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Foreword

Addressing Common

Management Dilemmas in Labor

and Delivery

William F. Rayburn, MD, MBA

Consulting Editor

This issue of the Obstetrics and Gynecology Clinics of North America deals with key
management decisions undertaken regularly in the Labor and Delivery Unit. Ably edi-
ted by Aaron Caughey, MD, the issue highlights controversies pertaining to induction
of labor, progression during the first and second stages, fetal monitoring interpretation,
reducing cesarean delivery rates, and enhancing quality care and patient safety.
Management during labor and delivery requires two views: (1) acceptance of a

normal physiologic process that most women experience, and (2) anticipation of
complications, often occurring unexpectedly and quickly. Labor onset represents
the culmination of a series of biochemical changes in the cervix and uterus. Preterm
labor, dystocia, and postterm pregnancy may result when labor is abnormal.
Induction of labor affects one in every four pregnancies, although the incidence

varies between practices. Topics covered by the authors pertain to the role of outpa-
tient preinduction cervical ripening, best techniques for labor induction, and impact of
elective induction of labor. Oxytocin for inducing or augmenting labor is common,
affecting half or more of all pregnancies undergoing a trial of labor. Use of oxytocin
for augmentation and active labor is well reviewed in this issue.
Many abnormalities may interfere with the orderly progression of fetal descent and

spontaneous vaginal delivery. Soon after admission, a rational plan for monitoring
labor can be established based on past pregnancies and current needs of the fetus
and mother. Because there are marked variations in labor lengths, precise statements
are unwise as to its anticipated duration.
Electronic measurement of uterine activity permits generalities about certain

contraction patterns and labor outcome. Uterine muscle efficiency to effect delivery
varies greatly. Abnormal progress during the first and second stages of labor is defined

Obstet Gynecol Clin N Am 44 (2017) xi–xii
https://doi.org/10.1016/j.ogc.2017.09.002 obgyn.theclinics.com
0889-8545/17/ª 2017 Published by Elsevier Inc.
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in this issue along with principles of management. Slow progress arises from a single
or combination of several factors: insufficiently strong or coordinated uterine contrac-
tions; fetal malpresentations or malpositioning; abnormalities of the maternal pelvis
creating a contracted pelvis; soft tissue restrictions in the lower reproductive tract;
and inadequate maternal pushing during the second stage. These abnormalities are
addressed categorically in this issue.
Electronic fetal monitoring was introduced into practice 50 years ago. The continu-

ously recorded fetal heart rate pattern is potentially diagnostic in assessing patho-
physiologic events. Accurate information provided by this monitoring remains a
matter of debate, however, despite most American women now being monitored elec-
tronically during labor. The authors focus on category II tracings, which include those
characterized as being neither normal (category I) nor abnormal (category III). A sys-
tematic analysis of the baseline rate, baseline variability, accelerations, and periodic
or episodic decelerations is described.
Also, over the past 50 years, the cesarean delivery rate in the United States rose from

5% to 33%. This rate declined temporarily, mostly from a significant increase of vaginal
births after cesarean (VBAC), and to a closely mirrored decrease in primary cesareans.
Reasons for this high cesarean rate relate to the following conditions: common perfor-
mance of a repeat cesarean; use of electronic monitoring with a resultant higher
suspicion of “fetal distress”; breech-presenting fetus delivered by cesarean; operative
vaginal deliveries being performed less; labor induction being more common, espe-
cially among nulliparas; maternal obesity being observed frequently; more cesareans
being performed for women with preeclampsia; lower VBAC rates; elective cesarean
deliveries to avoid pelvic floor injury or reduce fetal risk or upon maternal request;
and fear of litigation. Many of these conditions are covered in this issue.
The authors emphasize the growing need for quality improvement and patient safety

on labor and delivery and how it may be measured for a variety of conditions. This
trend was accompanied by the evolution of the laborist movement in the United
States. Much of this has arisen to provide care that is more standard and accessible.
The American College of Obstetricians and Gynecologists and the American Academy
of Pediatrics continue to collaborate in the development of guidelines for optimal care
in labor and delivery. These efforts are intended to improve interdisciplinary commu-
nication, increase team-based effort with clarified expectations, and increase engage-
ment in decision-making with the patient and family. While these guidelines apply to all
pregnancies, they are especially relevant to twin pregnancies as covered in this issue.
Management strategies addressed here should be helpful to the obstetrician during

labor and delivery. Dr Caughey did well in selecting an accomplished group of authors
with proven clinical and research experience in their field. Evidence-based
approaches imparted in this collection are greatly appreciated for immediate use
and future direction.

William F. Rayburn, MD, MBA
Continuing Medical Education &

Professional Development
MSC 10 5580, 1 University of New Mexico

Albuquerque, NM 87131-0001, USA

E-mail address:
WRayburn@salud.unm.edu
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Preface

Evidence-Based Management of

Labor and Delivery: What Do We

Sti l l Need to Know?

Aaron B. Caughey, MD, PhD

Editor

In the United States, there are four million births each year, and the large majority of
them occur in hospitals on labor and delivery units.1 These specialized locations are
so specific that really only pregnant women can use this space, and an enormous
amount of resources is dedicated to the care of pregnant women going through the
birth process. Why would we have women who are experiencing a normal physiologic
event in the majority of cases, do so in the hospital? Predominantly this is because of
the small, but specific, inherent risk that accompanies childbirth, both to mothers and
to babies. Over the twentieth century, a number of interventions were developed and
refined to reduce the morbidity and mortality for mothers and babies, including blood
banking, antibiotics, and more specifically, fetal heart rate monitoring and operative
obstetrics, notably the cesarean delivery.
At this point in the twenty-first century, there are more than 1.2 million cesarean

deliveries each year in the United States.2 While a cesarean rate above 15% to 20%
appears to be associated with lower maternal and neonatal mortality, a benefit by
increasing the cesarean rate up to the current 32% in the United States has not
been demonstrated.3 The divide between these two thresholds has been a focus for
the past decade. One of the drivers identified to safely reduce the primary cesarean
rate is the use of more evidence-based labor and delivery management.4

The collection of articles in this issue of Obstetrics and Gynecology Clinics of North
America deals with just that, the evidence-based management of labor and delivery.
While many are framed with the focus on mode of delivery and the potential for
reducing the cesarean rate, the intent is to provide the most up-to-date evidence to
guide practice, research, and contemplation of obstetric management. The articles
include more general management of labor and fetal heart rate monitoring as well as

Obstet Gynecol Clin N Am 44 (2017) xiii–xiv
https://doi.org/10.1016/j.ogc.2017.09.001 obgyn.theclinics.com
0889-8545/17/ª 2017 Published by Elsevier Inc.
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more specific articles on twins, malposition, and malpresentation. There are also
pieces on laborist models and quality improvement on labor and delivery. Throughout
them all, I think you will see that while there has been an increasing amount of evi-
dence produced over the past several decades, there is a great need for much
more evidence to be accumulated on specifics of labor and delivery care.
So, if you have a passion for labor and delivery as I do, I hope you enjoy this collec-

tion of pieces and will be inspired after reading to identify some holes in the existing
research and start a research project to address a question or begin a quality improve-
ment project to improve outcomes. Enjoy, and I hope to see you on L&D!

Aaron B. Caughey, MD, PhD
Department of Obstetrics and Gynecology

Oregon Health & Science University
3181 SW Sam Jackson Park Road

Portland, OR 97239, USA

E-mail address:
caughey@ohsu.edu
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Evidence-Based Labor and
Delivery Management
Can We Safely Reduce the Cesarean Rate?

Aaron B. Caughey, MD, PhD

INTRODUCTION

More than 100 years ago, the normal physiologic process of birth began to be moved
into hospitals. Although those initial moves were likely not specifically designed to
improve pregnancy outcomes, it has led to dramatic reductions in both the maternal
and neonatal mortality rates.1,2 It also provided the opportunity to better understand
the birth process through epidemiologic study and clinical trials that can examine
the impact of interventions. In one of the earliest cohort studies, Dr Emmanuel Fried-
man prospectively studied the labor and delivery process and reported out labor
norms.3 Unfortunately, instead of an increasing number of studies, these norms
were used to establish specific labor guidelines that have been shown to increase in-
terventions without clear evidence of benefit. One of the biggest impacts of having
birth in a hospital in combination with specific labor guidelines has been the increasing
increase in cesarean deliveries.

Department of Obstetrics and Gynecology, Oregon Health & Science University, 3181 Southwest
Sam Jackson Road, Mail Code: L-466, Portland, OR 97239, USA
E-mail address: caughey@ohsu.edu

KEYWORDS

� Evidence-based � Labor � Delivery � Management � Safety � Cesarean rate

KEY POINTS

� Although cesarean delivery may be an increasingly safe alternative to vaginal delivery, its
use in 1 in 3 women giving birth is likely too high.

� Furthermore, the downstream impact of cesarean delivery on future pregnancies is likely
not well-considered when the first cesarean is being performed.

� There are a range of practices that have become standard that should be carefully ques-
tioned and replaced by standardized, evidence-based practices to decrease the rate of
cesarean deliveries safely.

� Through quality improvement efforts such as perinatal quality collaboratives, the environ-
mental changes will allow clinicians to adopt the range of practices described.

� Without environmental changes, clinicians may not be able to change practice patterns
that have been encouraged by the given environments in which they practice.
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In 2015, the cesarean rate in the United States was 32.0%, meaning that more than
1.2 million women delivered via cesarean.4 Although this rate remains high, there has
been a modest reduction in the rate of cesarean births, decreasing from 32.9% to
32.0%. This nearly 1% reduction means that there are 40,000 fewer cesarean deliv-
eries each year. Unfortunately, previously, from 1996 to 2009, the cesarean rate
increased from 20.7% to 32.9%, a more than 50% increase, which was nearly
500,000 more cesarean deliveries each year.5 This increase occurred despite guid-
ance from Healthy People 2010 and Healthy People 2020 that set the primary cesar-
ean rate at 15% and the primary cesarean rate in term, nulliparous women at 23.9%.6

Furthermore, it does not seem that there is any benefit to a cesarean delivery above
20%. In a study of 179 countries around the globe, researchers found that although
both maternal and neonatal mortality rates were reduced as cesarean rates increased
to 19%, from 20% and up, there was no further reduction of either maternal or
neonatal mortality.2

In addition to the statistics regarding the increase in cesarean deliveries, it is
compelling to note the wide variation in cesarean delivery rates between institutions.7

The rate varies between institutions, even when controlling for characteristics that
would account for indicated cesarean deliveries.8 Although such variation may
depend on additional factors that differ between institutions, the variation seems to
be too great to be based on consistent, evidence-based care at all institutions.
Thus, there is a need to develop evidence-based care and disseminate practice guide-
lines to ensure that all women are managed in a fashion that gives them the best hope
for a good outcome. Our profession needs to more rapidly develop and study ap-
proaches to manage labor and delivery and reduce both maternal and neonatal
morbidity and mortality, but at the same time safely reduce the use of cesarean
deliveries.
This article provides an overview considering what approaches might be used to

safely reduce the cesarean rate. These concepts are simply meant to touch on a num-
ber of labor and delivery management areas. Most of these are discussed in much
greater depth by the articles included in this issue of Obstetrics and Gynecology
Clinics of North America. Specifically, the papers delve into the management of the
first and second stages of labor, including induction of labor, fetal heart rate moni-
toring, the management of multiple gestations, breech presentations, malposition,
women with prior cesarean deliveries, laborist models, and quality improvement mea-
sures on labor and delivery.

WHY IS THE CESAREAN RATE INCREASING?

One possible reason for the increase in the cesarean delivery rate may be that there
has simply been an increase in the need for cesarean deliveries. The most common
indication for a primary cesarean is cephalopelvic disproportion or arrest of progress
in labor. Although it is unlikely that maternal pelvis size has changed over the past 3
decades, it is possible that birthweight has increased. In fact, there is evidence that
there have been increases in the rate of macrosomia over the past 2 decades.9

Another 2 issues that contribute to increasing rates of cesarean delivery, possibly
through the mechanism of birthweight, are maternal obesity and gestational weight
gain.10,11 Without question, the proportion of obese women has increased over the
past decade12 and the even higher weight classes, such as “super obesity,” are asso-
ciated with even higher rates of cesarean deliveries.13 Additionally, increased gesta-
tional weight gain has been associated with cesarean delivery and is commonly
above standard guidelines.14
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Another reason for increasing cesarean rates may be an increase in elective
cesarean delivery, also know as cesarean delivery by maternal request (CDMR).
Because CDMR is not listed among International Classification of Disease, 9th edi-
tion, codes, it is unclear what proportion of cesarean deliveries are due to CDMR.
However, 1 recent study estimated the proportion to be as high as 4% of the
cesarean deliveries performed in the United States.15 Interestingly, CDMR is
more common in several other countries, including Brazil, Taiwan, and Chile. In
Chile, in a study that compared women receiving private care who had a cesarean
rate of greater than 40% with women receiving public care, who had a cesarean
rate of less than 20%, 8% of the women receiving private care and 11% of the
women receiving public care stated a preference toward cesarean delivery with
the vast majority preferring to deliver vaginally.16 Thus, even in this setting, it is un-
clear that maternal preferences are driving the increase in the cesarean delivery
rate. The topic of CDMR led to an National Institutes of Health State-of-the-
Science conference in 2006. The statement from this meeting concluded that future
research was necessary to examine both the, “current extent of CDMR and atti-
tudes about it.”17 More recently, a study in the United States found that the vast
majority of women would prefer to deliver vaginally, all else being equal.18

So, although some maternal demographics have changed and maternal prefer-
ences may account for a small proportion of cesarean deliveries, it seems that
much of the increase in cesarean rates may be due to cultural pressures and norms.
Some of these pressures are due to the medicolegal environment that obstetric clini-
cians face. In 1 study, surveyed physicians reported that they were more likely to
perform a cesarean delivery in a number of scenarios if they had been sued recently
or if they thought about being sued frequently.19 In another study, the amount of
tort reform was associated with cesarean deliveries, in particular, those states that
had caps on noneconomic damages in lawsuits had lower overall cesarean rates
and higher vaginal birth after cesarean (VBAC) rates.20

HOW DOES CESAREAN DELIVERY AFFECT PREGNANCY OUTCOMES?

With respect to the effect of cesarean delivery on maternal and neonatal outcomes,
much is known. Generally, there are both positive and negative effects related to
cesarean delivery on both the mother and her baby.21 With respect to the mother,
cesarean delivery has been associated with higher rates of maternal hemorrhage, infec-
tion, and even death.22 However, a cesarean delivery is protective against perineal lac-
erations.23 In turn, there is some evidence to suggest that vaginal delivery may be
associated with pelvic organ prolapse and both fecal and urinary incontinence. Impor-
tantly, there are risks from a cesarean delivery on maternal outcomes in future pregnan-
cies, such as the risk of a trial of labor after a cesarean delivery.24 In particular, the risk of
abnormal placentation that can lead to the need for a preterm delivery and/or cesarean
hysterectomy, and can be complicated by severe maternal hemorrhage, should receive
significant attention when considering the risks of a cesarean delivery.25,26

Regarding neonatal outcomes, cesarean delivery is associated with lower rates of
intrapartum hypoxic injury and neonatal mortality.27 Additionally, with vaginal delivery
there is always a risk of shoulder dystocia and permanent brachial plexus injury. Alter-
natively, neonates delivered via cesarean seem to experience higher rates of transient
tachypnea of the newborn and possibly primary pulmonary hypertension.11 Similar to
the mother, neonates in future pregnancies after a prior cesarean delivery are at
increased risk. There seems to be an increased risk of stillbirth28 and, in pregnancies
that undergo a trial of labor after cesarean (TOLAC), uterine rupture carries a risk to the
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neonate. Additionally, pregnancies may need to be delivered before term if compli-
cated by an abnormal placentation.

WHAT ARE THE POTENTIAL APPROACHES TO SAFELY REDUCING CESAREAN
DELIVERIES?

Although there may be components of the increase in cesarean deliveries that are due
to changing demographics of the population, it seems that much of the increase is due
to economic and medicolegal pressures on obstetric providers that have led to culture
changes on labor and delivery. As noted, the increase in cesarean deliveries from 1996
to 2009 pushed the overall cesarean rate in the United States well above the 15% to
20% threshold for benefit that has been identified and recommended. In addition to no
improvements in maternal or neonatal mortality, there are potential morbidities from
cesarean delivery, including higher risks of maternal hemorrhage and infection.22

Additionally, there are risks from a cesarean delivery on outcomes in future pregnan-
cies. There are the risks of a TOLAC,24 of course, but receiving increased interest is the
risk of abnormal placentation that can lead to the need for a preterm delivery and/or
cesarean hysterectomy, and can be complicated by severe maternal hemorrhage.25,26

Thus, the cesarean rate is at historically high levels both here in the United States
and around the globe with questionable benefits. Given this background, the National
Institutes of Health, the American College of Obstetricians and Gynecologists and the
Society for Maternal-Fetal Medicine convened a consensus conference to work on
primary prevention of cesarean delivery. Recommendations from this meeting were
summarized in a document published in 2012.29 Further, the American College of
Obstetricians and Gynecologists and the Society for Maternal-Fetal Medicine
published an Obstetric Care Consensus document that delineated a number of
approaches to safely reducing the cesarean delivery rate.30 When considering how
the cesarean rate might be safely and meaningfully lowered, it is important to consider
the most common indications for cesarean delivery, which are a prior cesarean, failed
progression in labor, and abnormal fetal heart rate tracing. Potential approaches and
frame their potential impact on the cesarean delivery rate are outlined herein.

VAGINAL BIRTH AFTER CESAREAN DELIVERY

Whereas the documents listed focus on the prevention of the primary cesarean, in the
one previous time that the cesarean rate was lowered in the United States, the focus
was on TOLAC. Unfortunately, a backlash against attempting TOLAC by many hospi-
tals and providers alike has led to a national VBAC rate that is less than 10%.4 Although
many women would not choose to undergo TOLAC, evidence suggests that more than
10% do so and that the current environment is not conducive to achieving a VBAC for
many such women. Although VBAC should likely not be universally available at every
hospital in the country, there are many hospitals where a safe TOLAC could be offered
that do not support TOLAC. Organizational changes in obstetric units such as having
laborists available around the clock as well as the availability of in-house anesthesia
have improved the safety of a TOLAC, and this remains a viable way to reduce the
cesarean delivery rate overall. Even if the VBAC rate increased back up to 25% from
the current 10%, there would be far fewer repeat cesarean deliveries.

LABOR MANAGEMENT

The bulk of indicated cesarean deliveries are performed for failed progression of labor
during the first or second stages of labor. Labor dystocia has been estimated to
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account for about one-fifth of all cesarean deliveries.28 Because the majority of these
cesarean deliveries are in women with no prior cesarean delivery, many are primary
cesarean deliveries that then lead to future cesarean deliveries because the VBAC
rate is so low. The single most common indication is for failed progression in the first
stage of labor, commonly diagnosed as active phase arrest. Failed progress in labor is
traditionally based on labor norms established more than 50 years ago from a single
study.
In 1954, Dr Emmanuel Friedman published a prospective analysis of labor norms

drawn from a relatively small cohort of approximately 500 women.3 This study pro-
vided labor thresholds such as the fifth centile of progression (the 95th centile of
length of time to achieve 1 cm of dilation) throughout labor.31 These thresholds
became universally accepted and used to ascertain when a labor was going too
long. In Friedman’s study, the first stage of labor was broken into the latent and
active phases, which were commonly demarcated by a cervical dilation of 3 to
4 cm. This threshold identified the beginning of when labor began to progress
rapidly. Thus, during the latent phase, it was understood that labor could progress
slowly but, once the onset of active labor began, generally, a progression of at least
1 cm of dilation per hour was anticipated. When progress was slower than this, a
laboring woman could be said to be “falling off of the labor curve.” Given this
threshold and with this understanding, when a woman made no progress in the
active phase for 2 hours, active phase arrest was diagnosed and became a leading
indication for cesarean delivery.
However, recent evidence refutes the use of these thresholds. For example, the

largest study of labor, the Consortium on Safe Labor, reported that the 95th centile
of progress in labor from 4 to 5 cm is 6.4 hours and from 5 to 6 cm is 3.2 hours.32

This suggests that the active phase of labor may not begin until 6 cm of dilation in
some women and a slow progression from 4 to 6 cm should be tolerated. Furthermore,
the 2-hour threshold diagnosis of active phase arrest was challenged by a prospective
study.33 In that study, the authors demonstrated that waiting for cervical change dur-
ing the active phase of labor for at least 4 hours in the setting of adequate contractions
or 6 hours without adequate contractions would lead to 60% of such women going on
to deliver vaginally without evidence of harm to either the mother or infant. In a similar
study, the investigators found not only would the cesarean rate be reduced and no
evidence of increased neonatal morbidity, but the risk of complications in women
was lowered.34

In the second stage of labor, similarly the amount of time beyond which a second
stage of labor was characterized as prolonged has likely been too short. One example
of this is that although 1 additional hour of the second stage has been traditionally
used for women with an epidural, this seems to have been based on mean or median
differences that are generally less than 1 hour.35 However, when a recent study exam-
ined the 95th centile of differences between women without epidural in the second
stage, a difference of 2 hours or more was identified in both nulliparous and multipa-
rous women.36 Thus, management in the second stage of labor should entail ongoing
assessment of progress during the second stage, but allowing for at least 2 hours of
second stage in multiparous and 3 hours of second stage in nulliparous women, and
further allowing for an additional 2 hours in women with an epidural.
In addition to increased patience during the second stage, when the fetal vertex is

engaged, operative vaginal delivery remains a beneficial adjunct to achieve vaginal
delivery, although it has declined in recent years.37 Thus, it is important that the
next generation of providers continue to be trained to perform operative vaginal
deliveries.38
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ABNORMAL FETAL HEART RATE TRACINGS

After abnormal progression in labor, the second most common indication for a
cesarean during labor is an abnormal or indeterminate fetal heart rate tracing.
Currently, fetal heart tracings are commonly described as belonging to 1 of 3
categories—I, II, and III. Category I tracings are entirely benign and generally of no
concern whatsoever. Category III tracings are almost always an indication for imme-
diate delivery and rarely controversial. However, a large majority of fetal heart rate
tracings are described as category II. For example, in 1 recent study, more than
90% of fetal heart rate tracings were category II during the second stage of labor.39

Category II tracings are labeled indeterminate, although they are not particularly pre-
dictive of neonatal acidemia.40 Thus, category II tracings may have some features of
concern, such as fetal heart rate decelerations, but may have other reassuring features
such as moderate variability. Thus, in an effort to prevent fetal/neonatal acidemia,
many cesarean deliveries are performed for category II fetal heart rate tracings. To
avoid unnecessary cesarean deliveries, a variety of intervening steps should be taken
before operative delivery is carried out. There are a range of resuscitative measures,
such as maternal position change, intravenous fluids, and ensuring adequate blood
pressure after obtaining regional analgesia. Additionally, in the setting of repetitive
fetal heart rate decelerations, if oxytocin augmentation is being used, this measure
can be decreased or halted if there is concern. Another approach for such repetitive
decelerations has been the use of intrauterine pressure catheter and amnioinfusion.41

Finally, if there is not moderate variability to reassure the clinician, fetal scalp stimula-
tion with a response of a fetal heart rate acceleration is quite useful to ensure a pH of
greater than 7.20.42 Despite these approaches, there are still likely too many cesarean
deliveries performed for concern about fetal heart rate tracings. Despite the ubiquitous
use of continuous fetal heart rate tracings for 40 years, there is a great ongoing need
for more clinical research to ascertain the best use of this technology.

MALPOSITION

An additional issue raised about management of patients in the second stage of labor
is for those with fetal malposition, in particular, the occiput transverse or occiput pos-
terior positions. It is estimated that persistent fetal malposition occurs in approxi-
mately 5% of laboring fetuses, is increased with epidurals, and is associated with
an increased risk of cesarean delivery and with both maternal and neonatal complica-
tions.43 One approach to fetal malposition is increased patience in both the first and
second stages of labor. Similar to the effect of the epidural on the length of second
stage of labor, fetal malposition leads to both longer first and second stages of labor.
However, it does seem that fetal malposition cannot always be overcome simply by
increasing the length of time in the first or second stage. In the second stage, rotation
of the fetal occiput is a useful obstetric skill. Historically, this was accomplished with
forceps, particularly the Kielland forceps.44 However, with a decreasing proportion of
providers being trained to perform forceps rotations, increasingly the approach taken
is manual rotation of the fetal occiput.45 This approach has been shown to significantly
reduce the risk of cesarean delivery and is relatively safe and easy to train.

MALPRESENTATION

Fetal malpresentation, most commonly breech presentation at term, is seen in approx-
imately 4% of pregnancies.46 Currently, the vast majority of such pregnancies are
delivered via cesarean delivery. Thus, the primary approach to reducing cesarean
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deliveries in the setting of breech presentation is the use of external cephalic version
(ECV) before the onset of labor, usually at 36 to 37 weeks of gestation. In general, ECV
is effective in approximately 70% of attempts and the majority of women with a suc-
cessful ECV go on to deliver vaginally.47 Additionally, ECV success has been shown to
be improved with the use of regional anesthesia; thus, its use would likely reduce
cesarean deliveries for malpresentation.48 Last, moxibustion (a Chinese medicine
approach) has been shown to reduce breech presentation and should be at least
mentioned to patients with a breech-presenting fetus.49

TWIN GESTATIONS

Simply put, there is supportive evidence for attempting vaginal delivery in the setting of
a twin gestation with the presenting twin in a cephalic presentation. In particular, a
recent randomized trial found no improvement in neonatal outcomes in the setting
of planned cesarean for a twin gestation.50 Thus, continued training of providers to
be able to provide vaginal delivery for both vertex–vertex and vertex–breech twins
is imperative to allow this option for all women with twin gestations.

INDUCTION OF LABOR

Interestingly, induction of labor has received a lot of negative attention as a source of
cesarean deliveries. However, the evidence is not entirely clear regarding induction
and cesarean delivery. Although retrospective studies that compare induction of labor
and spontaneous labor do find such an association, this is an improper comparison.
The true alternative to induction of labor is expectant management as opposed to
spontaneous labor.51 When induction of labor is compared with expectant manage-
ment, it does not seem to be associated with an increase in the risk of cesarean
delivery.52,53 Further, in prospective, randomized trials at 41 weeks of gestation and
beyond, the risk of cesarean delivery is lower in the women who were induced.54,55

Given this evidence, one might come to the conclusion that all women should be
induced to prevent cesarean deliveries. However, that approach has not been demon-
strated in large trials. In fact, routine induction of labor in the wrong setting may
increase the risk of cesarean delivery. In particular, if length of time is being used to
define a failed induction of labor, that can lead to an increase in cesarean deliveries.56

Thus, the Safe Prevention of the First Cesarean document suggested that no induction
be called a failed induction until at least 24 hours of induction attempt or at least 12 to
18 hours of ruptured membranes. Additionally, induction techniques should include
the vast array of cervical ripening agents (eg, prostaglandins, Foley bulb) approaches
to the unfavorable cervix.57

OTHER MANAGEMENT ISSUES

Another practice that has been found to reduce the rate of cesarean delivery is contin-
uous labor support.58 Whether the person providing the support needs to have spe-
cific training (eg, a doula) or a longstanding relationship with the patient is less
clear, but this has led to some institutions creating a doula pool for women who
have not arranged for one before labor and delivery. The exact mechanism of labor
support in reducing cesarean deliveries is unclear, but it certainly seems to be an inex-
pensive way to avoid an operative delivery. Another approach is delayed admission in
the latent phase of labor. Although there are no randomized trials, 1 study found that
the practice reduced cesarean deliveries and saved costs.59 However, another recent
study did not demonstrate a difference from this practice.60 These management
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issues are also going to vary based on the local obstetric culture. Any attempt to suc-
cessfully reduce the rate of cesarean deliveries will likely have to have obstetric culture
change as a component.

SUMMARY

Although cesarean delivery may be an increasingly safe alternative to vaginal delivery,
its use in 1 in 3 women giving birth is likely too high. Furthermore, the downstream
impact of cesarean delivery on future pregnancies is likely not well-considered
when the first cesarean delivery is being performed. There are a range of practices
that have become standard usage over decades that should be carefully questioned
and replaced by standardized, evidence-based practices. In doing so, the rate of
cesarean deliveries may be safely decreased. However, given the practice environ-
ment that clinicians are facing and the cultural and medicolegal pressures, there will
need to be systems approaches that will need to be adopted to affect the cesarean
delivery rate at a national level.61 Through such quality improvement efforts that are
health system wide and even statewide, through perinatal quality collaboratives as
well as through tort reform efforts, the environmental changes will allow clinicians to
adopt the range of practices described. However, without such environmental
changes, clinicians may not be able to change their own practice patterns that have
been encouraged by the given environments in which they practice.
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Defining and Managing
Normal and Abnormal First
Stage of Labor

Janine S. Rhoades, MD, Alison G. Cahill, MD, MSCI*

INTRODUCTION

There has been a dramatic increase in the cesarean delivery (CD) rate over the past
15 years. CD is the most common major surgery performed in the United States
and approximately 1 of every 3 pregnancies is delivered by CD. In 2007, 26.5% of
low-risk primiparous patients had a CD. Of US women who require an initial cesarean,
more than 90% have a subsequent repeat CD.1

Given that 90% of women have a repeat CD, the most effective approach to
reducing the cesarean rate and its associated morbidities is to reduce the primary
CD rate. The first step to reduce the primary CD rate is to assess the indications for
which primary cesareans are performed. A recent study found that a diagnosis of labor
arrest accounted for the largest portion of primary CD at 34% (Fig. 1).2 This large
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KEY POINTS

� The first stage of labor has a significantly longer latent phase than was previously thought,
especially in nulliparous patients, obese patients, and induction of labor.

� The transition from the latent phase to the active phase of labor does not occur until 6 cm
of cervical dilatation in all patients.

� Arrest of the first stage of labor is diagnosed by greater than or equal to 6 cm of dilatation,
ruptured membranes, and no cervical change with 4 hours of adequate or 6 hours of inad-
equate contractions.

� Failed induction of labor is diagnosed after cervical ripening by failure to generate regular
contractions and cervical change with 24 hours of oxytocin and rupture of membranes.

� Providers should be aware of abnormal progression in the first stage of labor and use
oxytocin, internal tocodynamometry, and/or amniotomy to increase the likelihood of
vaginal delivery.
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contribution to the primary CD rate is potentially modifiable with appropriate manage-
ment of labor and diagnosis of labor arrest.
This article reviews the normal progression of the first stage of labor for patients in

spontaneous labor as well as several special populations, defines labor arrest in the
modern obstetric population, and discusses management options for abnormal first
stage of labor progression.

HISTORIC VERSUS MODERN LABOR CURVE

Until recently, the definition of normal first-stage labor progression was based on data
published in the 1950s. The traditional Friedman labor curve described the latent
phase of labor from 0 to 4 cm, at which point the slope of the curve increased with
more rapid cervical change in the active phase of labor from 4 to 10 cm. Friedman3

also described a deceleration phase as the patient reached 9 to 10 cm, at which point
labor progression slowed (Fig. 2).

Fig. 1. Indications for primary CD. (Adapted from Barber EL, Lundsberg LS, Belanger K, et al.
Indications contributing to the increasing cesarean delivery rate. Obstet Gynecol
2011;118(1):29–38; with permission.)

Fig. 2. Historical labor curve for patients in spontaneous labor. Accel, acceleration; Decel,
deceleration; Max, maximum; Sec, second. (Adapted from Friedman EA. The graphic analysis
of labor. Am J Obstet Gynecol 1954;68(6):1572; with permission.)
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In contrast, the modern labor curve identifies a transition from the latent to active
phase of labor at about 6 cm of cervical dilatation. Before 6 cm, the latent phase of
labor is longer and progresses more slowly than that described by Friedman.3

However, the active phase of labor progresses more quickly, especially in multiparous
patients. In the modern curve, there is no deceleration phase near 10 cm (Fig. 3).4

The differences in these 2 labor curves are attributable to many factors. First, the
obstetric patient population is drastically different now from that of the 1950s. Obstet-
ric patients now are generally older, of greater maternal weight, have increased use of
anesthesia in labor, increased use of induction or augmentation of labor, and deliver
babies of higher birth weight compared with patients in the 1950s. In addition, the
updated labor curve was constructed using modern statistical methods that account
for cervical examinations being repeated many times in the same patient, and for the
impossibility of knowing at exactly what time a patient’s cervix changed from 1 cm to
the next.4

SPONTANEOUS LABOR

In 2010, Zhang and colleagues4 published data on the normal progression of sponta-
neous labor in a contemporary patient cohort. They included more than 60,000
patients from 19 hospitals across the United States with term pregnancies who
achieved a vaginal delivery with normal neonatal outcomes. They stratified their anal-
ysis by parity. Nulliparous and multiparous women progressed similarly in labor up to
6 cm of cervical dilatation. In this latent phase of labor, they found that it may take
more than 7 hours to progress from 4 to 5 cm and more than 3 hours to progress
from 5 to 6 cm, regardless of parity. After 6 cm, labor progressed more rapidly, espe-
cially in multiparous women, indicating the active phase of labor. In the active phase of
labor, they found that it may take 1.4 to 2.2 hours to progress each centimeter for
nulliparous patients and 0.8 to 1.8 hours for multiparous patients. These data allowed
construction of the modern labor curve described previously of the expected normal
progression of the first stage of labor for patients in spontaneous labor.
Using the modern definitions of spontaneous labor, Wood and colleagues5

assessed the optimal cervical dilatation for admission of women in spontaneous labor
with intact membranes at term. They assessed the risk of CD based on more than
2000 patients’ cervical dilatation on admission for spontaneous labor. Admission in
latent labor at less than 6 cm was associated with an increased risk of CD compared

Fig. 3. Modern labor curve for patients in spontaneous labor stratified by parity. P0, nullip-
arous; P1, parity of 1; P21, parity of 2 or greater. (From Zhang J, Landy HJ, Branch DW, et al.
Contemporary patterns of spontaneous labor with normal neonatal outcomes. Obstet Gyne-
col 2010;116(6):1283; with permission.)
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with women admitted at greater than or equal to 6 cm (13.2% vs 3.5%; relative risk,
3.73; 95% confidence interval, 1.94, 7.17). They analyzed each individual centimeter
of cervical dilatation, and there was a higher rate of cesarean and cesarean for labor
arrest at each centimeter of admission cervical dilatation less than 5 cm (Fig. 4).5

Based on these data, it may be prudent to consider deferring admission of patients
with intact membranes in latent labor at term to decrease their risk of CD, especially
patients who are less than 5 cm dilated.

INDUCED LABOR

Induction of labor has become increasingly common and has increased 140% since
1990.6 Several studies have associated induction of labor with an increased risk of
CD.7–9 However, many of these studies have compared patients who were induced
with those in spontaneous labor at the same gestational age. This comparison is unfair
because the alternative to an induction of labor is ongoing expectant management of
the pregnancy, not spontaneous labor. In addition, an induction of labor is a different
process compared with a woman who presents in spontaneous labor, and the defini-
tions of normal spontaneous labor cannot be directly applied to induced labor.
In order to define normal progression of induced labor, Harper and colleagues6 con-

ducted a study of more than 5000 term pregnancies that reached 10 cm of cervical
dilatation. They compared normal labor progression in women whose labor was
induced with women whose labor was spontaneous and stratified by parity. The me-
dian time to progress from 4 to 10 cm in induced nulliparous patients was 5.5 hours;
however, it may take as long as nearly 17 hours (95th percentile). This time is signifi-
cantly longer than the time for nulliparous patients in spontaneous labor to progress
from 4 to 10 cm (median, 3.8 hours; 95th percentile, 11.8 hours). Their findings were
similar in multiparous patients. The median time to progress from 4 to 10 cm was
4.4 hours for induced multiparous patients, with an upper limit of normal of 16.2 hours.
In comparison, multiparous patients in spontaneous labor had a median of 2.4 hours
to progress from 4 to 10 cm with a 95th percentile of 8.8 hours. For both nulliparous

Fig. 4. Relative risk of CD based on admission cervical dilatation of patients in spontaneous
labor. (FromWood AM, Frey HA, Tuuli MG, et al. Optimal admission cervical dilation in spon-
taneously laboring women. Am J Perinatol 2016;33(2):190; with permission.)
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and multiparous patients, once women reached the active phase of labor (6 cm or
greater), both induced and spontaneous labor progressed at similar rates.
Overall, regardless of parity, induced labor has a significantly longer latent phase

than spontaneous labor. However, the active phase of labor is similar between the
two groups. The previously described increased rate of CD in patients who undergo
induction of labor is likely at least in part caused by providers inappropriately holding
induced patients to the same standard of expected labor progression as patients in
spontaneous labor, which leads to a premature diagnosis of labor arrest in the latent
phase of induced labor.

SPECIAL POPULATIONS

There are several unique populations for whom a normal first stage of labor may be
slightly different from that of the general population. Three such populations that
have been studied are discussed later: obese patients, patients in preterm labor,
and patients undergoing a trial of labor after cesarean (TOLAC).

OBESITY

Obesity is an independent risk factor for CD and the complications of CD, such as
wound separation or infection, anesthetic complications, and thrombosis, dispropor-
tionately affect obese women. To characterize normal progression of the first stage of
labor in obese women, Norman and colleagues10 conducted a study of more than
5000 women at term who reached 10 cm of cervical dilatation. They compared labor
progression between obese (body mass index [BMI] �30 kg/m2) and nonobese
(BMI <30 kg/m2) patients. The median time for obese patients to progress from 4 to
10 cm was significantly longer than for nonobese patients (4.7 hours vs 4.1 hours;
P<.01). In addition, the upper limit of normal (95th percentile) was more than 16 hours
for obese patients compared with 14 hours for nonobese patients. These differences
were most notable in the latent phase of labor. After 6 cm of cervical dilatation, there
was no longer a significant difference in the rate of progression. These findings were
consistent for both nulliparous and multiparous patients (Fig. 5).
When their results were stratified by BMI 30 to 40 kg/m2 and BMI greater than

40 kg/m2, increasing BMI was associated with a significantly longer time to reach

Fig. 5. Average labor curves for obese (BMI �30 kg/m2) compared with nonobese
(BMI <30 kg/m2) patients stratified by parity. (From Norman SM, Tuuli MG, Odibo AO,
et al. The effects of obesity on the first stage of labor. Obstet Gynecol 2012;120(1):133;
with permission.)
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each centimeter of cervical dilatation up to 6 cm. In addition, the median time to
progress from 4 to 10 cm was approximately 2 hours longer in patients with BMI
greater than 40 kg/m2 than in normal-weight patients (BMI, 25 kg/m2 or less) for
both nulliparous (6.7 hours vs 4.6 hours) and multiparous (5.0 hours vs 3.3 hours)
women. Strikingly, the 95th percentile for time to progress from 4 to 10 cm for pa-
tients with BMI greater than 40 kg/m2 was 21.2 hours for nulliparous patients
(compared with 14.4 hours for normal-weight patients) and 19.2 hours for multipa-
rous patients (compared with 12.6 hours for normal-weight patients).10

In summary, maternal obesity significantly prolongs the normal first stage of labor,
particularly the latent phase of labor, even in multiparous patients. As the severity of
obesity increases, the effect on prolonging the first stage of labor is more notable.
Thus, it is prudent for providers to consider the patient’s BMI when interpreting the pa-
tient’s labor curve and considering a diagnosis of labor arrest.

PRETERM LABOR

Preterm labor is common; approximately 1 of every 8 infants in the United States is
born preterm (<37 weeks’ gestational age). However, patients who deliver preterm
were excluded from both historical and modern studies of normal labor progression.
To define normal progression in preterm labor, Spain and colleagues11 compared the
first stage of preterm labor with the first stage of term labor in a cohort of more than
5000 births greater than or equal to 24 weeks’ gestation who reached 10 cm of cervi-
cal dilatation. The median time to progress from 4 to 10 cm was significantly faster in
preterm labor than in term labor, and this was true for both nulliparous andmultiparous
patients, as well as patients in induced or spontaneous labor. The primary difference in
the labor curves between preterm and term labor was in the active phase of labor
when preterm labor progressed more rapidly than term labor. Importantly, the transi-
tion from latent to active labor occurred at about 6 cm of cervical dilatation, similar to
patients in labor at term. These data on the normal labor curve for the first stage of pre-
term labor are clinically useful for understanding the expected labor progression in pa-
tients undergoing an indicated preterm delivery, as well as for determining the stability
of patients in preterm labor for transport to a tertiary care facility.

TRIAL OF LABOR AFTER CESAREAN

Another unique population to consider are those laboring patients who have under-
gone a previous CD. Graseck and colleagues12 compared the first stage of term,
spontaneous labor, in patients undergoing trial of labor after cesarean (TOLAC) with
those without a history of CD. They included more than 2000 patients who reached
10 cm of cervical dilatation. They found no difference in the rate of cervical dilatation
between patients undergoing TOLAC and the non-TOLAC group. The investigators
stratified their analysis by a history of a previous vaginal delivery and found no change
in their results. Thus, the expected progression in the first stage of spontaneous labor
for patients undergoing TOLAC is the same as for those patients without a prior cesar-
ean. The diagnosis of labor arrest should be made by the same criteria as for patients
without a uterine scar.
An additional study by Sondgeroth and colleagues13 included 473 patients with a

prior CD who achieved a vaginal birth after cesarean at term and compared the first
stage of labor between those patients who were induced and those who had sponta-
neous labor. Similar to previous data from patients without a uterine scar, patients
induced with a prior CD progressed more slowly in the first stage of labor than patients
in spontaneous labor with a prior CD. This difference was most notable in the latent
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phase of labor and the progression was similar between the 2 groups in the active
phase of labor after 6 cm of cervical dilatation. Patients undergoing an induction of la-
bor with a history of a CD should be expected to progress in the first stage of labor
similarly to those patients who are induced without a prior CD with a significantly
longer latent phase of labor than patients in spontaneous labor.

FETAL DESCENT

In addition to cervical dilatation, fetal descent within the pelvis is also necessary to
reach a vaginal delivery and is another important consideration when assessing a pa-
tient’s progress in the first stage of labor. In order to define normal fetal descent in the
first stage of labor, Graseck and colleagues14 conducted a retrospective cohort study
of more than 4500 term patients who achieved a vaginal delivery and determined the
duration of labor between levels of station and estimated the median station for each
given cervical dilatation. They stratified their analysis by parity and by spontaneous or
induced labor.
The investigators found that multiparous women had faster fetal descent than nullip-

arous women at all stations except from12 to13 station when descent was similar to
nulliparous patients. Similarly, women in spontaneous labor had faster fetal descent
than women whose labor was induced or augmented at all stations except 12
to 13 when again the duration was comparable between the 2 groups. The investiga-
tors noted that there was wide variation in the normal length of time spent at high sta-
tion (>0 station), especially in nulliparous and induced patients. The 95th percentile
includedmore than 12 hours for nulliparous patients to descend from�2 to�1 station.
In general, multiparous women had a higher station at greater cervical dilatation

than nulliparous women. However, 95% of all patients were 0 station or lower at
10 cm of cervical dilatation.14 Providers should be comfortable with slow descent
from high stations early in the first stage of labor. However, by complete cervical dila-
tation a high fetal station should be considered abnormal.

DEFINITIONS OF LABOR ARREST

A workshop was held in 2012 with experts from the Society for Maternal-Fetal Medi-
cine, Eunice Kennedy Shriver National Institute of Child Health and Human Develop-
ment, and the American College of Obstetricians and Gynecologists to identify
strategies to reduce the CD rate, especially the primary cesarean rate.1 One major
focus of this workshop was to redefine recommendations for labor management
and diagnosis of labor arrest disorders based on the data on normal modern labor
curves.

FIRST-STAGE LABOR ARREST

The traditional definitions of abnormal labor progression and labor arrest were based
on the historical labor curve by Friedman.3 Abnormal labor progression was defined as
less than 1.2 cm cervical dilatation per hour in nulliparous patients and less than
1.5 cm/h in multiparous patients. Arrest of the first stage of labor was diagnosed after
no cervical change for greater than or equal to 2 hours with adequate contractions and
cervical dilatation of at least 4 cm. These definitions are no longer acceptable for use.
The current definition of the first stage of labor arrest requires the patient to (1) be at

least 6 cm dilated, (2) have membranes ruptured, and (3) make no cervical change for
at least 4 hours of adequate contractions or at least 6 hours of inadequate contrac-
tions with oxytocin use to attempt to achieve adequate contractions.1 Because the
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active phase of labor does not begin until 6 cm of cervical dilatation, the standards for
the active phase labor progress cannot be applied at lesser cervical dilatations and a
diagnosis of arrest of the first stage of labor cannot be made until that point. It is also
important to note that the term protracted labor is no longer in use. Slow, but progres-
sive, labor should not be an indication for cesarean. In addition, a prolonged latent
phase of labor (previously defined as >20 hours in nulliparous patients
and >14 hours in multiparous patients) is no longer an indication for CD.1,15

FAILED INDUCTION OF LABOR

Before active labor, the diagnosis of arrest of the first stage of labor cannot be made.
In that case, the diagnosis is a failed induction of labor. The diagnosis of failed induc-
tion of labor requires that the patient (1) has first undergone complete cervical
ripening, and then (2) fails to generate regular (every 3 minutes) contractions and cer-
vical change after at least 24 hours of oxytocin with artificial rupture of membranes if
possible. A normal induction of labor may takemany hours to days and has been asso-
ciated with an increased risk of CD. Thus it is not recommended to induce a patient
with an unfavorable cervix before 41 weeks’ gestation unless it is medically indicated.
When an induction is indicated with an unfavorable cervix, cervical ripening agents
should be used and have been shown to lead to lower rates of cesarean.1,15

MANAGEMENT OF ABNORMAL LABOR

A long first stage of labor introduces both maternal and neonatal risk. A retrospective
study by Harper and colleagues16 of more than 5000 women who reached the second
stage of labor at term assessed the maternal and neonatal risk associated with
increasing duration of the first stage of labor. They compared outcomes in patients
whose first stage of labor was less than the 90th percentile, 90th to 94th percentile,
95th to 96th percentile, and greater than or equal to the 97th percentile. Increasing
duration of the first stage of labor was associated with an increased risk of maternal
fever, shoulder dystocia, and neonatal admission to a level 2 or 3 nursery.
There are several strategies to actively manage the first stage of labor when it begins

to progress abnormally. Providers should closely follow each patient’s labor curve and
be aware of when labor is not progressing as expected. In those situations, the pro-
vider should have a low threshold to use interventions such as oxytocin, internal toco-
dynamometry, and amniotomy to maximize the likelihood of achieving a vaginal
delivery.

OXYTOCIN

Oxytocin is the most commonly used intervention for labor dystocia. In a study by
Rouse and colleagues,17 patients in spontaneous labor were initiated on oxytocin
augmentation after labor arrest in the active phase. The vaginal delivery rate for multip-
arous patients who made progress after 2 hours of oxytocin was 99% and for those
who made progress after 4 hours of oxytocin it was 98%. Even for those multiparous
patients who had not yet made cervical change after 4 hours of oxytocin, 88% still ul-
timately achieved a vaginal delivery. The results were similar for nulliparous patients.
Nulliparas who made progress after 2 hours of oxytocin had a vaginal delivery rate of
97% and those who made cervical change after 4 hours of oxytocin had a vaginal de-
livery rate of 94%. For those nulliparous patients who had not made labor progress
after 4 hours of oxytocin, the vaginal delivery rate was still 56%. There were no severe
adverse maternal or neonatal outcomes with the use of oxytocin. Thus, oxytocin is a
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safe and effective intervention for abnormal progression in the first stage of labor.
Administration of oxytocin should be considered a first-line therapy for patients with
abnormal progression in the first stage of labor.

INTERNAL TOCODYNAMOMETRY

Internal tocodynamometry by an intrauterine pressure catheter (IUPC) is often used as a
means to more accurately quantify the frequency, duration, and magnitude of uterine
contractions compared with external tocodynamometry. A randomized controlled trial
was conducted in the Netherlands comparing the operative delivery rates (CD or oper-
ative vaginal delivery) between patients randomized to receive an IUPCor external toco-
dynamometryat thebeginningof labor. Therewasnodifference inoperativedelivery rate
between the twogroups, andnodifference in adversematernal or neonatal outcomes.18

Despite no evidence that use of an IUPC reduces the CD rate, its use is advocated
by many clinicians. It is not recommended for routine use on all laboring patients, but it
is recommended in many special circumstances. One such circumstance is maternal
obesity or any other condition in which the external tocodynamometry is not able to
accurately record uterine activity. In addition, its use should be strongly considered
when a patient is not making expected progress in labor or is not responding as ex-
pected to oxytocin augmentation. These special situations have not been specifically
studied in trials and these patients likely benefit from the use of an IUPC. Furthermore,
in order to diagnose arrest of the first stage of labor, the provider must know whether
the patient has adequate or inadequate contractions. The adequacy of contractions
can only be determined with an IUPC by calculation of Montevideo units. Thus, for pa-
tients who have abnormal progression in the first stage of labor, the use of an IUPC is
recommended to assess the patient’s response to oxytocin and to determine the ad-
equacy of uterine contractions.

AMNIOTOMY

Artificial rupture of the amniotic membranes (amniotomy) is another commonly used
method to augment an abnormal first stage of labor. A randomized controlled trial
of nulliparous women in spontaneous labor found that early amniotomy reduced the
median length of time to progress to complete cervical dilatation and reduced the
rate of labor dystocia. There was no difference in maternal or neonatal outcomes,
including infectious outcomes.19 Although this study did not find a decreased rate
of CD with early amniotomy, another recent randomized controlled trial of a similar pa-
tient population did find that early amniotomy was associated with a lower rate of labor
dystocia as well as CD.20 A recent Cochrane Review assessed the use of oxytocin and
amniotomy in combination compared with expectant management for prevention of,
or therapy for, delay in first stage of spontaneous labor progress. The results showed
that intervention is associated with a shortened duration of labor and a modest reduc-
tion in the rate of CD. Again, no difference was found in adverse maternal or neonatal
outcomes.21 Thus, the combination of oxytocin and amniotomy is safe and effective in
the case of abnormal spontaneous labor progression.

SUMMARY

Modern data have redefined the normal first stage of labor and allowed new diagnostic
criteria to be established to diagnose first-stage labor arrest and failed induction of la-
bor. Key differences include that the latent phase of labor is much slower than was
previously thought and the transition from latent to active labor does not occur until
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about 6 cm of cervical dilatation, regardless of parity or whether labor was sponta-
neous or induced.
Diagnosis of arrest of the first stage of labor is only made once the patient is at least

6 cm dilated, has ruptured membranes, and has made no cervical change with 4 hours
of adequate contractions or 6 hours of inadequate contractions. Diagnosis of a failed
induction of labor is made after the patient has undergone complete cervical ripening,
and then has failure to generate regular contractions and cervical change after at least
24 hours of oxytocin with rupture of membranes. Providers should have a low
threshold to use one of the known safe and effective interventions to manage the pa-
tient with abnormal progression in the first stage of labor, including oxytocin, internal
tocodynamometry, and amniotomy.
It is imperative that providers adhere to the new standards for normal progression of

the first stage of labor and diagnosis of labor arrest and failed induction of labor in their
clinical practices. Labor arrest is the most common indication for a primary CD and
there is great potential to decrease the number of cesareans performed for labor arrest
with these new diagnostic criteria. This practice has the potential to significantly affect
the increasing CD rate and its associated morbidities in the United States.
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Labor Induction
Techniques: Which Is the Best?

Christina A. Penfield, MD, MPH*, Deborah A. Wing, MD, MBA

INTRODUCTION

Induction of labor is the artificial stimulation of labor before its spontaneous onset to
promptly achieve vaginal delivery. It is a commonly performed procedure, with
approximately 1 in 5 gravid women undergoing induction of labor in both the United
States and Canada in recent years.1,2

Induction of labor may be advisable whenever the risks of continuing the pregnancy
outweigh the risks associated with induced labor and delivery. When labor induction is
undertaken for appropriate reasons and with a safe and efficient approach, this pro-
cedure can greatly benefit the health of the both mothers and newborns. The indica-
tions, contraindications, and various other considerations that factor into the decision
to induce labor are complex and beyond the scope of this article.
The first description of artificial induction of labor datesback to 1948whenaposterior

pituitary extract of oxytocin was administered by intravenous drip for the purpose of
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KEY POINTS

� A modified Bishop score of 6 or less is the generally accepted threshold to define an
unfavorable cervix, which will benefit from cervical ripening before induction of labor.

� The most effective cervical ripening agent to achieve delivery in 24 hours is vaginal
misoprostol; oral misoprostol is the most likely to achieve vaginal delivery overall.

� The combination of Foley catheter and misoprostol may be more effective than
single-agent cervical ripening agents.

� The combination of amniotomy and intravenous oxytocin the most effective induction
method for a favorable cervix.
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inducing labor.3 Since then, multiple methods have been developed to recreate partu-
rition artificially. Some methods, such as administration of ergot alkaloids, vaginal and
uterine douches, and stimulant injections, have since been abandoned owing to inef-
fectiveness and adverse side effects, whereas other methods have withstood the
test of time and continue to be used successfully in modern obstetric practice.
The modern techniques of labor induction can be divided into the following 2 broad

categories depending on the status of the cervix before induction of labor.

� Cervical ripening agents for the unfavorable cervix: This category includes the
local administration of medication, which softens and opens the cervix (prosta-
glandins) as well as mechanical methods, including insertion of catheters or di-
lators directly into the cervix.

� Induction methods for the favorable cervix: Administration of systemic medica-
tions that stimulate uterine contractions (ie, synthetic oxytocin) and mechanical
methods such as amniotomy.

Each technique of labor induction has associated advantages and disadvantages,
and as a result there is no single method that is uniformly superior for labor induction.
Instead, the approach to labor induction should be tailored to the clinical scenario,
with consideration given to gestational age, prior uterine surgery, fetal status, and
the presence or absence of spontaneous contractions. Additionally, system factors,
such as cost and the availability of immediate emergency cesarean delivery, may
also weigh on the decision. Finally, an induction of labor should consider individual
needs and preferences, and allow women the opportunity to make informed choices
in partnership with health care providers.

ASSESSING THE CERVIX

Before starting a labor induction, the clinician must first assess the cervix to determine
whether or not it is ready to start the labor process. A cervix is termed “favorable” or
“ripe” to begin labor when it has softened or thinned out, making it pliable for stretch-
ing and subsequent dilation. Accurate assessment of the cervix is essential, because
the selection of induction method is typically centered on the cervical status.

Bishop Score

Developed in 1964, a cervical scoring system, referred to as the Bishop score, is the
most commonly used method to assess the ripeness of the cervix before induction.
This system takes into account the position, consistency, effacement (shortening),
and dilation of the cervix, as well as the station (location) of the presenting fetal part
relative to ischial spines (Table 1). A modified Bishop score has also been developed
that replaces effacement with cervical length.4 In these systems, each category is
assigned a score from 0 to 3, with a total maximum score of 13. A higher score reflects
a cervix that is more “ripe” or “favorable” for labor induction. Traditionally, a score of 6
or less is used as a threshold to classify an “unfavorable” cervix that would benefit
from cervical ripening agents during an induction of labor.1

In addition to determining cervical favorability, the Bishop score can also be used to
predict the likelihood of vaginal delivery with induction of labor. Used in this way, a
score of 6 or less is associated with a higher probability of failed induction. With a
score of greater than 8, the probability of a vaginal delivery is the same for induced
or spontaneous labor.1 Aiming to make the Bishop score even more convenient, a
recent study validated a simplified Bishop score using only dilation, station, and
effacement. Compared with the original Bishop score cutoff of greater than 8, a
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simplified Bishop score of greater than 5 has similar or better predictive ability of suc-
cessful induction in a modern obstetric cohort.5

Transvaginal Ultrasound Imaging

Transvaginal ultrasound imaging is also used to assess cervical favorability and predict
the likelihood of vaginal delivery with induction of labor. Ultrasonographic identification
of a short cervical length and the presence of cervical “wedging” (any triangle “V pattern”
at the area of the internal os) are considered signs of a favorable cervix. The ability of ul-
trasoundexamination todetect theseearly changes in the cervix,whichoccurbeforedila-
tion, is advocated as an advantage over digital cervical assessment.6 Additionally,
transvaginal ultrasound imaging is reportedly associatedwith higherpatient satisfaction.7

Using ultrasonographic signs to identify a favorable cervixmay also enable providers
to be more selective in their use of cervical ripening agents without adversely effecting
induction outcome. Instead of using traditional Bishop score cutoffs, when a cervical
length measurement of greater than 28 to 30 mm and less than 30% wedging are
used as criteria for cervical ripening, the use of prostaglandins is significantly reduced
without influencing vaginal delivery rates.8,9 Ultrasound assessment, therefore, holds
promise to reduce the use of cervical ripening during induction of labor, although
more data are needed to confirm these results before transvaginal ultrasound imaging
can be routinely recommended over the standard digital vaginal assessment.10

Ultrasonographic cervical length is also proposed as a method to predict mode of
delivery with labor induction in term gestations, although the results are inconsistent
and conflicting. The use of this modality for this purpose is, therefore, not recommen-
ded at this time.

Fetal Fibronectin

An elevated fetal fibronectin (fFN) concentration is another proposed tool to predict
the duration and success of labor induction. Fibronectin is an extracellular matrix pro-
tein located in amniotic fluid and fetal membranes at the choriodecidual interface.
When this interface becomes disrupted or inflamed (ie, during transformation of the
cervix and membranes preceding labor) fFN “leaks” through the cervix into the vagina.
Detection of this protein in cervicovaginal secretions is, therefore, associated with
proximity to the onset of labor.11–13 More recently, an elevated fFN concentration in
cervicovaginal secretions at term has been associated with a shorter duration of cer-
vical ripening and decreased time to delivery during labor induction,11,14,15 but
notably, fFN does not seem to be predictive of vaginal delivery.15,16 Given the high
cost of the fFN assay, its clinical usefulness for selecting suitable candidates for induc-
tion is limited at this time.

Table 1
Modified Bishop scoring system

0 1 2 3

Dilation, cm Closed 1–2 3–4 5–6

Effacement, % 0–30 40–50 60–70 �80

Station �3 �2 �1, 0 11, 12

Cervical consistency Firm Medium Soft —

Position of the cervix Posterior Midposition Anterior —

From Stock SJ, Calder AA. Induction of labour. In: Baskett TF, Calder AA, Arulkumaran S, editors.
Munro Kerr’s operative obstetrics. 12th edition. Edinburgh (Scottland): Elsevier; 2014. p. 71–9;
with permission.

Labor Induction Techniques 569



Summary: Cervical Assessment

� Amodified Bishop score of 6 or less is the generally accepted threshold to define
an unfavorable cervix, which could benefit from cervical ripening before induction
of labor. A transvaginal cervical length of greater than 28 mm may also predict
the need for cervical ripening.

� A simplified Bishop score of greater than 5 based on dilation, effacement, and
station is predictive of vaginal delivery with induction of labor.

� The high cost and poor predictive value of fFN limit its use for predicting success-
ful induction.

CERVICAL RIPENING WITH PHARMACOLOGIC METHODS

If the cervix is considered “unfavorable,” a ripening process is generally used
before labor induction. In the early 1970s, the introduction of cervical ripening
methods, particularly synthetic prostaglandins, revolutionized the success of the in-
duction process. Although considered less effective, oxytocin can also be used as
a cervical ripening agent in certain clinical scenarios. Each of these options for
pharmaceutical cervical ripening have distinct advantages and disadvantages in la-
bor induction.

Prostaglandins

The administration of synthetic prostaglandins leads to changes in the cervix that
mimic the natural cervical ripening process, including dissolution of collagen fibrils
and increased water content that cause the cervix to swell.17 As a result, the cervix
becomes softened and distensible, and therefore more amenable to the process of
thinning and dilation.18 There are 2 synthetic prostaglandins used routinely for induc-
tion of labor: prostaglandin E1 and prostaglandin E2.

Prostaglandin E1
Misoprostol (Cytotec) is a prostaglandin E1 analog approved by the US Food and Drug
Administration for the treatment and prevention of gastric ulcers related to chronic
nonsteroidal antiinflammatory drug use. Administration of this drug for cervical
ripening and labor induction is considered an off-label use in the United States. How-
ever, both the American College of Obstetricians and Gynecologists and Society of
Obstetricians and Gynecologists of Canada consider misoprostol to be both safe
and efficacious when used as a cervical ripening agent.1,2

Administration of prostaglandin E1 Misoprostol can be administered by vaginal, oral,
and buccal/sublingual routes.

� Vaginal administration—The optimal dose and timing intervals of intravaginally
applied misoprostol are unknown.19–23 A metaanalysis reported that the 50-mg
dose was more effective than 25 mg (eg, higher rates of delivery after a single
dose, delivery within 24 hours, and a lower rate of oxytocin use), but the 25-mg
dose was safer (lower rates of tachysystole, cesarean deliveries for fetal concern,
neonatal intensive care unit admissions, and meconium).24

Recommended dosing: Lower doses, such as 25 mg, should be used initially, with
redosing intervals of 3 to 6 hours.19,25,26 The World Health Organization suggests
25 mg every 6 hours.27

� Oral administration—Oral administration of misoprostol is another option that has
been evaluated in several trials. The concentration of orally administered

Penfield & Wing570



misoprostol peaks sooner and decreases more rapidly than with vaginal admin-
istration, leading to regimens with more frequent dosing intervals.

Recommended dosing: A conservative regimen would be 50 mg tablets orally no
more frequently than every 4 hours, with a maximum of 6 consecutive doses. The
World Health Organization and 2 systematic reviews suggest 25 mg tablet fragments
every 2 hours.27–29

� Buccal or sublingual administration—Other novel approaches to use of miso-
prostol, including buccal and sublingual administration, espoused for a more
rapid uptake than oral or vaginal administration, have been described and
have similar efficacy to vaginal routes of administration.30–33 However, they are
associated with a higher side effect profile. Therefore, more data are needed
before these routes of delivery can be recommended for clinical use.

Comparisons of misoprostol use by route of delivery
� Efficacy: In several randomized trials, all 3 routes of administration have similar
efficacy for achieving vaginal delivery within 24 hours.30,32,34

� Safety: A large systematic review found no difference in serious maternal and
neonatalmorbidity ordeathbetweenoral andvaginalmisoprostol.28Ratesof tachy-
systole are similarwithall 3 routes of administration.However, oralmisoprostolmay
have a safety advantage over other routes owing to a higher consistency in dosing.

� Patient satisfaction: Two studies suggest that the ability to defer a digital cervical
examination is considered an advantage of sublingual and oral administra-
tion,35,36 but patient satisfaction with the various routes of administration has
not been evaluated in any systematic manner.

Future prospects for misoprostol A retrievable misoprostol vaginal insert (Misodel)
that delivers 200 mg over 24 hours has been developed and is available in some coun-
tries. The insert would overcome the challenges of inconsistent misoprostol dosing
and allow for rapid removal with uterine tachysystole or abnormal fetal heart rate pat-
terns. Additionally, in a large randomized trial it decreased time to onset of active labor
and time to vaginal delivery compared with the dinoprostone vaginal insert.37 Cesar-
ean delivery rates were similar with both treatments.

Prostaglandin E2
Two prostaglandin E2 preparations containing dinoprostone are commercially avail-
able in the United States and Canada, Prepdil and Cervidil.

Prepidil This prostaglandin gel contains 0.5 mg of dinoprostone in a 2.5-mL syringe
for endocervical application. If cervical change is inadequate and uterine activity is
minimal after the first dose, it can be repeated every 6 to 12 hours, with no more
than 1.5 mg of dinoprostone administered within a 24-hour period. Oxytocin adminis-
tration should be delayed 6 to 12 hours after the final dose to avoid overstimulating the
uterus.

Cervidil Cervidil is a controlled-release hydrogel pessary containing 10mg of dinopro-
stone in a timed release formulation (released at a rate of 0.3 mg/h). The insert can be
left in place for up to 12 hours, but should be removed if active labor begins. Oxytocin
infusion can begin starting at 30 minutes after removal of the insert.

Comparison of efficacy of preparations of prostaglandin E2 A systematic review
concluded that both the vaginal insert and cervical gel formulations of prostaglandin
E2 have similar effectiveness in achieving active labor and vaginal delivery.38 If regular
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uterine contractions are noted before the start of the induction or there is concern
about the fetal heart rate pattern, use of the vaginal insert would be favored over
the gel formulation because it can be discontinued if uterine tachysystole or abnormal
fetal heart rate patterns develop.

Side effects of prostaglandins
Side effects of prostaglandins include tachysystole, fever, chills, vomiting, and
diarrhea.

Contraindications of prostaglandins

� Prior uterine surgery: Prostaglandins should not be used in term pregnancies with
a prior hysterotomy (ie, prior cesarean birth or myomectomy) because of the
increased risk for uterine rupture.39

� Preexisting uterine activity: Baseline uterine activity is a relative contraindication
to the use of prostaglandins because the addition of an exogenous uterotonic
agent could lead to excessive uterine activity.
� Consider delaying or avoiding administration in a woman with frequent, low
amplitude, painless contractions or 2 or more painful contractions per 10 mi-
nutes, particularly if a uterotonic has already been administered.

� If uterine tachysystole occurs while using prostaglandins:
- With prostaglandin E2 (dinoprostone) vaginal insert: Remove the insert

immediately.
- With prostaglandin E1 (misoprostol) or prostaglandin E2 (dinoprostone)

vaginal gel: The medication will be absorbed completely and its effect
cannot be altered.

� Concern for fetal status:Clinicians should refrain from use of nonretrievable pros-
taglandins E1 and E2 vaginal gel in pregnancies with fetal heart rate abnormal-
ities, because increased uterine activity can further compromise fetal status.

Oxytocin

Oxytocin is the most commonly used drug used to induce labor worldwide. Synthetic
oxytocin is analogous to the natural oxytocin that is released from the posterior pitu-
itary during labor, and can also promote favorable changes in the cervix. In a review of
61 studies of more than 12,000 women, oxytocin was found to be a safe method for
inducing labor.40 However, the clinical usefulness of oxytocin as a cervical ripening
agent is limited by a prolonged induction time and low efficacy in achieving vaginal de-
livery. When comparing oxytocin with vaginal prostaglandins for third trimester cervi-
cal ripening, oxytocin leads to a lower rate of vaginal delivery within 24 hours.40

Importantly, prolonged oxytocin use is associated with an increased risk of peripartum
complications, most notably postpartum hemorrhage.41

Despite these disadvantages, oxytocin is the only induction agent that can be used
in parturients with prior uterine surgery who desire trial of labor when mechanical
methods are not feasible (ie, closed cervix). In this scenario, oxytocin can be used
for cervical ripening until the cervix is dilated enough for mechanical methods.

CERVICAL RIPENING WITH MECHANICAL METHODS

Mechanical methods of induction were developed centuries ago and several of these
techniques are still used commonly in modern obstetrics. These methods initiate labor
by stretching the cervix, and continue to be favored owing to their low cost and lower
incidence of side effects compared with other induction agents. However, the
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disadvantages of these techniques include discomfort with the procedure, bleeding,
and risk of accidental rupture of membranes.

Membrane Stripping

In this approach, the health care provider sweeps a gloved finger over the membranes
that connect the amniotic sac to the wall of the uterus. The action causes the release
prostaglandins, which soften the cervix and may initiate the process of labor.42 A sys-
tematic review found that sweeping the membranes reduced duration of pregnancy
and frequency of pregnancy beyond 41 weeks.43 This technique is therefore primarily
used as a preventative strategy to avoid a formal induction of labor rather than as an
induction technique itself.

Balloon Catheter

A Cook double balloon catheter specifically designed for cervical ripening is commer-
cially available in the United States. Single balloon Foley catheters (typically #16 or
#18) are also commonly used for cervical ripening. Randomized trials demonstrate
similar efficacy of both single and double-balloon catheters, although the Foley cath-
eter’s low cost is a distinct advantage.

Procedure
Balloon catheters are placed using aseptic technique with continuous fetal monitoring.
After placing a sterile speculum, ring forceps can be used to pass the deflated balloon
catheter tip through the internal cervical os and into the extraamniotic space. If there is
difficulty in passing the catheter through a narrow opening, a urologic sound can be
placed inside of the catheter to direct placement. The single Foley balloon catheter
is typically inflated with 30 to 60 mL of sterile water. Caution should be exercised
when inflating the balloon to a high volume, because there have been sporadic reports
of balloon rupture. An extraamniotic saline infusion of 30 to 40 mL/h can also be run
through the catheter into the space between the internal os and placental membranes
(Fig. 1). Data are mixed on the optimal balloon inflation volume44,45 and appropriate
duration of Foley ripening (12 vs 24 hours).45 It is generally recommended to remove
the catheter after 24 hours if it has not been spontaneously expelled.

Risk of infection
Although the balloon catheter was originally suspected to pose an increased risk of
infection owing to the prolonged presence of a foreign body in the cervix, a recent
large metaanalysis involving 5563 women demonstrated no increased risk of infec-
tious morbidity associated with this technique.46

Future prospects for the Foley balloon catheter
Several investigators have pointed to the potential advantages of using outpatient Fo-
ley balloon ripening in uncomplicated term inductions, where the parturient returns to
the hospital after a prespecified time period or when the Foley balloon is expelled. In 1
small randomized trial, the outpatient group avoided 9.6 hours of hospitalization and
had similar neonatal outcomes as the group that had the Foley catheter placed while
inpatient.47 Further studies on safety and patient satisfaction are needed before this
procedure can become widely implemented.

COMPARISON OF METHODS FOR CERVICAL RIPENING

When planning a labor induction, there are a multitude of available options. Taking into
account considerations such as clinical history, baseline uterine activity, cervical
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examination, and fetal status should guide clinicians toward selection of the optimal
cervical ripening agent (Fig. 2). Additionally, there is extensive research comparing
the effectiveness and side effect profile of cervical ripening agents (Table 2).

Single-agent Methods for Cervical Ripening

When comparing methods for cervical ripening, 3 parameters are commonly used:

� Effectiveness—achieving vaginal delivery in 24 hours;
� Mode of delivery—vaginal or cesarean delivery; and
� Adverse side effects—uterine tachysystole with abnormal changes in the fetal
heart rate pattern.

In a 2016 reviewof 96 randomized trials, the authors compared single-agentmethods
for cervical ripening and concluded that no method of cervical ripening demonstrates
superiority in every parameter.48 Instead, a different agent excelled in each of the 3 cat-
egories. Vaginalmisoprostol was themost effective agent, with the highest likelihood of
achieving vaginal delivery in 24hours.Meanwhile, oralmisoprostol wasassociatedwith
the highest likelihood of vaginal delivery overall. These 2 findings were confirmed in
another recent systematic review and network metaanalysis of 611 studies.49

In these systematic reviews, vaginal and sublingual/buccal misoprostol had the high-
est incidenceof uterine hyperstimulation.49 In contrast, the induction agentwith the least
adverse side effects was the Foley catheter.48 Therefore, the preferred induction agent
should be selected based on relative preference for effecting delivery within 24 hours,
minimizing tachysystole and other fetal side effects, and avoiding a cesarean delivery.

Combination Methods for Cervical Ripening

Given that mechanical and pharmacologic cervical ripening agents have different
mechanisms of action, it is plausible that using these methods simultaneously could
produce synergistic effects. Combination methods typically use Foley catheter with
simultaneous administration of either prostaglandins or oxytocin infusions.

Fig. 1. Intracervical Foley balloon with extraamniotic saline infusion. (From Corton MM.
Labor induction. In: Cunningham FG, Leveno KJ, Bloom SL, et al, editors. Williams Obstetrics,
23rd edition. New York: McGraw Hill Education; 2010; p. 504 with permission.)
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The most promising combination method for cervical ripening is Foley catheter and
misoprostol. Although preliminary studies did not detect an advantage to using Foley
catheter and prostaglandins together over using these agents individually, these trials
were limited by small sample size, different dosing of misoprostol, and heterogeneous
labor management.50–52 More recently, 2 large randomized studies demonstrated that
the combination of Foley and either oral or vaginal misoprostol reduced time to delivery
compared with vaginal misoprostol alone.53,54 In another recent randomized study,
women who received both Foley catheter and vaginal misoprostol were twice as likely
to deliver earlier than women who received Foley or vaginal misoprostol alone.55

Fig. 2. Guidelines for labor induction with an unripe cervix. TVUS, transvaginal ultrasound
imaging.
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Table 2
Comparison of cervical ripening agents

Agent Advantages Disadvantages Best Practice Costa

Oxytocin � Ability to titrate dosage
quickly with abnormal fetal
heart rate pattern

� Ability to precisely titrate its
effect

� Increased time from induc-
tion to vaginal delivery
compared with other agents

� Cervical ripening in trial of
labor after cesarean when
cervix is closed.

10-mL ampule $53.31

Prostaglandin E1
(misoprostol)

� Decreased time to delivery
� Highest rates of vaginal

delivery overall

� Contraindicated in the
setting of prior uterine
surgery

� Higher rates of uterine
tachystole

� Avoid use in the setting of
preexisting uterine activity
or concern for potential
fetal decompensation
owing to inability to reverse
uterine stimulation

� Cervical ripening with
closed cervix

� Adjunct to mechanical
methods

100-mg tab 5 $1.09

Prostaglandin E2 vaginal
insert (Cervidil)

� Ability to reverse uterine
stimulation after
administration

� May be used in cases where
fetus is stable but there is
concern for potential
decompensation

� Increased time from admin-
istration to delivery

� Discouraged in the setting
of preexisting uterine activ-
ity or abnormal fetal status

� Cervical ripening in a closed
cervix when fetus is stable
but there is concern for
potential decompensation

$218.94

Mechanical methods (Foley
balloon, Cooks Foley
balloon)

� Ability to reverse uterine
stimulation after
administration

� May be used in cases where
fetus is stable but there is
concern for potential
decompensation

� Discomfort with procedure � Cervical ripening in cervix
that is minimally dilated

� May consider adding
vaginal misoprostol
simultaneously

Foley balloon $3.00
Cook Foley balloon

$41.00

a This cost in US dollars is an estimate of the wholesale cost and does not include the cost of the entire induction or the hospital markup.
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The other option for dual cervical ripening, Foley catheter and oxytocin infusion, has
not demonstrated consistent benefit over Foley catheter alone. In two older randomized
trials, the addition of oxytocin to Foley catheter did not significantly reduce likelihood of
delivery within 24 hours, total time to delivery, or vaginal delivery rate.55,56 In contrast,
three more recent large randomized trials demonstrated reduced time to delivery with
Foley catheter induction when oxytocin infusion was infused simultaneously.55,57,58

Due to these conflicting reports, more studies are needed to confirm efficacy before
this combination cervical ripening method can be recommended universally.
Only one randomized study compared the two dual cervical ripening regimens

head-to-head; this study demonstrated that the misoprostol and Foley combination
significantly reduced time to delivery compared to combining Foley catheter and
oxytocin together.55

Summary: Comparison of Cervical Ripening Methods

� Most effective agent: Vaginal misoprostol.
� Most likely to achieve vaginal delivery: Oral misoprostol.
� Least adverse side effects: Foley catheter.
� The combination of Foley catheter and misoprostol appears to be more effective
than single-agent cervical ripening in several randomized controlled trials.

INDUCTION TECHNIQUES FOR THE FAVORABLE CERVIX

If the cervix is favorable, cervical ripening agents are not typically necessary, and
instead the use of intravenous oxytocin and artificial rupture of membranes is
preferred. Several clinical considerations, such as parity and fetal station, should fac-
tor into the decision for which method should be used first—oxytocin, amniotomy, or a
combination of the both methods simultaneously (Fig. 3).

Mechanical Methods for Induction in the Favorable Cervix: Amniotomy

Artificial rupture of membranes is a procedure used to intentionally rupture the cho-
rioamniotic membranes with the goal to induce or augment labor. To rupture mem-
branes, the cervix must be dilated, typically to at least 3 cm. To minimize the risk of
umbilical cord prolapse after rupture of membranes, the fetal vertex should not be
floating and must be well-applied to the cervix. The amniotomy procedure is typically
carried out by an Amnihook, which is used to create a small opening in the mem-
branes. The fetal heart rate should be monitored before and after membrane rupture.

Timing of amniotomy
There is concern that earlier rupture of membranes will lead to an overall longer expo-
sure to ruptured membranes during labor, which has the potential to increase risk of
chorioamnionitis. Therefore, the appropriate timing of artificial rupture of the mem-
branes that balances the risk of infection with the benefits of expedited labor induction
is debated. In a randomized trial of nulliparous women undergoing induction of labor,
women randomized to rupture of membranes at 4 cm (vs >4 cm) had shortened time to
delivery without an increase in maternal or neonatal infectious complications.59 How-
ever, early amniotomy did not decrease the risk of cesarean delivery.

Addition of oxytocin to amniotomy
When amniotomy is used to induce labor, the combination of amniotomy with intrave-
nous oxytocin is more effective than amniotomy alone.60 For women with a favorable
cervix, this combination is more successful than other agents in achieving vaginal de-
livery in 24 hours.49
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However, there may be clinical scenarios, such as an induction of labor for a multipa-
rouswomanwith a favorable cervix,whereamniotomyalonemayalsobeeffective.61We
recommend either starting oxytocin immediately with artificial rupture ofmembranes, or
if active labor does not start within 2 to 4 hours after amniotomy in amultiparous patient.

Summary: amniotomy

� Artificial rupture of membranes should only be performed when the fetal vertex is
well-applied to the cervix. Performing amniotomy at 4 cm may shorten time to
delivery without increasing the risk of infection.

� The combination of amniotomy and intravenous oxytocin is the most effective in-
duction method for a favorable cervix.

Pharmacologic Methods in the Favorable Cervix: Oxytocin

Oxytocin induces biochemical changes in uterine myofibrils and increases local prosta-
glandin production to further stimulate uterine contractions. Its synthetic analog Pitocin
or Syntocinon is typically administered by intravenous infusion for labor induction with a
favorable cervix. A commonly used strategy is to begin the induction with oxytocin until
artificial rupture of membranes is feasible and the vertex is well-applied to the cervix.

Fig. 3. Guidelines for labor induction with a favorable cervix.
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Oxytocin protocols
The goal of oxytocin infusion is to stimulate sufficient uterine activity to dilate the cervix
and produce fetal descent without causing hypertonic contractions of the uterus, which
can decrease oxygenation of the fetus and, rarely, result in uterine rupture. To achieve
this delicate balance, several protocols for oxytocin administration have been devel-
oped (Table 3). The aim of these protocols is to increase oxytocin dosing until strong
contractions occurring every 2 to 3 minutes are achieved, or uterine activity the reaches
200 to 250 Montevideo units, as measured by an intrauterine pressure catheter. These
regimens seem to be similar in achieving vaginal delivery in 24 hours.62 Although the
high-dose regimen may decrease time to delivery, it is also associated with higher rates
of tachysystole (albeit without an increase in maternal and perinatal complications).62

The plasma half-life of oxytocin is short, with a uterine response in 3 to 6 minutes,
and a steady concentration of oxytocin in plasma is achieved by 40 minutes with
continuous infusion.63 This allows for relatively quick titration to achieve adequate
uterine stimulation and also enables the clinician to abruptly discontinue uterine stim-
ulation if tachysystole an abnormal fetal heart rate pattern develop.

SUMMARY

This article presented an evidence-based overview of contemporary methods avail-
able for labor induction. Familiarity with the advantages and disadvantages of these
methods for various clinical scenarios will guide clinicians toward an induction plan
that is safe, effective, and patient centered, and achieve the overall goal of a healthy
mother and newborn.
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Is There a Place for
Outpatient Preinduction
Cervical Ripening?

Beth Leopold, MD, Anthony Sciscione, DO*

INTRODUCTION

The rate of induction of labor more than doubled between 1990 and 2010 going from
9.6% to 23.7%. The rate of induction has stayed steady with the rate in 2014 being
23.2% for all races according to the National Vital Statistics.1 Reasons for induction
range from intrauterine growth restriction, gestational diabetes, preeclampsia, and
postdates. There are many strategies for induction including pharmacologic and me-
chanical methods. Women who undergo induction frequently have an unfavorable
cervix. Generally, an unfavorable cervix refers to a cervix that is close, posterior,
firm, and not effaced. A Bishops score of less than 6 is usually considered an unfavor-
able cervix.2 Labor induction, particularly in nulliparous women, can take an extended
period and can be achieved through various pharmaceutical and mechanical
methods. Replacing inpatient induction with outpatient strategies continues to be
attractive for physicians, midwives, nurses, and hospital administrators. Decreasing
length of hospital stays, cost, and workload and increasing satisfaction and number
of vaginal deliveries is favorable and continues to be studied. This article reviews
the different methods, safety, and efficacy of outpatient cervical ripening techniques.
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KEY POINTS

� Induction of labor continues to be one of the most commonly performed tasks in
obstetrics.

� Strategies to improve patient/family satisfaction, decrease resource allocation along with
costs, and assure safety will be paramount.

� Although there are many potential candidates, it seems that outpatient preinduction cer-
vical ripening with the Foley catheter meets these criteria in a properly selected group of
low-risk women.
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METHODS
Foley Bulb

The technique of Foley balloon for induction of labor was first described in 1860s.3 The
Foley catheter is a relatively inexpensive and effective method used to perform me-
chanical cervical ripening. The Foley catheter works through mechanical dilation of
the cervix as it is extruded. With dilation of the cervix, endogenous prostaglandins
are released that further augment cervical ripening.4 The Foley catheter comes in mul-
tiple sizes, but the Foley catheter works by having the catheter threaded through the
cervix, inflating the balloon so that it sits just past the internal os, and taping the cath-
eter to the patient’s leg on tension. Multiple studies are looking at various aspects of
the Foley catheter for cervical ripening including how much to inflate the balloon,
whether to put the Foley bulb on tension, and when and which pharmaceutical induc-
tion agents should be used to reduce cesarean delivery rates and time to delivery.
Studies show that Foley bulbs are more effective than placebo in cervical ripening.5,6

Sciscione and colleagues7 in 2001 found that in 111 women randomly assigned to
either 30-mL Foley catheter or 50 mg every 4 hours of vaginal misoprostol, Foley cath-
eters are equally as likely to result in vaginal delivery as vaginal misoprostol and that
time to delivery is not significantly different. A recent meta-analysis by Fox and col-
leagues8 found that the Foley catheter resulted in fewer contractile abnormalities
and less meconium passage.

Outpatient data
Sciscione and colleagues,9 in a prospective trial, looked at outpatient versus inpatient
Foley balloon induction of labor. These authors randomly selected 61 full-term women
with vertex presentations, reactive nonstress test, appropriate amniotic fluid index,
with a Bishop score less than 5. They found that Foley bulb was as effective in the
outpatient setting as in the inpatient setting for preinduction cervical ripening. Further-
more, they found that maximum dose of oxytocin, time of oxytocin, epidural rate, in-
duction time, Apgar scores, and cord pH levels were not significantly different.
Importantly, the outpatient group had 9.6 fewer hours of hospital time. A pilot random-
ized, controlled trial from Wilkinson and colleagues10 looked at 48 women randomly
assigned to either outpatient or inpatient Foley catheter insertion. Although the study
was not powered to measure significant differences in rates of cesarean delivery,
infection, or delivery within 24 hours, they did find a significant reduction in the total
amount of oxytocin used for the outpatient Foley catheter group. They found a 24%
reduction in total oxytocin used in the outpatient group. They proposed that the ability
to go home and physically relax allowed women to be more likely to go into labor natu-
rally after Foley catheter placement. It is clear that the Foley catheter can be effectively
managed by a patient in the outpatient setting.

Risks and safety profile
Overall, Foley balloons are a safe form of cervical ripening. Sciscione and colleagues11

gauged safety by retrospectively reviewing women in the inpatient setting and applied
an outpatient Foley balloon protocol. They found that adverse events including
cesarean delivery for nonreassuring fetal heart tracing, abruption and intrapartum still
birth were not increased in the study group. There were no cesarean deliveries for
those reasons in the 1905 patients who met inclusion criteria. The 3 cesarean deliv-
eries that occurred during the study periods were 1 for face presentation and 2 for ar-
rest of dilation. These 3 women also went into labor naturally or had rupture of
membranes during the study period, which would have excluded them from the out-
patient protocol.11
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There is a theoretic risk that Foley balloon placement will increase the risk of intra-
partum intrauterine infection. A 2015 meta-analysis from McMaster and colleagues12

looked at 26 randomized, controlled trials that included 5563 women undergoing
induction of labor through either prostaglandin preparations or Foley catheter place-
ment. They found that there was no significant difference in rates of chorioamnionitis
between the 2 groups. In 2004, a study looked at rates of intrauterine infection
comparing inpatient and outpatient Foley balloon placement. This study found that
there was no difference in infection rates between the inpatient and outpatient
groups.13 With the American College of Obstetrics and Gynecology’s replacing cho-
rioamnionitis with intra-amniotic infection and inflammation (Triple I), new studies
are needed to reassess the rates of infection between prostaglandin formulations
and Foley catheter insertion.

Prostaglandin Gel and Insert

Background
Similar to the Foley catheters, vaginal prostaglandins and inserts have been used
since the 1960s.14,15 Prostaglandins work by directly ripening the cervix through enzy-
matic degradation of collagen and increasing the water content of the extracellular
matrix. They also indirectly stimulate the myometrium to induce contractions.2 There
are 2 formulations of prostaglandin E2 (PGE2) that are currently available: dinopro-
stone gel that comes in a 2.5-mL syringe with 0.5 mL of dinoprostone and a vaginal
insert containing 10 mg of dinoprostone. Kho and colleagues16 and D’Aniello and col-
leagues17 compared the 2 formulations for effectiveness and safety profiles. They both
found that neither formulation preformed better in reducing time to delivery, rates of
cesarean delivery, or any other birth outcome. Contrarily, Ashwal and colleagues18

found that a vaginal PGE2 insert achieved more cervical ripening and shorter subse-
quent time to delivery than the vaginal gel. Overall, dinoprostone was found to bemore
effective than placebo or no treatment in reducing time to vaginal delivery. In partic-
ular, Thomas and colleagues19 found that PGE2 probably increases the chance of
vaginal delivery within 24 hours, but that it also increases the chances of uterine hy-
perstimulation and subsequent fetal heart rate changes from 1% to 5%.

Outpatient data
Much of the initial data about outpatient cervical ripening came from PGE2 gels and
inserts. PGE2 has been found to be effective in the outpatient setting. O’Brien and col-
leagues20 found in a randomized, double-blind, placebo-controlled trial that 2 mg
PGE2 vaginal gel daily for up to 5 consecutive days wasmore efficacious than placebo
in reducing time to delivery and had higher rates of admissions for spontaneous labor.
Patients were observed for the first 30 minutes after vaginal gel placement. They found
that only one patient out of 100 low-risk patients had tachysystole, which did not
require intervention. Similarly, McKenna and colleagues21 studied at women at
38 weeks or greater with a Bishop score of less than 9 who received either intracervical
prostaglandin gel or placebo for induction in the outpatient setting. They found that
50% delivered within 2 days in the study group compared with only 16% in the pla-
cebo group.
When compared with PGE2 in the inpatient setting, outpatient PGE2 was found

have no effect on time to delivery but to have higher rates of satisfaction than the in-
patient group. In Biem and colleagues,22 300 full-term women were randomly
assigned to either inpatient or outpatient PGE2 for induction of labor. They found
that the women in the outpatient group had a 56% rate of high satisfaction compared
with only 39% in the inpatient group, despite having similar pain and anxiety levels.
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The OPRA study, also by Wilkinson and colleagues23 looked at 827 women randomly
assigned to inpatient versus outpatient vaginal PGE2 induction of labor. They
measured rates of delivery within 24 hours, oxytocin use, rate of cesarean delivery,
and epidural use and found no significant differences between any of these measures.
Other studies looked at the cost effectiveness of outpatient PGE2 induction proto-

cols. Farmer and colleagues24 found in 1996 that the outpatient group accrued signif-
icant less costs than the inpatient ($3835.00 � 2172.00 vs $5049.00 � 2060.00) and
significant less time in the hospital (74.4 � 33.1 hours vs 100.3 � 41.6 hours). Impor-
tantly, they showed that no differences in maternal or fetal outcomes including cesar-
ean delivery rates or neonatal intensive care unit (NICU) admission would have
changed costs significantly. A more recent cost analysis in 2013 from Adelson and col-
leagues25 found that in an Australian trial comparing inpatient and outpatient PGE2
protocols, there were no significant cost savings in the outpatient group.

Risk and safety profile
The risk of hyperstimulation and subsequent nonreassuring fetal heart rate with
vaginal PGE2 is one of the reasons many obstetricians worry about outpatient
PGE2 without continuous or intermittent monitoring. The National Institute for Health
and Care Excellence (NICE) guidelines still allow for vaginal PGE2 use in the outpatient
setting with continued auditing of the induction. However, other groups have come out
against vaginal PGE2 in the outpatient setting for cervical ripening, as they are worried
about contractions that can be caused by PGE2 and the possibility of nonreassuring
fetal heart rate tracing (NRFHT) without monitoring in the outpatient setting.
Salvador and colleagues26 performed a large retrospective cohort trial that looked

at more than 1300 women who underwent either inpatient or outpatient induction
with dinoprostone. They found no differences in fetal outcomes, including 5-minute
Apgar scores or NICU admissions.26 In the Kelly and colleagues14 study, there were
no significant differences between maternal or fetal outcomes. Contrarily, the OPRA
study, discussed above, found that there was an increased rate of tachysystole and
NRFHT in the group randomly assigned to outpatient induction in the initial hour-
long monitoring period. More than half of the patients randomly assigned to this group
were either not allowed to actually be discharged to home secondary to fetal heart rate
concerns or patient anxiety or the patient returned to the hospital before the prear-
ranged time because of concerns about labor. Similarly, Tassone and colleagues27

looked at 111 women who underwent cervical ripening with sustained vaginal PGE2
insert and were monitored in the hospital for 12 hours in a simulated outpatient setting.
They found that 23.4% ended up having regular contractions and that 27.9% removed
the vaginal insert before the end of the 12 hours. The authors concluded that the use of
this vaginal insert may not be favorable in the outpatient setting given the high rate of
uterine contractions and removal of the insert.

Cytotec

Background
Cytotec, or misoprostol, is a synthetic PGE1 that can be given bucally, sublingually,
vaginally, or rectally for cervical ripening. It was originally marketed in 1988 for gastric
ulcers as a cytoprotective agent. Since the early 1990s, studies have found that it is
effective in cervical ripening and labor induction in full-term pregnancies.2 American
Congress of Obstetricians and Gynecologists Practice Bulletin 107 on induction of la-
bor states that despite the off-label use of misoprostol, it is recommended for cervical
ripening.28 A 2010 Cochrane review showed that vaginal misoprostol was more effec-
tive than Foley catheters, vaginal PGE2 inserts or gels, oxytocin, or placebo alone for
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cervical ripening. This analysis found a higher rate of uterine tachysystole and cesar-
ean deliveries for NRFHTs but fewer for failure of labor progression.29

Multiple studies compared misoprostol with one specific other induction mecha-
nism. Fox and colleagues8 looked at 9 prospective, randomized, controlled trials
including 1603 patients comparing Foley catheter and intravaginal misoprostol for
cervical ripening. Their meta-analysis found no significant differences in mean time
to delivery, rate of cesarean deliveries, and chorioamnionitis. When comparing
misoprostol and PGE2, Austin and colleagues30 found that women who received
misoprostol had higher rates of vaginal delivery within 12 and 24 hours compared
with dinoprostone.

Outpatient data
Oral and vaginal misoprostol have been studied for cervical ripening in the outpatient
setting. Compared with placebo, 25 mg of vaginal misoprostol was found to be more
effective in causing women to enter into a regular contraction pattern within 48 hours.
Stitely and colleagues31 looked at women who received 25 mg of vaginal misoprostol
in the morning for 2 days, and if they did not go into labor by the third day, they were
scheduled for inpatient induction. They found the reduction in necessity of induction
on day 3 from 84.8% to 11.1%. In 2004, another study by McKenna and colleagues32

looked at 25 mg of vaginal misoprostol and randomly assigned 68 women to either
study group or placebo group. They found that a single dose of 25 mg of vaginal miso-
prostol was effective in reducing time to delivery in full-term gestations with unfavor-
able cervices. Similarly, PonMalar and colleagues33 in 2017 looked at 126 women
randomly assigned to either 25 mg of vaginal misoprostol compared with placebo
and also found that misoprostol decreased time to delivery.
Gaffaney and colleagues34,35 changed the route of delivery of the misoprostol but

still looked at misoprostol compared with placebo. They found that 100 mg of oral
misoprostol daily for 3 days decreased time to delivery compared with placebo
without subsequent increases in poor maternal or neonatal outcomes.
Chang and colleagues36 compared 50 mg of vaginal misoprostol and administration

in the outpatient and inpatient setting. They gave the patient 1 dose of 50 mg of miso-
prostol either in the inpatient setting or outpatient setting and were instructed to return
to the hospital the next morning for continuation of their labor induction. The outpatient
group was found to be further dilated at the time of admission the next morning and
had decreased time from admission to delivery. This study was not powered to
observe adverse outcomes.
Meyer and colleagues37 found that when comparing cytotec in the outpatient

setting with dinoprostone, misoprostol reduced the overall dose of oxytocin, time of
oxytocin administration, and maximum dose of oxytocin.

Risk and safety
There is a significant risk of uterine tachysystole with misoprostol administration. Fox
and colleagues8 found a significantly higher rate of uterine tachysystole in the women
treated with misoprostol. Similarly, in the PROBAAT-M trial, misoprostol had higher
rates of tachysystole with and without NRFHT than Foley catheter. However, there
were no significant differences in Apgar scores or NICU admissions.38 Similarly Austin
and colleagues30 found higher rates of uterine tachysystole without concomitant
decrease in Apgar scores or increased rates of NICU admission. In most studies,
hospital staff monitors patients before discharge to continue their inductions in the
outpatient setting. Patients are not allowed to go home if they experience uterine
tachysystole, NRFHT, or painful contractions.
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Nitric Oxide

Background
Nitric oxide donors have also been used for cervical ripening. This method works by
softening the cervix by rearranging cervical collagen and ground collagen.2 Research
has looked mostly at outpatient administration of isosorbide mononitrate administra-
tion in the outpatient setting before admission for continuation of labor induction.
Studies in the inpatient setting have mostly compared nitric oxide donors to other
forms of induction. The PRIM study from 2006 compared vaginal isosorbide mononi-
trate with PGE2 vaginal gel. This study found that although cervical ripening worked
better with prostaglandins, patients were more satisfied with isosorbide mononi-
trate.39 Collingham and colleagues40 compared vaginal misoprostol with vaginal miso-
prostol plus isosorbide mononitrate. They found that there was no additional benefit of
vaginal isosorbide mononitrate to vaginal misoprostol for decreasing time to delivery.
Overall, nitric oxide donors are an attractive option for the outpatient setting given that
their risk of tachysystole and subsequent NRFHT is significantly less.

Outpatient data
Multiple studies looked at vaginal isosorbide mononitrate for labor induction in the
outpatient setting. Habib and colleagues35 performed at randomized, double-blind,
placebo-controlled trial in which they gave 102 women either vaginal isosorbide
mononitrate or placebo and measured time to delivery from administration. They
found that the study group had a shorter time to delivery with fewer study patients
needing prostaglandins for labor induction. Bullarbo and colleagues,41 similarly,
randomly assigned 200 women at 42 weeks gestation to either 40 mg isosorbide
mononitrate or placebo in the outpatient setting. They found that of the women who
did not go into labor naturally, the time to deliver of the study group and placebo group
were not statistically different. The IMOP study looked at self-administered vaginal
isosorbide mononitrate compared with placebo in the outpatient setting. They found
that isosorbide mononitrate did not shorten time to delivery compared with placebo.42

Similarly the NOCETER study did not show decreased times to delivery.43

Risk and safety profile
Nitric oxide donors primarily work by ripening the cervix and not by inducing labor. A
2011 Cochrane review reported on the safety of nitric oxide donors in the outpatient
setting. They reviewed 19 studies that compared isosorbide mononitrate with either
placebo or another method of induction. The review found that although isosorbide
mononitrate is relatively safe compared with other methods of induction in the out-
patient setting, it is less effective. There were fewer patients of uterine hyperstimula-
tion without NRFHTs but increased numbers of patients still pregnant between 24 and
48 hours and more patients with an unfavorable cervix between 12 and 24 hours
compared with those with vaginal misoprostol.14 More studies are needed to further
evaluate the use of isosorbide mononitrate’s safety in combination with other cervical
ripening techniques in the outpatient setting.

SUMMARY

Induction of labor continues to be one of the most commonly performed tasks in ob-
stetrics. If trials like the National Institute of Child Health and Human Development’s
ARRIVE trial find that delivery for all women at 39 weeks provides a significant advan-
tage in pregnancy outcomes, the number of women who will require induction of labor
will significantly increase. Regardless, strategies to improve patient/family satis-
faction, decrease resource allocation along with costs, and assure safety will be
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paramount. Although there are many potential candidates, it appears that outpatient
preinduction cervical ripening with the Foley catheter meets these criteria in a properly
selected group of low-risk women.
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Augmentation of Labor
A Review of Oxytocin Augmentation and

Active Management of Labor

Annessa Kernberg, MD*, Aaron B. Caughey, MD, PhD

INTRODUCTION

Augmentation of labor is the process of increasing the frequency and/or strength of
contractions to facilitate a faster labor or to more readily achieve a vaginal delivery.
Although augmentation may be achieved through natural means, in particular nipple
stimulation, as well as artificial rupture of the membranes, the principal method that
varies in its use and approach is via oxytocin infusion. Oxytocin is widely used for
both induction and augmentation of labor. Historically, in the 1950s, oxytocin utiliza-
tion increased as du Vigneaud and colleagues1 synthesized an exogenous version,
enabling increased administrative control and, therefore, decreasing potential risks.
Oxytocin has known risks, including uterine tachysystole (more than 5 contractions
per 10 minutes), which has been associated with a lower umbilical artery pH at birth
and may affect maternal cardiovascular and renal systems.2–4 Even with these known
risks, a strict predictable administrative protocol does not exist and medication use
has risen as induction of labor rates have increased. Induction of labor rates nearly
tripled, with estimates rising from 9.6% to 23.2% of deliveries from 1990 to 2014.5

Although induction of labor is a common procedure, the process varies considerably.
Initiation doses range from 0.5 mU/min to 6 mU/min and increments from 1 mU/min to
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KEY POINTS

� Augmentation of labor may reduce cesarean delivery.

� Active management of labor may reduce cesarean delivery.

� Active management of labor shortens the length of labor.

� Specific oxytocin protocols are increasingly used to standardize care.

Obstet Gynecol Clin N Am 44 (2017) 593–600
http://dx.doi.org/10.1016/j.ogc.2017.08.012 obgyn.theclinics.com
0889-8545/17/ª 2017 Elsevier Inc. All rights reserved.

mailto:Kernberg@OHSU.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ogc.2017.08.012&domain=pdf
http://dx.doi.org/10.1016/j.ogc.2017.08.012
http://obgyn.theclinics.com


6 mU/min, with maximum dosing from 16 mU/min to 117 mU/min nd and increment
intervals from 15 minutes to 60 minutes.6 Similarly, oxytocin augmentation protocols
vary in their dosing regimens.

BACKGROUND

In the 1960s, O’Driscoll and colleagues7 pioneered the active management of labor
(AML). The optimal goal was a vaginal delivery within 12 hours of admission. Carefully
outlining the protocol, the investigators included labor diagnosis, early amniotomy,
high-dose oxytocin, and continuous labor support. The oxytocin dosage included an
initial dose of 10 drops and increased every 15 minutes to a maximum of 60 drops
per minute. These values in today’s language translate to an initial dose of 4 mU/min
and incremental increase every 15 minutes to a maximum of 40 mU/min. In 1973, this
approach proved successful in a prospective trial of 1000 women, with only 7 women
undelivered after 12 hours. Based on this information, O’Driscoll and colleagues7 confi-
dently wrote, “it is possible to regulate the duration [of labor] with almost complete suc-
cess. This requires a systematic approach with formal diagnosis, regular assessment,
and decisive action in every case”—a powerful statement fueling more than 50 years
of continued research in optimizing active management, minimizing potential harm,
and decreasing operative deliveries. Nearly a decade later in 1987 another prospective
randomized study by Cohen and colleagues8 evaluated whether aggressive manage-
ment of labor lowered cesarean deliveries. The results were less optimistic because
management did not change the mode of delivery or perinatal outcomes, and on top
of that the duration of labor was not significantly shortened. Torn between dichotomous
results, active management was criticized. The next step involved protocol dissem-
blance, assessing each augmentation component (amniotomy and oxytocin) critically,
and reevaluating outcomes (duration of labor vs cesarean section rates).
In the1990sseveral important largeclinical trialsofAMLwerepublished.The2 largest

showed a significant reduction in labor lasting greater 12 hours, from 19% to 5%9 and
from 26% to 9%.10 The oxytocin protocol studied by López-Zeno and colleagues9

involved an initial dose of 6 mU/min and increased every 15 minutes, with a maximum
of 36 mU/min. In a slightly less aggressive approach, but consistent with O’Driscoll’s
oxytocin protocol, Frigoletto and colleagues10 used an oxytocin protocol involving an
initial dose of 4mU/min and increased by 4mU/min every 15minutes, with a maximum
of 40mU/min. Both the studies differed regarding the effects of cesarean section rates,
with López-Zeno and colleagues9 demonstrating a 26% reduction and Frigoletto and
colleagues10 demonstrating no difference. Even with these 2 large, randomized trials,
questions about the potential impact of AML continued. Do the differing oxytocin reg-
imens make a difference or does amniotomy with early cervical dilation have a greater
impact?—certainly 9 have been suggested and studied (Table 1)? In terms of neonatal
outcomes, it is reassuring that meta-analyses have not found an association between
oxytocin use and neonatal outcomes regarding Apgar scores, neonatal ICU admission,
neurologic abnormalities, or umbilical cordgases.11 In 2013, aCochrane reviewof high-
dose and lose-dose oxytocin regimens echoed these outcomes, finding no significant
differences inApgar scoresor umbilical cordpH, althoughhigh-dose regimens reduced
rate of cesarean sections (relative risk [RR] 0.62; 95% CI, 0.44–0.86) and increased
vaginal birth (RR 1.35; 95% CI, 1.13–1.62).12

Without question, further research is needed to determine the optimal benefit of
oxytocin while also minimizing potential risk. Although AML protocols looked at rapid
increases of oxytocin, there was less of a focus on minimizing risks. Approaches that
take a more balanced perspective often use checklists or have several items designed
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to also decrease or stop the oxytocin infusion. In 2007, Clark and colleagues13

conducted a retrospective review and data extraction examining the effects of a
checklist-based protocol for oxytocin administration centered on maternal and fetal
response to medical administration rather than infusion rate. Examination of 100 pa-
tients before and after the use of an oxytocin checklists revealed 17% reduction in
maximum infusion rates (13.8 mU/min vs 11.4 mU/min) without lengthening time to
delivery (8.5 hours vs 8.2 hours) and overall cesarean delivery rate declined (15% vs
13%). The preoxytocin checklist consisted of 12 points, which ensured assessment
and documentation of maternal and fetal status, physical examination findings, and
the ability to perform a cesarean section if indicated. During oxytocin administration,
an in-use checklist consisted of fetal assessment based on fetal heart monitoring and
uterine assessment based on tocometer and palpation between contractions. The
study involved 125 obstetric facilities in 20 states allowing for generalizability. Uniform
oxytocin mixing and infusion were implemented throughout the study sites but were
not outlined in the article. Clark and colleagues13 emphasized the need to improve pa-
tient safety while maximizing success of delivery. The subsequent cascade of
research in this area similarly emphasized patient safety, as seen in 2008 with the
Hayes and Weinstein14 literature review on optimizing oxytocin administration while
minimizing side effects. The suggested protocol consisted of an initial dose of
2 mU/min (12 mL/h) and incremental increase of 2 mU every 45 minutes until adequate
labor, with a maximum dose of 16 mU/min.14 Within the American College of Obste-
tricians and Gynecologists (ACOG) practice bulletin number 107,15 last updated
August 2009, each hospital’s individual department should develop guidelines
regarding oxytocin administration. Examples of low-dose and high-dose oxytocin pro-
tocols are then outlined. The low-dose protocol involves an initial dose of 0.5 mU/min
to 2 mU/min and incremental increase of 1 mU/min to 2 mU/min every 15 minutes to
40minutes. The high-dose protocol involves an initial dose of 6mU/min and incremen-
tal increase of 3 mU/min to 6 mU/min every 15 minutes to 40 minutes. Maximal doses
are not established.15 These protocols were based on data extracted from studies
dating back to 1986 and even among these recommendations a wide range of initial
dose, incremental increase, and intervals between titration exist. To improve patient
safety, greater uniformity of care and standardization of protocols, including initial
dose, incremental increase, and interval time between doses, are warranted.

Table 1
Active management of labor — oxytocin protocols

Source
Initial Dose
(mU/min)

Interval
Time (min)

Increment
(mU/min)

Maximum
(mU/min)

ACOG15 Low: 0.5–2
High: 6

15–40 Low: 1–2
High: 3–6

Not reported

O’Driscoll et al,7 1973 4 15 Not reported 40

Frigoletto et al,10 1995 4 15 4 40

López-Zeno et al,9 1992 6 15 Not reported 36

Bor et al,16 3.3 20 3.3 30

Rossen et al,17 2016 6 15 3 40

Nippita et al,20 2017 1–2.5 Not reported Not reported 16, 32, 40

Hehir et al,21 2017 5 15 5 30

Kenyon et al,12 2013 Low: 1–2
High: 4–7

15–40 Low: <4
High: �4

Not reported
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LITERATURE REVIEW

To identify recent research on oxytocin protocols, the authors conducted a literature
review of studies over the past 1.5 years (2016–2017). The keywords, oxytocin, Pito-
cin, labor, induction of labor, protocol, and augmentation, were used in PubMed. The
analysis initially identified 1431 articles but selected a subset of 6 specifically pertain-
ing to an oxytocin augmentation protocol. Of these articles, 2 were retrospective
cohort studies, 2 reviews, 1 a randomized controlled trial, and 1 a prospective trial.
The following section reviews these articles temporally.
As discussed previously, and found in this literature review, oxytocin protocols vary

considerable with an initial dose of 1 mU/min to 7 mU/min, incremental increase of
1 mU/min to 6 mU/min every 15 minutes to 40 minutes, and maximum doses from
16 mU/min to 40 mU/min (see Table 1). The following is a review of the 6 studies in
chronically order starting with the oldest.
Few studies have reviewed the duration of oxytocin use and the potential for mini-

mizing the duration of use to minimize associated risks. Discontinuing oxytocin admin-
istration is a potential method to shorten exposure length but may subsequently affect
labor length. Bor and colleagues16 in a randomized controlled trial investigatedwhether
discontinuation of oxytocin infusion increased the length of the active phase of labor;
200 women with an initial cervical dilatation of less than or equal to 4 cmwere random-
ized to either continue or discontinue oxytocin infusion when cervical dilation reached
5 cm. The primary outcomewas the time from5cm to delivery. Results illustrated a pro-
longed active phase by 41 minutes (95% CI) in the discontinued group versus the
continuous group (median 125 minutes vs 88 minutes) in women who reached active
phase anddelivered vaginally. Higher, althoughnot statistically significant,was the inci-
denceof tachysystole, cesareandeliveries, postpartumhemorrhage, third-degreeperi-
neal laceration, and adverse neonatal outcomes. The oxytocin protocol consisted of an
initial dose of 3.3 mU/min and incremental increase of 3.3 mU/min every 20 minutes,
with a maximum dose of 30 mU/min.16 The study was a randomized controlled trial,
which is a strength. Limitations include noncompliance among the discontinuation
group, and 64% of women were restarted on oxytocin even when there was progres-
sion of labor based on cervical dilation. Therefore, results are difficult to interpret.
Rossen and colleagues,17 in a prospective trial, implemented an oxytocin protocol,

which outlined criteria for initiation and subsequently assessed maternal and neonatal
outcomes. From January 2009 to December 2013, data from 20,227 deliveries were
collected. The women either presented in spontaneous labor or underwent induction
without a previous cesarean section. Prior to 2010, oxytocin was administered if the
provider thought that labor was progressing slowly. The protocol was implemented
in 2010 and defined prolonged labor as lack of cervical dilation after 4 hours from pre-
vious assessment, which is consistent with World Health Organization partograph.18

Subsequent oxytocin administration consisted of an initial dose of 6 mU/min and
incremental increase of 3 mU/min every 15 minutes, with a maximum dose of
40 mU/min; 3926 deliveries encompassed the preprotocol group, with the remainder
16,301 in the postprotocol group. Results showed a decrease in augmentation with an
associated decrease in frequency of emergency cesarean section from 6.9% to 5.3%.
In nulliparous women undergoing induction of labor, the emergent cesarean section
rate declined from 26.5% to 15.7%; fourth-degree lacerations also decreased from
5.6% to 1.2%. Umbilical cord was collected and the frequency of infants with
pH less than 7.1 reduced from 4.7% to 3.2% but did not reach statistical significance
with a pH less than 7.0.17 Strengths in this study include the large population size, the
use of a standardized oxytocin protocol, education, clear definition of prolonged labor,
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and the implementation of monthly quality assurance throughout the study. The study
was observational, and duration of oxytocin use or maximum doses were not captured
along with rates of chorioamnionitis, therefor, contributing to the study’s limitations.
The study highlights the importance of oxytocin protocols to ensure clear definitions,
accurate assessment, and clinical reasoning with implementation.
Duration between dose adjustmentswas the focus of Loscul and colleagues‘19 retro-

spective review of 454 primiparous women in spontaneous labor. The group was sub-
divided into oxytocin adjustment with increments less than 20 minutes versus greater
than 20 minutes, with postpartum hemorrhage as the primary outcome. Obstetric
and neonatal outcomeswere analyzed; 43.8%of the women’s oxytocin was increased
in less than 20 minutes, and in turn these women had higher rates of postpartum hem-
orrhage (6.5% vs 3.5%). This relationship remained significant after adjusting for risk
factors. Apgar score less than or equal to 7 at 5 minute of life or pH less than or equal
to 7.10wasworse in the less than 20-minute interval group (12.1%vs 4.3%). The inves-
tigators, therefore, concluded a minimal oxytocin interval should be 20 minutes.
Strengths of the study include the ability to obtain this level of detail regarding oxytocin
administration as well as the ability to assess umbilical artery pH. The study only
assessed primiparous women in spontaneous labor, which limits generalizability.
In New SouthWales, Australia, in 2011, an oxytocin protocol wasmandated. Nippita

and colleagues20 surveyed 66 New South Wales hospitals to assess changes in
clinical practice preprotocol (2008) and post-protocol (2014). In 2008 within-district
hospitals, there were 11 minimum initial oxytocin doses (range: 0.25–6.67 mU/min)
and 13 maximums (4–40 mU/mL). In 2014, there were only 2 initial oxytocin doses
(1.0 mU/min or 2.5 mU/min) and 3 maximums (1640 mU/min, 3240 mU/min, or
40 mU/min). The results illustrate a shift toward standardized protocols. The ability
to obtain information from a large group of hospitals is strength of the study. Limita-
tions do exist because only 64% of hospital participated in 2014, and, therefore,
information regarding the remainder was not obtained, leading to selection bias.
The survey was self-reported, and, therefore, actual adherence to the protocol was
not examined. Lastly, maternal and neonatal outcomes before and after the imple-
mentation of the protocol were not examined. In the end, the study is an evaluation
of policy change.
In a retrospective cohort study, Hehir and colleagues21 examined the outcomes of

vaginal birth after cesarean section (VBAC) presenting in spontaneous labor with
implementation of a standardized intrapartum protocol. The protocol outlined AML,
which included but was not limited to the following: early amniotomy, 1-to-1 midwifery
care, continuous fetal monitoring, 2-hour interval assessment, and team communica-
tion. The obstetrician is informed when a patient with a history of cesarean section is
laboring. Expected rate of change was 1 cm/h. Otherwise, oxytocin augmentation was
indicated with consultation from the obstetrician. Oxytocin administration consisted of
an initial dose of 5 mU/min and incremental increase of 5 mU/min every 15 minutes,
with a maximum dose of 30 mU/min; 2222 secundiparous women from 2001 to
2011 underwent a trial of labor after a cesarean (TOLAC) and presented in sponta-
neous labor; 72.5% (1611/2222) of these women had a successful VBAC and
27.5% (611/2222) underwent a repeat intrapartum cesarean section. Maternal and
neonatal outcomes were then compared between these groups. With regard to
maternal outcomes, the following were present in only the intrapartum cesarean
group: 12 cases of uterine rupture (incidence of 0.54%). Both groups had 2 peripartum
hysterectomies (incidence of 0.18%). There was 1 maternal death in the setting of an
unknown placenta accreta after VBAC. Infants delivered via cesarean section were
more likely to have an Apgar score of less than 7 at 5 minutes (1.5% vs 0.5%; odds
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ratio [OR] 3.0; 95% CI, 1.2–7.8) but were not more likely to have an arterial pH less
than 7.0 (2.0% vs 1.0%; OR 2.1; 95% CI, 0.67–6.8). One infant born with a pH of
6.7 died in the first 24 hours of life although mode of delivery was not reported.21 Hehir
and colleagues21 demonstrate that VBAC is obtainable with a standardized protocol in
place. Strengths of the study include the large cohort of women, standardization of
oxytocin administration over a 10-year period, and the ability to evaluate maternal
and neonatal mortality. Limitations in the study include the inability to assess indica-
tions for cesarean section and to assess outcomes before and after implementation
of the intrapartum protocol and, therefore, it is unclear if the differences in outcomes
reflect protocol utilization or differences in 2 groups.
Lastly, Kenyon and colleagues12 conducted a review of randomized and quasir-

andomized controlled trials comparing initial dose and incremental increase of
oxytocin in women undergoing labor augmentation with high-dose or low-dose
regimens. High-dose regimens were defined as an initial dose or incremental in-
crease of 4 mU/min or more. Low-dose regimens were defined as an initial dose
or incremental increase of less than 4 mU/min. Incremental intervals were 15 minutes
to 40 minutes for both regimens. Four studies of 664 women demonstrated
high-dose regimens reduced duration of labor (mean difference �3.50 hours;
95% CI, �6.38 to �0.62), reduced rate of cesarean section (RR 0.62; 95% CI,
0.44–0.86), and increased vaginal birth (RR 1.35; 95% CI, 1.13–1.62). No significant
differences were found between the regimens for operative vaginal deliveries,
epidural placement, postpartum hemorrhage, chorioamnionitis, Apgar scores, or
umbilical cord pH. Perinatal mortality, uterine rupture, and other outcomes were
not evaluated. The investigators, therefore, concluded there is insufficient evidence
to recommend high-dose regimens. Among the included studies, the investigators
analyzed risk of bias, including allocation, blinding, incomplete outcome data, and
selective reporting, which is a strength of the study. The review process is affected
by selection bias from the investigators, because Kenyon, as an author of the article,
was also an investigator of 1 of the included trials, which is a limitation of the study.
Also the article did not outline the maximum oxytocin dose and if that value differs
between the 2 regimens. Overall, the results demonstrate a difference of outcomes
between regimens and further studies are needed.

SUMMARY

There is a wide range of approaches to the management of augmentation of labor
with oxytocin. There are ranges in both the dosing of oxytocin and in how it is cho-
sen for use and identified to decrease or stop the dosing. It seems that oxytocin use
is a part of a program that reduces cesarean delivery; however, on its own, the best
evidence only supports that its use reduces the length of labor. The focus on safety
over the past decade and going forward is dependent on standardized use of
oxytocin through the use of checklists, protocols, or both. Such approaches have
included discontinuation of oxytocin once cervical change is assessed, criteria for
oxytocin initiation, and intervals between dose adjustments. Over time, as investiga-
tors report implementation of protocols, intrapartum protocols may improve
maternal and neonatal outcomes for those undergoing augmentation in a variety
of settings, and high-dose regimens may reduce duration of labor and cesarean de-
liveries. Randomized controlled trials and prospective, natural experiments and
cohort studies are needed in the effort to create the evidence base to understand
how standardized protocols may be used to ensure greater patient safety while
improving all obstetric outcomes.
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9. 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 1992;326(7):450–4.

10. Frigoletto FD Jr, Lieberman E, Lang JM, et al. A clinical trial of active management
of labor. N Engl J Med 1995;333(12):745–50.

11. Fraser W, Vendittelli F, Krauss I, et al. Effects of early augmentation of labour with
amniotomy and oxytocin in nulliparous women: a meta-analysis. Br J Obstet Gy-
naecol 1998;105(2):189–94.

12. Kenyon S, Tokumasu H, Dowswell T, et al. High-dose versus low-dose oxytocin
for augmentation of delayed labour. Cochrane Database Syst Rev 2013;(7).
CD007201. Available at: http://onlinelibrary.wiley.com/doi/10.1002/14651858.
CD007201.pub3/abstract.

13. Clark S, Belfort M, Saade G, et al. Implementation of a conservative
checklist-based protocol for oxytocin administration: maternal and newborn out-
comes. Am J Obstet Gynecol 2007;197(5):480.e1-5.

14. Hayes EJ, Weinstein L. Improving patient safety and uniformity of care by a stan-
dardized regimen for the use of oxytocin. Am J Obstet Gynecol 2008;198(6):
622.e1-7.

15. American College of Obstetricians and Gynecologists. ACOG practice bulletin
no. 107: induction of labor. Obstet Gynecol 2009;114(2 pt 1):286–397.

16. Bor P, Ledertoug S, Boie S, et al. Continuation versus discontinuation of oxytocin
infusion during the active phase of labour: a randomised controlled trial. BJOG:
An International Journal of Obstetrics & Gynaecology 2016;123(1):129–35.

17. Rossen J, Østborg TB, Lindtjørn E, et al. Judicious use of oxytocin augmentation
for the management of prolonged labor. Acta Obstet Gynecol Scand 2016;95(3):
355–61.

18. WHO recommendations for augmentation of labour. 2014. Available at:
http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/
augmentationlabour/en/. Retrieved July 25, 2017.

Augmentation of Labor 599

 

http://refhub.elsevier.com/S0889-8545(17)30122-5/sref1
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref1
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref2
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref2
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref2
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref3
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref3
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref4
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref4
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref5
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref5
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref6
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1586344/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1586344/
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref8
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref8
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref8
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref9
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref9
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref10
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref10
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref11
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref11
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref11
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD007201.pub3/abstract
http://onlinelibrary.wiley.com/doi/10.1002/14651858.CD007201.pub3/abstract
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref13
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref13
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref13
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref14
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref14
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref14
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref15
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref15
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref22
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref22
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref22
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref16
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref16
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref16
http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/augmentationlabour/en/
http://www.who.int/reproductivehealth/publications/maternal_perinatal_health/augmentationlabour/en/


19. Loscul C, Chantry A-A, Caubit L, et al. Association between oxytocin augmenta-
tion intervals and the risk of postpartum haemorrhage. J Gynecol Obstet Biol Re-
prod (Paris) 2016;45(7):708–15 [in French].

20. Nippita TAC, Roberts CL, Nicholl MC, et al. Induction of labour practices in New
South Wales Hospitals: before and after a statewide policy. Aust N Z J Obstet
Gynaecol 2017;57(1):111–4.

21. Hehir MP, Mackie A, Robson MS. Simplified and standardized intrapartum
management can yield high rates of successful VBAC in spontaneous labor.
J Matern Fetal Neonatal Med 2017;30(12):1504–8.

Kernberg & Caughey600

 

http://refhub.elsevier.com/S0889-8545(17)30122-5/sref18
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref18
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref18
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref19
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref19
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref19
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref20
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref20
http://refhub.elsevier.com/S0889-8545(17)30122-5/sref20


Elective Induction of Labor
What is the Impact?

Sarah E. Little, MD, MPH

INTRODUCTION

Labor induction is a common intervention in the United States, occurring in nearly a
quarter of births.1 There are a broad range of medical indications for induction, which
are typically recommended to prevent worsening maternal disease, neonatal
morbidity, or fetal death. Elective inductions are those without any medical indication
in healthy women with a singleton pregnancy. Some researchers and policy experts
advocate calling these non–medically indicated inductions, rather than elective induc-
tions; however, these two terms are used fairly interchangeably.2–4 Elective delivery
before 39 weeks is associated with increased neonatal morbidity5 and elective induc-
tions are not recommended before 39 weeks.3 Thus, this article reviews the impact of
inductions after 39 weeks, andmore specifically at 39 or 40 weeks’ gestation, because
many providers recommend induction at 41 weeks for postdates, which is considered
a medical indication.
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KEY POINTS

� Elective induction (induction without maternal/fetal indication) is not associated with an
increased risk of cesarean delivery compared with expectant management of pregnancy.

� Elective induction after 39 weeks may be associated with decreased maternal morbidity
(such as infection) and decreased neonatal morbidity (such as respiratory distress).

� Recent reductions in elective early term delivery do not seem to have significantly
increased stillbirth rates; however, elective induction after 39 weeks may theoretically
lower the risk of stillbirth.

� Elective induction may be associated with increased resource use and cost, decreased
patient satisfaction, and lower rates of breastfeeding.
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CURRENT TRENDS IN ELECTIVE INDUCTION

The overall rate of labor induction has increased dramatically in the United States over
the last 30 years (Fig. 1). In 1990, less than 10% of deliveries were after an induced
labor, increasing to 23% to 24% in 2005 before leveling off.1,6–8 A similar trend has
been seen in many other countries, across high, middle, and low income settings.9

The increasing use of elective induction is driving the overall trend in labor induction
rates. For example, among 6 US health care plans from 2001 to 2007, the overall
rate of labor induction mirrored changes in the elective induction rate, which first
increased from 11% to 14%, driving the overall rate from 28% to 32%, then declined
back to 11% to bring the overall rate back down to 29%.10

IMPACT ON CESAREAN DELIVERY

One of the main concerns with labor induction is the potential impact it may have on
cesarean delivery. Labor induction is often cited as a primary driver behind the
increasing rate of cesarean delivery in the United States; cesarean delivery rates
have increased nearly in parallel with increasing rates of labor induction.8 It also makes
intuitive sense to both patients and providers that induced labors would have a higher
chance of ending in a cesarean delivery. However, the true relationship between labor
induction and cesarean delivery is complex and, when analyzed more closely, it does
not seem that labor induction is associated with a significantly increased risk of cesar-
ean delivery.
The challenge with studying the effect of labor induction is in choosing the right

comparison group. The comparison that is made most easily is between labors that
are induced and those that are spontaneous; this is the comparison that providers
see in the daily practice of obstetrics. When this comparison group is used, induced
labors seem to be at approximately a 2-fold increased risk of cesarean delivery
compared with spontaneous labors. For example, Heffner and colleagues11 analyzed

Fig. 1. Rates of labor induction in the United States from 1990 to 2015. (Data from Refs.1,6–8)
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more than 14,000 labors between 36 and 42 weeks of gestation. Labor induction was
associated with a 1.7-fold increased risk of cesarean delivery in nulliparous women
(95% confidence interval [CI], 1.48–1.95) and a 1.5-fold increased risk in multiparous
women (95% CI, 1.1–2.0). Maslow and Sweeny12 similarly found that, among 1135
low-risk, singleton vertex pregnancies at 38 to 41 weeks’ gestation, elective labor in-
duction was associated with 2.4-fold increased odds of cesarean delivery (95% CI,
1.2–4.9) in nulliparous women, independent of birthweight, maternal age, and gesta-
tional age, although there was no association in multiparous women.12 Moreover, cer-
vical examination status has been found to be a significant effect modifier in this
relationship, with those women with an unfavorable cervix having the highest rates
of cesarean delivery after labor induction.13,14

However, the problem is that women cannot choose to be in spontaneous labor at
any given gestational age. The clinical choice is between immediate induction of labor
or continued expectant management of pregnancy. During expectant management,
spontaneous labor may occur (but at a later gestational age), a pregnancy complica-
tion may occur necessitating delivery (such as preeclampsia), or the pregnancy may
reach postdates and labor may be induced at that time.
Retrospective studies that have recreated this expectant management of preg-

nancy comparison group have, in general, failed to find a significantly increased risk
of cesarean delivery with labor induction. For example, Darney and colleagues15

used California linked birth certificate and discharge data to recreate this comparison.
They compared women who were electively induced (as per Joint Commission
defined criteria from the International Classification of Diseases, Ninth Revision, billing
codes) with women who were delivered at the next week of gestation or beyond. With
this comparison, elective induction of labor was associated with reduced odds of ce-
sarean delivery (eg, an adjusted odds ratio [aOR] of 0.46 at 39 weeks with a 95% CI of
0.41–0.52). Bailit and colleagues16 similarly recreated this comparison group using
Maternal-Fetal Medicine Units Network data to compare electively induced nullipa-
rous women with those managed expectantly. At 38 and 40 weeks there was a slightly
increased risk of cesarean delivery with labor induction (aOR, 1.5 and 1.3, respec-
tively, both significant); however, at 39 weeks this increased risk was not significant
(aOR, 1.13; 95% CI, 0.94–1.36). Gibson and colleagues17 used data from the Safe La-
bor Consortium to compare elective induction with expectant management and found
that labor induction was associated with a lower risk of cesarean delivery, and this
held true regardless of parity or cervical examination status.
Recreating an expectant management retrospective cohort has inherent limitations.

For one, many databases are done by week rather than day. Thus it is unclear whether
women who delivered within the same week as the induction group should be
included. Including them means that some women in the expectant management
group may have delivered before the induction group, whereas omitting them leaves
out women in the expectant management group who delivered several days after.
Neither way is perfect, and several investigators have shown that the decision to
include the sameweek or not in the expectant management group can lead to differing
results.18,19 Moreover, there is the potential for residual confounding with retrospec-
tive data, because the women who are induced may be fundamentally different
from those managed expectantly.
The best data regarding the effect of labor induction come from randomized

controlled trials in which the intervention was induction of labor. These trials have
mainly been performed in populations with additional risk factors (eg, postdates,
gestational diabetes, growth restriction, or advanced maternal age); nevertheless,
the randomized nature of these trials provides the cleanest way to measure the
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Table 1
Randomized controlled trials comparing induction of labor with expectant management

Study Population Design Findings

Hannah
et al, 199220

Postterm pregnancies (�41 wk)
N 5 3407

Induction of labor vs serial antenatal
monitoring

Induction via intracervical prostaglandin E2
(only included women with cervical
dilatation <3 cm)

Cesarean delivery rate lower in induction
group (21.2% vs 24.5%; P 5 .03)

Koopmans
et al, 200921

Gestational hypertension or mild preeclampsia
(�36 wk)

N 5 756

Induction at 36–41 wk with the diagnosis of
gestational hypertension or mild
preeclampsia compared with expectant
management

Cesarean delivery rate lower in the induction
group (14% vs 19%; nonsignificant)

Kjos
et al, 199322

Insulin-requiring gestational diabetes at 38 wk
of gestation

N 5 200

Induction of labor within 5 d vs expectant
management

Cesarean delivery rate lower in the induction
group (25% vs 31%; nonsignificant)

Boers
et al, 201023

Suspected growth restriction (estimated fetal
weight <10%) at �36 wk’s gestation

N 5 650

Induction of labor at the time of diagnosis
(�36 wk) vs expectant management

Cesarean delivery rate lower in the expectant
management group (13.7% vs 14.0%;
nonsignificant)

Boulvain
et al, 201524

Suspected large-for-gestational-age fetuses
(estimated fetal weight >95%) at 37 1 0 to
38 1 6 wk’s gestation

N 5 822

Induction of labor within 3 d or diagnosis
compared with expectant management

Cesarean delivery rate lower in the induction
group (28% vs 32%; nonsignificant)

Walker
et al, 201625

Advanced maternal age (age �35 y) at 39 wk’s
gestation

N 5 619

Induction at 39 1 0 to 39 1 6 wk compared
with expectant management

Cesarean delivery rates lower in the induction
group (32% vs 33%; nonsignificant)

Amano
et al, 199926

Elective induction
N 5 194

Nulliparous women without medical
complication, induction at 39 wk vs
expectant management until 42 wk

Cesarean delivery rates lower in the expectant
management group (5.6% vs 6.4%;
nonsignificant)

Nielsen
et al, 200527

Elective induction, only included women with
favorable cervix

N 5 226

Induction of labor at 39 wk vs expectant
management until 42 wk

Cesarean delivery rates lower in the induction
group (6.9% vs 7.3%; nonsignificant)

Miller
et al, 201528

Elective induction, nulliparous women with an
unfavorable cervix

N 5 162

Induction of labor at 39 wk vs expectant
management

Cesarean delivery rate lower in the expectant
management group (17.7% vs 30.5%;
nonsignificant)
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independent effect of labor induction compared with expectant management. Table 1
displays several of the key randomized trials. As shown, most of the trials found no sig-
nificant difference in cesarean delivery rates between the two groups. Only 3 of the tri-
als were in a healthy elective-induction population, and these were small trials,
although they also failed to find a significant increase in cesarean delivery rates among
women who were electively induced.
Several meta-analyses have been performed on these trials as well.29–32 All the

meta-analyses have found that labor induction is associated with significantly reduced
odds of cesarean delivery compared with expectant management (aOR, 0.78–0.89).
However, most of the trials in the meta-analyses were at 41 weeks or greater and/
or in higher-risk pregnancies. There are few trials at less than 41 weeks in an electively
induced population.

IMPACT ON STILLBIRTH

One of the main reasons that many medically indicated inductions are recommended
is for stillbirth prevention in populations with an increased risk of stillbirth. However,
even in a low-risk population, stillbirths still occur at 39 or 40 weeks. Thus, elective in-
duction at this gestation has the potential to avert this devastating pregnancy
outcome.
Several researchers have analyzed whether policies limiting early term delivery

(37 1 0 to 38 1 6 weeks) were associated with changes in term stillbirth rates
(Table 2). Results have been mixed. Of the largest studies, Snowden and colleagues33

found no difference in stillbirth rates in Oregon before and after policy changes limiting
early elective delivery. Little and colleagues34 found no difference in term stillbirth
rates in the United States during a time period in which early elective delivery rates
were decreasing. MacDorman and colleagues35 also found no difference in the pro-
spective risk of stillbirth by gestational age over a similar time period. However, Nich-
olson and colleagues36 used slightly different data and methodology and did find a
slight increase in stillbirth rates in the United States, likely as a consequence of chang-
ing practices with regard to early elective delivery.
Although the data thus far are reassuring that changes in delivery timing have not led

to dramatic changes in term stillbirth rates, it still makes intuitive sense that elective
delivery at 39 or 40 weeks would reduce the rate of stillbirth: stillbirths occur even in
a healthy population at 39 or 40 weeks of gestation. However, given the low absolute
risk of stillbirth, many elective inductions would have to be performed to prevent even
1 stillbirth. More research is needed on the absolute reduction in perinatal mortality
that would be seen by a policy of routine elective induction after 39 weeks.

IMPACT ON NEONATAL AND MATERNAL MORBIDITY

There is a growing body of literature showing that early term delivery (37 1 0 to
38 1 6 weeks’ gestation) is associated with an increased risk of neonatal morbidity
compared with deliveries at 391 0 weeks or greater.5,41 However, what about elective
inductions after 39 weeks? The nadir of neonatal morbidity seems to be in the 39-week
to 40-week range, with increasing neonatal complications occurring after 40 weeks
and certainly after 41 weeks of gestation or beyond. However, elective induction is
potentially associated with longer labors, which may also pose an increased risk for
the neonate. Similarly, from the maternal standpoint, elective induction has the poten-
tial for benefit (eg, lower risk of macrosomia) but may be associated with increased
morbidity from longer labor duration (eg, increased infection or hemorrhage).
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Table 2
Term stillbirth rates after changes in elective delivery timing

Study Setting/Intervention Analysis Finding

Ehrenthal et al, 201137 Policy change limiting elective
inductions before 39 wk at large
regional academic center

N 5 24,028

Compared 2 y before change (2005–
2006) with 2 y after change (2008–
2009)

Increase in stillbirths at 37 and 38 wk
(2.5–9.1 per 10,000; P 5 .032)

Oshiro et al, 200938 9 urban medical centers within
Intermountain Healthcare that
participated in a process
improvement program for reducing
elective deliveries

N 5 28,150

Compared 2 y before the program
(1999–2000) with 6 y after the
program (2001–2006)

No change in the overall term
stillbirth rate (0.15% before and
0.07% after; OR, 0.466; 95% CI,
0.33–0.65) or in the subgroups in
the early term (37–38 wk)

Oshiro et al, 201339 24 hospitals participating in the Big 5
State Prematurity Initiative, a
quality improvement project to
reduce elective early delivery

N 5 66,282

Compared outcomes across 4 quarters
within 1 y

No change in the term stillbirth rate
(1.1 per 1000 in the first quarter, 0.9
per 1000 in the last quarter) or in
the subgroup in the early term (37–
38 wk)

Little et al, 201440 Practice changes to decrease early
elective delivery at a single
academic care center over a 5-y
period (2006–2011)

N 5 21,343

Compared trends across the 5 y No change in the term stillbirth rate
(11.5 per 10,000 to 14.4 per 10,000;
P 5 .55) or in the subgroup in the
early term (37–38 wk)

Little et al, 201534 Analysis of birth certificate and fetal
death data from United States from
2005–2011 when early term delivery
rates declined

Nw25 million

Analyzed state-level trends in term
stillbirth

No change in the overall term
stillbirth rate (123 per 100,000 in
2005 to 130 per 100,000 in 2011;
P 5 .189) nor any correlation
between state-level reduction in
early term delivery and state-level
change in term stillbirth
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MacDorman et al, 201535 Analysis of gestational age–specific
prospective risk of stillbirth from
fetal death and birth certificate
data in the United States from 2006
to 2012

Nw25 million

Analyzed the prospective risk of
stillbirth at each gestational age
andwhether this changed over time

No difference in the prospective risk
of stillbirth from 21–42 wk of
gestation from 2006 to 2012

Nicholson et al, 201636 Analysis of state-level data from 46
states from 2007 to 2013

Nw25 million

Term stillbirth rates from 2007–2009
compared with rates from 2011–
2013

Term stillbirth rate increased from
1.103 per 1000 in 2007– 2009 to
1.177 per 1000 in 2011–2013 (RR,
1.067; 95% CI, 1.038–1.096)

Snowden et al, 201633 Term and postterm, nonanomalous,
singleton births in Oregon after a
hard stop on early term elective
delivery

N 5 181,034

Stillbirth rates compared before
(2008–2010) and after (2012–2013)
the hard stop

No change in stillbirth rates between
before (0.10%) and after (0.12%)
the change (aOR 1.20; 95% CI, 0.88–
1.63)

Abbreviations: OR, odds ratio; RR, relative risk.
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Similar to analyzing the impact of induction on cesarean delivery, the correct com-
parison group for analyzing maternal and neonatal morbidity is an expectant manage-
ment cohort. Several studies have recreated this comparison group (Table 3). For
maternal outcomes, elective induction at 39 or 40 weeks seems to be associated
with a lower rate of infection, hemorrhage, and severe perineal lacerations. For
neonatal outcomes, there seems to be an overall reduction in morbidity, although
the findings were not consistent across all studies, with 1 study finding an increased
rate of neonatal intensive care unit (NICU) admission after elective induction at 39 or
40 weeks.19 Others have also noted a decreased risk of meconium-stained fluid
with induction before 41 weeks compared with expectant management.42

The randomized controlled trial data comparing labor induction with expectant
management is less informative for neonatal/maternal morbidities given that most tri-
als occurred in high-risk groups (eg, fetal growth restriction or maternal hypertension)
in which baseline risks of maternal/neonatal morbidity are likely to be significantly
different from an elective induction cohort. However, the study in women of advanced
maternal age provides some information.25 This study was a randomized trial of induc-
tion of labor at 39 weeks in women whowere 35 years of age or older and included 619
women. The expectant management group was delivered, on average, a week after
the induction group. There was no significant difference in maternal outcomes (eg,
infection, postpartum hemorrhage, or shoulder dystocia) or in neonatal outcomes
(eg, cord gas, need for intervention, or NICU admission) with induction at 39 weeks.
Overall, it seems that elective induction after 39 weeks may be associated with a

reduction in somematernal/neonatal morbidities in retrospective data. However, there
is a need for more prospective/randomized data to confirm these findings.

IMPACT ON PATIENT EXPERIENCE AND COST

Even if elective induction is associated with lower rates of morbidity and mortality, the
absolute rate of complication in a healthy singleton cohort between 39 and 41 weeks is
low. Thus, the impact that elective induction has on patient experience and cost/
resource use must also be considered.
The Listening to Mothers surveys report high rates of intervention in labor on even

healthy pregnancies and mothers report feeling a lack of control or pressure to accept
these interventions.43,44 Shetty and colleagues45 report that women who spontane-
ously labor report overall higher rates of satisfaction with their labor experiences.
More research is needed on the psychosocial impact that elective labor induction
has on women. Labor induction has also been associated with decreased rates of
breastfeeding compared with spontaneous labor.46

Moreover, labor induction is more costly than spontaneous labor.12,47,48 However,
this does not take into account that not all women managed expectantly labor spon-
taneously, or that expectant management leads to additional costs (eg, antenatal
testing and prenatal visits). The cost relationship is more complex when these factors
are taken into account, and the true relationship between cost and elective induction is
not clear.49 A cost-effectiveness model at 41 weeks found that a policy of routine labor
induction at this gestational age was slightly more expensive but led to improved out-
comes and was within a cost-effective range.50 However, it may not be possible to
generalize this finding to lower gestational ages. An economic evaluation of the ran-
domized controlled trial of elective induction at 39 weeks for women of advanced
maternal age found that induction of labor in this cohort produced slight cost sav-
ings,51 but it is not clear whether this can be generalized to a lower-risk cohort with
likely less need for antenatal surveillance.
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Table 3
Impact of elective induction after 39 weeks on maternal and neonatal risks/benefits

Study Design Maternal Risks/Benefits Neonatal Risks/Benefits

Gibson et al, 201417 Safe Labor Consortium data
(19 hospitals)

Elective induction vs expectant
management

N 5 131,243

Nulliparas:
No difference in bleeding

complications, ICU admissions,
third-degree/fourth-degree
lacerations, shoulder dystocias

Decrease in infections:
aOR 39 wk: 0.41 (0.33–0.50)
aOR 40 wk: 0.45 (0.38–0.55)

Multiparas:
No difference in bleeding

complications, ICU admissions,
shoulder dystocias

Decrease in infections:
aOR 39 wk: 0.34 (0.25–0.47)
aOR 40 wk: Nonsignificant

Decrease in third-degree/fourth-
degree lacerations:
aOR 39 wk: 0.61 (0.49–0.76)
aOR 40 wk: 0.67 (0.46–0.98)

Nulliparas:
No difference in perinatal death
Decrease in composite morbiditya:

aOR 39 wk: 0.75 (0.61–0.92)
aOR 40 wk: 0.65 (0.54–0.80)

Decrease in composite respiratory
morbidityb:
aOR 39 wk: 0.54 (0.37–0.78)
aOR 40 wk: 0.59 (0.42–0.82)

Multiparas:
No difference in perinatal death
Decrease in composite morbiditya:

aOR 39 wk: 0.59 (0.49–0.71)
aOR 40 wk: Not significant

Decrease in composite respiratory
morbidityb:
aOR 39 wk: 0.57 (0.42–0.78)
aOR 40 wk: Not significant

(continued on next page)
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Table 3
(continued )

Study Design Maternal Risks/Benefits Neonatal Risks/Benefits

Darney et al, 201315 California linked birth certificate and
hospital discharge data

Elective induction vs expectant
management

N 5 362, 154

Decrease in third-degree/fourth-
degree lacerations:
aOR 39 wk: 0.65 (0.55–0.78)
aOR 40 wk: 0.82 (0.68–1.00)

No change in hyperbilirubinemia or
shoulder dystocia

Decrease in NICU admission:
aOR at 39 wk: 0.68 (0.59–0.78)
aOR at 40 wk: 0.70 (0.59–0.83)

Decrease in respiratory distress:
aOR 39 wk: 0.59 (0.46–0.76)
aOR 40 wk: 0.47 (0.34–0.65)

Decrease in macrosomia:
aOR 39 wk: 0.97 (0.72–0.87)
aOR 40 wk: not significant

Stock et al, 201219 Scottish birth records
Elective induction vs expectant

management
N 5 1,271,549

Decrease in postpartum hemorrhage:
aOR 39 wk: 0.90 (0.83–0.98)
aOR 40 wk: 0.82 (0.77–0.86)

Decrease in anal sphincter injury:
aOR 39 wk: 0.62 (0.43–0.89)
aOR 40 wk: 0.74 (0.60–0.91)

Increase in NICU admission:
aOR 39 wk: 1.17 (1.07–1.26)
aOR 40 wk: 1.14 (1.09–1.20)

Abbreviations: HIE, hypoxic-ischemic encephalopathy; ICU, intensive care unit; IVH, intraventricular hemorrhage; NICU, neonatal intensive care unit; PNA, pneu-
monia; PPV, positive pressure ventilation; RDS, respiratory distress syndrome; TTN, transient tachypnea of the newborn.

a Includes birth injury, sepsis, PNA, IVH, aspiration, HIE, RDS, seizures, oliguria, myocardial injury, ventilator use, continuous PPV, TTN, transfusions, or surfactant
use.

b Includes O2 use, continuous PPV, TTN, or surfactant administration.
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In summary, although a labor induction is clearly more costly than spontaneous la-
bor, there is not enough information at this time to say whether elective induction is
more costly, when the appropriate comparison (expectant management) and the
resultant differences in outpatient costs, as well as any potential differences in health
outcomes, are considered.

SUMMARY

Elective induction of labor is increasingly common in the United States. When using
the correct comparison group (women expectantly managed at a given gestational
age and beyond) it seems that elective induction of labor is not associated with signif-
icantly increased risks, and may be associated with lower rates of cesarean delivery
and improved maternal and neonatal morbidity. There is also the potential to decrease
the stillbirth rate, although studies have thus far failed to find significant changes in
term stillbirth after changes in delivery timing at term. Nevertheless, the potential ben-
efits of elective induction must be weighed against the potential for decreased patient
satisfaction, overmedicalization of the labor process, and the impact on breastfeeding
and cost/resource use. Further prospective studies are needed to better assess the
full impact of elective induction on maternal and neonatal morbidity, maternal well-
being, and cost.

REFERENCES

1. Martin JA, Hamilton BE, Osterman MJK, et al. Births: final data for 2015. Natl Vital
Stat Rep 2017;66(1):1.

2. Berghella V, Blackwell SC, Ramin SM, et al. Use and misuse of the term “elective”
in obstetrics. Obstet Gynecol 2011;117(2 Pt 1):372–6.

3. American College of Obstetricians and Gynecologists. ACOG committee opinion
no. 561: nonmedically indicated early-term deliveries. Obstet Gynecol 2013;
121(4):911–5.

4. Darney BG, Caughey AB. Elective induction of labor symposium: nomenclature,
research methodological issues, and outcomes. Clin Obstet Gynecol 2014;57(2):
343–62.

5. Tita ATN, Landon MB, Spong CY, et al. Timing of elective repeat cesarean deliv-
ery at term and neonatal outcomes. N Engl J Med 2009;360(2):111–20.

6. Martin JA, Hamilton BE, Osterman MJ, et al. Births: final data for 2013. Natl Vital
Stat Rep 2015;64(1):1–65.

7. Hamilton BE, Martin JA, Osterman MJK, et al. Births: final data for 2014. Natl Vital
Stat Rep 2015;64(12):1–64.

8. Osterman MJK, Martin JA. Recent declines in induction of labor by gestational
age. NCHS Data Brief 2014;(155):1–8.

9. Vogel JP, Gülmezoglu AMM, Hofmeyr GJ, et al. Global perspectives on elective
induction of labor. Clin Obstet Gynecol 2014;57(2):331–42.

10. Dublin S, Johnson KE, Walker RL, et al. Trends in elective labor induction for six
United States health plans, 2001-2007. J Womens Health (Larchmt) 2014;23(11):
904–11.

11. Heffner LJ, Elkin E, Fretts RC. Impact of labor induction, gestational age, and
maternal age on cesarean delivery rates. Obstet Gynecol 2003;102(2):287–93.

12. Maslow AS, Sweeny AL. Elective induction of labor as a risk factor for cesarean
delivery among low-risk women at term. Obstet Gynecol 2000;95(6 Pt 1):917–22.

Elective Induction of Labor 611

http://refhub.elsevier.com/S0889-8545(17)30115-8/sref1
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref1
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref2
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref2
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref3
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref3
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref3
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref4
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref4
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref4
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref5
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref5
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref6
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref6
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref7
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref7
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref8
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref8
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref9
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref9
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref10
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref10
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref10
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref11
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref11
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref12
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref12


13. Johnson DP, Davis NR, Brown AJ. Risk of cesarean delivery after induction at
term in nulliparous women with an unfavorable cervix. Am J Obstet Gynecol
2003;188(6):1565–9 [discussion: 1569–72].

14. Vrouenraets FPJM, Roumen FJME, Dehing CJG, et al. Bishop score and risk of
cesarean delivery after induction of labor in nulliparous women. Obstet Gynecol
2005;105(4):690–7.

15. Darney BG, Snowden JM, Cheng YW, et al. Elective induction of labor at term
compared with expectant management. Obstet Gynecol 2013;122(4):761–9.

16. Bailit JL, Grobman W, Zhao Y, et al. Nonmedically indicated induction vs expec-
tant treatment in term nulliparous women. Am J Obstet Gynecol 2015;212(1):
103.e1–7.

17. Gibson KS, Waters TP, Bailit JL. Maternal and neonatal outcomes in electively
induced low-risk term pregnancies. Am J Obstet Gynecol 2014;211(3):
249.e1–16.

18. Glantz JC. Term labor induction compared with expectant management. Obstet
Gynecol 2010;115(1):70–6.

19. Stock SJ, Ferguson E, Duffy A, et al. Outcomes of elective induction of labour
compared with expectant management: population based study. BMJ 2012;
344:e2838.

20. Hannah ME, Hannah WJ, Hellmann J, et al. Induction of labor as compared with
serial antenatal monitoring in post-term pregnancy. A randomized controlled trial.
The Canadian Multicenter Post-term Pregnancy Trial Group. N Engl J Med 1992;
326(24):1587–92.

21. Koopmans CM, Bijlenga D, Groen H, et al. Induction of labour versus expectant
monitoring for gestational hypertension or mild pre-eclampsia after 36 weeks’
gestation (HYPITAT): a multicentre, open-label randomised controlled trial. Lan-
cet 2009;374(9694):979–88.

22. Kjos SL, Henry OA, Montoro M, et al. Insulin-requiring diabetes in pregnancy: a
randomized trial of active induction of labor and expectant management. Am J
Obstet Gynecol 1993;169(3):611–5.

23. Boers KE, Vijgen SMC, Bijlenga D, et al. Induction versus expectant monitoring
for intrauterine growth restriction at term: randomised equivalence trial (DIGITAT).
BMJ 2010;341:c7087.

24. Boulvain M, Senat M-V, Perrotin F, et al. Induction of labour versus expectant
management for large-for-date fetuses: a randomised controlled trial. Lancet
2015;385(9987):2600–5.

25. Walker KF, Bugg GJ, Macpherson M, et al. Randomized trial of labor induction in
women 35 years of age or older. N Engl J Med 2016;374(9):813–22.

26. Amano K, Saito K, Shoda T, et al. Elective induction of labor at 39 weeks of gesta-
tion: a prospective randomized trial. J Obstet Gynaecol Res 1999;25(1):33–7.

27. Nielsen PE, Howard BC, Hill CC, et al. Comparison of elective induction of labor
with favorable Bishop scores versus expectant management: a randomized clin-
ical trial. J Matern Fetal Neonatal Med 2005;18(1):59–64.

28. 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 ran-
domized controlled trial. Obstet Gynecol 2015;126(6):1258–64.

29. Wood S, Cooper S, Ross S. Does induction of labour increase the risk of
caesarean section? A systematic review and meta-analysis of trials in women
with intact membranes. BJOG 2014;121(6):674–85 [discussion: 685].

Little612

http://refhub.elsevier.com/S0889-8545(17)30115-8/sref13
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref13
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref13
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref14
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref14
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref14
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref15
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref15
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref51
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref51
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref51
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref16
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref16
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref16
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref17
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref17
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref18
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref18
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref18
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref19
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref19
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref19
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref19
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref20
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref20
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref20
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref20
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref21
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref21
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref21
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref22
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref22
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref22
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref23
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref23
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref23
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref24
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref24
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref25
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref25
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref26
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref26
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref26
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref27
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref27
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref27
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref28
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref28
http://refhub.elsevier.com/S0889-8545(17)30115-8/sref28


30. Mishanina E, Rogozinska E, Thatthi T, et al. Use of labour induction and risk of
cesarean delivery: a systematic review and meta-analysis. CMAJ 2014;186(9):
665–73.

31. Caughey AB, Sundaram V, Kaimal AJ, et al. Systematic review: elective induction
of labor versus expectant management of pregnancy. Ann Intern Med 2009;
151(4):252–63. W53–63.

32. Gülmezoglu AM, Crowther CA, Middleton P, et al. Induction of labour for
improving birth outcomes for women at or beyond term. Cochrane Database
Syst Rev 2012;(6):CD004945.

33. Snowden JM, Muoto I, Darney BG, et al. Oregon’s hard-stop policy limiting elec-
tive early-term deliveries: association with obstetric procedure use and health
outcomes. Obstet Gynecol 2016;128(6):1389–96.

34. Little SE, Zera CA, Clapp MA, et al. A multi-state analysis of early-term delivery
trends and the association with term stillbirth. Obstet Gynecol 2015;126(6):
1138–45.

35. MacDorman MF, Reddy UM, Silver RM. Trends in stillbirth by gestational age in
the United States, 2006–2012. Obstet Gynecol 2015;126(6):1146–50.

36. Nicholson JM, Kellar LC, Ahmad S, et al. US term stillbirth rates and the 39-week
rule: a cause for concern? Am J Obstet Gynecol 2016;214(5):621.e1-9.

37. Ehrenthal DB, Hoffman MK, Jiang X, et al. Neonatal outcomes after implementa-
tion of guidelines limiting elective delivery before 39 weeks of gestation. Obstet
Gynecol 2011;118(5):1047–55.

38. Oshiro BT, Henry E, Wilson J, et al, Women and Newborn Clinical Integration Pro-
gram. Decreasing elective deliveries before 39 weeks of gestation in an inte-
grated health care system. Obstet Gynecol 2009;113(4):804–11.

39. Oshiro BT, Kowalewski L, Sappenfield W, et al. A multistate quality improvement
program to decrease elective deliveries before 39 weeks of gestation. Obstet Gy-
necol 2013;121(5):1025–31.

40. Little SE, Robinson JN, Puopolo KM, et al. The effect of obstetric practice change
to reduce early term delivery on perinatal outcome. J Perinatol 2014;34(3):
176–80.

41. Chiossi G, Lai Y, Landon MB, et al. Timing of delivery and adverse outcomes in
term singleton repeat cesarean deliveries. Obstet Gynecol 2013;121(3):561–9.

42. Caughey AB, Sundaram V, Kaimal AJ, et al. Maternal and neonatal outcomes of
elective induction of labor. Evid Rep Technol Assess (Full Rep) 2009;176:1–257.

43. Sakala C, Declercq ER, Corry MP. Listening to mothers: the first national U.S. sur-
vey of women’s childbearing experiences. J Obstet Gynecol Neonatal Nurs 2002;
31(6):633–4.

44. Declercq ER, Sakala C, Corry MP, et al. Major survey findings of listening to moth-
ers(SM) III: pregnancy and birth: report of the Third National U.S. Survey of
Women’s Childbearing Experiences. J Perinat Educ 2014;23(1):9.

45. Shetty A, Burt R, Rice P, et al. Women’s perceptions, expectations and satisfac-
tion with induced labour–a questionnaire-based study. Eur J Obstet Gynecol Re-
prod Biol 2005;123(1):56–61.

46. Zanardo V, Bertin M, Sansone L, et al. The adaptive psychological changes of
elective induction of labor in breastfeeding women. Early Hum Dev 2017;104:
13–6.

47. Allen VM, O’Connell CM, Farrell SA, et al. Economic implications of method of de-
livery. Am J Obstet Gynecol 2005;193(1):192–7.
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Update on Fetal
Monitoring
Overview of Approaches and Management of

Category II Tracings

Nandini Raghuraman, MD, MS*, Alison G. Cahill, MD, MSCI

INTRODUCTION

Electronic fetal monitoring (EFM) is widely used for assessment of intrapartum fetal
status and has become integral to labor management. More than 80% of laboring
patients in the United States have intrapartum EFM.1 Intrapartum fetal assessment
has largely evolved over the past few decades from its inception as intermittent
auscultation to its progression to fetal scalp sampling and now, EFM. Nonreassuring
fetal status as interpreted on the basis of EFM accounts for nearly a quarter of pri-
mary cesarean deliveries.2 Thus, as an engrained component of modern-day obstet-
ric practice, EFM requires a careful understanding of its strengths, limitations, and
management.
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KEY POINTS

� Nonreassuring fetal heart tracings (FHTs) account for a significant portion of unplanned
cesarean deliveries in the United States.

� Category II FHTs encompass a broad range of fetal heart rate patterns, some of which are
better predictors of neonatal acidemia than others.

� Adjunct intrapartum tests of fetal well-being may help triage those with category II FHTs.

� Intrauterine resuscitation techniques should target the underlying etiology of uteroplacen-
tal insufficiency or cord compression.
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IS ELECTRONIC FETAL MONITORING PREDICTIVE OF NEONATAL OUTCOMES?

Fetal heart tracings (FHTs) are a reflection of the fetal central nervous system response
to intrauterine hypoxia. The theorized benefit of EFM is to identify and intervene on
fetal hypoxia and/or acidosis, thereby reducing adverse neonatal outcomes. Results
of studies evaluating EFM’s role in preventing adverse neonatal outcomes are mixed,
however, at best.
EFM has been compared with intermittent auscultation in several prospective

studies and reviews. Although a reduction in neurologic outcomes has not been
shown, there is evidence to suggest reduction in perinatal mortality, in particular intra-
partum death.1,3–5 In their observational study of a national birth cohort, Chen and col-
leagues1 found that intrapartum EFM was associated with lower early neonatal and
infant mortality. Additionally, the investigators observed a significantly lower rate of
neonatal seizures in those with intrapartum continuous EFM, a finding similar to that
seen in a Cochrane review of 13 trials comparing EFM to intermittent auscultation.6

Despite seeing a difference in neonatal seizures, the Cochrane review found no differ-
ence in perinatal mortality or neurodevelopmental outcomes, including hypoxic
ischemic encephalopathy and cerebral palsy.6 A consistent finding among many of
these studies is the observed increased risk of operative vaginal delivery and cesarean
section with continuous EFM.1,3,5–7

ELECTRONIC FETAL MONITORING PATTERNS AND CLASSIFICATION

The widespread use of EFM, despite lack of consistent proof of benefit, rests on the
notion of detecting and intervening on signs of fetal acidemia. In their comparison
of continuous intrapartum EFM to intermittent auscultation, Vintzileos and colleagues8

concluded that EFM had higher sensitivity and positive predictive value in detecting
fetal acidemia at birth. Recent evidence, however, suggests that EFM with
algorithm-assisted interpretation identifies only half of infants born with metabolic
acidemia.9

The Eunice Kennedy Shriver National Institute of Child Health and Human Develop-
ment (NICHD) classification of FHT in 200810 standardized EFM language by creating
3 categories based on fetal heart rate baseline, variability, accelerations, and subtypes
of decelerations, with category III FHT having the strongest association with abnormal
fetal acid-base status (Box 1). The American College of Obstetricians and Gynecolo-
gists (ACOG) recommends using this 3-tiered nomenclature system for intrapartum
EFM interpretation.11 Despite moderate interobserver reliability at best12 the NICHD
system remains the mainstay of EFM management throughout the United States.
Certain patterns of EFM decelerations or variability are associated with adverse

neonatal outcomes. A 2012 retrospective cohort study of more than 5000 patients un-
dergoing intrapartum EFM identified features of EFM, in particular deceleration fre-
quency and severity, which were predictive of acidemia independent of the NICHD
categories. Within the NICHD-defined EFM features, repetitive prolonged decelera-
tions, tachycardia, recurrent variable decelerations, and recurrent late decelerations
were identified as predictors of acidemia.13

Variability in fetal heart rate baseline also seems to play a key role in the prediction of
neonatal acidemia. Minimal variability has been shown to correlate with neonatal acid-
emia but with positive predictive values as low as 18%.14,15 Moderate variability, how-
ever, seems protective of acidemia as demonstrated by Williams and Galerneau15 in a
study showing that a majority of patients with moderate variability and accelerations,
even in the presence of late or variable decelerations, had umbilical artery pH greater
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than 7.0. Future studies in EFM should further address the relationship between spe-
cific FHT patterns and adverse neonatal outcomes.

MANAGEMENT OF CATEGORY II FETAL HEART TRACINGS
Adjunct Tests of Fetal Well-Being

The majority of intrapartum FHT is category II.16 In this indeterminate category and in
the case of category III FHT, additional tests of fetal well-being can be helpful in guid-
ing further management. In the presence of minimal or absent variability, a digital fetal
scalp stimulation may be performed if the cervix is dilated. A fetal acceleration in

Box 1

National Institute of Child Health and Human Development 3-tiered fetal heart rate

interpretation system

Category I

Predictive of normal fetal acid-base status

Routine intrapartum care

All of the following
Baseline 110 bpm to 160 bpm
Moderate FHR variability
No late or variable decelerations
� Early decelerations
� Accelerations

Category II

Indeterminate

Evaluate, consider intrauterine resuscitation, continued surveillance

Any of the following
Baseline <110 bpm without absent baseline variability
Baseline >160 bpm
Minimal FHR variability
Absent FHR variability without recurrent decelerations
Marked FHR variability
Absence of accelerations after fetal stimulation
Recurrent variable decelerations with minimal or moderate FHR variability
Prolonged deceleration �2 minutes but <10 minutes
Recurrent late decelerations with moderate FHR variability
Variable decelerations with other characteristics, such as slow return to baseline,
overshoots, or shoulders

Category III

Predictive of abnormal fetal acid-base status

Prompt evaluation, intrauterine resuscitation, expedite delivery if no improvement with
resuscitation

Any of the following
Absent FHR variability AND recurrent late decelerations OR recurrent variable
decelerations OR bradycardia
Sinusoidal pattern

Abbreviation: FHR, fetal heart rate.
Adapted fromMacones GA, Hankins GD, Spong CY, et al. The 2008 National Institute of Child

Health and Human Development workshop report on electronic fetal monitoring: update on
definitions, interpretation, and research guidelines. Obstet Gynecol 2008;112(3):664; with
permission.
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response to the scalp stimulation is highly predictive of fetal pH greater than 7.20.17,18

Alternatively, if the cervix is closed, vibroacoustic stimulation on the maternal
abdomen may be considered.19

Historically, fetal scalp sampling was a commonly used intrapartum ancillary test for
fetal assessment. Fetal scalp sampling involved puncture of the fetal scalp to obtain
capillary blood analysis of fetal pH and lactate as a secondary assessment of fetal
well-being in the setting of abnormal FHT. The addition of fetal scalp sampling to
EFM, however, did not yield improved predictive value for adverse neonatal outcomes
nor did it reduce the risk of operative intervention.6,20 Experts determined that factors,
such as amniotic fluid, contamination of the sample with air, and sampling from a pe-
ripheral site affected by fetal vasoconstriction contributed to the limited predictive
value of fetal scalp sampling.20,21 The practical difficulties involved in this approach,
including the need for well-maintained equipment, invasive technique, trained
personnel, technical competence, and unreliable results, led to the eventual demise
of this practice in the Unites States.22

Fetal pulse oximetry was an additional adjunct test of intrapartum fetal status that
has fallen out of favor. It was originally designed as an intrapartum tool for real-time
measurement of fetal arterial oxygen saturation by determining the ratio of oxyhemo-
globin to deoxyhemoglobin using wavelength assessment.23 The noninvasive tech-
nique of sensor placement, compared with fetal scalp sampling, made this form of
monitoring appealing. A large, multicenter randomized controlled trial performed by
the NICHD comparing masked to unmasked oximeter results concluded that physi-
cian knowledge of intrapartum fetal oxygen saturation had no significant effect on
the rates of cesarean delivery or neonatal outcomes.24 Subsequently, the Food and
Drug Administration did not approve its use after several other randomized trials
and reviews found no difference in cesarean delivery rates or neonatal outcomes
with the use of fetal pulse oximetry compared with EFM alone.24,25

Recently, fetal ST segment waveform analysis (STAN) has been proposed as an
adjunct test for detection of intrapartum fetal hypoxemia. In this form of monitoring,
a fetal scalp electrode (FSE) is used to obtain a fetal ECG. Analysis of the ST segment
and T waves then provides information about myocardial changes and metabolic sta-
tus. A recent large Maternal-Fetal Medicine Units Network trial of more than 11,000
patients, however, showed no reduction in the composite outcome of intrapartum fetal
death, neonatal death, Apgar score less than 3 at 5 minutes, neonatal seizure, umbil-
ical artery pH less than 7.05 with base deficit greater than 12 mmol/L, neonatal intu-
bation, or neonatal encephalopathy. There was also no difference in cesarean
delivery or operative delivery rates between groups.26 A subsequent systematic re-
view and meta-analysis of 7 trials concluded that use of STAN made no difference
in cesarean delivery rates or neonatal outcomes.27

Intrauterine pressure catheters (IUPCs) and FSEs are commonly used intrapartum
devices for monitoring contractions and fetal status. FSE placement allows for
improved tracking of FHT that may otherwise be discontinuous or unreliable transab-
dominally (ie, maternal morbid obesity). Similarly, IUPC placement allows for assess-
ment of contraction adequacy, amnioinfusion, and improved tocometry fidelity in
patients who are difficult to monitor transabdominally. In a retrospective cohort study
by Harper and colleagues,28 patients with an IUPC had a 2-fold increased risk of intra-
partum or postpartum fever and were more likely to have a cesarean delivery
compared with those without internal monitors. This relationship may be affected by
the underlying indication for IUPC placement. The use of FSE alone was associated
with a decrease in the risk of cesarean delivery with no associated increase in fever.
A recent retrospective cohort study by Kawakita and colleagues29 evaluated the
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risk of neonatal complications with FSE placement. The investigators found a low but
statistically significant risk of neonatal morbidity in the form of scalp injury and ceph-
alohematoma with FSE placement. These studies highlight the potential safety risks
associated with internal monitor use and suggest avoiding routine use of internal mon-
itors unless clinically indicated.

In Utero Resuscitation

The presence of category II FHT calls for a careful assessment of factors that may be
contributing to fetal hypo-oxygenation. These factors then guide choice of intrauterine
resuscitation technique (Table 1). Recurrent variable decelerations represent umbili-
cal cord compression. Amnioinfusion is a resuscitation technique aimed at alleviating
cord compression by infusion of normal saline into the uterus via an IUPC. Several
studies have demonstrated benefit of amnioinfusion in alleviating recurrent variable
decelerations and reducing cesarean deliveries for nonreassuring fetal status, with
no associated infection risk.30–34

In the presence of recurrent late or variable decelerations, maternal repositioning,
particularly to the left lateral recumbent position, may improve uteroplacental perfu-
sion and release umbilical cord compression. Carbonne and colleagues35 studied
the effects of various maternal positions during labor on fetal pulse oximetry readings
and found that the maternal supine position was associated with a lower fetal oxygen
saturation than the left lateral position. This difference in fetal oxygen saturation was
attributed to aortic compression by the gravid uterus. The study population was
limited, however, to those with normal FHT. There remain few to no data on the effect
of maternal position change for category II FHT on neonatal outcomes. Uterine tachy-
systole, defined as greater than 5 contractions in 10 minutes over an average of 30 mi-
nutes, is associated with abnormal FHT due to shortened uterine relaxation time.36,37

Administration of terbutaline and/or discontinuation of oxytocin may be considered in
the setting of tachysystole and associated nonreassuring fetal tracings.
Intrapartum maternal oxygen administration is often performed for FHTs that are

thought to reflect fetal hypoxia, such as recurrent late decelerations or prolonged de-
celerations. The theoretic benefit of such oxygen administration is to increase oxygen
delivery to the fetus, thereby reversing hypoxemia and resultant acidemia. Although

Table 1
Intrauterine resuscitation techniques

Intervention Potential Benefit

Maternal lateral repositioning � Avoids compression of maternal great vessels
and improves uteroplacental perfusion

� Alleviates umbilical cord compression

Reduction or discontinuation of oxytocin
Administration of tocolytic

� Reduces uterine tachysystole and subsequent
fetal hypo-oxygenation

Maternal oxygen administration � Increases oxygen transfer to fetal umbilical
vein

Intravenous fluid bolus � Improves maternal hypovolemia and increases
uteroplacental perfusion

Amnioinfusion � Alleviates umbilical cord compression and
recurrent variable decelerations

Adapted fromAmerican College of Obstetricians and Gynecologists. Practice Bulletin no. 116: man-
agement of intrapartum fetal heart rate tracings. Obstet Gynecol 2010;116(5):1232–40; with
permission.
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studies have shown increased umbilical vein oxygen content and resolution of fetal
heart rate decelerations with oxygen administration,38–41 there is no evidence that
this practice improves neonatal outcomes. A recent observational study demon-
strated an increased risk of neonatal morbidity in the setting of intrauterine hyperox-
emia and acidemia.42 The risks of free radical damage with prolonged oxygen
exposure should also be considered.43

Collectively, there is limited evidence that the intrauterine resuscitation techniques
recommended by ACOG44 improve neonatal outcomes. In the absence of high-quality
evidence demonstrating benefit of these techniques, providers should identify the eti-
ology of perceived fetal hypoxia and select a resuscitation method most appropriate
for the cause. Future research should address the risks and benefits of these methods
either individually or in combination as bundled intrauterine resuscitative care.

INTRAPARTUM FACTORS TO CONSIDER
Neuraxial Anesthesia

Up to 10% of patients with epidural or combined spinal-epidural analgesia may expe-
rience associated hypotension.45 Maternal hypotension in this setting can lead to ute-
roplacental hypoperfusion and subsequent changes in FHT that reflect fetal hypoxia.
Another proposed mechanism for category II FHT after neuraxial anesthesia adminis-
tration is sudden-onset imbalance of maternal adrenaline and noradrenaline that re-
sults in uterine hypertonia.46–48 A recent systematic review and meta-analysis by
Hattler and colleagues49 showed that combined spinal-epidural anesthesia was asso-
ciated with a higher risk of fetal bradycardia and nonreassuring FHT than epidural
anesthesia, although nonreassuring FHT was not well defined. Similar observational
studies have also demonstrated FHT abnormalities in association with intrathecal
opioid administration.50,51

Continuous EFM at time of and after neuraxial anesthesia administration should be
considered so that providers may intervene for associated FHT changes. Such inter-
ventions may include intravenous fluid hydration and/or administration of phenyleph-
rine or ephedrine for maternal hypotension.

Magnesium

Magnesium sulfate, a commonly administered medication for tocolysis, eclampsia
prevention, or fetal neuroprotection, crosses the placenta with detectable levels in
the neonate.52 Several observational studies have shown a decrease in fetal heart
rate baseline and variability during magnesium exposure.52–54 A randomized
controlled trial of magnesium sulfate versus sodium chloride infusion in nonlaboring
patients demonstrated a decrease in fetal heart rate baseline and variability after
3 hours of magnesium infusion.55 The clinical utility of these findings may be limited,
however, given the small 2 beats per minute (bpm) change in baseline that was
observed. Another trial by Twickler and colleagues56 found a decrease in baseline
as high as 10 bpm to 12 bpm with magnesium administration.

Intrauterine Growth Restriction

Chronic placental insufficiency and subsequent intrauterine growth restriction (IUGR)
may be associated with a delay in fetal central nervous system maturation that subse-
quently has an impact on FHTs. An observational study of 24 nonlaboring patients with
IUGR matched to patients with normally grown fetuses demonstrated fewer acceler-
ations in the IUGR group.57 Similarly, in a case control study by Vinkesteijn and col-
leagues,58 patients with IUGR were found to have reduced fetal heart rate
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variability. These findings may not be applicable to intrapartum FHT associated with
IUGR. Epplin and colleagues59 studied second-stage fetal heart rate patterns in pa-
tients with IUGR and found that IUGR fetuses were less likely to have accelerations
and were more likely to have late decelerations compared with those that were nor-
mally grown. There was no difference in bradycardia or variability between groups.
Underlying placental insufficiency and associated changes in fetal systemic regulation
may predispose patients with IUGR to category II FHT in labor. The efficacy of intra-
uterine resuscitation techniques in this setting remains unanswered.

Meconium

Meconium stained fluid is found in 12% of all deliveries and in more than 20% of pa-
tients with category II FHT.60 Meconium in association with category II FHT signifi-
cantly increases the risk of neonatal morbidity even after excluding neonates
diagnosed with meconium aspiration syndrome. Furthermore, this risk is significantly
increased in the presence of thick, rather than thin, meconium.60 Specific FHT pat-
terns within the broader group of category II FHT that are associated with neonatal
morbidity in the presence of meconium include prolonged decelerations, severe var-
iable decelerations, bradycardia and tachycardia.61 The presence or absence of
meconium allows for risk stratification among patients with category II FHT. Observa-
tional studies and randomized controlled trials evaluating the utility of amnioinfusion
for prevention of meconium-related neonatal morbidity have produced mixed results
and the benefit of amnioinfusion for the combination of meconium and category II FHT
remains unclear.31,62,63

SUMMARY

Category II FHT encompasses a broad range of fetal heart rate patterns and is inde-
terminate in its ability to predict fetal acidemia. Deceleration frequency, deceleration
severity, and variability, however, may be key components within category II FHT
that predict adverse neonatal outcomes. Intrauterine resuscitation techniques should
be selected and administered based on the suspected etiology of fetal hypoxia
(maternal hypotension, cord compression, and so forth). Clinical factors, such as neu-
raxial anesthesia, maternal medication exposure, and meconium, may play a role in
the interpretation of category II FHT. Future EFM studies should further target FHT pat-
terns predictive of neonatal morbidity and explore the utility of intrauterine resuscita-
tion techniques for specific subgroups.
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The Evolution of the
Laborist

Allison J. Allen, MD*, Aaron B. Caughey, MD, PhD

INTRODUCTION

Historically, a patient’s physician in the outpatient setting would follow up with the pa-
tient and provide care in the inpatient setting as well. However, throughout the latter
quarter of the 20th century, hospitalizations became increasingly complicated with
multiple tests and treatments needing to be ordered, interpreted, and responded to
in rapid succession. Similarly, patients in the outpatient environment have also
increased in complexity, and the demands on physicians balancing both the outpa-
tient and inpatient medicine became more challenging. The hospitalist movement
was formally introduced in 1996 by Robert Watcher.1 The hospitalist was introduced
as a way to improve the quality of care patients receive, to decrease hospital costs by
shortening length of stay, and to improve physician quality of life.
In obstetrics, the concept of the laborist was first described byWeinstein2 in 2003 as

an offshoot to the hospitalist movement, although this kind of coverage had been used
in large Health Maintenance Organization practices such as Kaiser Permanente since
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KEY POINTS

� The laborist movement, although relatively new, is rapidly expanding as a means to
improve patient care and physician burnout and decrease malpractice claims.

� Although there are many different models of laborists, full-time laborists may have a
greater impact on improvement in obstetric outcomes.

� Full-time laborists are found to decrease rates of cesarean delivery; however, their impact
on other maternal or neonatal morbidity markers is unknown.

� The use of laborists can decrease rates of malpractice claims and litigation, not only
through the immediate availability of physicians for emergent scenarios but through
improved care in uncertain clinical scenarios.
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the 1990s. This concept represented a dramatic shift in the way in which obstetric care
was provided. Previously, obstetricians had to simultaneously balance a full office
practice with the demands of patients admitted to the labor suite. Additionally,
many obstetricians took frequent night call, with solo practice clinicians being on
call every night except on the rare vacation. The laborist provided a model to hand
off the demands of the labor suite to physicians whose sole responsibility was the
care of women in labor, while improving care and decreasing rates of physician
burnout.2

Since the introduction of the laborist more than 10 years ago, this specialty role has
gained momentum and traction, particularly in large hospitals with high-volume labor
and delivery suites. In a 2010 statement, the American College of Obstetricians and
Gynecologists (ACOG) released a statement supporting “the continued development
of the obstetric-gynecologic hospitalist model as one potential approach to achieving
increased professional and patient satisfaction while maintaining safe and effective
care across delivery settings”.3 Later that same year, 25% of ACOG member re-
sponders identified themselves as either a laborist or hospitalist.4 In another 2010
study surveying National Perinatal Information Center/Quality Analytic Services mem-
ber hospitals, approximately 40% were employing laborists.5 By 2011, the Society of
OB/Gyn Hospitalists formed and by 2016 had 600 dues-paying members. In part, the
evolution of the laborist movement was founded on improving provider job satisfaction
and decreasing rates of physician burnout. In the same 2010 survey of ACOG mem-
bers, those who self-identified as laborists or hospitalists were asked to rate their
job satisfaction. More than 92% rated themselves between satisfied and extremely
satisfied.4

Although the laborist movement has expanded, there does not exist a standardized
definition of what laborist coverage looks like. Similarly, there are minimal data on
maternal and neonatal outcomes or differences in rates of litigation. This article re-
views models of laborist care, discusses the potential benefits in quality of maternal
care, and discusses the potential financial impact of this care model.

MODELS OF CARE

In the original model presented by Weinstein,2 the labor suite would be covered by 4
physicians working no more than 14 hours in a shift. This was, he argued, to minimize
fatigue and optimize the care provided to patients. Since this original recommenda-
tion, the role of the laborist and the physician who fulfills that role has varied greatly
between hospitals.
In the traditional model, a group of laborists are hired by the hospital to cover the

labor and delivery unit within the hospital. Commonly, the laborist groups care for pa-
tients belonging to certain private groups along with patients without a designated
provider such as those admitted to a hospital that is different fromwhere they received
prenatal care. These physicians are also readily available to manage obstetric emer-
gencies or precipitous deliveries of patients belonging to other practices. Additionally,
this role can be expanded to cover the hospital’s gynecologic emergencies and con-
sultations. In a variation of this model, some laborist groups primarily cover the labor
suite and gynecologic consults in the emergency department with a small proportion
of their time being spent in an outpatient clinic.
Another model shares shift work within large practice groups or between multiple

small practice groups, also called community laborists. In this model, private practice
physicians occasionally cover labor and delivery for 12- or 24-hour shifts. During their
laborist shift, they don’t have clinical responsibilities and thus can provide complete
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coverage of both routine and emergency situations for all participating groups. One
downside to this model of care is the sporadic nature to which these physicians are
working in the labor suite, which does not increase the expertise or the comfort level
of the provider within this role.

QUALITY OF CARE

As the role of laborists expanded and permeated into the everyday care of women in
labor and delivery, questions arose about the quality of care being provided. Specific
concerns regarded increasing patient hand-offs, difficulty with transition of care from a
patient’s primary outpatient obstetrician/gynecologist to an inpatient specialist, and
unknown effects of the transition on maternal and neonatal morbidity and mortality.6

However, an increasing body of evidence suggests that, similar to improved care out-
comes in the hospitalist literature, patient care improves with use of laborists.
One study retrospectively looked at more than 6000 term, nulliparous deliveries in

one hospital during 3 different coverage types: traditional, community laborists, and
full-time laborists. They showed 27% and 23% reduction in cesarean delivery rates
with full-time laborists when comparedwith the periods with traditional and community
laborist coverage, respectively.7 Additionally, a study at a single hospital that examined
outcomes after the adoption of a laborist program found that women who were cared
for under the traditional model had an 86% higher chance of a cesarean delivery.8

There are varying hypotheses regarding the specific attributes of a laborist model
that account for such dramatic differences in the cesarean delivery rate, which has
been largely stagnant over the last 10 years, and there are likely several factors at play.
In traditional models, physicians are constantly balancing their time between clinical

duties, such as office and surgical responsibilities, and the actively laboring patient.
Given these demands on their time, it is likely that physicians change their practice de-
cisions and habits to accommodate their clinical responsibilities. Additionally, the dif-
ferences seen between rates of cesarean delivery among laborists and community
laborists within the same hospital suggest that the type of laborist matters.7 Commu-
nity laborists take laborist calls infrequently; thus, although they are available more
readily for obstetric emergencies, their practice pattern is likely not dramatically
different from that of private physicians. Finally, one cannot discount the experiential
difference of practitioners whose sole responsibility is the management of labor and
delivery and their increased comfort and patience with fetal heart rate tracings of un-
known significance and clinical uncertainty.
Patient satisfaction with the care they receive from laborists has also been ques-

tioned, with providers concerned that patients will be unhappy to have their delivery
performed by a physician they have never met. However, although this may be true
in certain practice settings, in one survey of patients before and after the implementa-
tion of a laborist care model, there was no difference in patient satisfaction.9

There continues to beminimal information on neonatal outcome differences with the
use of a laborist model. This lack of data is likely caused by low prevalence of term
neonatal morbidity/mortality and difficulty discerning true causation. However, one
could postulate that with 24-hour coverage of labor and delivery, there would be
increased responsiveness to obstetric emergencies such as abruption, cord prolapse,
and uterine rupture.

FINANCIAL IMPACT

The implementation of a laborist model can be costly upfront for health systems to
enact, with one group estimating 1.25 to 1.5 million dollars for the employment of
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4.5 full-time laborists.10 There are many models of cost-distribution, with health care
systems (eg, Kaiser Permanente), hospitals, or subspecialty groups (eg, maternal-fetal
medicine) either fully funding or sharing the costs. Similarly, the way in which laborists
bill for their time has also been a point of discussion. In the National Perinatal Informa-
tion Center/Quality Analytic Services survey of hospitalists, 56% were hired as sala-
ried employees, 32% performed traditional physician billing, and 24% performed
hospital-based billing.5

One potential economic benefit offsetting these costs are the potential for subse-
quent decreased malpractice claims and litigation. The wide practice variation seen
in traditional private practice coverage of labor and delivery leads to a decrease in
the quality of care patients receive and potential for increased litigation. For example,
a study of a large hospital system in 2008 showed that 70% of obstetric malpractice
claims involved substandard care and were ultimately responsible for 79% of the
costs associated with those claims. They subsequently concluded that a significant
proportion of these could have been avoided with continuous in-house labor
coverage.11 Similarly, in a review of almost 200 closed malpractice claims, 40%
were related to intrapartum fetal hypoxia, many of which might have been avoidable
with immediately available intervention.12

Another way in which the laborist model can contribute to lowering health care costs
overall is through increasing availability of trial of labor after cesarean (TOLAC). TOLAC
is found to be cost effective when compared with repeat cesarean delivery, with a cost
savings of $164 million per 100,000 women.13 However, many hospitals are unable to
offer TOLAC, even to women who are excellent candidates, because of the 1999
ACOG recommendation for physicians to be “immediately available” during TOLAC.14

Implementation of a laborist model provides this safety checkpoint for the hospital, as
well as mitigating malpractice concerns.

SUMMARY

The laborist model of care has been rapidly expanding since its introduction in 2003.
This care model, although still in its relative infancy, has thus far been found to poten-
tially decrease rates of cesarean delivery, improve physician job satisfaction, and
decrease medical malpractice claims. Overall, there have been relatively few studies
on the laborist model of care, particularly as it relates to maternal and neonatal
morbidity and mortality. As this model of care continues to expand and develop,
more work on its optimization and potential benefits needs to be done.
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Fetal Malpresentation and
Malposition
Diagnosis and Management

Rachel A. Pilliod, MD*, Aaron B. Caughey, MD, PhD

INTRODUCTION

Spontaneous vaginal delivery is most common when a cephalic-presenting (head
down) fetus is in the occiput anterior position. When the fetal head is occiput anterior
and flexed, the fetal head diameter is minimized and the presenting shape optimized
to fit through the pelvis. Most fetuses at term present head down and flexed with the
fetal occiput anterior. When the fetus deviates from this presentation or position, it can
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KEY POINTS

� Fetal malpresentation includes breech, shoulder, compound, face, and brow presentations.

� Risk factors for fetal malposition include multiple fetal and maternal factors, including fetal
size, amniotic fluid volume, fetal anomalies, maternal habitus, and pelvic structure.

� Breech presentation is the most commonly encountered fetal malpresentation and may
be managed with external cephalic version or planned cesarean delivery. Planned vaginal
delivery for breech presentation is associated with adverse perinatal outcomes and is
therefore only considered in selective cases with experienced providers and well-
informed patients.

� Fetal malposition includes occiput posterior and occiput transverse, is a commonly occur-
ring problem in obstetrics, and can be diagnosed in active labor by clinical examination or
bedside ultrasound.

� Most occiput posterior and occiput transverse cases will spontaneously rotate to occiput
anterior at the time of delivery; however, persistent occiput posterior and occiput trans-
verse may be managed with manual or digital rotation, which has high success rates
and minimal adverse effects.

Obstet Gynecol Clin N Am 44 (2017) 631–643
http://dx.doi.org/10.1016/j.ogc.2017.08.003 obgyn.theclinics.com
0889-8545/17/ª 2017 Elsevier Inc. All rights reserved.

mailto:pilliodr@ohsu.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ogc.2017.08.003&domain=pdf
http://dx.doi.org/10.1016/j.ogc.2017.08.003
http://obgyn.theclinics.com


provide a challenging clinical situation for even experienced providers. When a fetus is
in a noncephalic or nonvertex presentation, it is considered malpresentation. Fetal
malposition is a term used to describe a fetus that is rotated so that it is in the occiput
posterior or occiput transverse positions. Both of these conditions are associated with
increased rates of adverse maternal and perinatal events, including cesarean delivery.
In a time when reduction of primary cesarean deliveries remains a priority for pro-
viders, health care systems, and patients, identifying these conditions along with
the opportunities and pitfalls associated with diagnosis and management is an area
of active discussion in clinical practice.1,2

FETAL MALPRESENTATION

Fetal presentation refers to the fetal anatomic part proceeding first into and through
the pelvic inlet. Most commonly, the fetal head is presenting, which is referred to as
cephalic presentation. Once cervical dilation has occurred and the fetal fontanels
may be appreciated, if the head is flexed, the presenting anatomy of the fetal head
is just in front of the posterior fontanel, also known as the fetal vertex. The fetal vertex
is really an area, not just a point, and is bounded anteriorly by the anterior fontanel and
posteriorly by the posterior fontanel. Most commonly, women in active labor will have
a fetus in the vertex presentation. Any circumstance where the fetal presenting part is
other than the vertex is considered malpresentation, including breech presentation,
transverse and oblique lie with shoulder presentation, face and brow presentation,
and compound (hand or arm) presentation. The prevalence, complications, diagnosis,
and management of each are reviewed.

Breech Presentation

Breech presentation refers to a fetus with the feet or buttocks presenting in the pelvic
inlet and is the most common type of malpresentation.3,4 It is further categorized by
the presenting fetal part in relationship to the maternal pelvis:

� Frank breech: the fetus is in a pike position with the buttocks presenting and the
hips flexed, but knees extended.

� Complete breech: the fetus has both knees and hips flexed so the feet are near
the buttocks, but the buttocks are presenting.

� Incomplete breech: the fetus has either one or both knees flexed and one or both
hips flexed resulting in either the feet or the knee below the buttock.

� Footling breech: a type of incomplete breech wherein the fetus has one or both
feet presenting.

Diagnosis is made if breech presentation is suspected on Leopold examination or
digital examination if the cervix is dilated and may be confirmed by ultrasound.
Breech presentation affects approximately 3% to 4% of deliveries with the incidence
decreasing with advancing gestational age.4–6 In addition to prematurity, fetal factors
associated with breech presentation include aneuploidy and congenital anomalies,
growth restriction, multiple gestation, and female fetal sex.7–9 Maternal characteris-
tics include uterine anomalies, uterine fibroids, prior cesarean delivery, older
maternal age, multiparity, prior pregnancy with breech presentation, and placenta
previa.6,10,11

Significant outcomes associated with breech presentation under current practice
in the developed world are largely associated with mode of delivery as well as the
underlying fetal and maternal conditions predisposing to breech presentation. How-
ever, it should be noted that there is an independent association with breech
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presentation and stillbirth compared with cephalic-presenting fetuses.12,13 Risks
associated with laboring or rupture of membranes in a breech presentation are sig-
nificant and portend adverse outcomes for the fetus, including severe morbidity and
mortality. The risk of adverse obstetric outcomes with breech presentation includes
cord prolapse and prolonged cord compression in the setting of rupture of mem-
branes. If the fetus delivers vaginally with the breech presentation, there is a risk
for head entrapment as well as for birth trauma associated with maneuvers for de-
livery of the later coming head.14,15

Given these risks, vaginal breech delivery in singleton pregnancies is not routinely
advised in the United States. In light of efforts to reduce primary cesarean deliveries,
and with attention paid to subsequent pregnancies, external cephalic version (ECV)
may be attempted in women with a breech-presenting fetus. ECV is a procedure in
which a breech-presenting fetus is manually rotated to cephalic presentation by
applying pressure and direction through the maternal gravid abdomen. ECV is suc-
cessful in approximately 50% to 65% of cases, and offering this for women without
contraindications with breech-presenting fetus is recommended.16–18 Favorable char-
acteristics include multiparity, normal amniotic fluid volume, unengaged presenting
fetal part, earlier gestation (34–36 weeks), regional anesthesia, and multiparity.16–20

Use of uterine tocolysis and regional anesthesia have also been associated with suc-
cessful ECV.17,19,20 Factors associated with unsuccessful ECV include nulliparity, low
amniotic fluid volume, maternal obesity, advanced gestation, excessive estimated
fetal weight, posterior located fetal spine and anterior or lateral placenta, and ECV
attempt at term.16–20 In counseling patients, risks of the procedure including placental
abruption, cord prolapse, rupture of membranes, and emergency cesarean delivery
should be reviewed, although the overall risk of complications is estimated to be
approximately 6%.21

Delivery planning for women with fetuses in the breech presentation primarily
focuses on improving perinatal morbidity and mortality. Current practice is guided
by the Term Breech Trial, published in 2000, which is an international randomized
controlled trial. The Term Breech Trial randomly assigned complete and frank
presenting fetuses to planned vaginal or planned cesarean delivery. Perinatal mor-
tality, neonatal mortality, and serious neonatal morbidity were lower in women with
a planned cesarean delivery (relative risk 0.33, 95% confidence interval 0.19–0.59;
P<.0001).22 Since that time, vaginal breech deliveries have continued to decrease.
Follow-up studies have been published and suggest that outcomes at 2 years after
birth were not different for women or infants born to either arm of the trial.23,24 It
has been suggested that the absence of difference at 2 years is due to the
study being underpowered to appreciate the differences. Alternatively, it may be
that the short-term outcomes examined in the original study with the composite
morbidity and mortality outcome overestimated the risk associated with vaginal
breech delivery.
Subsequent studies have suggested that attempted planned vaginal breech deliv-

eries with select patients may not negatively impact neonatal outcomes.25–27 Sug-
gested criteria for trial of vaginal breech delivery include singleton, nonanomalous
pregnancies with frank or complete breech at term with an estimated fetal weight of
2500 to 4000 g, and a flexed fetal head. In addition, clinical examination with or without
imaging to assess the adequacy of the maternal pelvis is recommended.27,28 Close
monitoring of labor progression is necessary, and the provider experience and com-
fort with vaginal breech deliveries should not be underestimated. Also, women should
be appropriately counseled about the risks and benefits of the procedure relative to a
planned cesarean delivery.
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Transverse and Oblique Lie

Oblique and transverse lie most often result in the fetal shoulder as the deepest
presenting part and affects approximately 0.03% of deliveries.29 Diagnosis is
made by Leopold maneuver and by ultrasound examination. These presentations
are most often seen in conditions whereby the fetus is small, from growth restric-
tion or prematurity, or the uterus is compliant as in the case of high parity. As
such, adverse outcomes are associated with oblique and transverse presentation,
although the underlying prematurity and low birth weight may serve confounding
factors in some cases.30 Cord prolapse is also associated with these presentations,
which is associated with adverse outcomes as described with breech presenta-
tion.31 ECV may be attempted if the condition is diagnosed before rupture of mem-
branes or labor, but cesarean delivery is indicated if active labor or rupture of
membranes is present.

Face and Brow Presentation

Face and brow presentations occur when the fetus is cephalic presenting, but the fetal
neck is extended so that the vertex is not presenting. Both face and brow presenta-
tions are relatively uncommon with an incidence of 0.1% to 0.2% of all deliveries
and are associated with nulliparity, cephalopelvic disproportion, black race/ethnicity,
prematurity, fetal growth disorders (both low birth weight and fetal macrosomia), and
fetal anomalies.32–34 Both are associated with fetal soft tissue trauma, including
bruising and edema at the presenting part as well as increased rates of cesarean de-
livery.35 Diagnosis is made by digital examination in labor with palpation of facial parts.
The chin is not palpable in brow presentation, but it is with a face presentation and is
used to further characterize the fetal position that is described as mentum (chin) ante-
rior, mentum transverse, or mentum posterior. In the case of mentum posterior face
presentation, vaginal delivery requires neck extension beyond what is physiologically
possible for the fetus. Should spontaneous rotation or flexion not occur, manual assis-
tance is not recommended because of considerable risks, including uterine rupture,
cord prolapse, and spinal trauma to the fetus.34,36 Brow, mentum anterior, and
mentum transverse presentations may be monitored in labor, and most will deliver
spontaneously; however, early consideration of cesarean delivery for prolonged or
abnormal labor is indicated.34,37

Compound Presentation

A fetus presenting with an extremity preceding or adjacent to the fetal head is
described as compound presentation. Most often being a hand or arm, a compound
presentation affects approximately 0.1% to 0.2% of deliveries.38,39 Diagnosis is made
on digital vaginal examination with palpation of the involved extremity. Compound
presentation is associated with prematurity and low birth weight, high amniotic fluid
levels (polyhydramnios), and multiple gestation.38,39 Not surprisingly, cord prolapse
is also increased in cases of compound presentation. Although uncommon, limb
trauma of the presenting fetal part and maternal trauma, including rectal injury, have
been described, mostly as case reports in the available, recent literature.40–42 Identi-
fication of compound presentation early in labor may be managed expectantly
because the fetal part may be retracted as the fetal head engages the pelvis and spon-
taneous delivery may occur. In cases of persistent compound presentation with pro-
longed labor, gentle reduction with upward pressure of the presenting fetal part may
be attempted. In cases of labor dystocia, whereby the fetal limb cannot be moved or
concern for injury to the presenting fetal part, cesarean delivery is indicated.
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FETAL MALPOSITION

Occiput posterior position is defined as the fetal occiput being oriented to the poste-
rior maternal pelvis. Occiput transverse position is defined as the fetal sagittal suture
and fontanels aligned in the transverse maternal pelvis. The fetal position can be
further specified relative to the maternal pelvis, including the right and left side with
left occiput transverse and right occiput transverse, and right occiput posterior and
left occiput posterior for when the occiput is posterior but deviates from the midline
up to 45� in either direction. Persistent occiput posterior is when the malposition is
maintained during the second stage until delivery. Although occiput posterior and
occiput transverse positions may be observed in early and active labor, the persis-
tence of these positions in the second stage through delivery are associated with
adverse outcomes, including cesarean delivery.

Prevalence

Persistent occiput posterior has been estimated to affect between 1.8% and 12.9% of
pregnancies and occiput transverse at delivery varied from 0.2% to 8.1% of pregnan-
cies.43–48 In the first stage of labor, left occiput posterior is observed more frequently
than right occiput posterior, which are both more prevalent than direct occiput poste-
rior.49 In the second stage of labor, right occiput posterior is noted most frequently
followed by left occiput posterior and then direct occiput posterior.50 At what point
in labor the malposition is identified is of significance because most occiput posterior
and occiput transverse identified in early labor and at the onset of the second stage
rotate to occiput anterior without intervention. Persistent malposition at birth has
been associated with nulliparity, African American race, maternal age greater than
35 years, short maternal stature, induction of labor and oxytocin augmentation,
anterior placenta, advancing gestational age (41 weeks and beyond), and fetal macro-
somia (>4000 g).43,45,51,52 The presence of a narrow suprapubic arch on ultrasound
evaluation has been associated with persistent occiput posterior at birth in one small
study.52 In addition, women with a prior pregnancy affected by occiput posterior
position at birth have an increased risk for persistent occiput posterior in subsequent
pregnancies compared with women with prior birth in the occiput anterior position,
suggesting the maternal bony pelvis plays a considerable, nonmodifiable role in fetal
position.53

The role of epidural anesthesia and the persistence of occiput posterior remain
points of discussion. Multiple retrospective studies have suggested an association
between persistent occiput posterior and epidural use with authors and clinicians
theorizing a causal role mediated by pelvic floor relaxation in the presence of epidural
anesthesia.43,45 One prospective study examined changes in fetal position during la-
bor in nulliparous women using serial ultrasound examinations and observed the pro-
portion of fetal occiput posterior position was equivalent at time of epidural placement
and in early active labor (4 hours after admission) in women who did not have epidural
analgesia; however, women who had epidural analgesia had a higher proportion of
occiput posterior malposition at delivery (12.9%) compared with those without
epidural (3.3%).46 These observations led to the theory that epidural analgesia pro-
motes pelvic muscle relaxation and thus inhibits fetal head rotation in labor, contrib-
uting to persistent occiput posterior position. However, a meta-analysis of the
available randomized clinical trials did not show a statistically significant association,
although available data were limited to 4 small trials.54 Taking the meta-analysis into
consideration, coupled with the observation that multiparous women with and without
epidural anesthesia have a relaxed and accommodating pelvic floor and yet have
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considerably lower rates of persistent occiput posterior than nulliparous women,
others have suggested that this causal theory is not well supported.2

Maternal and Neonatal Outcomes

Although overall prevalence of occiput posterior in labor is low, the impact on women
and neonates is considerable. Compared with neonates delivering in the occiput
anterior position, those in occiput posterior have higher rates of multiple adverse
short-term outcomes, including 5-min Apgar scores less than 7, umbilical cord gas
acidemia, neonatal intensive care unit admissions, and longer hospitalizations.43 In
addition, multiple studies have shown increased rates of birth trauma.43,55 Interest-
ingly, although it has been described that neonates delivering in the occiput posterior
position have a lower rate of shoulder dystocia, they have a higher rate of brachial
plexus injuries, which speaks to a cause related to malposition in labor as opposed
to birth trauma at the time of delivery.56

It has been theorized that multiple factors contribute to these adverse outcomes,
including longer labor, and with it higher incidence of chorioamnionitis. The increased
rate of birth trauma is thought secondary to increased rates of operative deliveries or
from the delivery itself based on the theory that occiput posterior is a manifestation of
cephalopelvic disproportion. It is important to note that not all observational studies
have been in agreement on the adverse outcomes observed in the short term for ne-
onates, although study design and power differed.43,44,51,55

In terms of maternal complications, morbidity is often associated with duration of
labor and mode of delivery. The persistence of occiput posterior to time of delivery
has been associated with longer first and second stages of labor and the need for
augmentation of labor.44,51,55,57 Not surprisingly, the strength of the association of
prolonged labor, particularly in the second stage, is greatest when occiput posterior
is noticed in the second stage and persists.2,55,58 Rates of operative delivery, both ce-
sarean and operative vaginal delivery, are higher in women with persistent occiput
posterior and occiput transverse on entry to the second stage of labor with highest
rates among nulliparous women compared with their multiparous counter-
parts.44,45,51,55 As expected with higher rates of labor dystocia, prolonged labor,
and operative delivery rates, persistent occiput posterior is also associated with higher
rates of postpartum hemorrhage or excessive blood loss.51,59 In addition, cesarean
delivery at the time of prolonged labor (>4 hours), delivery at full dilation, and cesarean
in the setting of occiput posterior is associated with unintentional hysterotomy exten-
sion, which has associated increased operative time and morbidity.59,60 Among
women with vaginal delivery, perineal trauma is greater among occiput posterior
and occiput transverse deliveries with higher rates of third- and fourth-degree lacera-
tions.51,55 Women with occiput posterior also face increased risk of infection with
increased rates of chorioamnionitis and wound infection, although similar rates of
endometritis.51

Diagnosis

Given the considerable perinatal morbidity associated with fetal malpresentation, ac-
curate diagnosis is of considerable importance; however, timing of diagnosis is also
important. Identification of fetal malposition in labor can occur at any point during
the first and second stage of labor. Although most occiput posterior positions will
rotate spontaneously to occiput anterior, the vast majority of occiput posterior at de-
livery is a consequence of unresolved occiput posterior rather than rotation from
occiput anterior.58,61 Diagnosis historically has been made clinically with a digital
vaginal examination to assess the fetal sutures and fontanels relative to the maternal
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pelvis. Unfortunately, early vaginal digital assessment before full cervical dilation has
been shown to be inaccurate up to 76% of the time when compared with ultrasound
assessment, although this improved with increasing cervical dilation and advancing
station.49,62,63 In active labor, digital assessment proves more accurate; however,
when compared with ultrasound, accuracy remains an issue with reports of 20% to
65% of clinical examinations revealing results inconsistent with concurrent ultra-
sound.9,50,64–66 This inaccuracy is minimized by providing a greater degree of margin
of error (�45�) and provider experience.
Intrapartum ultrasound relies upon correct identification of the fetal occiput by iden-

tifying the falx, orbits, or cerebellum and posterior fossa. This technique is most often
taught as a transabdominal approach with the probe in the transverse alignment just
superior to pubic symphysis. When the head is deeply engaged in the pelvis, transper-
ineal or transvaginal approach may be used, but the landmarks for determining fetal
position are the same. With such considerable superiority of ultrasound in intrapartum
assessment of fetal position, if time permits, assessment with ultrasound to confirm
position should be used before active management of labor and as a teaching aid
for trainees in obstetrics.

Management

The first step in the management of occiput posterior and occiput transverse position
is diagnosis and timing of diagnosis. Although identification of the fetal position should
generally be performed in the active phase of the first stage, there are not generally
interventions that have demonstrated benefit because most commonly the fetus will
rotate to occiput anterior on its own. Multiple efforts have been made to identify
maternal positions to reduce the rate of occiput posterior at time of delivery; the
most extensively studied is a maternal hands and knees position with or without pelvic
rocking. Although this has been proven successful in reducing maternal discomfort in
the first stage of labor, it has not resulted in a reduction of persistent occiput posterior
at the time of second stage or delivery.67–70 More recently, lateral decubitus and hip
abduction both individually and in combination with hands and knees have been
trialed without significant impact on fetal position.71,72

If occiput posterior or occiput transverse is suspected at full dilation, close sur-
veillance is initiated with efforts made to confirm position with ultrasound if avail-
able and to monitor progress in the second stage. Delayed pushing has been
evaluated in small studies, but has not proven beneficial in minimizing occiput pos-
terior at time of delivery.55 Considering that even in the second stage most occiput
posterior and occiput transverse presenting fetuses will spontaneously rotate,73 if
fetal heart tracing is reassuring, the authors’ practice is to continue close moni-
toring for approximately 60 minutes for nulliparous women and 30 minutes for
multiparous women before reevaluating progress. If delivery is not imminent,
occiput posterior or occiput transverse is still suspected, and confirmation with
bedside ultrasound has not occurred, then the authors recommend proceeding
with ultrasound. At this point, they discuss with the patient a trial of manual or dig-
ital rotation.
In published reports evaluating manual or digital rotation, success rates are high,

ranging from to 74% to 90%.57,74–76 Full cervical dilation, maternal age less than
35, and multiparity were positively associated with successful rotation.74,76

Conversely, nulliparity and maternal age greater than age 35, as well as Asian race/
ethnicity, induction of labor and epidural use, labor dystocia as indication for rotation,
and subsequent attempt after initial failure were associated with failure of manual
rotation.74,76 None of these studies observed an increase in adverse neonatal
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outcomes compared with expectant management, and in one study, a reduction in
neonatal Apgar scores less than 7 at 5 minutes was associated with manual rotation.57

Of the studies examining cesarean rate, severe perineal laceration (defined as anal
sphincter involvement), postpartum hemorrhage, and chorioamnionitis were reduced
with a practice of manual rotation, whereas increased rates of cervical laceration were
associated with manual rotation in one study.57,73

In the event of failed manual rotation, or if expedited delivery is indicated, rotational
forceps or forceps from the occiput posterior position may be considered. Although
the number of skilled providers offering rotational forceps has decreased substantially
in the last 50 years with the concurrent increase in cesarean delivery, there have been
recent calls for increasing training opportunities citing the high rates of success with
the procedure.2,77 Recent publications including retrospective cohort studies and pro-
spective observational studies suggest that rotational forceps with subsequent spon-
taneous or forceps-assisted delivery from occiput anterior when compared with
forceps-assisted delivery from occiput posterior position resulted in reduced perineal
trauma and did not result in significant increases in adverse neonatal outcomes.78,79

Compared with cesarean delivery from the second stage, rotational forceps were
associated with reduced rates of postpartum hemorrhage and reduced neonatal
intensive care unit admissions.80

Vacuum-assisted vaginal delivery from the occiput posterior position may also be
offered. Although associated with a lower rate of anal sphincter injury compared
with forceps-assisted deliveries from occiput posterior, the success rate with
vacuum-assisted delivery is generally lower than with forceps-assisted deliveries
from both occiput posterior and anterior positions.81 Given the concern for increased
risk of neonatal trauma, including significant laceration as well as the high failure rate,
rotational vacuum deliveries, particularly with rotation of greater than 45�, are discour-
aged by some professional societies.82 Finally, cesarean delivery, particularly in the
setting of labor dystocia and persistent occiput posterior or occiput transverse posi-
tion, may be offered. As previously discussed, unintentional laceration and post-
partum hemorrhage are greater at the time of cesarean delivery following prolonged
second stage and in the setting of occiput posterior, so efforts should be made to
improve vaginal delivery rates and, in the event of cesarean delivery, to anticipate
these complications.

SUMMARY

Fetal malpresentation and malposition are commonly encountered in modern obstet-
rics and have considerable clinical consequences. Accurate identification of the fetal
presentation and position is critical to appropriate management. Ultimately, the op-
tions available to patients are provider dependent and rely on an informed discussion
of the risks and benefits. Appropriate comparison groups and future pregnancies
should be considered when considering outcomes. As others have noted, making
efforts to provide training opportunities to providers most likely to manage these chal-
lenging situations is necessary to continue optimizing and individualizing care for
women and neonates.
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INTRODUCTION

The incidence of twin pregnancies in the United States has increased over the past
few decades, and twins now represent 3.4% of all US live births.1 In the United States,
approximately 75% of twins are delivered by cesarean delivery (CD).2 Reasons for the
high CD rate in the United States include malpresentation of the first or second twin,
prematurity, maternal comorbidities, and patient preference. However, recent litera-
ture suggests that, for many women with twin pregnancies, vaginal delivery can be
achieved without increasing maternal or neonatal morbidity. This article reviews the
management of labor in twin pregnancies.

BACKGROUND
Mode of Delivery and Success Rates of Twin Vaginal Delivery

Overall, the goal of a twin delivery is to provide a safe delivery for the mother
and both babies. With regard to mode of delivery, there are 3 potential
outcomes:
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KEY POINTS

� In twin pregnancies, planned vaginal delivery is not associated with adverse maternal or
neonatal outcomes, compared with planned cesarean delivery, assuming the obstetrician
is experienced in twin delivery.

� Active management of the second stage of labor consists of breech extraction of the non-
vertex second twin and internal podalic version and breech extraction of the unengaged
vertex second twin.

� Active management of the second stage of labor achieves a high rate of vaginal deliveries
and very low rates of combined vaginal-cesarean delivery.
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� Vaginal delivery of both twins
� CD of both twins
� Vaginal delivery of twin A followed by CD of twin B (combined vaginal-CD)

In general, vaginal delivery of both twins is the most desirable outcome (discussed
later) because neonatal outcomes are similar regardless of mode of delivery and
because it avoids the maternal morbidity associated with CD for the current preg-
nancy and future pregnancies. CD of both twins is the next desirable outcome. The
least desirable outcome is a combined vaginal-CD. This type of delivery adds the mor-
bidities of labor, vaginal delivery, and CD. It also frequently is associated with a
complication between the delivery of the first and second twin.
Rates for the 3 modes of delivery vary in the literature. In the United States, the

overall rate of CD for twins is approximately 75%2 and up to 10% of women who
deliver the first twin vaginally have an unplanned CD of the second twin.3 In Ireland,
the CD rate for twins is 65% (23% for women who labored) with a 3% rate of com-
bined vaginal-CD.4 A study from France of 657 women with twin pregnancies
attempting labor showed a CD rate of 21.1% with a combined vaginal-CD rate of
only 0.5%.5

The different CD rates and different combined vaginal-CD rates are mostly
caused by differences in management of a nonvertex second twin. In the United
States, malpresentation of the second twin is often the reason for CD because
most modern-trained obstetricians lack the knowledge and experience to perform
a breech delivery. However, in France, where the success rates were best, the ob-
stetricians were comfortable with delivery of the second twin regardless of presen-
tation because they routinely used active management of the second stage of
labor, which consists of 2 essential tools: breech extraction of the nonvertex sec-
ond twin and internal podalic version and breech extraction of the unengaged ver-
tex second twin. Studies in the United States are consistent with these approaches.
For example, among 130 women with twin pregnancies attempting labor, the CD
rate was 15.4% with 0% having a combined vaginal-CD.6 In a follow-up study of
286 women with twin pregnancies attempting vaginal delivery, these rates were
17.8% and 0%, respectively.7

Active management of the second stage in a twin gestation is used to deliver
the second twin by breech extraction in all cases except when the second twin
is in an engaged vertex presentation. If there are no contraindications to vaginal
delivery, patients with twin pregnancies who labor and have active management
of the second stage should expect high rates of vaginal deliveries and very low
rates of combined vaginal-CD.5,6 Both retrospective studies showed similar
short-term neonatal outcomes for twins, regardless of planned mode of
delivery.5,6

Mode of Delivery: Safety of Vaginal Twin Delivery

Most older studies examining the safest mode of delivery for twins were retrospective
and compared either twins born vaginally with twins born by CD, or compared twins
with planned vaginal delivery with twins with planned CD. The conclusions of those
studies were mixed,5,6,8–11 with some finding benefit to CD and others finding no dif-
ference in outcomes. However, the retrospective studies all contain significant selec-
tion bias, and it is difficult to make any definitive conclusions from these types of
analyses.
The Twin Birth Study was a prospective, randomized trial of planned vaginal delivery

versus planned CD for twin pregnancies, and the results were published in 2013.12

Melka et al646



This multicenter study from 2003 to 2011 across 106 centers in 25 countries included
2804 women with twin pregnancies 32 0/7 to 38 6/7 weeks who were randomized to
planned vaginal delivery versus planned CD. Inclusion criteria included estimated fetal
weights 1500g to 4000g; the first twin had to be in vertex presentation; both twins had
to be alive, and there were no other contraindications to labor. Both dichorionic and
monochorionic twins were included, but monoamniotic twins were excluded. The pri-
mary outcome was a composite of fetal and neonatal mortality or serious neonatal
morbidity at 28 days of life, and did not differ significantly between the two groups
(2.2% in the planned CD group vs 1.9% in the planned vaginal delivery group;
P 5 .49). There were no differences in any secondary outcomes between the groups,
including individual fetal or neonatal outcomes, and maternal composite morbidity.
Also, the primary outcome was not affected by position of the second twin, gestational
age, chorionicity, maternal age, or perinatal mortality in the country of residence.
Follow-up examination of the children at 2 years of life did not show any differences
in neurodevelopmental outcomes between the groups.13 Maternal outcomes also
did not differ at 3 months after delivery.14 Based on the results of this randomized trial,
for women with a twin pregnancy greater than 32 weeks with the first twin in vertex
presentation, planned CD is not associated with any known improvement in maternal
or neonatal morbidity or mortality.
In the Twin Birth Study, among the 1393 women in the planned vaginal delivery

group, the CD rate was 39.6% and the combined vaginal-CD rate was 4.2%. After
removing the 196 women who had their CD before labor, for the women who attemp-
ted labor, the CD rate was 34.4% (412 out of 1197) and the combined vaginal-CD rate
was 4.9% (57 out of 1197). All delivering obstetricians were reported to be experi-
enced at vaginal twin delivery, but no specific details were reported regarding exper-
tise in breech extraction or internal podalic version.

Mode of Delivery: Conclusion

Patients with twin pregnancies greater than 32 weeks with the first twin in vertex pre-
sentation should be counseled that planned vaginal delivery is not associated with
adverse maternal or neonatal outcomes, compared with planned CD, assuming the
obstetrician is experienced in twin delivery. If the mother does attempt labor, the likeli-
hood of a vaginal delivery is approximately 65% to 75% and the likelihood of a com-
bined vaginal-CD is approximately 3% to 10%. However, if the delivering obstetrician
is comfortable with active management of the second stage, including breech extrac-
tion and internal podalic version, the likelihood of vaginal delivery can be as high as
85% and the combined vaginal-CD rate could be less than 1%. Planned vaginal de-
livery of twins is currently encouraged in well-selected patients.15

PROTOCOL FOR DELIVERY OF TWINS

The approach to vaginal delivery of twins usually involves institutional guidelines
about selection and management. There are no specific approaches that have
been well studied compared with others. Thus, this article presents an example of
a specific protocol for the delivery of twin pregnancies. This protocol has several
components.

Patient Selection

Not all women with twin pregnancies should attempt a trial of labor. First, the patient
should desire a vaginal delivery and there should be no other contraindications to
vaginal delivery. In addition, the following is required:
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� Twin A must be in vertex presentation.
� Twin B’s estimated fetal weight should be greater than 1500g.a

� If the estimated fetal weight of twin B is greater than twin A, the discordance
should be less than 20%.a

Third-Trimester Counseling

All patients with twin pregnancies considering vaginal delivery are counseled in the
third trimester, including:

� A devoted counseling session with a delivering obstetrician
� An opportunity to accept or decline an attempt at vaginal delivery
� Detailed documentation in the prenatal record

Timing of Delivery

Because of the increased risk of intrauterine fetal demise in twin pregnancies, uncom-
plicated twin pregnancies are delivered earlier than singletons. Delivery is commonly
recommended for twin pregnancies at the following gestational ages, or sooner if
other indications are present16

� Dichorionic diamniotic twins: 38 weeks
� Monochorionic diamniotic twins: 37 weeks

These recommendations are made to balance the increasing risk of stillbirth and the
decreasing risk of prematurity as a pregnancy progresses, as well as the small risks of
early term deliveries.

Induction of Labor

When a woman with a twin pregnancy has an indication for delivery, or she has
reached the gestational age at which delivery is recommended, induction of labor is
offered as an option.
Twin pregnancies can use the same approaches as singleton gestations; for example,

cervical ripening with prostaglandins or a transcervical Foley balloon catheter.
Induction of labor has similar success in twin pregnancies as in singleton pregnan-

cies, and the risk factors for failed induction are the same (nulliparity, advanced
maternal age, low Bishop score).17 For example, in one study, for women with twins
undergoing induction of labor, nulliparous women had a 27.9% likelihood of CD,
whereas multiparous women had a 5.1% likelihood of CD.17

Regional Anesthesia

For all women with twin pregnancies attempting labor, regional anesthesia (epidural) is
recommended for several reasons:

� In the event of an unplanned CD in labor. Trying to place an epidural in this setting
could be difficult in a woman with twins and general anesthesia carries an
increased risk of aspiration.

a If twin B is in vertex presentation, then the estimated fetal weight criteria for twin B listed earlier do
not apply. The criteria are meant to decrease the risk of head entrapment. Head entrapment at the
cervix is thought to be more common in preterm babies in whom the head circumference is larger
than the abdominal circumference or in deliveries in which twin B is significantly larger than twin
A. However, data supporting this concern are limited. Patients in this scenario must be counseled
that they are at increased risk for combined vaginal-CD because they would not be candidates for
breech extraction.
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� Maternal comfort can facilitate easier fetal monitoring of both twins.
� Most importantly, to allow for breech extraction of the second twin. Breech
extraction cannot be easily performed without anesthesia.

Management of Labor

Most labor management for twins is similar to that for a singleton gestation. Pa-
tients are given a clear liquid diet, and intravenous fluids are administered at a
maintenance rate (typically 125 mL/h). Continuous external fetal heart rate moni-
toring is performed for both twins until delivery. Because monitoring both twins
externally can be technically challenging, placement of an internal scalp electrode
for twin A can be performed as needed, leaving only twin B with external moni-
toring. If continuous fetal heart rate monitoring cannot be achieved, CD is
recommended.
Assessment of the labor curve and appropriate progress in labor does not

differ for twin pregnancies compared with singleton pregnancies. Obstetric inter-
ventions in labor and the decision to perform a CD for arrest of labor or nonreassur-
ing fetal heart rate are according to the same indications as in singleton
pregnancies.
During labor, the patient remains in a standard labor room until the cervix is fully

dilated, at which point she is transferred to the operating room for delivery. Consider-
ation should be given to delivering all twins in the operating room for several reasons:

� The operating room is the largest room on labor and delivery, which allows space
for all personnel present for delivery.

� The overhead lighting allows for better visualization.
� Decreased time to delivery if an emergent CD is warranted.

For all twin deliveries, the following personnel are present in the operating room:

� Two obstetricians (ideally one of whom is a learner, such as a resident or junior
attending).

� Two pediatric teams, 1 for each twin.
� Three nurses: – 1 for the patient and 1 for each twin.
� A surgical technician, in the event of a CD, or to assist with instruments needed
for vaginal delivery.

� An anesthesiologist.

The patient pushes in the second stage in the operating room using foot rests
attached to the operating room table and using a large foam wedge behind her to
allow her to be sitting at a 45� angle. Her partner is encouraged to be with her, similar
to a singleton vaginal delivery. Continuous fetal heart rate monitoring is maintained for
both twins during the second stage of labor.
All personnel in the operating room wear surgical scrubs, masks, and head covers,

but no one aside from the surgical technician is scrubbed at this time.

Delivery: Active Management of the Second Stage

The delivery of twin A proceeds as a standard singleton vertex delivery, with the use of
operative delivery and episiotomy as indicated. After the first twin delivers, the cord is
clamped twice with small plastic cord clamps and cut and twin A is handed to
the mother or the awaiting pediatricians. A single clamp is left on the cord of twin A
(to help differentiate the 2 placentas after birth).
After delivery of the first twin is complete, a vaginal examination is done to deter-

mine the presenting part of twin B and the mode of delivery for the second twin.
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Twin B: cephalic and engaged
If twin B is cephalic and engaged in the maternal pelvis, continuous fetal heart rate
monitoring is continued until delivery and the mother begins to push again.
Frequently, oxytocin needs to be given (or the rate increased) to maintain a regular
contraction pattern. As maternal contractions bring the fetal head further into the
pelvis, artificial rupture of membranes is performed with maternal expulsive efforts
to facilitate delivery. Operative delivery and episiotomy are performed for the usual
indications.

Twin B: breech or transverse
If twin B is in breech or transverse presentation, a total breech extraction is performed.
This extraction should occur within several minutes of delivery for twin A. Delivering
twin B before the cervix contracts decreases the likelihood of a head entrapment in
the cervical canal.
To perform breech extraction, the fetal feet are grasped at the ankles and pulled

caudally, maintaining a good hold because the membranes typically rupture at
this time. If not, artificial rupture of membranes is performed. If both feet cannot
be grasped, it is appropriate to pull on 1 foot until the foot reaches past the
introitus, at which point the second leg and foot can usually be identified and
delivered.
As the breech delivers past the introitus, the umbilical cord is lengthened and the

infant is grasped with 1 hand on each hip. The operator’s thumbs should be placed
on the sacrum and the hands wrapped around the sides and grasping the front of
the infant with the index fingers on the anterior superior iliac spines. Pressure higher
or more lateral on the back could cause trauma to the kidneys or adrenal glands. Pull-
ing caudally delivers the fetal abdomen and chest, with concurrent 180� clockwise and
counterclockwise rotation to dislodge a possible nuchal arm, as needed. As the fetal
scapulae come into view, the arms are then delivered. If the right scapula is visible, the
provider’s right hand is used and the right thumb is placed on the right scapula, and
the fingers are used to sweep the right arm in a down-and-out fashion. The infant is
then rotated clockwise, and the left arm is delivered in the same fashion with the op-
erator’s left hand.
The head is delivered by performing the Mauriceau-Smellie-Veit maneuver. The first

and middle fingers of the obstetrician’s dominant hand are placed on the fetal
mandible on each side of the fetal mouth with the palm on the baby’s chest. The
nondominant hand is placed along the upper back with the middle finger on the
occiput. By pulling down on the maxillae and pushing down on the occiput, this main-
tains flexion of the fetal head. An assistant can also provide suprapubic pressure to aid
with flexion of the head. As the body is elevated, the head is then delivered through the
vagina. If further fetal head flexion is needed, Piper forceps can be used.

Twin B: Unengaged
If twin B is vertex or oblique, but unengaged, there is an option for an internal podalic
version of twin B. To perform this maneuver, one hand is placed in the vagina and the
other on the maternal abdomen. The hand in the vagina should be the one opposite
the side of the fetal back. So, if the fetal back is to the maternal right, the operator’s
right hand is placed in the vagina and the left hand on the maternal abdomen. The op-
erator’s internal hand first elevates the vertex higher into the uterine cavity and then
reaches for a fetal foot. The outer hand then continues to elevate the vertex, while
the internal hand pulls the feet caudally, rotating the baby to complete breech presen-
tation. Delivery then proceeds as a breech extraction, as described earlier.
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After delivery of the second twin, the umbilical cord is clamped and cut and then
marked as twin B with 2 clamps. The baby is handed to the mother or the second
team of pediatricians. Cord blood gases are obtained and the placentas are then
delivered. Oxytocin is administered, as well as any additional uterotonics as
needed. Any lacerations are repaired and the patient is returned to the supine
position.

TWIN DELIVERY: COMPLICATIONS AND MANAGEMENT

Twin pregnancies are at increased risk for delivery complications relative to singleton
pregnancies. There is an increased risk for uterine atony, postpartum hemorrhage,
and difficult extraction. There are also potential complications associated with active
management of the second stage, such as cord prolapse, hand presentation, nuchal
arm, and head entrapment. With proper patient selection and provider training, most
of these complications can be prevented or mitigated to achieve a safe delivery. Some
of the most common complications and their management are listed here.

Uterine Atony

An enlarged uterus (overdistended by twins) is a known risk factor for uterine atony
and postpartum hemorrhage. On admission to the hospital, a sample of blood should
be sent to the blood bank to crossmatch at least 2 units of packed red blood cells for
all twin deliveries. After delivery, routine active management of the third stage of labor
(uterine massage and intravenous oxytocin) should be used and there should be a low
threshold to administer any additional uterotonic agents.

Difficult Extraction

Regardless of mode of delivery, extraction of twins can sometimes be a challenge.
Occasionally, it can be difficult during CD to deliver twin A in vertex presentation. If
an unengaged (floating) vertex is noted at the time of CD, twin B can be delivered first,
instrumental delivery with vacuum or forceps can be used for twin A, or an attempt can
be made to deliver twin A as a breech presentation. The pediatric team is present in
the delivery room for all twin deliveries in case neonatal support or resuscitation is
needed.

Unengaged Vertex of Twin B

If twin B is unengaged and vertex and given time to descend, there is a risk that the
cord or fetal hand could descend below the vertex while it is unengaged. A CD is
required in this setting because it is unsafe to perform an operative delivery with an
unengaged vertex and unsafe to perform breech extraction because of the risk of
head entrapment if too much time has elapsed after delivery of twin A.

Complications of Active Management During the Second Stage

Uterine hypertonicity
After delivery of twin A, the uterus may contract rapidly on twin B. In cases of malpre-
sentation, it can be difficult to perform the necessary maneuvers to rotate and deliver
the second twin in this setting. A single dose of nitroglycerin (100 mg intravenously
given by the anesthesiologist) or a dose of terbutaline (250 mg given subcutaneously)
can be used to relax a hypertonic uterus.

Malpresentation
In experienced hands, internal podalic version and breech extraction are used.
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Failed breech extraction
If an attempt is made at breech extraction of twin B and it proves difficult, the
obstetrician must know when to abandon the procedure and proceed with CD
for twin B (combined vaginal-CD). In general, most internal podalic versions and
breech extractions are performed within a few minutes of birth of twin A. If breech
extraction of twin B has not been achieved after 5 minutes, staff should be notified
to prepare for CD and an assistant should begin scrubbing. Maneuvers to achieve
breech extraction should continue while final preparations are being made. In addi-
tion, CD should be started after 8 to 10 minutes have passed from the birth of twin
A. The provider must consider whether it would be appropriate to use a midtrans-
verse or classic incision rather than a low transverse incision depending on the clin-
ical setting and maternal anatomy (fetal lie, distended bladder, length of second
stage, and so forth).

Cord prolapse/hand presentation/funic presentation
Each of these conditions may be diagnosed after twin A has delivered. Internal podalic
version and breech extraction of twin B can be performed promptly, avoiding the need
for CD.

Nuchal arm
This condition occurs when the fetal arm is behind the fetal head and neck during
breech extraction. It is relieved with rotation of the fetal body. For example, as twin
B delivers, the sacrum is oriented anteriorly. If the left arm is reaching up and around
behind the fetal head toward the fetal right shoulder (ie, the left arm is between the fetal
head and the maternal bladder/anterior uterine wall), the fetal body should be rotated
clockwise until the arm passes in front of the head, and then is delivered in standard
fashion. A right nuchal arm is relieved with counterclockwise rotation of the fetal body.
Another way to remember this is whichever arm is nuchal, that shoulder needs to
rotate toward 12 o’clock (like windshield wipers).

Head entrapment
Head entrapment refers to the inability to deliver the fetal head during a breech extrac-
tion because it cannot pass through a contracted cervix. This situation is most likely to
occur:

1. When twin B is significantly larger than twin A
2. In certain cases of prematurity (caused by the larger ratio of head to abdominal

circumference)
3. When breech delivery is not performed in a prompt fashion

As the cervix contracts, the fetal abdomen and thorax can pass through, but the cer-
vix prevents delivery of the fetal head. There are several maneuvers to assist with fetal
head entrapment. The anesthesiologist should ensure the patient has good pain relief
and administer a rapid-acting uterine relaxant. The assistant should provide suprapu-
bic pressure, which flexes the fetal head andmay assist in delivery. Duhrssen incisions
can be made on the cervix using bandage scissors, incising at 2, 6, and 10 o’clock.
This technique increases the diameter of the cervix, allowing the fetal head to pass
through. If unsuccessful, CD is required.

SUMMARY

Obstetricians who care for twin pregnancies should be aware of the challenges that
may arise during the labor and delivery. With recognition of these issues and proper

Melka et al652



training, providers should be able to help women with twin pregnancies achieve a safe
delivery for them and their babies. With the use of breech extraction of the second twin
and active management of the second stage of labor, women with twin pregnancies
can also achieve a high vaginal delivery rate of both twins.
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Vaginal Birth After
Cesarean Trends
Which Way Is the Pendulum Swinging?

James Sargent, MD*, Aaron B. Caughey, MD, PhD

INTRODUCTION

Cesarean deliveries (CDs) occur in one-third of all births in the United States1 and,
compared with vaginal deliveries, are associated with increased maternal and
neonatal morbidity.2–5 Additional CDs are associated with increased risk of abnormal
placentation, intraoperative injury, massive transfusion, unplanned hysterectomy, and
prolonged hospital stay,6 underscoring the importance of reducing the incidence of
CD when safely possible. Vaginal birth after cesarean (VBAC) can mitigate the high
CD rate and associated complications, but the availability of a trial of labor after cesar-
ean (TOLAC) has varied over time. This article outlines the factors influencing VBAC
trends in addition to discussing the maternal and neonatal outcomes associated
with TOLAC, specifically in certain high-risk populations.
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KEY POINTS

� Cesarean delivery is associated with increased maternal and fetal risks that increase with
each subsequent cesarean, potentially threatening future childbearing decisions.

� The US cesarean delivery rate has plateaued at 32% and currently less than 25% of
women with a previous cesarean attempt a future trial of labor after cesarean (TOLAC).

� A TOLAC is associated with decreased maternal mortality, hysterectomy, and fever, but
increased risk of uterine rupture, transfusion, neonatal encephalopathy, and perinatal
mortality.

� Access to TOLAC is limited by resource availability, malpractice concerns, and provider
failure to adequately counsel women regarding their choices.

� Future studies are needed to identify and address barriers to TOLAC availability.
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The Rise and Fall of Trial of Labor After Cesarean

In 1916, Edward Cragin,7 in an address to the New York Association of Obstetricians
and Gynecologists, coined the phrase “once a cesarean, always a cesarean,” reflect-
ing the dominant clinical philosophy of the time. In 1951, 2 reports outlining VBAC out-
comes were published,8,9 but the practice of a TOLAC did not receive much attention
until the 1981 National Institutes of Health Consensus on Childbirth.10 That report
addressed the increasing rate of CD and focused on TOLAC as a means to decrease
this national trend.10,11 In 1988, the American College of Obstetricians and Gynecol-
ogists (ACOG) published guidelines for the safe practice of TOLAC and national rates
of VBAC increased from 3% in 1981 to an all-time high of 28% in 1996,12,13 whereas
the CD rate simultaneously reached a nadir of 21%.1

In 1996, a large retrospective study was published comparing outcomes following
TOLAC versus repeat CD in women with a previous CD and found an increase in major
maternal complications in the TOLAC group (adjusted odds ratio [aOR], 1.8; 95% con-
fidence interval [CI], 1.1–3.0) driven by the increased rate of uterine rupture (aOR, 5.2;
95% CI, 0.6–45.4).14 There were no differences in minor maternal complications or
neonatal outcomes with either mode of delivery. That study highlighted the increased
risks of a failed TOLAC, which was reflected in the 1999 ACOG guidelines on VBAC.11

Following that report, the rates of TOLAC and VBAC steadily declined to 16% and 9%,
respectively, in 2006.11,15 Concurrently, the CD rate increased annually until peaking
at 33% in 2009 and subsequently plateaued over the past 3 years at 32%.1

Much of the decline in TOLACwas secondary to a provider-driven decrease in avail-
ability influenced by 2 changes in the 1999 ACOG VBAC guidelines.11 The first modi-
fication was to recommend obstetricians to offer a TOLAC to eligible women rather
than encourage one. The second modification was to require that surgical and anes-
thesia resources be immediately available for an emergency CD in the setting of a sus-
pected uterine rupture. Following this, TOLAC availability declined because
approximately one-third of hospitals and half of obstetric clinicians were either unable
to meet the standard of being immediately available or were unwilling to risk subse-
quent litigation.10 In the 2010 ACOG practice bulletin on VBAC, the investigators
acknowledged that “[reports of uterine rupture], and the professional liability pres-
sures they engendered, have resulted in a reversal of VBAC and [CD] trends,”16 and
that “concerns over liability have a major impact on the willingness of physicians
and healthcare institutions to offer TOL [trial of labor].”10,16 The decline in TOLAC
has continued, with recent surveys of institutional TOLAC availability in California17

and New Mexico18 noting that only 57% and 41%, respectively, of responding institu-
tions offered TOLAC in 2012.17,18 Both studies found that the most common reasons
for hospitals not offering TOLAC was the lack of obstetrician or anesthesia availability,
in addition to the malpractice cost.

The Impact of Litigation Concerns

The fear of litigation greatly contributes to provider reticence when offering TOLAC.19

The most common cause of malpractice litigation surrounding TOLAC is severe
neonatal neurologic impairment following uterine rupture.19 In these cases, the award,
by jury verdict, can be substantial and cases are often settled even if the standard of
care was met.19 The 2009 ACOG Survey on Professional Liability revealed that 26% of
responding ACOG members stopped offering TOLAC in the previous 3 years, with
20% reporting malpractice affordability or availability as the reason.20 In response,
the 2010 ACOG Practice Bulletin on VBAC stated, “restricting [TOLAC] access was
not the intention of the College’s past recommendations.”16 Instead, they qualified
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previous remarks stating, “the decision to offer and pursue TOLAC in a setting in which
the option of immediate cesarean delivery is more limited should be carefully consid-
ered by patients and their healthcare provider.”16 The statement recognized that
“respect for patient autonomy supports the concept that patients should be allowed
to accept increased levels of risk, however, patients should be clearly informed of
such potential increase in risk and management alternatives.”16

Before undertaking a TOL, thorough documentation of informed consent is important
to preserve patient autonomy, improve interprovider communication, and for liability
protection. This process involves a discussion between the woman and her provider
regarding the maternal and fetal risks in addition to the benefits of either a TOL or a
repeat CD. Standardized consent forms can be used if they contain patient-specific in-
formation, including maternal and fetal factors that influence a patient’s chance for a
successful TOL or risk of uterine rupture. It should be emphasized to the patient that
she may opt for a repeat CD at any time intrapartum. Such consent forms should, at
a minimum, be completed during the antepartum or intrapartum period.19

Of note, a signed form does not always equate to informed consent; it does not
ensure comprehension of a patient’s choices or liability protection for the physician.
One group of investigators found that, in a previously counseled population, there
were critical knowledge gaps between the patient-perceived likelihood of TOLAC suc-
cess and risks of TOLAC versus repeat CD, with 45% to 73% of patients replying, “I do
not know” to pertinent questions.21 To avoid lack of comprehension, an ongoing con-
versation throughout pregnancy must be undertaken with an emphasis on the pa-
tient’s individual risks, chances for success, and the potential outcomes for each
intended mode of delivery.

MODE OF DELIVERY OUTCOMES

The counseling process for TOL versus repeat CD depends on a thorough under-
standing of the risks and benefits of both options. The woman and her physician
must decide between the risk of a repeat CD and that of a TOL. A repeat CD is asso-
ciated with an increased possibility of maternal complications and can adversely
affect future pregnancies. The risk of a TOL depends first on whether the TOL leads
to a vaginal delivery versus a cesarean in labor. A TOL has improved maternal and
neonatal outcomes compared with a repeat CD if successful, but has increased risk
of maternal and neonatal morbidity and mortality in the setting of an unscheduled
CD. Further, although both of these management approaches are considered safe,
they each carry the risk of rare, serious complications (Table 1).

Maternal Outcomes

Maternal mortality
Since 2003, the overall maternal mortality in the United States has been 12 to 15 per
100,000 pregnancies, and for uncomplicated women with a history of CD the rate is
slightly lower at 10 per 100,000 pregnancies regardless of mode of delivery.22,23 In
a meta-analysis, a TOL at term was associated with a maternal mortality of 1.9 per
100,000 versus 9.6 per 100,000 for a repeat CD (relative risk [RR], 0.27).24 Higher rates
of maternal mortality were found when including studies that had both preterm and
term deliveries; however, the trend of decreased maternal mortality with a TOL
persisted.24

Uterine rupture
On meta-analysis, the rate of uterine rupture for all women with a history of 1 previous
CD is 0.3%, and the rate of uterine rupture is significantly higher for women who
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undergo a TOL compared with a repeat CD (0.47% vs 0.026%; P<.001).24 The risk of
uterine rupture is higher at term than it is at earlier gestational ages, but most of the
high-quality studies on uterine rupture are not stratified by spontaneous versus
induced labor, thereby limiting the conclusions that can be made from their results.24

Uterine rupture: impact of induction of labor
The risk of uterine rupture with induction of labor (IOL), regardless of induction agent or
gestational age, is 1.2%.24 In the Agency For Healthcare Research And Quality
(AHRQ) meta-analysis, IOL was associated with a 0.1% risk difference of uterine
rupture at any gestational age, with a greater risk during postterm IOL.24 Of note,
no uterine ruptures were reported during preterm IOL in the included studies.24 Two
recent studies from 2015 examined the risk of uterine rupture secondary to an induced
TOLAC versus expectant management.25,26 In one study of 12,676 women, investiga-
tors found no increased risk of rupture with IOL except at gestational ages 39 1 0 to
391 6 weeks (1.4% vs 0.5%; aOR, 2.73; 95%CI, 1.22–6.12).25 In contrast, the second
study examined 6033 women from the Consortium on Safe Labor database who
attempted TOLAC, and did not find an increased risk of uterine rupture associated
with TOL. The investigators reported a uterine rupture rate of 0.2% for the IOL group
versus 0.3% for the expectant management group (aOR, 0.72; 95% CI, 0.24–2.17).26

The literature regarding the safety of different IOL methods is conflicting. On meta-
analysis the uterine rupture rate was 1.1% with oxytocin, 2% with prostaglandin E2,
and 6% with misoprostol.24 Two smaller studies noted no uterine ruptures when
mechanical cervical ripening (eg, with a Foley catheter) was used.24 Based on these
results, the 2010 ACOG practice bulletin on VBAC recommended against the use of
misoprostol and instead stated, “given the lack of compelling data suggesting
increased risk with mechanical dilation and trans-cervical catheters, such interven-
tions may be an option for TOLAC candidates with an unfavorable cervix.”16 At pre-
sent, there is insufficient evidence to determine the uterine rupture risk when
multiple methods of induction are used sequentially.

Other maternal morbidity
Aside from the risk of uterine rupture, studies have examined other possible maternal
morbidities associated with a TOL. When considering the risk of hysterectomy sec-
ondary to mode of delivery, a prior meta-analysis found that a TOL at any gestational

Table 1
Selected outcomes following a trial of labor after cesarean versus a repeat cesarean

Outcome RRa 95% CI

Maternal mortality: all GA 0.33 0.13–0.88

Term 0.27 0.19–0.85

Uterine rupture 20.74 9.77–44.02

Hysterectomy 0.40 0.18–0.92

Transfusion 1.30 1.15–1.47

Maternal fever 0.63 0.43–0.91

Perinatal mortality 1.82 1.24–2.76

Abbreviations: GA, gestational age; RR, relative risk.
a RR for a TOLAC compared with repeat CD.
Data from Guise JM, Eden K, Emeis C, et al. Vaginal birth after cesarean: new insights. Evidence

report/technology assessment no.191. (Prepared by the Oregon Health & Science University
Evidence-based Practice Center under contract no. 290-2007-10057-I). AHRQ Publication No. 10-
E003. Rockville (MD): Agency for Healthcare Research and Quality; 2010.
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age was associated with a decreased risk for hysterectomy (0.22%) compared with
repeat CD (0.43%) for an RR of 0.40 (95% CI, 0.18–0.92)24; however, at term there
was no significant difference between TOL (0.14%) and a repeat CD (0.16%).24 This
meta-analysis also assessed the risk of postpartum hemorrhage and need for trans-
fusion with each mode of delivery and found that the pooled risk for transfusion was
not significantly different between a TOL (0.9%) and a repeat CD (1.2%).24 When
only assessing term pregnancies, a TOL was associated with a slight increased trans-
fusion risk (0.7%) versus a repeat CD (0.5%) for an RR of 1.30 (95% CI, 1.15–1.47).24

The risk of maternal infection during a TOLAC versus a repeat CD is difficult to ascer-
tain secondary to the varying criteria for diagnosis used by different studies. The risk for
chorioamnionitis was determined to be higher for a TOL, whereas wound infections are
more likely following a repeat CD because of the delivery-specific nature of these infec-
tions.24 Postpartum fever was less associated with a TOL (6.5%) versus a repeat CD
(7.2%) for an RR of 0.63 (95% CI, 0.43–0.91),24 but there was a greater risk of post-
partum endometritis after a TOL (0.8%–30% risk) versus a repeat CD (risk of 1.2%–
18%).24 Despite thesematernalmorbidities, at any gestational age, a TOL is associated
witha shortermaternal hospital stay (2.55days) comparedwith repeatCD (3.92days),24

whereas the risk of venous thromboembolism is lower in women with a successful
VBAC following a history of a single CD (0.04%) compared with a repeat CD (0.1%).27

Impact on future pregnancies
Future childbearing goals are important to consider when counseling patients
regarding the risks of a TOL because recent studies have found that 46% of women
with 1 child expect to have another child within the next 5 years.28 In patients who
desire future childbearing, mode of delivery in the index pregnancy can significantly
affect the risks of future pregnancies including postoperative complications and the
incidence of placenta previa as well as placenta accreta spectrum.
Compared with the first cesarean, additional cesareans progressively increase the

rates of placenta accreta, unplanned hysterectomy, blood transfusion of more than 4
units, cystotomy, placenta previa, operative time, hospital length of stay, postpartum
endometritis, and the need for postoperative ventilation (P<.001).6 The risk of accreta
spectrum increases with the number of previous CDs, from 0.24% with no previous
CD to 6.7% with 5 or more CDs,6 and is associated with massive maternal hemor-
rhage, disseminated intravascular coagulopathy, renal failure, unanticipated surgery,
postoperative return to the operating room, maternal death, and preterm delivery.6,29

The incidence of a placenta previa also increases when a woman has had a history of
prior CD (OR, 1.48–3.95).24 In the presence of a placenta previa the risk of accreta
spectrum was 3% if the woman had 1 previous CD, 11% following 2 previous CDs,
40% following 3 previous CDs, and 61% following 4 previous CDs.6 Placenta previa
alone can also be associated with an increased risk of antepartum, intrapartum, and
postpartum maternal hemorrhage, hysterectomy, and preterm delivery.30 It has
been projected that, by 2020, the annual incidence of placenta previa, placenta
accreta, maternal death, and cesarean hysterectomy will all be significantly
increased.6,31 Despite the low absolute risk of these complications, their devastating
nature necessitates careful review when counseling patients regarding the risks and
benefits of a TOL.

Neonatal and Infant Outcomes

Perinatal mortality
Perinatal mortality is defined as a fetal demise after 20 weeks’ gestational age through
the first 7 days of neonatal life. The perinatal mortality for TOL is 1.3 deaths per 1000
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deliveries, and 0.5 deaths per 1000 deliveries for women undergoing a repeat CD for
an RR of 1.82 (95% CI, 1.24–2.76; P5 .041).24 The risk of perinatal death in the setting
of uterine rupture is 6.2% (95% CI, 1.8%–18.8%).24

Neonatal morbidity
Investigators have assessed the relationship between a TOLAC and several neonatal
outcomes. Hypoxic-ischemic encephalopathy (HIE) is the most serious nonfatal
neonatal outcome and can result in permanent neurologic disability. Although there
have been prior studies examining the risk of HIE following a TOLAC versus a repeat
CD, to date, no study has used the International Cerebral Palsy Task Force definition
of HIE32 when assessing this risk. One study identified cases of HIE using International
Classification of Diseases, Ninth Revision (ICD-9) codes in a California administrative
database of 41,450 pregnancies and found that the incidence of HIE was higher in
both low-risk (0.89% for TOL vs 0.32% for repeat CD) and high-risk (1.29% for TOL
vs 0.20% for repeat CD) pregnancies, but the significance of this difference was not
assessed.33 Apgar scores, although not always predictive of HIE, can often be used
to identify at-risk infants. When studied, Apgar scores were not consistently different
in infants delivered by a TOLAC versus a repeat CD.34–37

When studying the risk of birth trauma secondary to mode of delivery, one group of
investigators used a broad definition of birth trauma as well as ICD-9 codes (including
fetal malpresentation, operative vaginal delivery, and resultant injuries) and found an
increased risk associated with TOLAC versus repeat CD (3.7% vs 0.77%) for an OR
of 4.2 (95% CI, 1.1–18.2).38 Aside from birth trauma, neonatal respiratory distress
has also been studied and, in a large meta-analysis, the need for bag-and-mask venti-
lation was found to be significantly higher following a TOL (5.4%; 95%CI, 3.5%–7.6%)
than a repeat CD (2.5%; 95% CI, 0.72%–5.0%).24 In this same analysis, differences in
neonatal intubation rates could not be assessed given the heterogeneity of definitions
used in eligible studies.24

Given the potential increased neonatal risk of a TOLAC, some investigators have
hypothesized that this may subsequently result in heightened postpartum neonatal
surveillance. In the AHRQ meta-analysis, there was a significant increase in neonatal
sepsis work-up following a TOLAC (23%) versus a repeat CD (13%; P 5 .0008)39 but
no difference in the incidence of culture-positive sepsis.40,41 In another study, the dif-
ference in suspected neonatal sepsis was greater in patients with a labor epidural
(30%) versus those without (6%).40 When assessing the relationship between method
of delivery and neonatal admission to the intensive care unit (ICU), most trials found no
difference between TOLAC and repeat CD.24 One moderately sized study reviewed
672 term pregnancies and found no significant difference in neonatal ICU (NICU)
admission rates for successful VBAC (3.7%), failed TOL (8.2%), planned repeat CD
with labor (8.7%), and planned repeat CD without labor (9.6%; P5 .068).42 In contrast,
another recent study found significantly higher NICU admission rates following a
TOLAC as opposed to a repeat CD (26% vs 18%; P 5 .001), but this difference did
not persist when assessing NICU admissions of greater than 4 hours’ duration
(4.2% for TOL vs 4.4% for repeat CD; P 5 .9).39

One of the concerns regarding neonatal outcomes is how the approach to delivery
affects breastfeeding initiation. This question was examined in a large study of 31,511
deliveries that included all births between 20 and 42 weeks’ gestation in Ohio from
2006 to 2007 in women with 1 prior cesarean delivery. This study determined that,
compared with repeat CD, the odds of breastfeeding initiation at 1 to 2 days of life
for successful VBAC was an aOR of 1.42 (95% CI, 1.20–1.56) versus an aOR of
1.15 for failed TOL (95% CI, 1.01–1.32).43
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PREDICTION OF SUCCESSFUL TRIAL OF LABOR

A failed TOLAC is associated with increased maternal and neonatal morbidity and
mortality.24 Thus, it is important to identify predictors of a successful VBAC. Several
factors are associated with a successful TOLAC, including a nonreoccurring indication
for CD and a TOL following spontaneous labor.24 A history of a previous vaginal deliv-
ery has been the most consistent predictor of VBAC, conferring a 3-fold to 7-fold
increased likelihood of success.24 Similarly, a history of previous VBAC has been
shown to increase the likelihood of successful TOL up to 88% to 93%.44,45 Alterna-
tively, the chance of achieving a VBAC is decreased in the setting of increasing
maternal age, African American race, Hispanic ethnicity, obesity, preeclampsia,
short-interval pregnancy, and gestational age more than 40 weeks.24 Infant weight
has not been found to affect TOLAC success.16,24

Using the factors discussedearlier, 6 differentmodelshavebeenvalidated for the suc-
cessful prediction of VBAC.38–42,46 Three of these models40,42,46 were then applied to a
Northern Irish cohort and their results compared. The models generated by Smith and
colleagues42 and Grobman and colleagues40 performedwell, with area under the curve
(AUC) of 0.74 and 0.72 respectively.47 Using a predicted VBAC threshold of 72%, the
sensitivity and specificity for the Grobman and colleagues40 model was 73% and 57%
respectively and for the Smith and colleagues42 model was 66% and 72% respec-
tively.40,42 The model proposed by Grobman and colleagues40 was subsequently
used to generate an online calculator capable of estimating awoman’s likelihoodof suc-
cessful VBAC (https://mfmu.bsc.gwu.edu/PublicBSC/MFMU/VGBirthCalc/vagbirth.
html).

PREDICTION OF UTERINE RUPTURE

Numerous studies have investigated the maternal and fetal factors that influence the
risk of uterine rupture. A history of prior vaginal delivery has consistently been found to
be protective against uterine rupture (aOR, 0.26–0.62).48–52 Alternatively, advancing
maternal age (>30 years) increases rupture risk, with an aOR of 2.6 (95% CI, 1.1–
6.0) for ages 30 to 39 years and 5.8 (95% CI, 1.6–20.3) for age 40 years and older.51

Interdelivery interval less than 24 months (aOR, 2.05–2.65)48–50 and a previous single-
layer hysterotomy closure (aOR, 3.95–4.33)48 were both associated with increased
likelihood of uterine rupture. Infant birth weight has not been found to influence uterine
rupture risk.48,50

The impact of previous hysterotomy type on the rate of uterine rupture was exam-
ined, and investigators found a 0.75% risk of uterine rupture with a prior low-
transverse uterine incision.52 The highest uterine rupture risk was 2.47% from a prior
low-vertical incision followed by 1.59% secondary to a prior classic, T-shaped, or
J-shaped hysterotomy. The lowest risk was 0.63%with an unknown prior hysterotomy
type. Based on these results, ACOG concluded that “TOLAC is not contraindicated for
women with one previous cesarean delivery with an unknown uterine scar type unless
there is a high clinical suspicion of a previous classical uterine incision.”16

Other predictors of uterine rupture have been explored, including the use of sono-
graphic measurements of myometrial thickness before a TOL. One group of investiga-
tors found that a lower uterine segment thickness greater than 3.5 mm had a negative
predictive value of 99% for uterine rupture but a positive predictive value of 12%.53

Given the baseline risk of uterine rupture during a TOLAC of 0.47%,24 the clinical utility
of this technique is questionable.
Intrapartum uterine rupture can be difficult to diagnose initially but is most often

accompanied by fetal heart tracing abnormalities, specifically fetal bradycardia, which
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occurs inup to70%ofcases.15Other findingscan includevaginal bleeding, newonsetof
maternal pain, abnormal contraction patterns, and loss of fetal station.15,54 Investigators
reviewedobstetric litigations involvingTOLACand found that 80%of claimswere avoid-
able if TOLAC was limited to women who underwent spontaneous labor, not requiring
augmentation, and in the absence of signs of fetal compromise (including repetitive var-
iable decelerations).55 With this conservative approach, it is difficult to determine the
number of missed VBAC opportunities for every case of uterine rupture averted.

TRIAL OF LABOR AFTER CESAREAN IN SPECIAL POPULATIONS
History of 2 Previous Cesarean Deliveries

For women with a history of 2 previous CDs, there has been concern regarding the
likelihood of a successful VBAC and the potentially increased risk of uterine rupture.
One systematic review of 17 studies included 5666 pregnancies, and determined a
pooled VBAC success rate of 72%, a uterine rupture rate of 1.1% for TOL versus
0.11% for repeat CD (P<.001), and a hysterectomy rate of 0.40% for TOL versus
0.63% for repeat CD (P 5 .14).56 However, there were insufficient data to analyze
neonatal outcomes, including sepsis, HIE, or mortality. Alternatively, a retrospective
review of 1082 women with a history of 2 previous CDs found a successful VBAC
rate of 75% with no cases of uterine rupture.57 When 3757 women undergoing a
TOL after 1 CD were compared with 134 women undergoing a TOL after 2 CDs there
was a significant increase in the rates of uterine rupture (0.8% vs 3.7%; P5 .001) and
failed TOL (25% vs 38%; P 5 .001).49

When assessing the risks of a TOL after 2 CDs, it is important to also acknowledge
the increased morbidity of a third CD. Two prior studies have retrospectively investi-
gated the risks of a third CD in more than 16,000 pregnancies.6,57 The rate of uterine
rupture was 1.3%,57 hysterectomy was 0.9%,6,57 maternal ICU admission was
0.54%6 to 4.9%,57 pulmonary embolus was 0.08%,6 reoperation rate was 0%54 to
0.25%,6 and the maternal death rate was 0%54 and 0.05%.6 Both studies reported
insignificant perinatal morbidity or mortality.6,57

In an effort to prevent some of the risks associated with these pregnancies, one
study retrospectively applied the VBAC prediction model proposed by Grobman
and colleagues to 369 patients with 2 previous cesareans undergoing a TOL.40,58

The AUC for the Grobman model was 0.74 with similar predicted and actual VBAC
success rates,58 suggesting that this tool may be useful when discussing mode of de-
livery in this patient population.

Multifetal Gestation

A TOLAC in the setting of multifetal gestation is complicated by many maternal and
fetal factors. There is concern that increased uterine distention could augment the
risk of uterine rupture.24 In addition, following a successful VBAC, malpresentation
of the second twin could still result in the need for a repeat CD. Of the 3 largest studies
evaluating TOLAC in multifetal gestations, 2 used large national databases and ICD-9
codes to identify cases and controls,59,60 whereas the third used a prospective
Maternal Fetal Medicine Units Network cesarean registry cohort.61 These 3 studies
found that the rates of attempted TOLAC were 33%,59 39%,60 and 45%61 respec-
tively, and the rates of successful VBAC were 76%,59 45%,60 and 65%.61 In the third
study, almost half of the failed TOLAC deliveries occurred following vaginal delivery of
the first twin.61 Another large cohort study found that the rate of uterine rupture was
1.1% during TOLAC, 0.1% during repeat CD, 0.2% with successful VBAC, and
1.4% during failed TOLAC.59
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When comparing TOLAC in multifetal gestation with singleton gestations, investiga-
tors found a significant increase in transfusion risk without increased risks of uterine
rupture, bladder/bowel injuries, uterine artery laceration, or postpartum fever.59 Alter-
natively, when comparing multifetal TOLAC versus repeat CD there was an increased
risk of uterine rupture (RR, 13.7; 95%CI, 4.0–47.0) with no significant differences in the
rate of uterine dehiscence, hysterectomy, transfusion, major postpartum infection,
postpartum venous thromboembolism, or pelvic hematoma.60 Alternatively, in the
Maternal Fetal Medicine Units Network cesarean registry, investigators found no sig-
nificant difference in adverse maternal events or perinatal outcomes when comparing
multifetal TOLAC versus repeat CD, or when comparing multifetal TOLAC versus
singleton TOLAC.61

Malpresentation and External Cephalic Version

There are very limited data on the safety of external cephalic version (ECV) in the
setting of previous CD.11 In a retrospective review of 42 pregnancies, investigators
found a 72% ECV success rate and a successful VBAC rate of 60%, including failed
ECV, with no immediate complications.62 Based on these results, ACOG recommends
that, “external cephalic version is not contraindicated if a woman is at low risk of
adverse maternal or neonatal outcomes from [ECV] or TOLAC.”11

SUMMARY

With the increasing CD rate in the United States, increasing the availability of TOLAC is
important to decrease maternal and fetal morbidity associated with repeat CD. In
pregnancies complicated by a history of previous CD, both a TOL and a repeat CD
are safe options for delivery with overall low absolute rates of adverse maternal or fetal
outcomes. Although a repeat CD is associated with increased maternal risks, most of
these risks can be anticipated. In comparison, the success of a TOLAC is unpredict-
able. If a VBAC is achieved, it confers decreased risks to both the mother and the in-
fant, but, if the TOLAC fails, there is a greater risk to both. Because individual women
have different risk thresholds, the discussion regarding mode of delivery should begin
early in the outpatient prenatal care setting and continue throughout the pregnancy.
The discussion surrounding informed consent should incorporate the woman’s future
childbearing desires, and the woman’s specific risk factors and likelihood of success
should be documented.
Contemporary data regarding the risks of TOLAC in low-risk and high-risk popula-

tions are needed. In addition, prospective studies must be undertaken to determine
the safety and efficacy of different induction methods, including mechanical ripening
agents versus oxytocin, in addition to the optimal timing of IOL. Barriers to TOLAC
availability need to be elucidated and addressed. Providers need to be educated
about the risks and benefits of TOLAC, encouraged to use predictive models, and
urged to standardize their counseling methods to ensure patient comprehension.
Quality metrics are also crucial to determine the number of women attempting TOLAC,
VBAC success rates, and incidence of abnormal placentation in order to further
educate providers regarding the scope of the issue.
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Quality Improvement and
Patient Safety on Labor
and Delivery

Bethany Sabol, MD*, Aaron B. Caughey, MD, PhD

INTRODUCTION

Every component of a health care team shares a common thread, that we are human
beings, and despite all of our best efforts, human beings make mistakes. To Err is
Human: Building a Safer Health System, an Institute of Medicine report, identified
that approximately 44,000 Americans die annually from medical errors, making it
the eighth leading cause of death in the United States.1 This number does not take
into account near misses or error-related injuries and resultant patient morbidity,
nor does it reflect the cost to the health care system and the nation in the form of hos-
pital costs, lost wages, and long-term disability. Perhaps even more important, it fails
to capture the loss of trust in the system for both patients and providers.
The obstetric patient population is unique in that the majority of our patients are

young and healthy, and childbirth has become a relatively safe event leading to fewer
adverse outcomes in this cohort. With that being said, when an adverse event occurs
for either mother or child, it can have a catastrophic and lasting effect. A study eval-
uating adverse events and potential adverse events on labor and delivery confirmed
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KEY POINTS

� Creating a culture of safety and continuous quality improvement should be a priority for all
labor and delivery units.

� Key components of patient safety efforts include effective communication, multidisci-
plinary care and team training, simulation, clinical guidelines, and checklists.

� Implementation of evidence-based quality improvement initiatives endorsed by the Amer-
ican College of Obstetrics and Gynecologists can help to standardize and improve patient
care on labor and delivery.

Obstet Gynecol Clin N Am 44 (2017) 667–678
http://dx.doi.org/10.1016/j.ogc.2017.08.002 obgyn.theclinics.com
0889-8545/17/ª 2017 Elsevier Inc. All rights reserved.

mailto:sabol@ohsu.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ogc.2017.08.002&domain=pdf
http://dx.doi.org/10.1016/j.ogc.2017.08.002
http://obgyn.theclinics.com


an overall low risk of severe adverse events, but did report that 5% of their patients
experienced a quality problem, with 87% of those as a result of a medical error that
could have been prevented.2 These examples highlight the failures of our complex
health care system in obstetrics and makes it glaringly obvious that our existing sys-
tems fails to build safety into our processes.
Over the last 2 decades, there has been an emphasis on redesigning our health care

system to not only eliminate medical errors, but also to create a culture of safety.
Within Obstetrics and Gynecology, the American College of Obstetrics and Gynecol-
ogists (ACOG) defines a culture of safety as an environment in which all of the types of
care providers are empowered to identify errors, near misses, and risky behaviors, and
to take part in identifying broader systems issues and engage in active collaboration to
improve on and resolve process and system failures.3

This article reviews key components that promote a culture of safety and help to
move the needle toward the implementation of safer and effective, evidence-based
quality care on labor and delivery units. Specifically, it focuses on aspects and exam-
ples of how communication, multidisciplinary care, simulation, and the development
and implementation of evidence-based, standardized checklists, clinical guidelines,
and quality improvement initiatives are moving toward these goals.

COMMUNICATION

Effective communication is the cornerstone of our work. Furthermore, patient percep-
tions of communication breakdowns can equate to feelings of distrust, dissatisfaction
with care, and, in the event of an adverse outcome, medicolegal action.4 The Joint
Commission on Accreditation of Healthcare Organizations (JCAHO) is a not-for-
profit organization that focuses on hospital standards and improvement in quality
and patient safety. They recommend active involvement in performing root cause
analyses for all sentinel events. A root cause analysis is a multidisciplinary systematic
exercise designed to identify flaws in a system to prevent errors from happening again.
In a review of sentinel events reported to JCAHO, the top listed root cause leading to
an infant death or permanent disability was communication issues.5

Standardized Terminology

Effective communication needs to start with a common language. In obstetrics, not
only is our daily work affected by a lack of common terms, but data collection and
meaningful measurement is impossible without standard definitions and the use of
these in clinical documentation. In 2011, ACOG and the members of the Women’s
Health Registry Alliance collaborated to develop standard definitions across the field,
called the reVITALize Initiative. These consensus definitions are intended to be incor-
porated into clinical practice enhancing both clinical communication and allowing for
the development of robust national research.6

For example, postpartum hemorrhage is a significant cause of maternal morbidity
and the most preventable cause of maternal mortality.7 Historically, postpartum hem-
orrhage has been defined as an estimated blood loss of more than 500mL for a vaginal
delivery and more than 1000 mL for a cesarean delivery. However, blood loss of more
than 500 mL for any mode of delivery, a 10% decrease in hematocrit, a 3 g/dL
decrease in hemoglobin, or significant symptoms including lightheadedness, syn-
cope, tachycardia, hypotension, or oliguria, have all also been used.8 The significant
variability in the definition of postpartum hemorrhage has made it difficult to evaluate
its true incidence and study interventions to decrease its occurrence. In 2014,
ACOG released its reVITALize definition for early postpartum hemorrhage, defining
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it as a “cumulative blood loss �1000 mL or blood loss accompanied by signs/symp-
toms of hypovolemia within 24 hours following the birth process (includes intrapartum
loss).”9 This definition has been found to be a valid threshold regardless of mode of
delivery and accurately predicts a decrease in hemoglobin of more than 3 g/dL and
the need for uterotonics.8 Armed with 49 new, standardized, ACOG-supported defini-
tions, it is imperative that we, as a specialty, incorporate these definitions into practice.

Structured Systems to Enhance Communication

Improved communication on labor and delivery units can be achieved through well-
studied, structured tools that are designed to enhance team-based communication.
Team huddles, debriefings after sentinel or adverse events, clarification or check-
backs, hand-off tools like Situation–Background–Assessment–Recommendation,
and conflict resolution using chain of command or 2-challenge rule are all ways of
achieving collaboration and improved communication skills on labor and delivery.10

A clinical scenario that exemplifies the importance of both a shared, standardized
language and structured systems to enhance multidisciplinary team communication
is the interpretation of fetal heart rate tracings. Allegations surrounding the interpre-
tation and management of fetal tracing is one of the most cited reasons for malprac-
tice suits and miscommunication between care providers plays a large role in this
occurrence. Establishment of nomenclature defined by the National Institute of Child
Health and Human Development, training of all care providers who play a role in the
interpretation of fetal tracings, and consideration of implementing a protocoled
approach to abnormal tracings that incorporate clinical judgment and build in
team-based checkins and communication regarding concerns. Consideration of
adaptation of protocols and guidelines surrounding a unit’s approach to fetal heart
rate tracing can help to develop common knowledge structures or “shared mental
models,” fostering clinical consensus.11 Furthermore, the development of an elec-
tronic fetal monitoring training and certification program for all care providers is
another method of identifying knowledge gaps and confirming use of standardized
clinical interpretation.11

MULTIDISCIPLINARY TEAM TRAINING

A major contributor to adverse events in obstetrics can be traced back to deficiencies
in communication and teamwork. In flight training, Crew Resource Management
training programs focus on communication and development of shared behaviors to
prevent errors and improve safety especially in crisis situations. These programs
have proven effective in the aviation world and have been successfully implemented
with promising results in other fields, including health care. Training sessions provide
clinical teams with improved communication, team building, the ability to recognize
emergency situations, decision making, dealing with fatigue, and debriefing and
providing feedback.12

In obstetrics, these training sessions can be carried out as half-day seminars or mul-
tiday courses with a focus on skill development exhibited by highly effective teams,
including leadership skills, enhanced communications skills, development of error
reduction strategies, and establishing shared vision including modeling of structured
communication events such as huddles and debriefings.4,13 Furthermore, an essential
aspect of this team-based learning in obstetrics is that it is multidisciplinary in nature
with the incorporation of all aspects of the care team including nurses, obstetricians,
midwives, family medicine providers, anesthesiologists, pediatricians, neonatologists,
and other staff.
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Implementation of this type of multidisciplinary team training in obstetrics is still in its
infancy, but the studies evaluating its benefits thus far are promising. One study
demonstrated that a team-based training modality in an academic labor and delivery
unit resulted in a significant decrease in adverse obstetric outcomes, as well as a 62%
decrease in reserved claims resulting from severe adverse events.12,13 This finding, in
combination with literature from other fields of medicine, holds promise that the wide-
spread incorporation of teamwork training will improve patient safety and maternal
and neonatal outcomes.12,14

SIMULATION

Simulation-based team training is quickly becoming another integral tool for improving
patient safety and outcomes in health care. In other specialties, it has been shown to
improve teamwork and clinical performance in both simulated and clinical care set-
tings.15 In obstetrics, rare emergency situations such as a shoulder dystocia, post-
partum hemorrhage, eclamptic seizure, and fetal bradycardia can happen at any
time and have the potential for possible catastrophic outcomes. Simulation is used
to train providers both to technically handle these scenarios and how to effectively
communicate through a specific emergency situation.16 The strength of simulation
training is that it allows people to practice together in a safe environment and can iden-
tify and mitigate common clinical errors that can occur during an emergency.17

The positive effects of multidisciplinary simulation-based team training has been
shown in shoulder dystocia simulation with demonstrable improvements in successful
deliveries with sustained improvement at the 6- and 12-month follow-up after simula-
tion.15,18 Furthermore, studies have demonstrated that clinicians who participated in
obstetric simulation not only showed significant increases in fund of knowledge, but
also improved performance when compared with didactic-based learning strate-
gies.15 Continued efforts to develop and incorporate simulation-based training into
labor and delivery units is an important step in providing improved situational handling
of high-risk events, identification of clinical knowledge gaps, and systems issues lead-
ing to potential adverse outcomes.

STANDARDIZATION OF CLINICAL PRACTICE

Standardization of processes helps to eliminate variation and has been used success-
fully to enhance performance and reliability in aviation, the military, and the nuclear
energy industry. The use of protocols and checklists in medicine has been shown to
decrease medical errors through standardized practice and workflows.19 In obstet-
rics, the development of clinical guidelines and standard practice has been chal-
lenging given the overall lack of evidence-based practices. It is imperative that
physicians and other care providers take an active leadership role in the design, devel-
opment, and implementation of these protocols and standards. If clinicians do not
take the lead as quality becomes increasingly a focus of payers, the government,
and private industries, we run the risk of having these guidelines and protocols exter-
nally crafted and mandated for us.19

The United States has seen an increase in maternal mortality and severe maternal
morbidity over the past 5 years, despite overall decreasing rates globally.20 The most
preventable causes have been identified as obstetric hemorrhage, severe hyperten-
sion in pregnancy, and peripartum venous thromboembolism.20 As a response, the
National Partnership of Maternal Safety (NPMS) was created as a collaborative na-
tional effort to improve maternal safety. This initiative has led to the development
of checklists and consensus bundles for management addressing obstetric
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hemorrhage, severe hypertension in pregnancy, and venous thromboembolism pro-
phylaxis as well as the development of early warning systems in obstetrics. The rec-
ommendations of the NPMS bundles are intended to be implemented in every
maternity unit. Adaptation to meet the unique specifications of each individual facility
is inevitable, but standardization of these implemented bundles within a given insti-
tution should be encouraged.7,20,21

Checklists

Checklists are informative memory aid tools that ensure completeness and consis-
tency while simultaneously eliminating unnecessary variation that can lead to medical
errors. Themost well-known example of checklist use in obstetrics is the surgical team
pause. This time-out before cesarean delivery and other surgeries taking place on la-
bor and delivery act as a hard stop to ensure that all participating parties agree with
the planned procedure and that all concerns have been addressed before proceeding.
This check includes ensuring important patient risk factors have been addressed, an-
tibiotics have been given, pneumatic compression devices are on, and the pediatrics
team has been called. Another adaptation that has been implemented in some institu-
tions is a checklist at the time of operative vaginal delivery to ensure the appropriate-
ness and readiness for the procedure (fetal position, station, complete dilatation,
bladder emptied).22 The implementation of surgical checklists in medicine have
been associated with significant decreases in both surgical complications and mortal-
ity22; certainly, further implementation and evaluation of their use in obstetrics is
imperative.

Clinical Guideline: Obstetric Hemorrhage

As discussed, obstetric hemorrhage is a frequent and significant cause of severe
maternal morbidity andmortality. The NPMS has developed a safety bundle organized
into 4 domains: readiness, recognition and prevention, response, and reporting and
system learning (Box 1).7 It endorses the use of ACOG’s revised definition of early
postpartum hemorrhage, defined as “cumulative blood loss of �1,000 mL OR blood
loss accompanies by signs and symptoms of hypovolemia within 24 hours following
the birth process.”9 The readiness domain is designed to prevent delays that account
for a significant proportion of adverse outcomes in obstetric hemorrhages through
enhanced preparedness. This domain includes the creation of a hemorrhage cart
complete with visual aids and necessary supplies stored in an immediately available
location on labor and delivery. It also recommends immediate access to medication
while still complying with safe and secure standards. It calls for the creation of a
response team in the setting of a severe hemorrhage composed of a maternity pro-
vider and a nurse; the team may also include anesthesia, blood bank, interventional
radiology, and any other pertinent service and recommends the development of an
alert system similar to a code team. Finally, it calls for the development of massive
transfusion protocols specific to the unit and regular unit-based simulation and
debriefing.7

The second domain, recognition and prevention, incorporates screening of every
patient to assess their hemorrhage risk, reevaluating their risk throughout labor, and
anticipatory planning, when possible, for antepartum patients with significant risk fac-
tors (such as Jehovah’s Witness or placenta accreta). It is pertinent to remember,
however, the need for universal surveillance given that severe postpartum hemorrhage
happens in 40% of women without risk factors.7 Furthermore, accurately assessing
cumulative blood loss is essential. The dated estimated blood loss is significantly
imprecise, underestimating blood loss in 33% to 50% of cases and acting as a driver
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of delayed management of hemorrhage. This bundle calls for improved direct
measurement of blood loss using calibrated under-buttocks drapes, and weighing
pad/laps as well as active management of the third stage of labor, specifically oxytocin
administration, uterine massage, and cord traction. The third domain is response to
hemorrhage. This domain describes 2 key interventions that should occur in every
hemorrhage. There should be a detailed and standardized management plan in
response to every obstetric hemorrhage. Although uterine atony accounts for 70%
of obstetric hemorrhages, the evaluation and identification of obstetric hemorrhage
etiology is a critical first step. A standardized, stage-based management plan should
be developed and implemented in each maternity unit. This should include triggering
vital signs and blood loss for each stage, defined roles and responsibilities for each
teammember, and the creation of a communication plan for activation of the obstetric
hemorrhage protocol, similar to a code blue. Each unit needs to adjust these recom-
mendations to fit their individual capabilities, but several successful examples from
California, New York, and Florida can serve as roadmaps for successful implementa-
tion.7 This domain also addresses the bystanders of such a significant and traumatic
event, the families. Response to a hemorrhage should include the aftermath and

Box 1

Obstetric hemorrhage safety bundle from the National Partnership for Maternal Safety,

Council on Patient Safety in Women’s Health Care

Readiness (every unit)

1. Hemorrhage cart with supplies, checklist, and instruction cards for intrauterine balloons and
compression stitches.

2. Immediate access to hemorrhage medications (kit or equivalent).

3. Establish a response team—who to call when help is needed (blood bank, advanced
gynecologic surgery, other support and tertiary services).

4. Establish massive and emergency release transfusion protocols (type O negative or
uncrossmatched).

5. Unit education on protocols, unit-based drills (with postdrill debriefs).

Recognition and prevention (every patient)

6. Assessment of hemorrhage risk (prenatal, on admission, and at other appropriate times).

7. Measurement of cumulative blood loss (formal, as quantitative as possible).

8. Active management of the third stage of labor (department-wide protocol).

Response (every hemorrhage)

9. Unit-standard, stage-based obstetric hemorrhage emergency management plan with
checklists.

10 Support program for patients, families, and staff for all significant hemorrhages.

Reporting and systems learning (every unit)

11. Establish a culture of huddles for high-risk patients and postevent debriefs to identify
successes and opportunities.

12. Multidisciplinary review of serious hemorrhages for systems issues.

13. Monitor outcomes and process metrics in perinatal quality improvement committee.

Data from Main EK, Goffman D, Scavone BM, et al. National Partnership for Maternal Safety:
consensus bundle on obstetric hemorrhage. Anesth Analg 2015;121(1):142–8.
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establishment of a system that allows for timely discussion, reassurance, and support
for patients and their families. The final domain is reporting and systems learning. This
step is critical to continuous quality improvement. By establishing a culture of debrief-
ing and huddles, multidisciplinary review of sentinel events, and monitoring of patient
outcomes and process metrics, there is a better chance to develop a sustainable pro-
cess that improves maternal outcomes.

Clinical Guideline: Management of Hypertension

Hypertensive diseases in pregnancy are a major contributor to maternal mortality and
severe maternal morbidity and up to 60% of maternal deaths owing to hypertension
are potentially preventable.20,23 Specifically, systolic hypertension is an important pre-
dictor of hemorrhagic stroke and cerebral infarction.20 The timely identification and
treatment of systolic and diastolic blood pressures to prevent stroke and other major
morbidities is crucial, and the implementation of standardized order sets and manage-
ment protocols has resulted in the reduction of severe maternal morbidity and mortal-
ity.20,24 The Severe Hypertension in Pregnancy Working Group of ACOG has
developed guidelines for the management of acute-onset severe hypertension in
pregnancy and the postpartum period.24 They recommend that women with acute-
onset severe systolic or diastolic hypertension receive urgent antihypertensive therapy
(as soon as possible—within 30–60 minutes) with either intravenous labetalol or hy-
dralazine, or oral immediate release nifedipine after confirmed severe hypertension
defined as a persistent blood pressure greater than 160/110 mm Hg for 15 minutes
or longer. They encourage the development of standardized protocols to measure
blood pressure in pregnancy to ensure accuracy (an example of this is the California
Maternal Quality Care Collaborative Toolkit for standardized BPmeasurement). ACOG
Committee Opinion 692 provides sample order sets for treatment of severe hyperten-
sion with each first-line agent.24 Finally, they recommend that in the setting of resistant
severe hypertension an emergent consultation with anesthesia, maternal–fetal medi-
cine, or critical care subspecialist occur to discuss second-line intervention.

Clinical Guideline: Prevention of Thromboembolism

Venous thromboembolism is a significant cause of maternal morbidity and mortality
and is potentially preventable is appropriate risk factor-based prophylaxis. The
NPMS in 2016 released a consensus bundle on venous thromboembolism. The bundle
is divided into the 4 following domains (Box 2).21 (1) Readiness is the establishment of
risk throughout pregnancy, specifically during the first prenatal visit, during antepar-
tum admissions, immediately postpartum, and upon discharge home after birth using
validated tools modified for obstetric patients (Caprini System or Padua System, mod-
ifications online at http://links.lww.com/AOG/A834).21 (2) Recognition expects that,
through routine screening, high-risk patients will be identified and be intervened
upon accordingly. (3) Response outlines the NPMS recommendations for at-risk pa-
tient prophylaxis based on available evidence, guidelines from ACOG, the Royal Col-
lege of Obstetricians and Gynecologists, and the American College of Chest
Physicians. Table 1 presents the current recommendations for thromboprophylaxis.
In the setting of cesarean birth, mechanical thromboprophylaxis with pneumatic
compression devices should be used for everyone while in bed until hospital discharge
and the NPMA acknowledges that using the Royal College of Obstetricians and Gyne-
cologists and Caprini scoring systems identify most women undergoing cesarean as
high risk and allows for hospitals to choose a strategy in which all women undergoing
cesarean receive postoperative low-molecular-weight heparin. (4) Reporting and
systems learning calls for individual hospitals to create and implement methods of
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surveillance including determination of underlying prevalence of risk factors for venous
thromboembolism to help tailor venous thromboembolism prophylaxis policies based
on the population. After implementation, monitoring compliance with risk assessment
and appropriate prophylaxis practices as well as review of all cases of obstetric
related thromboembolism, monitoring of adverse outcomes with pharmacologic
prophylaxis.21

Quality Improvement Initiative: The Maternal Early Warning System

The majority of clinical emergencies in obstetrics are preceded by early indicators that
hint toward potential instability and clinical decline. Trigger tools are designed to as an
aid to help clinicians identify and intervene in a timely manner. The Maternal Early

Box 2

Venous thromboembolism prevention maternal safety bundle

Readiness

Every unit
� Use a standardized thromboembolism risk assessment tool during:

� Outpatient prenatal care,
� Antepartum hospitalization,
� Hospitalization after cesarean or vaginal birth, and
� Postpartum period (up to 6 weeks after birth).

Recognition and prevention

Every patient
� Apply standardized tool to all patients to assess venous thromboembolism risk at time points

designated under Readiness.
� Apply standardized tool to identify appropriate patients for thromboprophylaxis.
� Provide patient education.
� Provide all health care providers education regarding risk assessment tools and recommended

thromboprophylaxis.

Response

Every unit
� Use standardized recommendations for mechanical thromboprophylaxis.
� Use standardized recommendations fordosingofprophylactic and therapeutic pharmacologic

anticoagulation.
� Use standardized recommendations for appropriate timing of pharmacologic prophylaxis

with neuraxial anesthesia.

Reporting and systems learning

Every unit
� Review all thromboembolism events for systems issues and compliance with protocols.
� Monitor process metrics and outcomes in a standardized fashion.
� Assess for complications of pharmacologic thromboprophylaxis.

Standardization of health care processes and reduced variation has been shown to improve
outcomes and quality of care. The Council on Patient Safety in Women’s Health Care dissemi-
nates patient safety bundles to help facilitate the standardization process. This bundle reflects
emerging clinical, scientific, and patient safety advances as of the date issued and is subject to
change. The information should not be construed as dictating an exclusive course of treatment
or procedure to be followed. Although the components of a particular bundle may be adapted
to local resources, standardization within an institution is strongly encouraged.

Data from D’Alton ME, Friedman AM, Smiley RM, et al. National Partnership for Maternal
Safety: consensus bundle on venous thromboembolism. Obstet Gynecol 2016;128(4):688–98.
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Warning Criteria is an adaptation of the Modified Early Obstetric Warning System orig-
inally developed in the United Kingdom.17 While highlighting a potentially compro-
mised patient, the Maternal Early Warning Criteria simultaneously mobilizes a
corrective action plan in hopes of preventing further escalation. The Maternal Early

Table 1
NPMS recommendations for thromboprophylaxis

Antepartum Outpatient Prophylaxis

Treatment dose LMWH or UFH Multiple prior VTE episodes
Prior VTE with high-risk thrombophiliaa

Prior VTE with acquired thrombophiliac

Prophylactic dose LMWH or UFH Idiopathic prior VTE
Prior VTE with pregnancy or oral contraceptives
Prior VTE with low-risk thrombophiliab

High-risk thrombophiliaa

No treatment Low-risk thrombophilia
Prior provoked VTE
Low-risk thrombophiliab and family history of VTE

Antepartum inpatient prophylaxis

Prophylactic dose of LMWH or UFH Antepartum patients hospitalized for at least 72 h
who are not at high risk of bleeding or imminent
childbirth

Vaginal birth

Postpartum prophylactic dose
of LMWH or UFH (plus
intrapartum pneumatic
compression)

History of VTE or thrombophilia
High risk (based on RCOG criteria or Padua score � 4)

may be considered

Cesarean birth

Prophylactic dose of LMWH or UFH Women with risk factors

Extended postpartum
thromboprophylaxis

Treatment dose of LMWH or UFH
for 6 wk postpartum

Multiple prior VTE episodes
Prior VTE with high-risk thrombophiliaa

Prior VTE with acquired thrombophiliac

Prophylactic dose of LMWH or UFH
for 6 wk postpartum

Idiopathic prior VTE
Prior VTE with pregnancy or oral contraceptives
Prior VTE with low-risk thrombophiliab

High-risk thrombophilia (including acquired)
Family history of VTE with high-risk thrombophiliaa

Prior provoked VTE
Low-risk thrombophiliab and family history of VTE

No treatment Low-risk thrombophiliab

Abbreviations: LMWH, low-molecular-weight heparin; NPMS, National Partnership of Maternal
Safety; RCOG, Royal College of Obstetricians and Gynecologists Royal College of Obstetricians
and Gynecologists; UFH, unfractionated heparin; VTE, venous thromboembolism.

a High-risk thrombophilias: factor V Leiden homozygosity, prothrombin genemutation homozy-
gosity, factor V Leiden, prothrombin gene mutation compound heterozygosity, and antithrombin
III deficiency.

b Low-risk thrombophilias: factor V Leiden or prothrombin gene mutation heterozygosity and
protein C or S deficiency.

c Acquired thrombophilia: antiphospholipid antibody syndrome.
Data from D’Alton ME, Friedman AM, Smiley RM, et al. National Partnership for Maternal Safety:

consensus bundle on venous thromboembolism. Obstet Gynecol 2016;128(4):688–98.
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Warning Criteria is an example of a trigger tool that successfully facilitates timely
response to acute maternal illness (Table 2).22 It is meant to act as a bedside assess-
ment tool that is incorporated like a vital sign into the electronic medical record. Any
one abnormal value is meant to trigger physician assessment. In other medical litera-
ture, the evidence supporting trigger tools and early warning systems to identify
patients needing more acute care is robust. Validation of these tools in obstetrics is
still ongoing but implementation of the Maternal Early Warning Criteria has already
been associated with improvement in maternal mortality, maternal admissions to
the intensive care unit, and rates of maternal bacteremia.22,25

SUMMARY

All of these components have significant overlapping and recurring themes centered
on communication, preparation, standardization, and teamwork. Together, these
components make labor and delivery units a safer place for moms and babies. A
Boston-area hospital demonstrated how implementation of these components can
lead to improved patient safety and quality reflected by decreased reserve claims.
From 2004 to 2009, they revised their provider call schedule limiting the ability of
on-call physicians from having clinical responsibilities on their postcall days, initiating
an obstetric drill workshop, implementing a collaborative care committee, launching a
standardized electronic fetal heart rate monitoring course, creating a dedicated ob-
stetric quality assessment and improvement committee, and requiring cultural com-
petency and teams training. Through this 5-year period they saw their number of
reserved claims per delivery decrease at a rate of 20% per policy year. This was inter-
preted as an overall marker of improved patient safety and quality care.4

As obstetricians, we need to be committed to the process of continual quality
improvement and need to be leaders in creating a culture of patient safety throughout
the environment in which we work. It is impossible to improve on a problem that we do
not acknowledge, identify, or measure. Continued work toward the development and
validation of evidence-based quality indicators is needed as well as improved systems
to detect and review adverse events. Given the overall rarity of severe adverse events
it is imperative to design a system that also identifies near misses and quality issues
potentiating harm.2 Finally, we need to look toward the future. Developing and inte-
grating a quality improvement curriculum starting in undergraduate medical education

Table 2
Maternal early warning criteria

Parameter Value

Systolic BP (mm Hg) <90 or >160

Diastolic BP (mm Hg) >100

Heart rate (beats/min) <50 or >120

Respiratory rate (breaths/min) <10 or >30

Oxygen saturation on room air, at sea level, % <95

Oliguria, mL/h for �2 h <35

Maternal agitation, confusion, or unresponsiveness; Patient with
preeclampsia reporting a nonremitting headache or shortness of breath

Early warning system proposed by National Partnership for Maternal Safety.
Abbreviation: BP, blood pressure.
FromMhyre JM, D’Oria R, Hameed AB, et al. Thematernal early warning criteria: a proposal from

the National Partnership for Maternal Safety. Obstet Gynecol 2014;124(4):784; with permission.
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is vital to training all new physicians to think and work with the mindset of quality and
patient safety.

REFERENCES

1. Kohn LT, Corrigan J, Donaldson MS. To err is human: building a safer health sys-
tem. Washington, DC: National Academy Press; 2000.

2. Forster AJ, Fung I, Caughey S, et al. Adverse events detected by clinical surveil-
lance on an obstetric service. Obstet Gynecol 2006;108(5):1073–83.

3. American College of Obstetricians and Gynecologists Committee on Patient
Safety and Quality Improvement. ACOG committee opinion no. 447: patient
safety in obstetrics and gynecology. Obstet Gynecol 2009;114(6):1424–7.

4. Iverson RE Jr, Heffner LJ. Patient safety series: obstetric safety improvement and
its reflection in reserved claims. Am J Obstet Gynecol 2011;205(5):398–401.

5. Grunebaum A. Error reduction and quality assurance in obstetrics. Clin Perinatol
2007;34(3):489–502.

6. Menard MK, Main EK, Currigan SM. Executive summary of the reVITALize initia-
tive: standardizing obstetric data definitions. Obstet Gynecol 2014;124(1):150–3.

7. Main EK, Goffman D, Scavone BM, et al. National partnership for maternal safety:
consensus bundle on obstetric hemorrhage. Obstet Gynecol 2015;126(1):
155–62.

8. Hamm RF, Wang EY, Bastek JA, et al. Assessing reVITALize: should the definition
of postpartum hemorrhage differ by mode of delivery? Am J Perinatol 2017;34(5):
503–7.

9. ACOG: The American Congress of Obstetricians and Gynecologists. reVITALize.
Available at: http://www.acog.org/About-ACOG/ACOG-Departments/Patient-
Safety-and-Quality-Improvement/reVITALize. Accessed March 22, 2017.

10. Pettker CM, Grobman WA. Obstetric safety and quality. Obstet Gynecol 2015;
126(1):196–206.

11. Pettker CM. Standardization of intrapartum management and impact on adverse
outcomes. Clin Obstet Gynecol 2011;54(1):8–15.

12. Merien AE, van de Ven J, Mol BW, et al. Multidisciplinary team training in a simu-
lation setting for acute obstetric emergencies: a systematic review. Obstet Gyne-
col 2010;115(5):1021–31.

13. Pratt SD, Mann S, Salisbury M, et al. John M. Eisenberg Patient Safety and Qual-
ity Awards. Impact of CRM-based training on obstetric outcomes and clinicians’
patient safety attitudes. Jt Comm J Qual Patient Saf 2007;33(12):720–5.

14. Grogan EL, Stiles RA, France DJ, et al. The impact of aviation-based teamwork
training on the attitudes of health-care professionals. J Am Coll Surg 2004;
199(6):843–8.

15. Daniels K, Auguste T. Moving forward in patient safety: multidisciplinary team
training. Semin Perinatol 2013;37(3):146–50.

16. Gardner R, Raemer DB. Simulation in obstetrics and gynecology. Obstet Gynecol
Clin North Am 2008;35(1):97–127, ix.

17. American College of Obstetricians and Gynecologists Committee on Patient
Safety and Quality Improvement. Committee opinion no. 590: preparing for clin-
ical emergencies in obstetrics and gynecology. Obstet Gynecol 2014;123(3):
722–5.

18. Crofts JF, Bartlett C, Ellis D, et al. Training for shoulder dystocia: a trial of simula-
tion using low-fidelity and high-fidelity mannequins. Obstet Gynecol 2006;108(6):
1477–85.

Quality Improvement and Patient Safety 677

http://refhub.elsevier.com/S0889-8545(17)30112-2/sref1
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref1
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref2
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref2
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref3
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref3
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref3
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref4
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref4
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref5
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref5
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref6
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref6
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref7
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref7
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref7
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref8
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref8
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref8
http://www.acog.org/About-ACOG/ACOG-Departments/Patient-Safety-and-Quality-Improvement/reVITALize
http://www.acog.org/About-ACOG/ACOG-Departments/Patient-Safety-and-Quality-Improvement/reVITALize
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref10
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref10
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref11
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref11
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref12
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref12
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref12
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref13
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref13
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref13
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref14
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref14
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref14
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref15
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref15
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref16
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref16
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref17
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref17
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref17
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref17
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref18
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref18
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref18


19. Committee on Patient Safety and Quality Improvement. Committee opinion no.
629: clinical guidelines and standardization of practice to improve outcomes. Ob-
stet Gynecol 2015;125(4):1027–9.

20. D’Alton ME, Main EK, Menard MK, et al. The national partnership for maternal
safety. Obstet Gynecol 2014;123(5):973–7.

21. D’Alton ME, Friedman AM, Smiley RM, et al. National partnership for maternal
safety: consensus bundle on venous thromboembolism. Obstet Gynecol 2016;
128(4):688–98.

22. Arora KS, Shields LE, Grobman WA, et al. Triggers, bundles, protocols, and
checklists–what every maternal care provider needs to know. Am J Obstet Gyne-
col 2016;214(4):444–51.

23. Shields LE, Wiesner S, Klein C, et al. Early standardized treatment of critical
blood pressure elevations is associated with a reduction in eclampsia and severe
maternal morbidity. Am J Obstet Gynecol 2017;216(4):415.e1-5.

24. Committee on Obstetric Practice. Committee opinion no. 692: emergent therapy
for acute-onset, severe hypertension during pregnancy and the postpartum
period. Obstet Gynecol 2017;129(4):e90–5.

25. Shields LE, Wiesner S, Klein C, et al. Use of maternal early warning trigger tool
reduces maternal morbidity. Am J Obstet Gynecol 2016;214(4):527.e1-6.

Sabol & Caughey678

http://refhub.elsevier.com/S0889-8545(17)30112-2/sref19
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref19
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref19
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref20
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref20
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref21
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref21
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref21
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref22
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref22
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref22
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref23
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref23
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref23
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref24
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref24
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref24
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref25
http://refhub.elsevier.com/S0889-8545(17)30112-2/sref25

	0.pdf (p.1)
	1.pdf (p.2)
	2.pdf (p.3)
	3.pdf (p.4-5)
	4.pdf (p.6-9)
	5.pdf (p.10)
	6.pdf (p.11-12)
	7.pdf (p.13-14)
	8.pdf (p.15-25)
	9.pdf (p.26-36)
	10.pdf (p.37-52)
	11.pdf (p.53-61)
	12.pdf (p.62-69)
	13.pdf (p.70-83)
	14.pdf (p.84-93)
	15.pdf (p.94-98)
	16.pdf (p.99-111)
	17.pdf (p.112-121)
	18.pdf (p.122-133)
	19.pdf (p.134-145)

