spontaneous vaginal birth within 48 hours if IOL was initiated with membrane 

sweeping. However, parity influenced outcomes; for nulliparous participants there was a 

32% increase in spontaneous vaginal birth within 48 hours (RR, 1.32; 95% CI, 1.18 – 

1.48) with first-examination membrane sweeping, while there were no differences in rates 

of spontaneous vaginal birth in 48 hours in multiparous participants. No adverse maternal 

or neonatal outcomes were noted with membrane sweeping.27 Thus, there appear to be 

advantages for pregnant people of having their membranes swept, both in terms of avoiding 

labor induction and for increasing the likelihood of spontaneous vaginal birth in the first two 

days of IOL when used to initiate induction in nulliparous people.

Prostaglandins

Prostaglandins soften the cervix and upregulate gene expression for various contraction­

associated proteins (CAPs), such as receptors for oxytocin, PGE2,and PGF2alpha, which 

transform the uterine myometrium so that it can generate strong and synchronous 

contractions.11, 28 Prostaglandins are also potent systemic mediators of inflammation and 

infection, leading to pyrexia among some people following their use during labor.29, 30

There are two types of prostaglandins frequently used for cervical ripening in the United 

States: a PGE1 analogue (misoprostol) and a PGE2 analogue (dinoprostone). The PGE1 

analogue, misoprostol (Cytotec), is used off-label for IOL, as it is not approved by the 

Food and Drug Administration (FDA) for this use.31 Misoprostol is used for term IOL in a 

variety of different doses (25 mcg – 50 mcg) and routes (vaginal, buccal, oral), most often 

administered every 4–6 hours. It is inexpensive, approximately $2.00/dose, and has a long 

shelf-life, but dosing is inexact as tablets are scored and must be divided for some dosage 

regimens.30 In contrast, the PGE2 analogue dinoprostone is FDA-approved for cervical 

ripening and comes in several different commercial preparations which include Cervidil, a 

10mg vaginal insert that is dosed once/12 hours and delivers 0.3mg/hr, or Prepidil, a 0.5mg/

2.5mL cervical gel that is dosed every 6 hours.30 Both require refrigeration for chemical 

stability and are expensive, approximately $200-$300/dose. Dinoprostone requires a skilled 

clinician for insertion and the vaginal insert (Cervidil) has the advantage of easy removal if 

tachysystole or other adverse effects occur.

Recent evidence quantifies physiologic variations in the uterine response to different 

prostaglandins during IOL that support shorter labor durations associated with misoprostol 

compared to dinoprostone.32 Benalcazar-Parra et al. conducted a cohort study (N = 500) 
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that included low-risk nulliparous participants admitted to the hospital for cervical ripening 

and IOL. This study used uterine electrohysterogram (EHG) to compare uterine electrical 

contractile responses following the administration of prostaglandins. For those who had a 

vaginal birth, the contractile amplitude and pseudo-Montevideo units (defined as the total 

contractile energy present on the EHG within a 30-minute interval) increased above the 

participants’ basal state 60 minutes after misoprostol (25 mcg vaginal) drug administration. 

By contrast, in participants receiving dinoprostone (10 mg, vaginal insert), it took three 

times as long, or 180 minutes, for the pseudo-Montevideo units to increase. Participants 

receiving misoprostol also had a shorter mean time to active labor than those using 

dinoprostone (mean 15.45 h [SD 8.02] vs 17.38 h [SD 8.83] respectively, P = .017), and 

a shorter mean time to vaginal birth (misoprostol 18.69 h [8.57 h]; dinoprostone 21.21 h 

[9.87 h], P = .009). There were no differences in cesarean birth, uterine hyperstimulation, 

or meconium-stained amniotic fluid between the women who received either type of 

prostaglandin.

The route, number of doses, and frequency of administration of misoprostol for term 

cervical ripening is variable based on institutional guidelines and/or provider preference, 

although vaginal dosing is most common and most widely studied.33 In a 2018 RCT, 

Pimentel and colleagues (N=243)34 compared the rate of vaginal birth within 24 hours 

between a single 25 mcg dose of misoprostol administered vaginally followed by oxytocin 

within 4–6 hours vs. repeated dosing of 25 mcg misoprostol administered vaginally every 

4–6 hours (maximum 4 doses) followed by oxytocin as clinically indicated. They found 

that the single-dose regimen was associated with an increased rate of cesarean birth among 

all participants (35.8% vs 22.8%, P=.034), which was more significant among nulliparous 

people (49.3% vs. 28.6%, P =.016). In analyses that accounted for differences between 

participants and their other IOL processes, these researchers found that the single-dose 

misoprostol regimen was acceptable for IOL only in people whose Bishop score was 

greater than 4 after their first misoprostol dose, or who were multiparous. These findings 

support guidance from CMQCC that providers should avoid premature initiation of oxytocin 

during IOL and instead continue cervical ripening until a Bishop score of 6 or higher for 

multiparous and 8 or higher for nulliparous people.16

Although not yet widely available in the United States, misoprostol solution for oral use 

shows promise over vaginal dosing for avoiding cesarean birth. In a 2014 Cochrane review 

(N=1282)35 Alfirevic and colleagues found that a 20–25 mcg oral solution of misoprostol 

was as effective as misoprostol used vaginally, dinoprostone, or oxytocin for vaginal birth 

within 24 hours, resulted in fewer cesarean births, and showed no difference in rates of 

uterine hyperstimulation with or without FHR changes. However, the dosing of misoprostol 

appears to be important when it is used orally. For example, in a 2017 RCT Rouzi and 

colleagues (N=146)36 found that an hourly titrated oral dose of misoprostol (maximum 60 

mcg/hour for up to 24 h) compared to a static oral dose of misoprostol (25 mcg used orally 

every 2 hours) was associated with increased rates of cesarean birth (RR 2.83, 95%, 1.18–

6.77, P = .02), maternal pyrexia (P = .03), and meconium-stained fluid (P = .05).

Vaginal and buccal administration of misoprostol were compared for time to birth and 

rate of cesarean birth in a 2019 double blind, placebo controlled RCT of women at term 
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with intact membranes (N=300).33 An initial dose of 25 mcg was administered followed 

by 50 mcg every 4–6 hours up to a maximum of 7 doses, as clinically indicated based 

on cervical ripeness. Vaginal compared to buccal administration of misoprostol resulted in 

shorter median duration of labor (20.1 h vs. 28.1 h, P = .006), fewer cesarean births for an 

indication of non-reassuring fetal status (3.3% vs. 9.5%, P = .03), and more vaginal births 

within 24 hours (58.6% vs 39.2%, P =.001). Importantly, this study was not designed to 

assess possible increased rates of chorioamnionitis with vaginal dosing of misoprostol, as all 

participants received vaginal examinations on the same schedule.

Thus, misoprostol used vaginally may be more optimal than buccal administration in 

people with intact membranes. However, oral solution misoprostol provides benefits through 

limiting vaginal exams and possibly decreasing cesarean birth rates. Misoprostol used orally 

or vaginally demonstrate advantages over dinoprostone with regard to shorter IOL duration 

without increasing rates of uterine hyperstimulation or meconium-stained amniotic fluid.

Cervical Ripening Balloon

A cervical balloon is a mechanical method used for cervical ripening. Mechanical methods 

of IOL work by softening and stretching the cervix, exposing endometrial decidual cells 

and stimulating the release of endogenous prostaglandins PGE2 and PGF2alpha locally and 

systemically.37, 38 Two cervical balloon devices are commonly available for use: a single­

balloon device (Foley catheter) and a double-balloon device (Cook catheter). LaJustica et 

al., 2018 noted no differences between these catheters with regard to effectiveness or major 

adverse maternal or neonatal outcomes.39 However, single balloon catheters are 30–40 times 

cheaper ($1.12) compared to the double balloon Cook catheter ($39.33). Given that there are 

minimal differences in outcomes, the single balloon is often preferred.40

Key benefits of cervical balloons compared to prostaglandins are their localized action with 

few systemic side effects and their ability to be discontinued easily; for these reasons, 

cervical balloons are the primary cervical ripening method used in outpatient settings or 

among people undergoing a trial of labor after cesarean birth.41–45 Outpatient cervical 

ripening for IOL can be used among select groups of people with term pregnancies, showing 

evidence of improved cost savings over inpatient cervical ripening.46

The results of several studies provide information about the optimal use of cervical balloons 

for IOL. Regarding the tension placed on the cervical balloon, Fruhman and colleagues 

conducted an RCT in 2017 (N=140)47 to examine the time to birth in groups of participants 

with tension vs. without tension. All participants had a Bishop score of 6 or lower and 

received low dose oxytocin (maximum 6 mU/min) after catheter placement. Researchers 

found no differences in the median time to birth among participants with or without tension 

(16.2 h versus 16.9 h, P = .814) although the median time to cervical balloon expulsion was 

slightly shorter among participants in the tension group versus the non-tension group (2.6 h 

versus 4.6 h, P < .001).47

Another common difference between providers who use cervical balloons is the volume 

to which they fill the balloon. In a 2018 meta-analysis of 7 RCTs (N=1432), Schoen and 

colleagues found that higher balloon filling volume (30 mL versus 60 mL or 80 mL filling 
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volume) shortened IOL duration for participants by a mean difference of 1.97 hours (95% 

CI, −3.88 to −0.06, P = .04), although their study was underpowered to assess how parity 

might change the relationship between filling volume and IOL duration.48

Cervical balloons do not appear to increase laboring people’s risk of infection compared 

to vaginally-administered prostaglandins. In a 2015 meta-analysis (26 RCTs, N=5563 

participants), McMaster and colleagues found similar rates of intra-amniotic infection (RR, 

0.96; 95% CI, 0.66 – 1.38), endometritis (RR, 1.03; 95% CI, 0.66–1.38), pooled maternal 

infections (RR, 0.95; 95% CI, 0.81–1.12) and neonatal infections (RR, 0.90; 95% CI, 0.58–

1.39) when comparing prostaglandins administered vaginally to cervical balloon placement 

for cervical ripening.49 Similarly, in a 2018 meta-analysis, Zhu and colleagues (8 RCTs, 

N=2390 participants) found no significant differences between vaginal dinoprostone and 

intracervical foley on maternal infection rate among nulliparous participants with intact 

membranes (RR 0.74, 95% CI, 0.51, 1.07).50

Although effective for cervical ripening, people using cervical balloons demonstrate 

differences in labor progression compared to people using prostaglandins for cervical 

ripening. For example, Tuuli and colleagues reported labor progress differences in 

participants using cervical balloons compared to misoprostol in an observational study.51 

Participants using cervical balloons dilated faster in early labor from 1 cm cervical dilatation 

to 4 cm cervical dilatation than did participants using misoprostol (median 3.4 h versus 

5.6 h; P < .01). However, in later labor (4 cm −10 cm of cervical dilatation), participants 

dilated slower after using a cervical balloon for ripening, compared to participants who used 

misoprostol (median 6.3 h versus 3.6 h, P < .01). Thus, the transition to the active phase of 

labor seems to occur at less advanced cervical dilatation among people using misoprostol for 

cervical ripening (around 4 cm) compared to people using cervical balloons (after 6 cm).

Despite these differences in the pace of cervical dilation in early labor, the overall duration 

of labor induction does not appear to be lengthened with cervical balloons compared to 

misoprostol. These were the findings in the Tuuli study (balloons with 60 mL fill),51 and 

also in a 2016 RCT by Levine and colleagues (N = 491),44 who compared a variety of 

induction methods and found that the overall duration of IOL in participants receiving 

misoprostol was similar to participants using 30mL filled cervical balloon (median 17.6 h 

versus 17.7 h, P < .001). Cervical balloons (50mL fill) were actually more efficient than 

misoprostol (25mcg oral dose every 2 h) on the mean time to birth in another study of 7551 

nulliparous people.52

In addition, cervical balloons appear to shorten labor duration compared to dinoprostone. 

For example, in a 2017 cohort study (N=7551) Wollman and colleagues found that labor 

duration following cervical ripening with a cervical balloon (50 mL fill) was on average, 

7 hours shorter than dinoprostone in nulliparous participants (mean duration of labor 

18.3 h versus 25.2 h; 95% CI, −7.6 to −6.3).52 However, as seen in the studies that 

compared misoprostol to cervical balloons, balloon volume appears to have an influence 

on the duration of IOL. A 2018 meta-analysis (8 RCTs, N=2390 nulliparous participants) 

by Zhu and colleagues saw no significant differences in the induction to birth interval 

between cervical balloons with moderate fill volume (30mL) and dinoprostone inserts (mean 
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difference, 0.71 h; 95% CI, −2.50 to 3.91; P = .67).50 Together, these findings suggest that 

cervical balloons demonstrate advantages over prostaglandins for term cervical ripening on 

labor duration. There is some evidence that generous fill volumes (60–80mL) may hasten 

cervical ripening and that cervical balloons provide a safe and effective non-pharmacologic 

option for cervical ripening.

Synthetic oxytocin for cervical ripening—In addition to its more frequent use to 

stimulate uterine contractions during the second phase of labor induction (see below), 

synthetic oxytocin infused as a ‘low-dose’ titration is sometimes used for cervical ripening. 

However, there is limited data showing effectiveness of oxytocin for cervical ripening 

compared to other methods in a general population. For women who had a prior cesarean for 

whom prostaglandins are contraindicated, oxytocin infusion compared to cervical balloons 

(50mL fill) for cervical ripening was associated with fewer vaginal births (37% vs 50% 

respectively, P = .05) but otherwise had no significant difference in neonatal or maternal 

outcomes (including uterine dehiscence) in a 2019 French RCT (N=204) by Sarreau et al.53 

In that study, oxytocin used alone for cervical ripening was more likely to end with vaginal 

birth in participants with higher initial Bishop scores (> 4).

For women with term prelabor rupture of membranes (PROM) and an unfavorable cervix, 

oxytocin is recommended over vaginal use of misoprostol to decrease the frequency of 

cervical examination and possibly the risk of intra-amniotic infection.54 However, the 

relationship between vaginal misoprostol and subsequent maternal infection in the setting 

of PROM is poorly understood due to limitations in the research.55 Intrapartum intra­

amniotic infection is established to be directly related to an increased number of cervical 

examinations, thus limiting cervical assessment, particularly in the latent phase of the first 

stage of labor, and instead utilizing other signs of labor progress and time (hours) may be 

important. In facilities with access to misoprostol that can be used orally, risk of infection 

may be reduced while increasing the chance of successful cervical ripening, although there 

is little evidence comparing these methods for women who have PROM at term gestations.

Early administration of synthetic oxytocin infusions for contractile stimulation during IOL 

may predispose people to cesarean birth.34 In their 2018 RCT (N=243) of single vs multiple 

doses of vaginal misoprostol, Pimentel et al. performed a secondary analysis to evaluate 

predictors of cesarean birth according to the participant’s Bishop score when oxytocin 

was initiated. They found that the risk of cesarean birth was inversely related to Bishop 

score at the time of oxytocin initiation. Using Poisson regression, Bishop score of less 

than 4 was the most significant predictor of cesarean birth(OR, 0.47; 95% CI, 0.30 – 

0.74; P=.001) followed by multiparity (OR 0.49; 95% CI, 0.3–0.85; P=.008). Body mass 

index at or above 30 kg/m2, gestational age more than 41 weeks, misoprostol frequency 

of dosing, estimated fetal weight, and timing of amniotomy were not associated with a 

risk of cesarean birth. Thus, clinicians should avoid solo use of oxytocin for cervical 

ripening unless prostaglandins or cervical balloons are contraindicated, and delay initiation 

of oxytocin infusions during IOL until the Bishop score indicates that cervical ripening is 

complete as strategies to decrease their patient’s risk of cesarean birth.
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Combination Methods for Cervical Ripening

There is an expanding body of evidence supporting the use of combination methods during 

cervical ripening. In a recent meta-analysis (N= 15 RCT’s, approximately 2000 participants) 

Ornat and colleagues found that combined treatment with misoprostol (oral or vaginal) and 

cervical balloon was associated with a shorter induction to birth interval than misoprostol 

alone (mean difference, −1.99 h; 95% CI, −3.42 to − 0.56).56 Interestingly, they also 

found a lower rate of uterine hyperstimulation (RR, 0.39; 95% CI, 0.23 – 0.67) and fewer 

neonatal intensive care unit (NICU) admissions (RR, 0.75; 95% CI, 0.58 – 0.97) among 

participants using combination methods compared to misoprostol alone. Similarly, Levine 

and colleagues conducted a RCT (N=491) examining single agent (misoprostol 25 mcg 

per vagina every 3 h, cervical balloon with 30mL fill) vs combination cervical ripening 

methods (misoprostol + cervical balloon and oxytocin + cervical balloon), and found that all 

combination methods shortened the median time to birth compared to single agent methods 

(misoprostol + Foley, 13.1 h; Foley + oxytocin, 14.5 h; versus misoprostol only, 17.6 h or 

Foley only, 17.7 h, P < 0.001).44

There is also recent evidence that parity may influence the effectiveness of combination 

cervical ripening methods involving cervical balloons plus oxytocin. In a 2018 meta-analysis 

of 6 RCT’s (N=1133 participants), Liu and colleagues compared 2 groups of participants: 

cervical balloon (30–60mL fill) followed by standard dose oxytocin for IOL or cervical 

balloon with simultaneous initiation of oxytocin.50 They found that multiparous participants 

in both groups were equally likely to give birth within 24 hours. However, nulliparous 

participants using a cervical balloon with simultaneous synthetic oxytocin experienced 

a 32% increased likelihood of birth within 24 hours (RR, 1.32; 95% CI, 1.12–1.55) 

compared with nulliparous participants using the cervical balloon with the later addition of 

synthetic oxytocin. There were no differences in maternal or neonatal outcomes between the 

groups. These findings suggest that the combination of a cervical balloon plus misoprostol 

or oxytocin is a safe and effective method for cervical ripening for people and should 

especially be considered when caring for nulliparous women requiring cervical ripening.

STIMULATION OF UTERINE CONTRACTIONS

There are two common methods to stimulate contractions following cervical ripening: 

amniotomy and synthetic oxytocin (Supporting Information: Appendix S2). Amniotomy 

involves puncturing or tearing of the amnion and chorion to release the amniotic fluid. 

Synthetic oxytocin (Pitocin) is administered intravenously for labor induction.

Amniotomy.

Artificial rupture of membranes is often used during IOL in combination with other agents 

to stimulate uterine contractions. When performed after cervical ripening, amniotomy 

can release accumulated endogenous prostaglandins in the amniotic membrane forebag 

to nearby uterine decidual tissue, thereby dramatically heightening contractility and labor 

progression as they stimulate release of local prostaglandins and contraction associated 

proteins (CAPs) in a positive feedback manner.11
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Recent research on amniotomy focuses on the optimal timing of this intervention during 

IOL. Bala et al. 2018 (N=150)57 examined the use of amniotomy at the start of labor 

induction versus amniotomy 4–8 hours later among participants with a Bishop score of 

higher than 6. In this RCT, they found that amniotomy at the beginning of induction was 

associated with a reduced mean time to birth (7.4 h versus 11.7 h, P = .000), but a higher 

rate of cesarean birth (10.7% versus 2.7%, P = .049) compared to delayed amniotomy. The 

incidence of intraamniotic infection and neonatal infection were not assessed. Supporting 

these findings, Battarbee et al., 2020 conducted a secondary analysis of data from the 

Consortium on Safe Labor (N=15,525 term participants), finding an increased odds of 

cesarean birth after amniotomy if participants were less than 4 cm dilated at the time, 

compared to participants with artificial or spontaneous rupture at greater than or equal 

to 4 cm (aOR, 1.30; 95% CI, 1.12–1.50).58 Interestingly, they also found a significantly 

increased step-wise risk of cesarean birth with early amniotomy compared to delayed 

amniotomy in people with BMIs at or above 30 kg/m2. In contrast, De Vivo and colleagues 

published a meta-analysis in 2020 (N=1273 in 4 trials) that found a similar risk of cesarean 

birth associated with early amniotomy during IOL (defined as amniotomy after expulsion 

of a cervical catheter, greater than or equal to 3 cm dilatation, or a Bishop score of ≥ 

5) compared to later rupture of membranes (31.1% vs 30.9%; RR, 1.05; 95% CI, 0.71 – 

1.56).59 Like the Battarbee58 and Bala57 studies, De Vivo also found shorter labor durations 

in the early amniotomy group of approximately 5 hours (interval from IOL onset to birth: 

weighted mean difference, −4.95 h; 95% CI, −8.12 to −1.78).59

Early amniotomy may advance labor process and shorten time to birth when used after 

moderate cervical ripening and in combination with oxytocin initiation, but the effect on 

cesarean birth rates is not consistent across studies. Women with increased BMI may not 

gain as much benefit in response to amniotomy compared with women with lower BMI—

especially with early amniotomy. It is also not clear what degree of cervical dilatation at the 

time of amniotomy maximizes the benefit of amniotomy while best decreasing risk during 

IOL.

Synthetic Oxytocin

Once cervical ripening is complete, causing activation of the uterine oxytocin receptors,60 

use of synthetic oxytocin (Pitocin) is an effective method to increase the frequency, duration, 

and intensity of uterine contractions for progressive cervical dilation during the latent phase 

of IOL.61 Induced labor may take longer to progress through the latent phase of the first 

stage compared to spontaneous labor, and this is important information to share with 

pregnant people and their support persons as anticipatory guidance. In a cohort study (N 

= 5388), Harper and colleagues found that people who were induced had significantly 

longer labor lengths (4–10 cm) compared to those with spontaneous labor, regardless 

of parity (nulliparous participants: median 5.5 hours [5th percentile 1.8h, 95th percentile 

16.8h] IOL vs. median 3.8 hours [1.2h, 11.8h] spontaneous labor; multiparous participants, 

median 4.4 hours [1.2h, 16.2h] IOL vs. median 2.4 hours [0.6h, 8.8h] spontaneous labor).62 

Slower progression of induced labor in that study was especially pronounced prior to 6cm, 

regardless of parity. Duration of labor at each centimeter of dilatation in that study was 

computed after accounting for the influence of labor induction, augmentation, race, body 
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mass index at or above 30 kg/m2, birth weight above 4000g, and Bishop score greater than 5, 

so some laboring people may have shorter or longer IOL durations.

As the laboring person moves from latent to the active phase of labor (≥ 5 cm dilatation), 

their body often produces more endogenous oxytocin.61 For this reason, some studies 

have found that synthetic oxytocin may be discontinued in the active phase of IOL 

without impeding success.63, 64 For example, investigators of a 2018 Cochrane review 

and metanalysis (10 studies, N=1,888) found that when oxytocin was discontinued for 

persons in active labor, the cesarean birth rate was decreased (RR, 0.69; 95% CI, 0.56–

0.86, low-certainty), as was the risk of uterine tachysystole with abnormal FHR changes 

(RR 0.15; 95% CI, 0.05–0.46, moderate-level certainty) compared to continuing oxytocin 

infusion until birth or fetal intolerance of labor occurred.64 Although discontinuing synthetic 

oxytocin increased the duration of the active phase labor by a mean of 26 minutes (CI, 

5.28–45.87; P = .01), this outcome should be interpreted with caution due to imprecision 

of consistently identifying the onset of active labor. In a similar study by Saccone 

and colleagues (N=1538 births, 9 RCTs),63 oxytocin discontinuation during active labor 

decreased the cesarean birth rate (9.3% versus 14.7%; RR, 0.64; 95% 95% CI, 0.48–0.87), 

reduced the risk of uterine tachysystole (6.2% vs 13.1%; RR 0.53; 95% 95% CI, 0.33–

0.84), and slightly increased the duration of active phase labor by a mean of 27.7 minutes 

(95% CI, 3.94–51.36; P = .02). According to guidelines for the Saccone trials, participants 

without cervical change or adequate uterine contractions for 2 hours or more following 

oxytocin discontinuation had their oxytocin infusions restarted. Using these guidelines, 30% 

of participants required re-initiation of the oxytocin infusion.

Based on this evidence, providers can take advantage of the physiologic transition from 

latent to active phase labor by decreasing or stopping synthetic oxytocin titrations, thus 

reducing the potential for unnecessary treatment and either reducing or not effecting the 

cesarean birth rate. Nonetheless, even after thorough cervical ripening, stimulation of 

progressive cervical dilation during IOL with oxytocin requires more time than spontaneous 

labor; thus, providing anticipatory guidance of this fact to pregnant people and their support 

persons is an essential step in caring for people undergoing IOL.

The primary adverse effects of oxytocin are uterine tachysystole and fetal heart rate 

decelerations. Optimal oxytocin dose titration as well as use of maximum dose of synthetic 

oxytocin that best avoid these complications have not been established, based on the 

current literature. In spontaneous labor, endogenous oxytocin is released in pulsatile fashion, 

with increased pulse frequency as labor advances.65 Baseline plasma concentrations of 

endogenous oxytocin during spontaneous labor have been found to be comparable to a 

synthetic oxytocin infusion rate of 5–10 mU/min,66, 67 and a synthetic oxytocin rate of 

11–13 mU/min has been identified as one in which most women will achieve adequate 

contractions and birth.68 Investigators examining the pharmacokinetics of synthetic oxytocin 

have found an onset of action of 3–5 minutes and a half-life of 10–12 minutes following 

infusion initiation; thus 30–60 minutes are required to achieve steady state.69 Importantly, 

plasma concentrations of oxytocin are twice the infusion rate (e.g. rate of 10 mU/min 

leads to a plasma concentration level of 20mU/min).67 Moreover, the physiologic response 

to synthetic oxytocin is widely variable, based on the activity and actions of enzymes 
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and oxytocin receptors that are influenced by age, parity, gestational age, and other 

metabolic factors such as obesity.70 Thus, different people can respond with widely different 

contraction profiles to the same infusion rate of oxytocin, even when Bishop scores are 

comparable. Therefore, close observation during synthetic oxytocin infusion is necessary to 

protect both the laboring person and their fetus from harm.

Recommendations from ACOG2 and AWHONN71 regarding how to increase oxytocin 

titrations over labor are based not on the pharmacokinetics (Table 3), but rather on standard 

dosing regimens cited in the research literature. Only limited research information is 

available guiding optimal oxytocin dosing regimens. In a 2014 Cochrane review (N= 9 

trials with 2391 participants) comparing high-dose (defined as ≥ 100 mU oxytocin in the 

first 40 minutes, with ≥ 600 mU infused in the first two hours) versus low-dose oxytocin 

(defined as < 100 mU oxytocin in the first 40 minutes, with < 600 mU total in the first two 

hours), investigators saw no difference by dosing regimen in rate of cesarean birth, maternal 

morbidity, or neonatal morbidity.72 However, high-dose oxytocin increased rates of uterine 

hyperstimulation (RR 1.86; 95% CI 1.55 – 2.25) compared to low-dose oxytocin. Those 

authors concluded that additional research was needed to fully consider maternal and fetal 

effects of high-dose oxytocin regimens. A 2019 retrospective study of nulliparous women 

induced at term (N=4,885) also compared outcomes based on oxytocin dosing regimen 

(high-dose regimen of 6.67 mU/min for first 30 min, increased by 6.67 mU/min every 30 

min thereafter versus a low-dose regimen of 2 mU/min for the first 30 min, increased by 2 

mU/min every 30 min thereafter).73 Those authors found no difference by dosing regimen in 

rates of cesarean birth, operative vaginal birth, or neonatal outcomes when dosing regimens 

were compared, but increased rates of postpartum hemorrhage were associated with the 

low-dose regimen (estimated blood loss at least 1000 mL, 10.5% vs. 7.8%, P < .001). 

Thus, they concluded that either regimen was acceptable. However, this recommendation is 

based on weak evidence and is contrary to the pharmacologic principle of administering the 

lowest effective dose for the shortest duration. Thus, providers should consider a strategy of 

increasing oxytocin durations at a given rate before increasing the dose and individualizing 

titrations based on each person’s desires and their uterine and fetal response.

CONCLUSION

Induction of labor is more common than in the past due to increased medical risks 

among patients and increased interest in elective IOL. To decrease the occurrence of 

failed induction, providers need to understand the current evidence about methods for 

IOL. When possible, providers should first encourage/ensure adequate cervical ripening to 

a Bishop score of 8 for nulliparous or 6 for parous people prior to initiating synthetic 

oxytocin. Findings from this review suggest the importance of anticipatory guidance for 

people undergoing IOL that they can expect significantly longer labor, regardless of parity, 

compared to spontaneous labor. Knowledge of the mechanism of action, effectiveness, and 

side effects of each method is valuable in shared decision-making discussions with people 

needing or desiring induction of labor.
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Quick points:

• To decrease rates of failed labor induction, providers need to utilize current 

evidence on labor induction.

• Evidence supports use of prostaglandins or cervical balloons to complete 

cervical ripening (Bishop score greater than or equal to 6 for multiparous 

people, greater than or equal to 8 for nulliparous people) before initiating 

synthetic oxytocin or amniotomy.

• Combination methods of cervical ripening, compared to single method 

options, safely shorten labor duration for nulliparous people.

• Synthetic oxytocin is best reserved for contraction stimulation after 

completion of cervical ripening and may be discontinued during the active 

phase of induced labor in most people.
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