
aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.

Williams Obstetrics, 25e

CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.

Williams Obstetrics, 25e

CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).

REFERENCES

Alexander  JM, Sharma  SK, McIntire  D,  et al: Epidural analgesia lengthens the Friedman active phase of labor. Obstet Gynecol 100(1):46, 2002 
[PubMed: 12100802] 

Alfirevic  Z, Aflaifel  N, Weeks  A: Oral misoprostol for induction of labour. Cochrane Database Syst Rev 6:CD001338 2014

Alfirevic  Z, Kelly  AJ, Dowswell  T: Intravenous oxytocin alone for cervical ripening and induction of labour. Cochrane Database Syst Rev 4:CD003246,
2009

American Academy of Pediatrics, American College of Obstetricians and Gynecologists: Guidelines for Perinatal Care, 8th ed. Elk Grove Village, AAP,
2017

American College of Obstetricians and Gynecologists: Induction of labor. Practice Bulletin No. 107, August 2009, Reaffirmed 2016

American College of Obstetricians and Gynecologists: Intrapartum fetal heart rate monitoring: nomenclature, interpretation, and general management
principles. Practice Bulletin No. 106, July 2009, Reaffirmed 2017a

American College of Obstetricians and Gynecologists: Vaginal birth after previous cesarean delivery. Practice Bulletin 115, August 2010, Reaffirmed
2017b

Amorosa  JM, Stone  J, Factor  SH,  et al: A randomized trial of Foley bulb for labor induction in premature rupture of membranes in nulliparas (FLIP).
Am J Obstet Gynecol 217(3):360.e1

Arulkumaran  S, Koh  CH, Ingemarsson  I,  et al: Augmentation of labour—mode of delivery related to cervimetric progress. Aust N Z J Obstet Gynaecol
27:304, 1987 [PubMed: 3453667] 

Bailit  JL, Gregory  KD, Reddy  UM,  et al: Maternal and neonatal outcomes by labor onset type and gestational age. Am J Obstet Gynecol 202(3):245.e1,
2010

Bakos  O, Bäckström  T: Induction of labor: a prospective, randomized study into amniotomy and oxytocin as induction methods in a total unselected
population. Acta Obstet Gynecol Scand 66:537, 1987 [PubMed: 3321873] 

Bateman  BT, Mhyre  JM, Callaghan  WM,  et al: Peripartum hysterectomy in the United States: nationwide 14 year experience. Am J Obstet Gynecol
206(1):63.e1, 2012

Bishop  EH: Pelvic scoring for elective induction. Obstet Gynecol 24:266, 1964 [PubMed: 14199536] 

Bleich  AT, Villano  KS, Lo  JY,  et al: Oral misoprostol for labor augmentation: a randomized controlled trial. Obstet Gynecol 118(6):1255, 2011 
[PubMed: 22105254] 

Boulvain  M, Kelly  A, Irion  O: Intracervical prostaglandins for induction of labour. Cochrane Database Syst Rev 1:CD006971, 2008

Boulvain  M, Stan  C, Irion  O: Membrane sweeping for induction of labour. Cochrane Database Syst Rev 1:CD000451, 2005

Boyle  A, Reddy  UM, Landy  HJ,  et al: Primary cesarean delivery in the United States. Obstet Gynecol 122(1):33, 2013 [PubMed: 23743454] 

Budden  A, Chen  LJ, Henry  A: High-dose versus low-dose oxytocin infusion regimens for induction of labour at term. Cochrane Database Syst Rev
10:CD009701, 2014

Bullarbo  M, Orrskog  ME, Andersch  B,  et al: Outpatient vaginal administration of the nitric oxide donor isosorbide mononitrate for cervical ripening
and labor induction postterm: a randomized controlled study. Am J Obstet Gynecol 196:50.e1, 2007

Caldeyro-Barcia  R, Alvarez  H, Reynolds  SR: A better understanding of uterine contractility through simultaneous recording with an internal and a
seven channel external method. Surg Obstet Gynecol 91:641, 1950

Caldeyro-Barcia  R, Poseiro  JJ: Physiology of the uterine contraction. Clin Obstet Gynecol 3:386, 1960

Carbone  JF, Tuuli  MG, Fogertey  PJ,  et al: Combination of Foley bulb and vaginal misoprostol compared with vaginal misoprostol alone for cervical
ripening and labor induction: a randomized controlled trial. Obstet Gynecol. 121:247, 2013 [PubMed: 23303106] 

Chanrachakul  B, Herabutya  Y, Punyavachira  P: Potential efficacy of nitric oxide for cervical ripening in pregnancy at term. Int J Gynaecol Obstet
71(3):217, 2000 [PubMed: 11102606] 

Chiossi  G, Lai  Y, Landon  MB,  et al: Timing of delivery and adverse outcomes in term singleton repeat cesarean deliveries. Obstet Gynecol 121(3):561,
2013 [PubMed: 23635619] 

Clark  SL, Miller  DD, Belfort  MA,  et al: Neonatal and maternal outcomes associated with elective term delivery. Am J Obstet Gynecol 200(2):156.e1,
2009

Cohen  WR, Friedman  EA: Misguided guidelines for managing labor. Am J Obstet Gynecol 212(6):753.e1, 2015a

Cohen  WR, Friedman  EA: Perils of the new labor management guidelines. Am J Obstet Gynecol 212(4):420, 2015b

Connolly  KA, Kohari  KS, Rekawek  P,  et al: A randomized trial of Foley balloon induction of labor trial in nulliparas (FIAT-N). Am J Obstet Gynecol.
215:392.e1, 2016

Cullen  M: Important drug warning concerning unapproved use of intravaginal or oral misoprostol in pregnant women for induction of labor or
abortion. 2000. Available at: http://www.fda.gov/ohrms/dockets/dailys/00/Nov00/111500/cp0001.pdf. Accessed July 28, 2017

Dahlen  HM, McCullough  JM, Fertig  AR,  et al: Texas Medicaid payment reform: fewer early elective deliveries and increased gestational age and
birthweight. Health Aff (Millwood) 36(3):460, 2017 [PubMed: 28264947] 

Darney  BG, Snowden  JM, Cheng  YW,  et al: Elective induction of labor at term compared with expectant management: maternal and neonatal
outcomes. Obstet Gynecol 122:761, 2013 [PubMed: 24084532] 

Döbert  M, Brandsetter  A, Heinrich  W,  et al: The misoprostol vaginal insert compared with oral misoprostol for labor induction in term pregnancies: a
pair-matched case-control study. J Perinatal Med June 26, 2017 [Epub ahead of print]

Ekerhovd  E, Bullarbo  M, Andersch  B,  et al: Vaginal administration of the nitric oxide donor isosorbide mononitrate for cervical ripening at term: a
randomized controlled study. Am J Obstet Gynecol 189:1692, 2003 [PubMed: 14710100] 

Ekerhovd  E, Weijdegärd  B, Brännström  I,  et al: Nitric oxide induced cervical ripening in the human: involvement of cyclic guanosine monophosphate,
prostaglandin F2α, and prostaglandin E2. Am J Obstet Gynecol 186:745, 2002 [PubMed: 11967501] 

Feltovich  H: Cervical evaluation. From ancient medicine to precision medicine. Obstet Gynecol 130:51, 2017 [PubMed: 28594774] 

Fisch  JM, English  D, Pedaline  S,  et al: Labor induction process improvement: a patient quality-of-care initiative. Obstet Gynecol 113(4):797, 2009 
[PubMed: 19305322] 

Flannelly  GM, Turner  MJ, Rassmussen  MJ,  et al: Rupture of the uterus in Dublin: an update. J Obstet Gynaecol 13:440, 1993

Fraser  W, Marcoux  S, Moutquin  JM,  et al: Effect of early amniotomy on the risk of dystocia in nulliparous women. N Engl J Med 328:1145, 1993 
[PubMed: 8257472] 

Friedman  EA: Primigravid labor: a graphicostatistical analysis. Obstet Gynecol 6:567, 1955 [PubMed: 13272981] 

Frigoletto  FD, Lieberman  E, Lang  JM,  et al: A clinical trial of active management of labor. N Engl J Med 333:745, 1995 [PubMed: 7643880] 

Fruhman  G, Gavard  JA, Amon  E,  et al: Tension compared to no tension on a Foley transcervical catheter for cervical ripening: a randomized
controlled trial. Am J Obstet Gynecol 216:67.e1, 2017

Garite  TJ, Porto  M, Carlson  NJ,  et al: The influence of elective amniotomy on fetal heart rate patterns and the course of labor in term patients: a
randomized study. Am J Obstet Gynecol 168:1827, 1993 [PubMed: 8317528] 

Ghosh  A, Lattey  KR, Kelly  AJ: Nitric oxide donors for cervical ripening and induction of labour. Cochrane Database Syst Rev 12:CD006901, 2016 
[PubMed: 27918616] 

Gibson  KS, Waters  TP: Measures of success: prediction of successful labor induction. Semin Perinatol 39:475, 2015 [PubMed: 26341066] 

Happe  SK, Yule  CS, Wells  CE: Outcomes in pregnancies complicated by intrapartum uterine rupture. Unpublished data, 2017

Hatfield  AS, Sanchez-Ramos  L, Kaunitz  AM: Sonographic cervical assessment to predict the success of labor induction: a systematic review with meta-
analysis. Am J Obstet Gynecol 197:186, 2007 [PubMed: 17689645] 

Hauth  JC, Hankins  GD, Gilstrap  LC: Uterine contraction pressures achieved in parturients with active phase arrest. Obstet Gynecol 78:344, 1991 
[PubMed: 1876362] 

Hauth  JC, Hankins  GD, Gilstrap  LC: Uterine contraction pressures with oxytocin induction/augmentation. Obstet Gynecol 68:305, 1986 [PubMed:
3737050] 

Hawkins  JS, Stephenson  M, Powers  B,  et al: Diabetes mellitus: an independent predictor of duration of prostaglandin labor induction. J Perinatol
37:488, 2017 [PubMed: 28125096] 

Hawkins  JS, Wing  DA: Current pharmacotherapy options for labor induction. Expert Opin Pharmacother 13(14):2005, 2012 [PubMed: 22963686] 

Hernandez  JS, Wendel  GD, Sheffield  JS: Trends in emergency peripartum hysterectomy at a single institution: 1988–2009. Am J Perinatol 30(5):365,
2013 [PubMed: 22918679] 

Hoffman  MK, Sciscione AC: Elective induction with cervical ripening increases the risk of cesarean delivery in multiparous women. Obstet Gynecol
101:7S, 2003

Hofmeyr  GJ, Gülmezoglu  AM, Pileggi  C: Vaginal misoprostol for cervical ripening and induction of labour. Cochrane Database Syst Rev 10:CD000941,
2010

Ivars  J, Garabedian  C, Devos  P,  et al: Simplified Bishop score including parity predicts successful induction of labor. Eur J Obstet Gynecol Reprod Biol
203:309, 2016 [PubMed: 27423032] 

Jozwiak  M, Bloemenkamp  KW, Kelly  AJ,  et al: Mechanical methods for induction of labour. Cochrane Database Syst Rev 3:CD001233, 2012

Jozwiak  M, Oude Rengerink  K, Benthem  M,  et al: Foley catheter versus vaginal prostaglandin E2 gel for induction of labour at term (PROBAAT trial): an

open-label, randomised controlled trial. Lancet 378(9809):2095, 2011 [PubMed: 22030144] 

Jozwiak  M, Oude Rengerink  K, Ten Eikelder  ML,  et al: Foley catheter or prostaglandin E2 inserts for induction of labour at term: an open-label

randomized controlled trial (PROBAAT-P trial) and systematic review of literature. Eur J Obstet Gynecol Reprod Biol 170(1):137, 2013 [PubMed:
23870188] 

Jozwiak  M, Ten Eikelder  M, Rengerink  KO,  et al: Foley catheter versus vaginal misoprostol: randomized controlled trial (PROBAAT-M Study) and
systematic review and meta-analysis of literature. Am J Perinatol 31:145, 2014 [PubMed: 23564065] 

Karjane  NW, Brock  EL, Walsh  SW: Induction of labor using a Foley balloon, with and without extra-amniotic saline infusion. Obstet Gynecol 107:234,
2006 [PubMed: 16449106] 

Kawakita  T, Reddy  UM, Iqbal  SN,  et al: Duration of oxytocin and rupture of membranes before diagnosing a failed induction of labor. Obstet Gynecol
128:373, 2016 [PubMed: 27400012] 

Kominiarek  MA, Zhang  J, Vanveldhuisen  P,  et al: Contemporary labor patterns: the impact of maternal body mass index. Am J Obstet Gynecol
205(3):244.e1, 2011

Landon  MB, Hauth  JC, Leveno  KJ,  et al: Maternal and perinatal outcomes associated with a trial of labor after prior cesarean delivery. N Engl J Med
351(25):2581, 2004 [PubMed: 15598960] 

Laughon  SK, Branch  DW, Beaver  J,  et al: Changes in labor patterns over 50 years. Am J Obstet Gynecol 206(5):419.e1, 2012

Laughon  SK, Zhang  J, Troendle  J,  et al: Using a simplified Bishop score to predict vaginal delivery. Obstet Gynecol 117(4):805, 2011 [PubMed:
21383643] 

Levine  LD, Downes  KL, Elovitz  MA,  et al: Mechanical and pharmacologic methods of labor induction: a randomized controlled trial. Obstet Gynecol
128:1357, 2016 [PubMed: 27824758] 

Little  SE, Caughey  AB: Induction of labor and cesarean: what is the true relationship? Clin Obstet Gynecol 58:269, 2015 [PubMed: 25851850] 

Lo  JY, Alexander  JM, McIntire  DD,  et al: Ruptured membranes at term: randomized, double-blind trial of oral misoprostol for labor induction. Obstet
Gynecol 101:685, 2003 [PubMed: 12681871] 

López-Zeno  JA, Peaceman  AM, Adashek  JA,  et al: A controlled trial of a program for the active management of labor. N Engl J Med 326:450, 1992 
[PubMed: 1732771] 

Luthy  DA, Malmgren  JA, Zingheim  RW: Cesarean delivery after elective induction in nulliparous women: the physician effect. Am J Obstet Gynecol
191:1511, 2004 [PubMed: 15547518] 

Macones  GA: Elective induction of labor: waking the sleeping dogma? Ann Intern Med 151(4):281, 2009 [PubMed: 19687495] 

Maier  JT, Metz  M, Watermann  N,  et al: Induction of labor in patients with an unfavorable cervix after a cesarean using an osmotic dilator versus
vaginal prostaglandin. J Perinatal Med June 26, 2017 [Epub ahead of print]

Martin  JA, Hamilton  BE, Osterman  MJ,  et al: Births: final data for 2015. Natl Vital Stat Rep 66(1):1, 2017 [PubMed: 28135188] 

Maslow  AS, Sweeny  AL: Elective induction of labor as a risk factor for cesarean delivery among low-risk women at term. Obstet Gynecol 95:917, 2000 
[PubMed: 10831992] 

McMaster  K, Sanchez-Ramos  L, Kaunitz  AM: Evaluation of a transcervical Foley catheter as a source of infection: a systematic review and meta-
analysis. Obstet Gynecol 126:539, 2015 [PubMed: 26244535] 

Mei-Dan  E, Walfisch  A, Valencia  C,  et al: Making cervical ripening EASI: a prospective controlled comparison of single versus double balloon catheters.
J Matern Fetal Neonatal Med 27:1765, 2014 [PubMed: 24397244] 

Melamed  N, Ray  JG, Geary  M,  et al: Induction of labor before 40 weeks is associated with lower rate of cesarean delivery in women with gestational
diabetes mellitus. Am J Obstet Gynecol 214:364, 2016 [PubMed: 26928149] 

Mercer  BM, McNanley  T, O’Brien  JM,  et al: Early versus late amniotomy for labor induction: a randomized trial. Am J Obstet Gynecol 173:1371, 1995

Merrill  DC, Zlatnik  FJ: Randomized, double-masked comparison of oxytocin dosage in induction and augmentation of labor. Obstet Gynecol 94:455,
1999 [PubMed: 10472877] 

Miller  NR, Cypher  RL, Foglia  LM,  et al: Elective induction of labor compared with expectant management of nulliparous women at 39 weeks of
gestation: a randomized controlled trial. Obstet Gynecol 126:1258, 2015 [PubMed: 26551184] 

National Institutes of Health: ClinicalTrials.gov: a randomized trial of induction versus expectant management (ARRIVE). 2015. Available at:
https://clinicaltrials.gov/ct2/show/NCT01990612. Accessed July 28, 2017

O’Driscoll  K, Foley  M, MacDonald  D: Active management of labor as an alternative to cesarean section for dystocia. Obstet Gynecol 63:485, 1984 
[PubMed: 6700893] 

Oshiro  BT, Kowalewski  L, Sappenfield  W,  et al: A multistate quality improvement program to decrease elective deliveries before 39 weeks of
gestation. Obstet Gynecol 121(5):1025, 2013 [PubMed: 23635739] 

Raghuraman  N, Stout  MJ, Young  OM: Utility of the simplified Bishop score in spontaneous labor. Am J Perinatol 33:1176, 2016 [PubMed: 27398698] 

Roland  C, Warshak  CR, DeFranco  EA: Success of labor induction for pre-eclampsia at preterm and term gestational ages. J Perinatol 37(6):636, 2017 
[PubMed: 28358381] 

Rooney Thompson  M, Towers  CV, Howard  BC,  et al: The use of prostaglandin E₁ in peripartum patients with asthma. Am J Obstet Gynecol 212:392.e1,
2015

Rouse  DJ, McCullough  C, Wren  AL,  et al: Active-phase labor arrest: a randomized trial of chorioamnion management. Obstet Gynecol 83:937, 1994 
[PubMed: 8190435] 

Rouse  DJ, Owen  J, Hauth  JC: Active-phase labor arrest: oxytocin augmentation for at least 4 hours. Obstet Gynecol 93:323, 1999 [PubMed: 10074971] 

Rouse  DJ, Owen  J, Hauth  JC: Criteria for failed labor induction: prospective evaluation of a standardized protocol. Obstet Gynecol 96:671, 2000 
[PubMed: 11042299] 

Rouse  DJ, Owen  J, Savage  KG,  et al: Active phase labor arrest: revisiting the 2-hour minimum. Obstet Gynecol 98:550, 2001 [PubMed: 11576566] 

Saccone  G, Berghella  V: Induction of labor at full term in uncomplicated singleton gestations: a systematic review and metaanalysis of randomized
controlled trials. Am J Obstet Gynecol 213:629, 2015 [PubMed: 25882916] 

Salemi  JL, Pathak  EB, Salihu  HM: Infant outcomes after elective early-term delivery compared with expectant management. Obstet Gynecol 127:657,
2016 [PubMed: 26959207] 

Satin  AJ, Leveno  KJ, Sherman  ML,  et al: High-dose oxytocin: 20- versus 40-minute dosage interval. Obstet Gynecol 83:234, 1994 [PubMed: 8290186] 

Satin  AJ, Leveno  KJ, Sherman  ML,  et al: High- versus low-dose oxytocin for labor stimulation. Obstet Gynecol 80:111, 1992 [PubMed: 1603479] 

Schoen  CN, Grant  G, Berghella  V,  et al: Intracervical Foley catheter with and without oxytocin for labor induction: a randomized controlled trial.
Obstet Gynecol 129:1046, 2017 [PubMed: 28486381] 

Seitchik  J, Amico  J, Robinson  AG,  et al: Oxytocin augmentation of dysfunctional labor. IV. Oxytocin pharmacokinetics. Am J Obstet Gynecol 150:225,
1984 [PubMed: 6486188] 

Sievert  RA, Kuper  SG, Jauk  VC: Predictors of vaginal delivery in medically indicated early preterm induction of labor. Am J Obstet Gynecol
217(3):375.e1

Simon  CE, Grobman  WA: When has an induction failed? Obstet Gynecol 105:705, 2005 [PubMed: 15802394] 

Smith  KM, Hoffman  MK, Sciscione  A: Elective induction of labor in nulliparous women increases the risk of cesarean delivery. Obstet Gynecol 101:45S,
2003

Snowden  JM, Muoto  I, Darney  BG,  et al: Oregon’s hard-stop policy limiting elective early-term deliveries: association with obstetric procedure use
and health outcomes. Obstet Gynecol 128:1389, 2016 [PubMed: 27824748] 

Spong  CY, Berghella  V, Wenstrom  KD,  et al: Preventing the first cesarean delivery. Summary of a Joint Eunice Kennedy Shriver National Institute of
Child Health and Human Development, Society for Maternal-Fetal Medicine, and American College of Obstetricians and Gynecologists Workshop.
Obstet Gynecol 120(5):1181, 2012 [PubMed: 23090537] 

Ten Eikelder  ML, Oude Rengerink  K, Jozwiak  M,  et al: Induction of labor at term with oral misoprostol versus a Foley catheter (PROBAAT-II): a
multicenter randomized controlled non-inferiority trial. Lancet 387:1619, 2016 [PubMed: 26850983] 

Thisted  DL, Mortensen  LH, Krebs  L. Uterine rupture without previous caesarean delivery: a population-based cohort study. Eur J Obstet Gynecol
Reprod Biol. 195:151, 2015 [PubMed: 26544026] 

Thomas  J, Fairclough  A, Kavanagh  J,  et al: Vaginal prostaglandin (PGE2 and PGF2a) for induction of labour at term. Cochrane Database Syst Rev
6:CD003101, 2014

Thorbiörnson  A, Vladic  T, Stjernholm  YV: Oral versus vaginal prostaglandin for labor induction. J Matern Fetal Neonatal Med 30:789, 2017 [PubMed:
27186795] 

Tita  AT, Landon  MB, Spong  CY,  et al: Timing of elective repeat cesarean delivery at term and neonatal outcomes. N Engl J Med 360(2):111, 2009 
[PubMed: 19129525] 

Towers  CV, Briggs  GG, Rojas  JA: The use of prostaglandin E2 in pregnant patients with asthma. Am J Obstet Gynecol 190(6):1777, 2004 [PubMed:
15284797] 

UK Amniotomy Group: A multicentre randomised trial of amniotomy in spontaneous first labour at term. BJOG 101:307, 1994

Väisänen-Tommiska  M, Nuutila  M, Aittomäki  K,  et al: Nitric oxide metabolites in cervical fluid during pregnancy: further evidence for the role of
cervical nitric oxide in cervical ripening. Am J Obstet Gynecol 188:779, 2003 [PubMed: 12634657] 

Väisänen-Tommiska  M, Nuutila  M, Ylikorkala  O: Cervical nitric oxide release in women postterm. Obstet Gynecol 103:657, 2004 [PubMed: 15051555] 

Verhoeven  CJ, Opmeer  BC, Oei  SG,  et al: Transvaginal sonographic assessment of cervical length and wedging for predicting outcome of labor
induction at term: a systematic review and meta-analysis. Ultrasound Obstet Gynecol. 42:500, 2013 [PubMed: 23533137] 

Villano  KS, Lo  JY, Alexander  JM: A dose-finding study of oral misoprostol for labor augmentation. Am J Obstet Gynecol 204(6):560.e1, 2011

Wagner  M: Off-label use of misoprostol in obstetrics: a cautionary tale. BJOG 112: 266, 2005 [PubMed: 15713137] 

Weeks  AD, Fiala  C, Safar  P: Misoprostol and the debate over off-label drug use. BJOG 112: 269, 2005 [PubMed: 15713138] 

Wen  T, Beceir  A, Xenakis  E,  et al: Is there a maximum effective dose of Pitocin? Am J Obstet Gynecol 185:S212, 2001

Williams  JW: Obstetrics: a Text-book for the Use of Students and Practitioners. New York, D. Appleton and Co., 1903

Wing  DA, Brown  R, Plante  LA,  et al: Misoprostol vaginal insert and time to vaginal delivery. A randomized controlled trial. Obstet Gynecol 122(2 pt 1):
201, 2013 [PubMed: 23857539] 

Wolfe  H, Timofeev  J, Tefera  E,  et al: Risk of cesarean in obese nulliparous women with unfavorable cervix: elective induction vs expectant
management at term. Am J Obstet Gynecol. 211:53.e1, 2014

Xenakis  EM, Langer  O, Piper  JM,  et al: Low-dose versus high-dose oxytocin augmentation of labor—a randomized trial. Am J Obstet Gynecol 173:
1874, 1995 [PubMed: 8610779] 

Yeast  JD, Jones  A, Poskin  M: Induction of labor and the relationship to cesarean delivery: a review of 7001 consecutive inductions. Am J Obstet
Gynecol 180:628, 1999 [PubMed: 10076139] 

Zhang  J, Landy  HJ, Branch  DW,  et al: Contemporary patterns of spontaneous labor with normal neonatal outcomes. Obstet Gynecol 116(6):1281,
2010a

Zhang  J, Troendle  J, Mikolajczyk  R,  et al: The natural history of the normal first stage of labor. Obstet Gynecol 115(4):705, 2010b

Zhang  J, Troendle  J, Reddy  UM,  et al: Contemporary cesarean delivery practice in the United States. Am J Obstet Gynecol 203(4):326.e1, 2010c

Zhang  J, Troendle  JF, Yancey  MK: Reassessing the labor curve in nulliparous women. Am J Obstet Gynecol 187:824, 2002 [PubMed: 12388957] 

Access Provided by:

Downloaded 20201020 12:55 P  Your IP is 128.151.10.35
CHAPTER 26: Induction and Augmentation of Labor,
©2020 McGraw Hill. All Rights Reserved.   Terms of Use • Privacy Policy • Notice • Accessibility

Page 4 / 20

https://accessmedicine.mhmedical.com/drugs.aspx?GbosID=426838
https://accessmedicine.mhmedical.com/drugs.aspx?GbosID=426838
https://accessmedicine.mhmedical.com/drugs.aspx?GbosID=426838
https://accessmedicine.mhmedical.com/#cunnwo25-ch026-tbl001.fn001
https://accessmedicine.mhmedical.com/#cunnwo25-ch026-tbl001.fn002
https://accessmedicine.mhmedical.com/drugs.aspx?GbosID=426838
https://accessmedicine.mhmedical.com/drugs.aspx?GbosID=426838
https://accessmedicine.mhmedical.com/drugs.aspx?GbosID=426838
https://accessmedicine.mhmedical.com/#cunnwo25-ch026-bib013
https://accessmedicine.mhmedical.com/#cunnwo25-ch026-tbl002
https://accessmedicine.mhmedical.com/ss/terms.aspx
https://accessmedicine.mhmedical.com/privacy
https://accessmedicine.mhmedical.com/ss/notice.aspx
https://accessmedicine.mhmedical.com/about/accessibility.html


aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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aOff-label use.

bTablets must be divided for 25- and 50-μg dose, but drug is evenly dispersed.

EASI = extraamnionic saline infusion at 30–40 mL/hr; I-D = induction-to-delivery.

From Bishop, 1964.

aUterine tachysystole is more common with shorter intervals.

bWith uterine tachysystole and after oxytocin infusion is discontinued, it is restarted at one half the previous dose and then increased at 3 mU/min incremental

doses.

Data from Merrill, 1999; Satin, 1992, 1994; Xenakis, 1995.

aNo effect on overall rate; cesarean delivery for fetal distress significantly increased.

bIncreased mild and moderate umbilical cord compression patterns.

NA = not assessed.
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CHAPTER 26: Induction and Augmentation of Labor

In other cases, if interference becomes imperative, the introduction of a bougie into the uterus, or the employment of a small Champetier de Ribes
rubber bag acts as an effective uterine irritant and brings about complete dilatation.

—J. Whitridge Williams (1903)

INTRODUCTION

No effective means of labor induction were available when Williams wrote the first edition of this book. Labor augmentation methods were largely
ineffective, and manual cervical dilation was performed as a last resort. Contrast with today, when several pharmacological agents permit labor
induction or augmentation, and ironically the use of a “bougie” has come back into vogue.

Induction implies stimulation of contractions before the spontaneous onset of labor, with or without ruptured membranes. When the cervix is closed
and uneffaced, labor induction will often commence with cervical ripening, a process that generally employs prostaglandins to soften and open the
cervix. Augmentation refers to enhancement of spontaneous contractions that are considered inadequate because of failed cervical dilation and fetal
descent—inertia uteri—as described by Williams (1903).

In the United States, the incidence of labor induction rose 2.5-fold from 9.5 percent in 1991 to 23.8 percent in 2015 (Martin, 2017). The incidence varies
between practices. At Parkland Hospital, approximately 35 percent of labors are induced or augmented. By comparison, at the University of Alabama at
Birmingham Hospital, labor is induced in approximately 20 percent of women, and another 35 percent are given oxytocin for augmentation—a total of
55 percent. This chapter discusses indications for labor induction and augmentation and various techniques to effect preinduction cervical ripening.

LABOR INDUCTION

Indications

Induction is indicated when the benefits to either mother or fetus outweigh those of pregnancy continuation. The more common indications include
membrane rupture without labor, gestational hypertension, oligohydramnios, nonreassuring fetal status, postterm pregnancy, and various maternal
medical conditions such as chronic hypertension and diabetes (American College of Obstetricians and Gynecologists, 2016).

Methods to induce or augment labor are contraindicated by most conditions that preclude spontaneous labor or delivery. The few maternal
contraindications are related to prior uterine incision type, contracted or distorted pelvic anatomy, abnormally implanted placentas, and uncommon
conditions such as active genital herpes infection or cervical cancer. Fetal factors include appreciable macrosomia, severe hydrocephalus,
malpresentation, or nonreassuring fetal status.

Techniques

Oxytocin has been used for decades to induce or augment labor. Other effective methods include prostaglandins, such as misoprostol and
dinoprostone, and mechanical methods that encompass membrane stripping, artificial rupture of membranes, extraamnionic saline infusion,
transcervical balloons, and hygroscopic cervical dilators. Importantly, and as recommended in Guidelines for Perinatal Care, each obstetrical
department should have its own written protocols that describe administration of these methods for labor induction and augmentation (American
Academy of Pediatrics, 2017).

Risks

Maternal complications associated with labor induction are cesarean delivery, chorioamnionitis, uterine rupture, and postpartum hemorrhage from
uterine atony. Of these, labor induction carries a two- to threefold greater risk for cesarean delivery (Hoffman, 2003; Maslow, 2000; Smith, 2003). This
risk is particularly higher among nulliparas (Luthy, 2004; Wolfe, 2014; Yeast, 1999). More recently, this association has been questioned (Macones,
2009; Melamed, 2016; Miller, 2015; Saccone, 2015). Indeed, Darney and colleagues (2012) reported the cesarean delivery risk was actually lower for
women with labor induction at 39 weeks’ gestation compared with that in women expectantly managed. In their review, Little and Caughey (2015)
found a reduced cesarean delivery rate when women undergoing labor induction were compared with women expectantly managed, as opposed to
women spontaneously laboring. Currently, this is the topic of a randomized trial by the Maternal–Fetal Medicine Units (MFMU) Network—A
Randomized Trial of Induction Versus Expectant Management—ARRIVE (National Institutes of Health, 2015).

Amniotomy is often selected to augment labor (Amniotomy for Induction and Augmentation). Women whose labor is managed with amniotomy have a
higher incidence of chorioamnionitis compared with those in spontaneous labor (American College of Obstetricians and Gynecologists, 2016).

Rupture of a prior uterine incision during labor in women with a history of prior uterine surgery can be catastrophic (Chap. 31, Uterine Scar Rupture).
The MFMU Network reported a threefold greater risk of uterine scar rupture with oxytocin, and this was even higher with prostaglandin use (Landon,
2004). The American College of Obstetricians and Gynecologists (2017b) recommends against the use of prostaglandins for preinduction cervical
ripening or labor induction in women with a prior uterine incision.

Uterine atony and associated postpartum hemorrhage are more common in women undergoing induction or augmentation (Chap. 41, Risk Factors).
And, atony with intractable hemorrhage, especially during cesarean delivery, is a frequent indication for peripartum hysterectomy. In a study from
Parkland Hospital, labor induction was associated with 17 percent of 553 emergency peripartum hysterectomies (Hernandez, 2013). In the United
States, the postpartum hysterectomy rate rose 15 percent between 1994 and 2007 (Bateman, 2012). This was largely attributed to increased rates of
atony associated with more medical labor inductions and more primary and repeat cesarean deliveries. In another analysis, elective induction was also
linked with a threefold higher rate of hysterectomy (Bailit, 2010).

Elective Labor Induction

Until recently, elective induction for convenience had become increasingly prevalent. Clark and coworkers (2009) described 14,955 deliveries at ≥37
weeks’ gestation. They noted that 32 percent were elective deliveries, and 19 percent were elective labor inductions.

The American College of Obstetricians and Gynecologists (2016) does not endorse this once widespread practice. Occasional exceptions might include
logistical and other reasons such as a risk of rapid labor, a woman who lives a long distance from the hospital, or psychosocial indications. Because of
the greater risks for adverse maternal outcomes, we are also of the opinion that routine elective induction at term is not justified. Elective delivery
before 39 completed weeks is also associated with significant adverse neonatal morbidity (Chiossi, 2013; Clark, 2009; Salemi, 2016; Tita, 2009). If
elective induction is considered at term, inherent risks must be discussed, informed consent obtained, and guidelines followed as promulgated by the
American College of Obstetricians and Gynecologists (2016), which are detailed in Chapter 31 (Labor and Delivery Considerations).

Guidelines to discourage elective inductions have been described by Fisch (2009) and Oshiro (2013) and their associates. Both groups reported
significant declines in elective delivery rates following guideline initiation. In 2011, the Texas Medicaid program began to deny payment for elective
induction prior to 39 weeks’ gestation. This resulted in a 14-percent drop in such early-term deliveries and a rise in birthweights (Dahlen, 2017). A
program in Oregon also reduced early-term deliveries, but maternal and fetal outcomes were not improved (Snowden, 2016).

Factors Affecting Induction Success

Several factors affect the ability of labor induction to achieve vaginal delivery. Favorable factors include younger age, multiparity, body mass index
(BMI) <30, favorable cervix, and birthweight <3500 g (Gibson, 2015; Roland, 2017; Sievert, 2017). In many cases, the uterus is simply poorly prepared for
labor. One example is an “unripe cervix.” Indeed, investigators with the Consortium on Safe Labor reported that elective induction resulted in vaginal
delivery in 97 percent of multiparas and 76 percent of nulliparas, but that induction was more often successful with a ripe cervix (Laughon, 2012).

The greater cesarean delivery risk associated with induction is likely also strongly influenced by the induction attempt duration, especially with an
unfavorable cervix (Spong, 2012). In one study, labor duration to reach the active phase and to complete dilation was adversely affected by a higher
BMI (Kominiarek, 2011). Similar findings were reported for women with diabetes (Hawkins, 2017). Simon and Grobman (2005) concluded that a latent
phase as long as 18 hours allowed most women undergoing labor induction to achieve a vaginal delivery without a significantly increased risk of
maternal or neonatal morbidity. Rouse and associates (2000) recommend a minimum of 12 hours of uterine stimulation with oxytocin after membrane
rupture, whereas Kawakita and coworkers (2016) recommend up to 15 hours for multiparas.

PREINDUCTION CERVICAL RIPENING

As discussed, the condition of the cervix—described as cervical “ripeness” or “favorability”—is important to successful labor induction. However, at
least some estimates of favorability are highly subjective (Feltovich, 2017). That said, pharmacological and mechanical methods can enhance cervical
favorability—also termed preinduction cervical ripening.

Some of the techniques described may have benefits when compared with oxytocin induction alone (Table 26-1). Some are also quite successful for
initiating labor. However, few data support the premise that any of these techniques lower cesarean delivery rates or lessen maternal or neonatal
morbidity compared with women in whom these methods are not used.

TABLE 26-1

Some Commonly Used Regimens for Preinduction Cervical Ripening and/or Labor Induction

Techniques A g e n t Route/Dose C o m m e n t s

Pharmacological

Prostaglandin

E2

Dinoprostone gel, 0.5 mg

(Prepidil)

Dinoprostone insert, 10 mg

(Cervidil)

Cervical 0.5 mg; repeat in 6 hr;

permit 3 doses total

Posterior fornix, 10 mg

1. Shorter I-D times with oxytocin infusion than oxytocin alone

2. Insert has shorter I-D times than gel

3. 6–12 hr interval from last insert to oxytocin infusion

Prostaglandin

E1a

Misoprostol tablet, 100 or

200 μg (Cytotec)b

Vaginal, 25 μg; repeat 3–6 hr prn

Oral, 50–100 μg; repeat 3–6 hr prn

1. Contractions within 30–60 min

2. Success comparable to oxytocin for ruptured membranes at

term and/or favorable cervix

3. Tachysystole common with vaginal doses >25 μg

Mechanical

Transcervical

36F

Foley

catheter

30-mL balloon 1. Improves Bishop scores rapidly

2. 80-mL balloon more effective

3. Combined with oxytocin infusion is superior to PGE1 vaginally

4. With EASI, results improved and possible decreased infection

rate

Hygroscopic

dilators

Laminaria, hydrogel 1. Rapidly improves Bishop score

2. May not shorten I-D times with oxytocin

3. Uncomfortable, requires speculum and placement on an

examination table

Cervical “Favorability”

One quantifiable method used to predict labor induction outcomes is the score described by Bishop (1964) and presented in Table 26-2. As favorability
or Bishop score declines, the rate of induction to effect vaginal delivery also decreases. A Bishop score of 9 conveys a high likelihood for a successful
induction. For research purposes, a Bishop score of 4 or less identifies an unfavorable cervix and may be an indication for cervical ripening.

TABLE 26-2

Bishop Scoring System Used for Assessment of Inducibility

Cervical Factor

Score Dilatation (cm) Effacement (%) Station (–3 to +2) Consistency Posit ion

0 Closed 0–30 –3 Firm Posterior

1 1–2 40–50 –2 Medium Midposition

2 3–4 60–70 –1 Soft Anterior

3 ≥5 ≥80 +1, +2 — —

Laughon and coworkers (2011) attempted to simplify the Bishop score by performing a regression analysis on 5610 singleton, uncomplicated

deliveries between 370/7 and 416/7 weeks’ gestation in nulliparas. Only cervical dilation, station, and effacement were significantly associated with
successful vaginal delivery. Thus, a simplified Bishop score, which incorporated only these three parameters, had a similar or improved positive- or
negative-predictive value compared with that of the original Bishop score. Other investigators have reported similar findings when consistency and
position are omitted (Ivars, 2016; Raghuraman, 2016).

Transvaginal sonographic measurement of cervical length is the only biophysical marker that has been evaluated as a Bishop score alternative
(Feltovich, 2017). In one metaanalysis of trials in which cervical length was used to predict successful induction, study criteria heterogeneity precluded
the authors from reaching a summary answer (Hatfield, 2007). A subsequent metaanalysis of 31 trials found overall low sensitivity and specificity and
limited predictive utility for sonographic cervical length and “wedging” to predict successful labor induction (Verhoeven, 2013).

Pharmacological Techniques

Unfortunately, women frequently have an indication for induction but also have an unfavorable cervix. Several techniques are available, and these can
also stimulate contractions and thereby aid subsequent labor induction or augmentation. Methods most commonly used for preinduction cervical
ripening and induction include several prostaglandin analogues.

Prostaglandin E2

Dinoprostone is a synthetic analogue of prostaglandin E2 (PGE2). It is commercially available in three forms: a gel, a time-release vaginal insert, and a

20-mg suppository (Table 26-1). The gel and time-release vaginal insert formulations are indicated only for cervical ripening before labor induction.
However, the 20-mg suppository is not indicated for cervical ripening. It instead is used for pregnancy termination between 12 and 20 weeks’ gestation
and for evacuation of the uterus after fetal demise up to 28 weeks.

Local application of its gel form—Prepidil—is available in a 2.5-mL syringe for an intracervical application of 0.5 mg of dinoprostone. With the woman
supine, the tip of a prefilled syringe is placed intracervically, and the gel is deposited just below the internal cervical os. After application, the woman
remains reclined for at least 30 minutes. Doses may be repeated every 6 hours, with a maximum of three doses recommended in 24 hours.

A 10-mg dinoprostone vaginal insert—Cervidil—is also approved for cervical ripening. This is a thin, flat, rectangular polymeric wafer held within a
small, white, mesh polyester sac (Fig. 26-1). The sac has a long attached tail to allow easy removal from the vagina. The insert provides slower release of
medication—0.3 mg/hr—than the gel form. Cervidil is used as a single dose placed transversely in the posterior vaginal fornix. Lubricant is used
sparingly, if at all, because it can coat the device and hinder dinoprostone release. Following insertion, the woman remains recumbent for at least 2
hours. The insert is removed after 12 hours or with labor onset and at least 30 minutes before the administration of oxytocin.

FIGURE 26-1

Cervidil vaginal insert contains 10 mg of dinoprostone designed to release approximately 0.3 mg/hr during a 10-hour period.

Most metaanalyses of dinoprostone efficacy report a reduced time-to-delivery within 24 hours, however, they do not consistently show a reduction in
the cesarean delivery rate. Thomas and colleagues (2014) provided a Cochrane review of 70 trials and 11,487 women given vaginal prostaglandins or
either placebo or no treatment. They noted a higher vaginal delivery rate within 24 hours when prostaglandins were used. They also reported a
threefold greater risk of tachysystole accompanied by fetal heart rate changes, but cesarean delivery rates were not significantly decreased. Similar
results were noted in another Cochrane review of intracervical dinoprostone gel (Boulvain, 2008). Compared with placebo or no treatment, a reduced
risk of cesarean delivery was found only in a subgroup of women with an unfavorable cervix and intact membranes. Finally, the Foley catheter versus
vaginal PGE2 gel for induction of labor at term—PROBAAT-P and -M trials—were unblinded, randomized trials comparing these two options (Jozwiak,

2011, 2013, 2014). The cesarean delivery rate did not differ, a finding consistent with accompanying metaanalyses.

Side Effects

Uterine tachysystole follows vaginally administered PGE2 in 1 to 5 percent of women (Hawkins, 2012). Although definitions of abnormal uterine activity

vary among studies, most use the definition recommended by the American College of Obstetricians and Gynecologists (2017a):

1. Uterine tachysystole is defined as >5 contractions in a 10-minute period. It should always be qualified by the presence or absence of fetal heart rate
abnormalities.

2. Uterine hypertonus, hyperstimulation, and hypercontractility are terms no longer defined, and their use is not recommended.

Because uterine tachysystole associated with fetal compromise may develop when prostaglandins are used with preexisting spontaneous labor, such
use is not recommended. If tachysystole follows the 10-mg insert, its removal by pulling on the tail of the surrounding net sac will usually reverse this
effect. Irrigation to remove the gel preparation has not been shown to be helpful.

The manufacturers recommend caution when these preparations are used in women with ruptured membranes. This concern is also extended to
women with glaucoma or asthma. However, in a review of 189 women with asthma, dinoprostone was not associated with asthma worsening or
exacerbation (Towers, 2004). Other contraindications listed by the manufacturers include a history of dinoprostone hypersensitivity, suspicion of fetal
compromise or cephalopelvic disproportion, unexplained vaginal bleeding, women already receiving oxytocin, those with six or more previous term
pregnancies, those with a contraindication to vaginal delivery, or women with a contraindication to oxytocin or who may be endangered by prolonged
uterine contractions, for example, those with a history of cesarean delivery or uterine surgery.

Administration

PGE2 preparations should only be administered in or near the delivery suite. Moreover, uterine activity and fetal heart rate should be monitored

(American College of Obstetricians and Gynecologists, 2016). These guidelines stem from the risk of uterine tachysystole. When contractions begin,
they are usually apparent in the first hour and show peak activity in the first 4 hours. According to manufacturer guidelines, oxytocin induction that
follows prostaglandin use for cervical ripening should be delayed for 6 to 12 hours following PGE2 gel administration or for at least 30 minutes after

removal of the vaginal insert.

Prostaglandin E1

Misoprostol—Cytotec—is a synthetic prostaglandin E1 (PGE1) that is approved as a 100- or 200-μg tablet for peptic ulcer prevention. It has been used

“off label” for preinduction cervical ripening and may be administered orally or vaginally. The tablets are stable at room temperature. Although
widespread, the off-label use of misoprostol has been controversial (Wagner, 2005; Weeks, 2005). Specifically, G. D. Searle & Company notified
physicians that misoprostol is not approved for labor induction or abortion (Cullen, 2000). Still, the American College of Obstetricians and
Gynecologists (2016) reaffirmed its recommendation for use of the drug because of proven safety and efficacy. It currently is the preferred
prostaglandin for cervical ripening at Parkland Hospital. In one review of 234 women administered misoprostol, no instances of asthma exacerbation
were associated with its use, and the risk of this was calculated to be <2 percent (Rooney Thompson, 2015).

Vaginal Administration

Compared with intracervical or intravaginal PGE2, vaginally administered misoprostol tablets offer equivalent or superior efficacy for cervical ripening

or labor induction. A metaanalysis of 121 trials also confirmed these findings (Hofmeyr, 2010). Compared with oxytocin or with intravaginal or
intracervical dinoprostone, vaginal misoprostol increased the vaginal delivery rate within 24 hours. In this review, although the uterine tachysystole
rate rose, this did not affect cesarean delivery rates. Moreover, compared with dinoprostone, misoprostol lowered the need for oxytocin induction, but
it increased the frequency of meconium-stained amnionic fluid. Higher doses of misoprostol are associated with a decreased need for oxytocin but
with more uterine tachysystole, with and without fetal heart rate changes. The American College of Obstetricians and Gynecologists (2016)
recommends a 25-μg vaginal dose—a fourth of a 100-μg tablet. The drug is evenly distributed among these quartered tablets.

Wing and colleagues (2013) described use of a vaginal polymer insert containing 200 μg of PGE1. They compared its efficacy with 10-mg dinoprostone

inserts, and preliminary observations are favorable.

Oral Administration

PGE1 tablets are also effective when given orally. One Cochrane metaanalysis of 76 trials reported that oral misoprostol compared with placebo

significantly raised the rate of vaginal birth within 24 hours, while decreasing the need for oxytocin and lowering the cesarean delivery rate.
Comparisons of oral misoprostol and oxytocin and of oral misoprostol and dinoprostone also found significantly reduced rates of cesarean delivery
with misoprostol. Similar efficacy was noted between oral misoprostol and vaginal administration, although oral administration was associated with
significantly higher Apgar scores and less postpartum hemorrhage (Alfirevic, 2014). Thorbiörnson and associates (2017) also reported lower rates of
cesarean delivery for oral misoprostol compared with vaginal dinoprostone.

Nitric Oxide Donors

Several findings have prompted a search for clinical agents that stimulate nitric oxide (NO) production locally (Chanrachakul, 2000). First, NO is likely a
mediator of cervical ripening. Also, cervical NO metabolite concentrations are increased at the beginning of uterine contractions. And, cervical NO
production is very low in postterm pregnancy (Väisänen-Tommiska, 2003, 2004).

Bullarbo and colleagues (2007) reviewed rationale and use of two NO donors, isosorbide mononitrate and glyceryl trinitrate. Isosorbide mononitrate
induces cervical cyclooxygenase 2 (COX-2), and it also initiates cervical ultrastructure rearrangement similar to that seen with spontaneous cervical
ripening (Ekerhovd, 2002, 2003). Despite this, NO donors are less effective clinically than prostaglandins, either PGE2 or misoprostol, for cervical

ripening. In one large metaanalysis, the rate of cesarean delivery was not reduced in those given NO donors compared with those given placebo,
intravaginal or intracervical prostaglandins, intravaginal misoprostol, or intracervical catheter (Ghosh, 2016). However, NO donors were associated
with significantly more headaches, nausea, and vomiting.

Mechanical Techniques

These include transcervical placement of a Foley catheter, with or without extraamnionic saline infusion; hygroscopic cervical dilators; and membrane
stripping. In their metaanalysis, Jozwiak and associates (2012) reported that mechanical techniques reduced the risk of uterine tachysystole compared
with prostaglandins, although cesarean delivery rates were unchanged. Trials comparing mechanical techniques with oxytocin found a lower rate of
cesarean delivery with mechanical methods. Trials comparing mechanical techniques with dinoprostone found a higher rate of multiparas undelivered
at 24 hours with mechanical techniques. In another metaanalysis comparing Foley catheter placement with intravaginal dinoprostone inserts, rates of
cesarean delivery were similar, but uterine tachysystole was less frequent with catheter use (Jozwiak, 2013).

Transcervical Catheter

Generally, these techniques are only used when the cervix is unfavorable because the catheter tends to come out as the cervix opens. It is suitable for
women with intact or ruptured membranes. In most cases, a Foley catheter is placed through the internal cervical os, and downward tension is created
by taping the catheter to the thigh (Mei-Dan, 2014). A modification of this—extraamnionic saline infusion (EASI)—adds a constant saline infusion
through the catheter into the space between the internal os and placental membranes (Fig. 26-2). Karjane and coworkers (2006) reported that
chorioamnionitis was significantly less frequent when infusion was done compared with no infusion—6 versus 16 percent. Similarly, in a large
metaanalysis, transcervical catheters were not associated with higher rates of maternal or fetal infection (McMaster, 2015).

FIGURE 26-2

Extraamnionic saline infusion (EASI) through a 26F Foley catheter that is placed through the cervix. The 30-mL balloon is inflated with saline and pulled
snugly against the internal os, and the catheter is taped to the thigh. Room-temperature normal saline is infused through the catheter port of the Foley
at 30 or 40 mL/hour by intravenous infusion pump.

As discussed above, transcervical catheters do not reduce the cesarean delivery rate compared with prostaglandins. The PROBAAT trials (-I, -P, -M, and
II), in which cervical ripening with a Foley catheter was compared with vaginal dinoprostone gel, dinoprostone vaginal inserts, and vaginal or oral
misoprostol, reported similar outcomes between the mechanical technique and the prostaglandin agents. Also, fewer overall cases of
cardiotocographic changes were seen in the mechanical technique group (Jozwiak, 2011, 2013, 2014; Ten Eikelder, 2016).

Similar cesarean delivery rate results are found in other comparison studies. Schoen and coworkers (2017) observed that concurrent oxytocin with a
transcervical Foley catheter shortened the median time-to-delivery compared with a Foley catheter followed by oxytocin. However, rates of cesarean
delivery were unchanged. Connolly and associates (2016) reported similar findings for women within intact membranes undergoing labor induction.
Amorosa and colleagues (2017) found no benefit for transcervical catheter coupled with oxytocin compared against oxytocin alone for women with
ruptured membranes. Other studies of concurrent misoprostol reported reduced time-to-delivery without affecting cesarean delivery rates (Carbone,
2013; Levine, 2016). Finally, the concurrent addition of tension does not appear to enhance catheter efficacy. Fruhman and coworkers (2017)
randomized 140 women to transcervical Foley catheter with and without tension, and reported similar vaginal delivery rates within 24 hours or overall.

Hygroscopic Cervical Dilators

Cervical dilation can be accomplished using hygroscopic osmotic cervical dilators, as described for early pregnancy termination (Chap. 18, First-
Trimester Abortion Methods). Intuitive concerns of ascending infection have not been verified, and their use appears to be safe. Placement generally
requires a speculum and positioning of the woman on an examination table. Several studies performed in the 1990s compared hygroscopic cervical
dilators and prostaglandins and found few benefits of this mechanical technique. And, more recent studies verified these conclusions (Maier, 2017).

METHODS OF INDUCTION AND AUGMENTATION

Labor induction has primarily been effected with the use of amniotomy, prostaglandins, and oxytocin, alone or in combination. Because preinduction
cervical ripening frequently eventuates in labor, studies to determine induction efficacy for some of these agents have produced sometimes confusing
results. The use of prostaglandins for labor augmentation has generally been considered experimental due to their high rates of uterine tachysystole.

Prostaglandin E1

Both vaginal and oral misoprostol are used for either cervical ripening or labor induction. For labor induction in women at or near term with either
prematurely ruptured membranes or a favorable cervix, 100 μg of oral or 25 μg of vaginal misoprostol has similar efficacy compared with intravenous
oxytocin. From these studies, evidence supports that oral misoprostol may be superior (Alfirevic, 2014; Hofmeyr, 2010; Lo, 2003). Misoprostol may be
associated with a greater rate of uterine tachysystole, particularly at higher doses. Also, induction with PGE1 may prove ineffective and require

subsequent induction or augmentation with oxytocin. Thus, although there are trade-offs regarding the risks, costs, and ease of administration of
each drug, either is suitable for labor induction. At Parkland Hospital, we administer an initial oral 100-μg dose, which may be repeated after 6 hours
for inadequate labor. Six hours after the second dose or in those with tachysystole, an oxytocin infusion is begun, if needed, for hypotonic labor.
Döbert and colleagues (2017) have described preliminary use of a misoprostol vaginal insert.

For labor augmentation, results of a randomized controlled trial showed oral misoprostol, 75 μg given at 4-hour intervals for a maximum of two doses,
to be safe and effective (Bleich, 2011). The 75-μg dose was based on a previous dose-finding study (Villano, 2011). Although there was more uterine
tachysystole among women with labor augmented with misoprostol, the frequency of nonreassuring fetal status or cesarean delivery did not differ
between oxytocin and misoprostol.

Oxytocin

In many instances, preinduction cervical ripening and labor induction are simply a continuum. Thus, “ripening” can also stimulate labor. If not,
induction or augmentation may be continued with solutions of oxytocin given by infusion pump. Its use in augmentation is a key component in the
active management of labor, described in Chapter 22 (Labor Management Protocols). With oxytocin use, the American College of Obstetricians and
Gynecologists (2016) recommends fetal heart rate and uterine contraction monitoring. Contractions can be monitored either by palpation or by
electronic means.

Intravenous Oxytocin Administration

The goal of induction or augmentation is to effect uterine activity sufficient to produce cervical change and fetal descent, while avoiding development
of a nonreassuring fetal status. In general, oxytocin is discontinued if the number of contractions persists with a frequency of more than five in a 10-
minute period or more than seven in a 15-minute period or with a persistent nonreassuring fetal heart rate pattern. Oxytocin discontinuation nearly
always rapidly lowers contraction frequency. When oxytocin is stopped, its concentration in plasma rapidly falls because the half-life is approximately 3
to 5 minutes. Seitchik and associates (1984) found that the uterus contracts within 3 to 5 minutes of beginning an oxytocin infusion and that a plasma
steady state is reached in 40 minutes. Response is highly variable and depends on preexisting uterine activity, cervical status, pregnancy duration, and
individual biological differences. Caldeyro-Barcia and Poseiro (1960) reported that the uterine response to oxytocin increases from 20 to 30 weeks’
gestation and rises rapidly at term (Chap. 24, Intrapartum Surveillance of Uterine Activity).

Oxytocin Dosage

A 1-mL ampule containing 10 units of oxytocin usually is diluted into 1000 mL of a crystalloid solution and administered by infusion pump. A typical
infusate consists of 10 or 20 units, which is 10,000 or 20,000 mU or one or two 1-mL vials, respectively, mixed into 1000 mL of lactated Ringer solution.
This mixture results in an oxytocin concentration of 10 or 20 mU/mL, respectively. To avoid bolus administration, the infusion should be inserted into
the main intravenous line close to the venipuncture site.

Oxytocin is generally very successful when used to stimulate labor. In one large Cochrane metaanalysis, oxytocin was compared with expectant
management, and fewer women—8 versus 54 percent—failed to deliver vaginally within 24 hours with oxytocin (Alfirevic, 2009). This analysis studied
different oxytocin dosing regimens.

Oxytocin Regimens

Several evidence-based regimens for labor stimulation are now recommended by the American College of Obstetricians and Gynecologists (2016).
These and others are shown in Table 26-3. Initially, only variations of low-dose protocols were used in the United States. Subsequently, O’Driscoll and
colleagues (1984) described their Dublin protocol for the active management of labor that called for oxytocin at a starting dosage of 6 mU/min and
advanced in 6-mU/min increments. Subsequent comparative trials during the 1990s studied high-dose (4 to 6 mU/min) versus conventional low-dose
(0.5 to 1.5 mU/min) regimens, both for labor induction and for augmentation.

TABLE 26-3

Various Low- and High-Dose Oxytocin Regimens Used for Labor Induction

Regimen Starting Dose (mU/min) Interval  (min) Incremental Increase (mU/min)

Low-dose 0.5–1.5 15–40 1

2 15 4, 8, 12, 16, 20, 25, 30

High-dose 4 15 4

4.5 15–30 4.5

6 20–40a 6b

From Parkland Hospital, Satin and associates (1992) evaluated an oxytocin regimen using an initial and incremental dosage of 6 mU/min compared
with one using 1 mU/min. Increases at 20-minute intervals were provided as needed. Among 1112 women undergoing induction, the 6-mU/min
regimen resulted in a shorter mean admission-to-delivery time, fewer failed inductions, and no cases of neonatal sepsis. Among 1676 women who had
labor augmentation, those who received the 6-mU/min regimen had a shorter duration-to-delivery time, fewer forceps deliveries, fewer cesarean
deliveries for dystocia, and lower rates of intrapartum chorioamnionitis or neonatal sepsis. With this protocol, uterine tachysystole was managed by
oxytocin discontinuation followed by resumption when indicated and at half the stopping dosage. Thereafter, the dosage was increased at 3 mU/min
when appropriate, instead of the usual 6-mU/min increase used for women without tachysystole. No adverse neonatal effects were observed.

Xenakis and coworkers (1995) reported benefits using an incremental oxytocin regimen starting at 4 mU/min. In another study, 816 women were
randomly assigned for labor induction and 816 for augmentation with incremental oxytocin given at either 1.5 or 4.5 mU/min (Merrill, 1999). Women
randomized to the 4.5 mU/min dosage had significantly shorter mean durations of induction-to-second-stage labor and induction-to-delivery times.
Nulliparas randomized to the 4.5 mU/min dosage had a significantly lower cesarean delivery rate for dystocia compared with those given 1.5 mU/min
dosage—6 versus 12 percent. Thus, benefits favor higher-dose regimens of 4.5 to 6 mU/min compared with lower dosages of 0.5 to 1.5 mU/min.

In 1990 at Parkland Hospital, routine use of the 6-mU/min oxytocin beginning and incremental dosage was incorporated and continues through today.
In other labor units, a 2-mU/min beginning and incremental oxytocin regimen is preferred and administered. With either regimen, dosages are
employed for either labor induction or augmentation. Although a Cochrane metaanalysis of randomized and quasi-randomized trials comparing high-
dose versus low-dose regimens for labor induction at term reported no benefit of higher dosing, the metaanalysis included studies judged to have
high potential bias. The authors concluded that the results might be confounded by these poor-quality studies (Budden, 2014).

Interval between Incremental Dosing

Intervals to increase oxytocin doses vary from 15 to 40 minutes (see Table 26-3). Satin and associates (1994) addressed this aspect with a 6-mU/min
regimen providing increases at either 20- or 40-minute intervals. Women assigned to the 20-minute interval regimen for labor augmentation had a
significantly reduced cesarean delivery rate for dystocia compared with that for the 40-minute interval regimen—8 versus 12 percent. As perhaps
expected, uterine tachysystole was significantly more frequent with the 20-minute escalation regimen.

Other investigators reported even more frequent incremental increases. Frigoletto (1995) and Xenakis (1995) and their coworkers gave oxytocin at 4
mU/min with increases as needed every 15 minutes. Merrill and Zlatnik (1999) started with 4.5 mU/min doses and increased this every 30 minutes.
López-Zeno and associates (1992) used 6 mU/min doses and 15-minute intervals. Thus, there are several acceptable oxytocin protocols that at least
appear dissimilar. But, a comparison of protocols from two institutions indicates that this is not so:

1. The Parkland Hospital protocol uses a starting dose of oxytocin at 6 mU/min, which is increased by 6-mU/min every 40 minutes, and employs
flexible dosing based on uterine tachysystole.

2. The University of Alabama at Birmingham Hospital protocol begins oxytocin at 2 mU/min and increases it as needed every 15 minutes to 4, 8, 12, 16,
20, 25, and 30 mU/min.

Thus, although the regimens at first appear disparate, if there is no uterine activity, either regimen is delivering 12 mU/min by 45 minutes into the
infusion.

Maximal Oxytocin Dosage

The maximal effective dose of oxytocin to achieve adequate contractions in all women is different. Wen and colleagues (2001) studied 1151 consecutive
nulliparas and found that the likelihood of progression to vaginal delivery decreased at and beyond an oxytocin dosage of 36 mU/min. Still, at a dosage
of 72 mU/min, half of the nulliparas were delivered vaginally. Thus, if contractions are not adequate—less than 200 Montevideo units—and if the fetal
status is reassuring and labor has arrested, an oxytocin infusion dose greater than 48 mU/min has no apparent risks.

Risks versus Benefits

Unless the uterus is scarred, uterine rupture associated with oxytocin infusion is rare, even in parous women. Flannelly and associates (1993) reported
no cases of uterine ruptures, with or without oxytocin, in 27,829 nulliparas. There were eight instances of overt uterine rupture during labor in 48,718
parous women. Only one of these was associated with oxytocin use. A population-based retrospective review from Denmark reported a rupture rate of
3.3 per 100,000 women without prior cesarean, with the highest risk among multiparas (Thisted, 2015). Our experiences from Parkland Hospital are
that oxytocin induction and augmentation are associated with uterine rupture (Happe, 2017). During an 8-year period in which there were about 95,000
births, 15 women suffered a primary uterine rupture, and 14 of these cases were associated with oxytocin use. In half of these women, prostaglandins
were also given before augmentation with oxytocin.

Oxytocin has amino-acid homology similar to arginine vasopressin and has significant antidiuretic action. When infused at doses of 20 mU/min or
more, renal free water clearance drops markedly. If aqueous fluids are infused in appreciable amounts along with oxytocin, water intoxication can lead
to convulsions, coma, and even death. In general, if oxytocin is to be administered in high doses for a considerable period of time, its concentration
should be increased rather than raising the flow rate of a more dilute solution. Consideration also should be given to use of crystalloids—either normal
saline or lactated Ringer solution.

Uterine Contraction Pressures

Contraction forces in spontaneously laboring women range from 90 to 390 Montevideo units (Chap. 24, Intrapartum Surveillance of Uterine Activity).
Caldeyro-Barcia (1950) and Seitchik (1984) with their coworkers found that the mean or median spontaneous uterine contraction pattern between 140
and 150 Montevideo units resulted in progression to vaginal delivery.

In the management of active-phase arrest, and with no contraindication to intravenous oxytocin, decisions must be made with knowledge of the safe
upper range of uterine activity. Hauth and colleagues (1986) described an effective and safe protocol for oxytocin augmentation for active-phase
arrest. With it, more than 90 percent of women achieved an average of at least 200 to 225 Montevideo units. They later reported that nearly all women
in whom active-phase arrest persisted despite oxytocin generated more than 200 Montevideo units (Hauth, 1991). Importantly, despite no labor
progression, no adverse maternal or perinatal effects were noted in those ultimately requiring cesarean delivery. There are no data regarding safety
and efficacy of contraction patterns in women with a prior cesarean delivery, with twins, or with an overdistended uterus.

Active-Phase Arrest

First-stage arrest of labor is defined as a completed latent phase and contractions exceeding 200 Montevideo units for more than 2 hours without
cervical change. Some have attempted to define a more accurate duration for active-phase arrest (Spong, 2012). Arulkumaran and coworkers (1987)
extended the 2-hour limit to 4 hours and reported a 1.3-percent cesarean delivery rate in women who continued to have adequate contractions and
progressive cervical dilation of at least 1 cm/hr. In women without progressive cervical dilation who were allowed another 4 hours of labor, half
required cesarean delivery.

Rouse and colleagues (1999) prospectively managed 542 women at term with active-phase arrest and no other complications. Their protocol was to
achieve a sustained pattern of at least 200 Montevideo units for a minimum of 4 hours. This time frame was extended to 6 hours if activity of 200
Montevideo units or greater could not be sustained. Almost 92 percent of these women were delivered vaginally. As discussed in Chapter 23 (Active-
Phase Protraction), these and other studies support the practice of allowing an active-phase arrest of 4 hours (Rouse, 2001).

Zhang and coworkers (2002) analyzed labor duration from 4 cm to complete dilatation in 1329 nulliparas at term. They found that before dilation of 7
cm was reached, lack of progress for more than 2 hours was not uncommon in those who delivered vaginally. Alexander and associates (2002)
reported that epidural analgesia prolonged active labor by 1 hour compared with duration of the active phase as defined by Friedman (1955).
Consideration of these changes in the management of labor, especially in nulliparas, may safely reduce the cesarean delivery rate.

As data have accrued, investigators have increasingly questioned the thresholds for labor arrest disorders established by Friedman and others in the
1960s. In particular, investigators with the Consortium on Safe Labor reported that half of cases of dystocia after labor induction occurred before 6 cm
of cervical dilation (Boyle, 2013; Zhang, 2010c). Even for women with spontaneous labor, these researchers found that active-phase labor was more
likely to occur at 6 cm, and after slow progress between 4 and 6 cm (Zhang, 2010a). Additionally, they reported that a 2-hour threshold for diagnosing
arrest disorders may be too brief when cervical dilation is <6 cm (Zhang, 2010b). This is discussed in detail in Chapter 23 (Obstetric Care Consensus
Committee). Importantly, however, these studies of data from the Collaborative Perinatal Project included only singleton term gestation with
spontaneous onset of labor, vaginal delivery, and a normal perinatal outcome. By excluding abnormal outcomes, cesarean deliveries, and those who
were more than 6 cm dilated upon arrival, the above studies that sought to redefine the labor curve have been faulted for introducing biases that limit
general use of these findings (Cohen, 2015a,b).

Amniotomy for Induction and Augmentation

Elective amniotomy with the intention of accelerating labor is often performed. Shown in Table 26-4, amniotomy at approximately 5-cm dilation
accelerated spontaneous labor by 1 to 1½ hours. Importantly, neither the need for oxytocin stimulation nor the overall cesarean delivery rate was
increased. Although the incidences of mild and moderate cord compression patterns were raised following amniotomy, cesarean delivery rates for
fetal distress were not higher. Most importantly, there were no adverse perinatal effects.

TABLE 26-4

Randomized Clinical Trials of Elective Amniotomy in Early Spontaneous Labor at Term

Effects of  Amniotomy

S t u d y N u m b e r
Mean Dilation at

A m n i o t o m y

Mean Shortening

of  Labor

Need for

Oxytocin

Cesarean

Delivery Rate

A b n o r m a l

Tracing

Neonatal

Effects

Fraser (1993) 925 <5 cm 125 min None Nonea None None

Garite (1993) 459 5.5 cm 81 min Decreased None Increasedb None

UK Amniotomy

Group (1994)

1463 5.1 cm 60 min None None NA None

For labor induction, artificial rupture of the membranes—sometimes called surgical induction—can be used and always implies a commitment to
delivery. The main disadvantage of amniotomy used alone for labor induction is the unpredictable and occasionally long interval until labor onset.
That said, in a randomized trial, Bakos and Bäckström (1987) found that amniotomy alone or combined with oxytocin was superior to oxytocin alone.
Mercer and colleagues (1995) randomly assigned 209 women undergoing oxytocin induction to either early amniotomy at 1 to 2 cm or late amniotomy
at 5 cm. Early amniotomy was associated with a 4-hour reduction in labor duration. With early amniotomy, however, the incidence of chorioamnionitis
was elevated.

For labor augmentation, amniotomy is commonly performed when labor is abnormally slow. Rouse and associates (1994) found that amniotomy with
oxytocin augmentation for arrested active-phase labor shortened the time to delivery by 44 minutes compared with that of oxytocin alone. Although
amniotomy did not alter the delivery route, one drawback was that it significantly increased the incidence of chorioamnionitis.

Regardless of the indication, amniotomy is associated with a risk of cord prolapse. To minimize this risk, disengagement of the fetal head during
amniotomy is avoided. Toward this goal, fundal or suprapubic pressure or both may be helpful. Some clinicians prefer to rupture membranes during a
contraction. If the vertex is not well applied to the lower uterine segment, a gradual egress of amnionic fluid can sometimes be accomplished by several
membrane punctures with a 26-gauge needle held with a ring forceps and with direct visualization using a vaginal speculum. In many of these,
however, membranes tear and fluid is lost rapidly. Because of the risk of cord prolapse or rarely abruption, the fetal heart rate is assessed before and
immediately after amniotomy.

Membrane Stripping for Labor Induction

Labor induction by membrane “stripping” is a frequent practice. Several studies have suggested that membrane stripping is safe and lowers the
incidence of postterm pregnancy without consistently raising the incidence of ruptured membranes, infection, or bleeding. Authors of one large
metaanalysis found that membrane stripping reduced the number of women remaining undelivered after 41 weeks without elevating the infection risk.
They concluded that eight women would need to undergo membrane stripping to avoid one labor induction. Downsides are discomfort and associated
bleeding (Boulvain, 2005).
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