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NIH Consensus Development Program

About the Program

The National Institutes of Health (NIH) Consensus
Development Program has been organizing major
conferences since 1977. The Program generates
Evidence-based consensus statements addressing
controversial issues important to healthcare
providers, policymakers, patients, researchers, and
the general public. The NIH Consensus
Development Program holds an average of three
conferences a year. The Program is administered by
the Office of Medical Applications of Research within
the NIH Office of the Director. Typically, the
conferences have one major NIH Institute or Center
sponsor, with multiple cosponsoring agencies.

Topic Selection

NIH Consensus Development and State-of-the-
Science Conference topics must satisfy the
following criteria:

e Broad public health importance. The severity of
the problem and the feasibility of interventions
are key considerations.

e Controversy or unresolved issues that can be
clarified, or a gap between current knowledge
and practice that can be narrowed.

e An adequately defined base of scientific
information from which to answer conference
guestions such that the outcome does not
depend primarily on subjective judgments
of panelists.

Conference Type

Two types of conferences fall under the purview
of the NIH Consensus Development Program: State-
of-the-Science Conferences and Consensus
Development Conferences. Both conference types
utilize the same structure and methodology; they
differ only in the strength of the evidence
surrounding the topic under consideration. When it
appears that there is very strong evidence about a
particular medical topic, but that the information is
not in widespread clinical practice, a Consensus
Development Conference is typically chosen to

consolidate, solidify, and broadly disseminate strong
Evidence-based recommendations for general
practice. Conversely, when the available evidence

is weak or contradictory, or when a common
practice is not supported by high-quality evidence,
the State-of-the-Science label is chosen. This
highlights what evidence about a topic is available
and what directions future research should take, and
alerts physicians that certain practices are not
supported by good data.

Conference Process

Before the conference, a systematic evidence
review on the chosen topic is performed by one of
the Agency for Healthcare Research and Quality’s
Evidence-based Practice Centers. This report is
provided to the panel members approximately

6 weeks prior to the conference, and posted to the
Consensus Development Program Web site once
the conference begins, to serve as a foundation of
high-quality evidence upon which the conference
will build.

The conferences are held over 2-1/2 days. The first
day and a half of the conference consist of plenary
sessions, in which invited expert speakers present
information, followed by “town hall forums,” in which
open discussion occurs among the speakers,
panelists, and the general public in attendance. The
panel then develops its draft statement on the
afternoon and evening of the second day, and
presents it on the morning of the third day for
audience commentary. The panel considers these
comments in executive session and may revise its
draft accordingly. The conference ends with a press
briefing, during which reporters are invited to
guestion the panelists about their findings.

Panelists

Each conference panel comprises 12 to 16
members, who can give balanced, objective, and
informed attention to the topic. Panel members:

e Must not be employees of the U.S. Department
of Health and Human Services.



e Must not hold financial or career (research)
interests in the conference topic.

e May be knowledgeable about the general topic
under consideration, but must not have
published on or have a publicly stated opinion
on the topic.

e Represent a variety of perspectives, to include:
— Practicing and academic health professionals
— Biostatisticians and epidemiologists
— Clinical trialists and researchers

— Nonhealth professionals with expertise in
fields relevant to the specific topic (ethicists,
economists, attorneys, etc.)

— Individuals representing public-centered
values and concerns

In addition, the panel as a whole should
appropriately reflect racial and ethnic diversity.
Panel members are not paid a fee or honorarium
for their efforts. They are, however, reimbursed
for travel expenses related to their participation in
the conference.

Speakers

The conferences typically feature approximately

21 speakers: 3 present the information found in the
Evidence-based Practice Center’s systematic review
of the literature; the other 18 are experts in the topic
at hand, have likely published on the topic, and may
have strong opinions or beliefs on the topic. Where
multiple viewpoints on a topic exist, every effort is
made to include speakers who address all sides of
the issue.

Conference Statements

The panel’s draft report is released online late in the
conference’s third and final day. The final report is
released approximately 6 weeks later. During the
intervening period, the panel may edit its statement
for clarity and correct any factual errors that might be
discovered. No substantive changes to the panel’s
findings are made during this period.

Each Consensus Development or State-of-the-
Science Conference Statement reflects an
independent panel's assessment of the medical
knowledge available at the time the statement is
written; as such, it provides a “snapshot in time” of
the state of knowledge on the conference topic. It
is not a policy statement of the NIH or the

Federal Government.

Dissemination

Consensus Development and State-of-the-Science
Conference Statements have robust dissemination:

e A press briefing is held on the last day of the
conference to assist journalists in preparing
news stories on the conference findings.

e The statement is published online at
consensus.nih.gov.

e Print copies are mailed to a wide variety of
targeted audiences and are available at no
charge through a clearinghouse.

e The Conference Statement is published in a
major peer-reviewed journal.

Contact Us

For conference schedules, past statements, and
evidence reports, please contact us:

NIH Consensus Development Program
Information Center

P.O. Box 2577

Kensington, MD 20891

1-888—NIH-CONSENSUS (888-644-2667)
consensus.nih.gov
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NIH State-of-the-Science
Conference:

NIH Consensus
Development Conference:

Upcoming Conferences
Preventing Alzheimer’s Disease and Cognitive Decline
April 26-28, 2010

Inhaled Nitric Oxide Therapy for Premature Infants
October 27-29, 2010

To receive registration notifications and updates about conferences and other program
activities, please join the NIH Consensus Development Program Information Network at
consensus.nih.gov/alerts.htm.
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Lactose Intolerance and Health
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Enhancing Use and Quality of Colorectal Cancer Screening
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September 22—24, 2009

Family History and Improving Health
August 24—-26, 2009
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February 25-27, 2008

Prevention of Fecal and Urinary Incontinence in Adults
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Tobacco Use: Prevention, Cessation, and Control
June 12-14, 2006

Multivitamin/Mineral Supplements and Chronic Disease
Prevention
May 15-17, 2006

Cesarean Delivery on Maternal Request
March 27-29, 2006

Manifestations and Management of Chronic Insomnia in Adults
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Management of Menopause-Related Symptoms
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To access previous conference statements, videocasts, evidence reports, and other conference
materials, please visit consensus.nih.gov.
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General Information

Continuing Education

The NIH Consensus Development Program aspires to offer continuing education credits to as
many conference attendees as possible. If your preferred credit type is not listed, please check
to see if your credentialing body will honor other credit types.

Please note that continuing education credits are not available for Webcast viewers.
Continuing Medical Education

This activity has been planned and implemented in accordance with the Essential Areas and
policies of the Accreditation Council for Continuing Medical Education through the joint
sponsorship of the Centers for Disease Control and Prevention (CDC) and the National
Institutes of Health (NIH). The CDC is accredited by the Accreditation Council for Continuing
Medical Education (ACCME?®) to provide continuing medical education for physicians.

The Centers for Disease Control and Prevention designates this educational activity for a
maximum of 12 AMA PRA Category 1 Credits™. Physicians should only claim credit
commensurate with the extent of their participation in the activity.

Continuing Education Designated for Non-Physicians

Non-physicians will receive a certificate of participation.

Continuing Nursing Education

The Centers for Disease Control and Prevention is accredited as a provider of continuing
nursing education by the American Nurses Credentialing Center’'s Commission on Accreditation.

This activity provides 12.1 contact hours.
Continuing Education Contact Hours

The Centers for Disease Control and Prevention is a designated provider of continuing
education contact hours (CECH) in health education by the National Commission for Health
Education Credentialing, Inc. This program is a designated event for certified health education
specialists (CHES) to receive 12.5 Category | contact hours in health education, CDC provider
number GA0082.



Financial Disclosures

CDC, our planners, and our presenters wish to disclose they have no financial interests or other
relationships with the manufacturers of commercial products, suppliers of commercial services,
or commercial supporters, with the exception of the following:

Planning committee Company Financial relationship

members

Speakers Company Financial Relationship

Miriam Kuppermann Boehringer Ingelheim Honorarium, Advisory Board
Pharmaceuticals, Inc. Member

Consulting fees, Reviewer

Presentations will not include any discussion of the unlabeled use of a product or a product
under investigational use with the exception of Drs. Jeanne-Marie Guise, Karen Eden, and
Cathy Emeis’ discussion on Misprostol. They will be discussing the results of using Misprostol
for induction. This product is generally not labeled for this function.

Policy on Panel Disclosure

Panel members signed a confirmation that they have no financial or other conflicts of interest
pertaining to the topic being addressed.

Videocast

Live and archived videocasts may be accessed at videocast.nih.gov. Archived videocasts will be
available approximately 1 week after the conference.

Dining

The dining center in the Natcher Conference Center is located on the main level, one floor
above the auditorium. It is open from 6:30 a.m. to 2:30 p.m., serving hot breakfasts and lunch,
sandwiches and salads, and snack items. An additional cafeteria is available from 7:00 a.m.
to 3:30 p.m., in Building 38A, Level B1, across the street from the main entrance to the
Natcher Conference Center.

Online Content

All materials issuing from the NIH Consensus Development Program are available at
consensus.nih.gov. In addition, remote participants will have the opportunity to provide
comments on the panel statement by visiting consensus.nih.gov/comments.htm from 8:30
a.m. to 11:30 a.m. on Wednesday, March 10, 2010.
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Background

Vaginal birth after cesarean (VBAC) is the delivery of a baby through the vagina after a previous
cesarean delivery. For most of the 20th century, once a woman had undergone a cesarean (the
delivery of a baby through an incision made in the abdominal wall and uterus), many clinicians
believed that all of her future pregnancies would require delivery by cesarean as well. However,
in 1980, a National Institutes of Health (NIH) Consensus Development Conference panel
guestioned the necessity of routine repeat cesarean deliveries and outlined situations in which
VBAC could be considered. The option for a woman with a previous cesarean delivery to try to
labor and deliver vaginally, rather than to plan a cesarean delivery, was therefore offered and
exercised more often from the 1980s through the early 1990s. Since 1996, however, VBAC
rates in the United States have consistently declined, while cesarean delivery rates have been
steadily rising.

The exact causes of these shifts are not entirely understood. A frequently cited concern about
VBAC is the possibility of uterine rupture during labor, because a cesarean delivery leaves a
scar in the wall of the uterus at the incision site, which is weaker than other uterine tissue.
Attempted VBAC may also be associated with endometritis (infection of the lining of the uterus),
the need for a hysterectomy (removal of the uterus), and blood transfusion, as well as
neurologic injury to the baby. However, repeat cesarean delivery may also carry a risk of
bleeding or the need for a hysterectomy, uterine infections, and respiratory problems for the
newborn. In addition, multiple cesarean deliveries may be associated with placental problems in
future pregnancies. Other important considerations that may influence the decision include the
number of previous cesarean deliveries a woman has experienced; the surgical incision used
during previous cesarean delivery; the reason for the previous surgical delivery; the woman’s
age; how far along the pregnancy is, relative to her due date; and the size and position of the
baby. Given the complexity of this issue, a thorough examination of the relative balance of
benefits and harms to mother and baby will be of immediate utility to practitioners and pregnant
women in deciding on a planned mode of delivery.

A number of nonclinical factors are involved in this decision as well, and may be influencing the
decline in VBAC rates. Some individual practitioners and hospitals in the United States have
decreased or eliminated their use of VBAC. Professional society guidelines may influence
utilization rates because some medical centers do not offer the recommended supporting
services for a trial of labor after cesarean (e.g., immediate availability of a surgeon who can
perform a cesarean delivery and onsite anesthesiologists). Information related to complications
of an unsuccessful attempt at VBAC, medico-legal concerns, personal preferences of patients
and clinicians, and insurance policies and economic considerations may all play a role in
changing practice patterns. Improved understanding of the clinical risks and benefits, and how
they interact with legal, ethical, and economic forces to shape provider and patient choices
about VBAC, may have important implications for health services planning.

To advance understanding of these important issues, the Eunice Kennedy Shriver National
Institute of Child Health and Human Development and the NIH Office of Medical Applications of
Research have convened a Consensus Development Conference, March 8-10, 2010. The
conference will address the following key questions:

e What are the rates and patterns of utilization of trial of labor after prior cesarean, vaginal
birth after cesarean, and repeat cesarean delivery in the United States?



Among women who attempt a trial of labor after prior cesarean, what is the vaginal
delivery rate, and the factors that influence it?

What are the short- and long-term benefits and harms to the mother of attempting trial of
labor after prior cesarean versus elective repeat cesarean delivery, and what factors
influence benefits and harms?

What are the short- and long-term benefits and harms to the baby of maternal attempt at
trial of labor after prior cesarean versus elective repeat cesarean delivery, and what
factors influence benefits and harms?

What are the nonmedical factors that influence the patterns and utilization of trial of labor
after prior cesarean?

What are the critical gaps in the evidence for decision-making, and what are the priority
investigations needed to address these gaps?



About the Artwork

The illustration on this volume’s cover and used on a variety of materials associated with the
conference depicts a mobile hanging over an infant’s crib. In addition to some traditional
playthings, this mobile’s hanging elements hint at the delicate balance of issues to be
considered by expectant parents and healthcare providers in whether to attempt a vaginal birth
after a prior cesarean delivery.

The image was conceived and created by Bonnie Hamalainen of NIH’s Division of Medical Arts
and is in the public domain. No permission is required to use the image. Please credit “Bonnie
Hamalainen/NIH Medical Arts.”
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9:00 a.m.

Introduction and Opening Remarks

Alan E. Guttmacher, M.D.
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Northwestern University

Discussion

Participants with questions or comments for the speakers should proceed
to the designated microphones and wait to be recognized by the panel
chairperson. Please state your name and affiliation. Questions and
comments not heard before the close of the discussion period may be
submitted on the computers in the registration area. Please be aware that
all statements made at the microphone or submitted later are in the
public domain.

What Are the Short- and Long-Term Benefits and Harms to the Mother of
Attempting Trial of Labor After Prior Cesarean Versus Elective Repeat Cesarean
Delivery, and What Factors Influence Benefits and Harms?
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Jeanne et Jean-Louis Lévesque Perinatal Research Chair

Department of Obstetrics and Gynaecology

Faculty of Medicine

Laval University
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Professor
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Jackson Memorial Hospital
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Miller School of Medicine
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Howard Minkoff, M.D.

Distinguished Professor of Obstetrics and Gynecology
State University of New York—Downstate Medical Center
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Department of Obstetrics and Gynecology
Maimonides Medical Center
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10:00 a.m.

10:20 a.m.

10:40 a.m.

11:00 a.m.

11:30 a.m.
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Discussion
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Associate Professor

Department of Obstetrics and Gynecology

Core Faculty

Trent Center for Bioethics, Humanities, and History of Medicine
Duke University

Mothers’ Stories
Rita Rubin
Medical Reporter
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Chet Edward Wells, M.D.

Professor

Department of Obstetrics and Gynecology

University of Texas Southwestern Medical Center at Dallas

Discussion

Adjournment

Wednesday, March 10, 2010

9:00 a.m.

10

Presentation of the Draft Consensus Statement
The panel chairperson will read the draft statement to the
assembled audience.




Wednesday, March 10, 2010 (continued)

9:30 a.m.

11:00 a.m.

2:00 p.m.

Public Discussion

The panel chairperson will call for questions and comments from the
audience on the draft statement, beginning with the introduction and
continuing through each subsequent section, in turn. Please confine your
comments to the section under discussion. The chairperson will use
discretion in proceeding to subsequent sections so that comments on the
entire statement may be heard during the time allotted. Participants with
comments should proceed to the designated microphones and wait to be
recognized by the panel chairperson. Please state your name and
affiliation. Questions and comments not heard before the close of the
discussion period may be submitted on the computers in the registration
area. For participants viewing the remote Webcast, comments may be
submitted online at consensus.nih.gov/comments.htm. Comments will
not be accepted after 11:30 a.m. Please be aware that all statements made
at the microphone or submitted later are in the public domain.

Adjournment

Panel Meets in Executive Session
The public portion of the conference ends at 11:00 a.m. The panel meets in
its last executive session to review public comments on the draft statement.

Press Telebriefing

The panel will provide a summary of its findings to the press and will
answer questions from reporters via telebriefing. Only members of the
press are permitted to ask questions of the panel during this time.
Interested conference participants who are not members of the press may
call in (from a remote location) to listen to the live telebriefing. Please go to
consensus.nih.gov for instructions on joining the call.

The panel’s draft statement will be posted to consensus.nih.gov as soon

as possible after the close of proceedings, and the final statement will be
posted 4 to 6 weeks later.
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as a reference document for any other interested parties. We would like to thank the speakers
for preparing and presenting their findings on this important topic.
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Evidence-based Practice Center, and the Agency for Healthcare Research and Quality. We
would also like to thank the National Institute of Nursing Research and the Office of Research
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Development Program and the area of vaginal birth after cesarean delivery.

Please note that where multiple authors are listed on an abstract, the underline denotes the
presenting author.
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Trends and Patterns of Vaginal Birth After Cesarean
Availability in the United States

Kimberly D. Gregory, M.D., M.P.H.;: Moshe Fridman, Ph.D.;
Lisa Korst, M.D., Ph.D.

National Trends in Vaginal Birth After Cesarean (VBAC)

Since the advent of cesarean birth and the survival of the first patient, the question of what to do
with subsequent pregnancy has been a topic of debate with case series publications dating
back as early as 1959 establishing what is widely known and accepted today—VBAC is
possible, is successful approximately 70% of the time, and is associated with uterine rupture
approximately 1% of the time."

Three overlapping series of events or phenomena led to the widespread uptake of VBAC across
the country. The first event was the National Institutes of Health Consensus Conference on
Cesarean Childbirth in 1981.% The meeting ended with a series of recommendations to
decrease the overall national cesarean rate, most prominent of which was to increase the
utilization of VBAC. Second, in recognition of the growing body of literature supporting VBAC,
and concurrent with the evolution of practice guideline development, the American College of
Obstetricians and Gynecologists (ACOG) published a series of guidelines that were
successively less restrictive.* The 1995 guideline was perhaps the most liberal and strongest
endorsement, stating that “...all women ‘should’ undergo VBAC unless medical or obstetrical
contraindications.” The third phenomenon contributing to the increase in VBAC utilization was
interest by policymakers and third-party payers. The net effect of these phenomenal events led
to the highest VBAC rate ever reported in the United States at 28.3% in 1996°*° (see Figure 1).

Figure 1. Rates of VBAC in the United States, 1981-2006
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Since 1996, the national rate has plummeted to as low as 8.5%.° The decline appears to have
started around 1997, shortly after a publication by McMahon et al.'* The publicity surrounding
McMahon’s study solidified in the public’s eye the risks of adverse outcomes associated with
failed trial of labor. Notably, adverse outcomes (uterine rupture, hysterectomy, transfusion,
“major operative injury,” maternal or newborn death) are more likely with failed VBAC. Further
decline in the national VBAC rate was noted after the release of an updated ACOG practice
bulletin released in 1999.* In response to both ongoing patient safety concerns emphasized by
the McMahon paper, as well as clinician concerns about malpractice liability, the language of
ACOG’s recommendation was altered such that instead of “encouraging” VBAC, women should
be “offered” VBAC if no contraindications, in settings where a physician capable of performing a
cesarean is “immediately” available throughout active labor, in institutions equipped to respond
to emergencies.”*? In the current medico-legal climate, the health system personnel
requirements became burdensome for both physicians and hospitals and directly contributed to
the abolition of VBAC at some facilities.*>**

Factors Associated With Variation in VBAC Utilization
Regional Variation

In all states, across all hospital types, and for most women independent of age, race, or clinical
conditions, the cesarean rate is going up and the VBAC rate is going down.®*® As shown in
Table 1, using data from the Nationwide Inpatient Sample for the years 2000, 2003, and 2005 to
calculate national cesarean and VBAC rates, the elective repeat cesarean rate increased during
this time period (from 59% to 83%), while the VBAC process measures (VBAC attempt rate and
VBAC success rate) as well as the overall VBAC rate declined.™

Table 1. Method of Delivery for Women With Prior Cesareans, Nationwide Inpatient Sample,
2000, 2003, 2005

| 2000N (%) | 2003N (%) | 2006 N (%)

Total Deliveries 3,975,574 3,964,514 4,100,779
Total Prior Cesarean 482,913 540,038 596,725

(12.1%) (13.6%) (14.6%)
Elective Repeat (% Total Prior Cesarean) 285,636 423,786 495,151

(59.1%) (78.5%) (83.0%)
Attempted VBAC 197,276 116,251 101,574

(40.9%) (21.5%) (17.0%)
Successful VBAC 136,334 74,397 6,1210
% Success = Success/Attempt 69.1% 64.0% 60.3%
VBAC Rate = Success VBAC/AIl Priors 28.2 13.8 10.3

Patient Variation

Since 1996, VBAC utilization has decreased across all age groups.®'° Likewise, the VBAC rate
has declined for all racial/ethnic groups.'® Several recent studies suggest that black women

25



were more likely to attempt and fail VBAC, when compared to other ethnic groups.*®*’

Cesarean and VBAC rates vary by insurance status, and patient-specific clinical characteristics
impact VBAC success.>**?® Gregory et al. stratified patients into high risk (one or more
maternal, fetal, or placental condition) and low risk (no conditions) and found attempted and
successful VBAC rates varied widely by these conditions, ranging from 10-73%.2% Similar
findings by other investigators suggest that there may be promise in the development of models
to predict ideal VBAC candidates or patients at increased risk for adverse events.”*** Several
models have been proposed, but none has been integrated into standard obstetrical practice.

International Data

Publications from Europe consistently demonstrate that the majority of women with prior
cesarean attempt VBAC (attempted VBAC rates approach 50—-70%) with success rates ranging
from 70-75%.%~*" It is noteworthy that, unlike the United States, the model of care in these
countries relies heavily on nurse midwives.

Access to VBAC

Decline in VBAC utilization is due, in part, to decreased access.'****2*3 Physicians practicing in
rural and suburban areas reported the largest decline in the use of VBAC/trial of labor.*® In
surveys of hospital administrators, approximately 30% of hospitals stated they stopped allowing
VBAC services.*®* Of the hospitals that still allow VBAC, more than half had to change their
policies to be compliant with ACOG recommendations.

Gaps in Knowledge About VBAC

Since the risks of VBAC and elective repeat cesarean delivery are not directly comparable, how
do clinicians communicate these risks to women so that they can make informed decisions?**
Who should communicate these risks? Clearly physicians are stakeholders in the outcome, and
what they say and how they say it influences patient choices. Attitudes about childbirth, fear of
labor, and perceptions about womanhood and vaginal birth are cultural phenomenon influenced
by society, spouse, family, friends, and personal values. Women need to have access to non-
biased, evidence-based information to engage in a collaborative partnership of equals with
midwives and obstetricians.*>*® What are the incentives and resources for the medical
profession to develop this nonbiased evidence base? How and whether to use decision tools,
and what type is the most meaningful/helpful for the patient? How and when do patient
preferences get integrated into the decision-making process for VBAC?* Hierarchically,
randomized trials are considered the gold standard for evaluating outcome and effectiveness.
Are patients and obstetricians ready to subject the “natural” process of vaginal birth to a trial?
Dodd et al. offer justification for a randomized trial and a patient preference study of planned
VBAC versus planned repeat cesarean.”’ In conclusion, in addition to a better knowledge base
about how to communicate risks and benefits to patients in a meaningful manner, clinicians
need a better set of tools to bring about more rapid dissemination and change in provider
practices. In the United States, where choice and autonomy are perceived as a basic human
right, it is unlikely that a blanket universal VBAC policy will ever be possible. At best, one can
hope for refined prediction tools that maximize success and minimize failure, and a healthcare
system that maintains and perhaps even improves access so that those women who want to
choose VBAC will be able to do so.
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Introduction

Nearly one in three women (32.8%) were delivered by cesarean in 2007, the highest rate ever
reported in the United States.* A major reason for the increase in cesareans is the rapid decline
in vaginal birth after cesarean (VBAC) deliveries witnessed over the last decade. We undertook
a systematic review to understand the incidence of trial of labor (TOL), VBAC, and the factors
that influence it.

Methods

We searched MEDLINE®, the Database of Abstracts of Reviews of Effectiveness, and the
Cochrane databases (from 1980 through September 2009) for studies to estimate the trial of
labor (TOL) and VBAC rates. To be included, studies had to be at least fair quality using U.S.
Preventive Services Task Force quality criteria® and clearly define eligibility for TOL, as well as
provide the number of women eligible for TOL, the number of women who had a TOL, and the
number of women who had a VBAC. The overall strength of the body of evidence was rated
(graded) using the methods described in the Methods Reference Guide for Effectiveness and
Comparative Effectiveness Reviews used by the Evidence-based Practice Centers.™® Studies of
factors that influence TOL or VBAC (e.g., induction) also were reviewed to understand how
those factors related to the reported rates.

Results and Discussion
Trial of Labor Rates

Thirty-five observational studies provided data on TOL. The overall TOL rate in studies
conducted in the United States was 58%, with a range of 28% to 70%, compared with 64%
among women in studies conducted outside the United States. Fewer women in studies
conducted exclusively in term populations—both inside and outside the United States—had a
TOL, 53% compared with 66% for studies that included any gestational age.

Factors That Predict Trial of Labor

Nine observational studies looked for factors known in the prenatal setting that may predict
TOL. Three themes emerged from these studies: site of delivery, history of prior vaginal
delivery, and race affected TOL. TOL was more likely in hospitals with higher delivery volumes,
tertiary care centers, and teaching hospitals. Women with a prior vaginal delivery had more than
double the likelihood of a TOL. Finally, nonwhite women were more likely to have a TOL than
were white women.
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Vaginal Birth After Cesarean

As the TOL rate is decreasing, it is important to examine what effect, if any, this has on the
VBAC rate and what factors are contributing to vaginal delivery. Sixty-seven studies provided
moderate strength of evidence for an overall summary estimate for VBAC of 74%. The rates of
VBAC are highly variable in these studies. Most evidence of VBAC rates is from studies based
in large tertiary care centers. While TOL rates have dropped over time, VBAC rates reported in
observational studies have remained constant for women who have a TOL.

Induction of Labor and VBAC

Overall, the evidence regarding the rate of VBAC among women with induction of labor was low
to moderate strength, indicating that 54-63% of these women will have a VBAC depending on
the method of induction. Most studies were conducted in tertiary care settings. Less than half of
these studies were conducted in the United States. The results were not stratified by age, race,
ethnicity, or baseline obstetric or medical factors.

Factors That Predict Vaginal Birth After Cesarean

There is particular interest in whether demaographic factors, nonclinical factors, and past
obstetric factors may predict VBAC, since these factors are known prenatally and would allow
clinicians to provide information on prognosis early in pregnancy. Twenty-three studies
addressed predictive factors for VBAC.

Hispanic and African American women were more likely to have a TOL but less likely to have a
VBAC compared with non-Hispanic and white women, respectively. Women at rural and private
hospitals had a decreased likelihood of TOL and a decreased likelihood of VBAC. A prior history
of vaginal delivery was consistently reported to increase likelihood of VBAC. Women delivering
infants over 4 kilograms had a reduced likelihood of VBAC. Maximizing favorable clinical
conditions such as waiting for a favorable cervical examination, if possible, improved the
likelihood of VBAC.

Screening Tools for Predicting Vaginal Birth After Cesarean

The purpose of a screening tool is to help providers and patients better identify who will have a
VBAC (and who is more likely to have a repeat cesarean delivery). Sophisticated mathematical
models provide reasonable ability to identify women who are good candidates for VBAC, but
none has discriminating ability to consistently identify women who are at risk for cesarean
delivery.
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Rates and Prediction of Successful
Vaginal Birth After Cesarean

William A. Grobman, M.D., M.B.A.

There have been multiple observational studies that have assessed the probability that a
woman who undertakes a trial of labor (TOL) after a previous cesarean will have a vaginal birth.
These studies have demonstrated a population-level probability of a successful vaginal birth
after cesarean (VBAC) that ranges between 60-80%.~® However, within a population, the
chances for an individual woman’s success may vary significantly on the basis of her particular
characteristics and history.

Several demographic factors, including younger maternal age, lower maternal body mass index,
and Caucasian race, have been consistently associated with a higher chance that a TOL results
in a VBAC.*® Women who are without medical ilinesses that predate pregnancy, who have had
a prior vaginal delivery, and whose prior cesarean was for an indication not related to arrest of
labor also have higher chances of successful TOL.*” Data regarding the number of prior
cesareans have not consistently demonstrated marked differences in the chance of

achieving VBAC.??

Events that occur during the antepartum course of the current pregnancy of women who are
considering a TOL also have been associated with the probability of achieving a VBAC. For
example, a woman who develops preeclampsia appears to have a lower chance of successful
TOL.™ Presenting for delivery at a lower gestational age with a more advanced (e.g., more
dilated) cervical exam or with a fetus with a lower birth weight has been associated with a
greater chance of VBAC.* Spontaneous labor, in comparison to induction of labor, has been
consistently associated with a greater chance of VBAC as well.*

Lastly, several intrapartum factors may influence the probability that a TOL is successful.
Women who receive augmentation or have a nonreassuring fetal status have been reported to
have a lower chance of VBAC, as do women who have received epidural analgesia.**? It should
be noted, however, that these factors are not equivalent to factors such as maternal age, given
that intrapartum variables such as these may not be merely risk factors, but reflective of labor
events that are directly related to or responsible for the failed TOL and corresponding cesarean.

Although the identification of these factors allows physicians to provide patients with some
general guidance regarding the likelihood of achieving a VBAC, knowledge of these factors
does not necessarily allow physicians to predict VBAC effectively. Even a strong association of
a factor with an outcome does not guarantee that this factor predicts the outcome accurately.

Several investigators have attempted to develop models that could accurately predict whether a
TOL would result in a VBAC.**! Table 1 presents these studies as well as the different factors
that have been incorporated into these models. As can be seen, many models have
incorporated factors that are present at the start of prenatal care as well as factors that are not
apparent until admission for delivery. Such models may be less useful for counseling women
during their antepartum course, when they may start planning for their intended route of
delivery. Other methodologic issues (e.g., no multivariable analysis, no formal evaluation of
discriminatory accuracy) and limitations (e.g., scoring systems that result in a limited number of
predictive categories, such that patients of very different risk may still appear to have an
equivalent probability of VBAC) also have hampered the clinical usefulness of these

predictive models.
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Table 1. Models Predicting Whether a TOL Will Result in a VBAC

Known Prior to Admission for TOL Known at Admission for TOL
Ethno- Any Prior
racial Prior Prior CS prior | VD after | macro- Cervical Fetal
Age BMI | status Ht CS # | indication VD prior CS somia Anemia | EGA | NRF PE exam IOL LA gender

Weinstein et al.™ - - - - NA + + . ; - - ; - + ) ) )
Pickhardt et al.** - - - . + - - - - - + . - + . . .
Troyer et al.*? - - - - - + + - - - . + - ; + ; ;
Flamm et al.*® + - - - - + + + - - - - - + - - -
Gonen et al.*® - - - - NA + - + - - + - - + - . .
Smith et al.*’ + - - + NA - + - . B, + . . . + . +
Hashima et al.*® - - - - NA + - - + + - - - . - - .
Srinivas et al.™ + - + - - + + - - - + . ) . + + .
Grobman et al.* + + + - NA + + + - . - - - - - . .
Grobman et al.?* + + + - NA + + + - - + - n + + . .

(+) = factor present in prediction model; (-) = factor not present in prediction model; NA = not applicable as only women with one prior cesarean included in analysis;
TOL = trial of labor; BMI = body mass index; Ht = height; CS = cesarean section; VD = vaginal delivery; EGA = estimated gestational age; NRF = nonreassuring fetal
heart tracing; PE = preeclampsia; IOL = induction of labor; LA= labor augmentation
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One recently proposed approach to VBAC prediction has incorporated only variables known in
the early antepartum period to generate a predictive model that could provide a woman’s
individual-specific probability of achieving a VBAC.?® An extension of this model that includes
factors also known at the time of admission to labor and delivery enables the determination of a
predicted probability of VBAC that reflects relevant factors that have occurred as gestation
progresses.?! These models appear well calibrated and have reasonable discriminatory
capability. Furthermore, the “early antepartum factor” model has been evaluated and considered
valid in a population other than that in which it was developed and tested.? Further validation of
these models in additional populations remains to be done.

Regardless of the accuracy of any of these models, there has yet to be a demonstration that
their use can enhance the care of women who are considering a VBAC. It remains uncertain
whether the provision of a VBAC probability, even an accurate one, to a woman considering a
TOL can help her to optimize her decision-making and improve her satisfaction with her choices
and outcomes. In addition, it has yet to be demonstrated whether the use of a prediction model
in a given population can reduce the chance of adverse outcomes (e.g., major maternal
morbidity) related to VBAC.
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Introduction

The evidence on the benefits and harms of trial of labor (TOL) versus elective repeat cesarean
delivery (ERCD) is unclear. This systematic review was conducted to examine maternal
outcomes associated with vaginal birth after cesarean—one of the key questions specified by

the Planning Committee for the 2010 NIH Consensus Development Conference: Vaginal Birth
After Cesarean (VBAC): New Insights.*

Methods

An analytic framework (Figure 1) was constructed to illustrate the clinical logic and contextual
factors that underlie the key questions relating to birth after previous cesarean delivery (CD). It
explicitly aims to understand a woman'’s initial intended route of delivery and the factors that
influence that initial intention. The framework then clarifies the relationship among the route of
actual delivery, intermediate outcome measures, and maternal and infant health outcomes.

Figure 1. Analytic Framework

Influences
-Healthcare system
-Social (including family)
-Environment/setting
-Medical/obstetrical condition
-Legal

[ Actual delivery j
r\o;;::c /[ Intermediate
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-TOL -neuce breastfeeding) -Infant
-ERCD -ERCD, labored i
Infant
-ERCD, unlabored e.q. Apgar
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JRCD, unlabored

! Future Pregnancies !

Abbreviations

CD=cesarean delivery, ERCD=elective repeat cesarean delivery, IRCD=indicaled repeat cesarean delivery, TOL=frial of labor, UR=uterine
rupture, VBAC=vaginal birth after cesarean
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Relevant studies were identified from multiple searches of MEDLINE®, the Database of
Abstracts of Reviews of Effectiveness, and the Cochrane databases (1980 to September 2009)
and from recent systematic reviews, reference lists, reviews, editorials, Web sites, and experts.
Inclusion criteria limited studies to the English language and human studies conducted in the
United States and developed countries specifically evaluating birth after previous cesarean
delivery. Studies focusing on high-risk maternal or neonatal conditions—including breech
vaginal delivery—or including less than 10 subjects were excluded. Poor-quality studies were
not included in the analyses. The overall strength of the body of evidence was rated (graded)
using the Grading of Recommendations Assessment Development and Evaluation Working
Group guidelines as adapted in the Methods Reference Guide for Effectiveness and
Comparative Effectiveness Reviews.?? Meta-analyses were conducted, when appropriate, to
summarize rates and compare differences.

Results

Of the 3,134 citations reviewed from the searches, 963 full-text papers were retrieved and
reviewed for inclusion. After applying inclusion/exclusion criteria, a total of 203 full-text papers
were included.

Short-Term Maternal Outcomes of TOL Versus ERCD

Maternal death: Twelve studies, involving 402,883 patients, provide high strength of evidence
that the risk of maternal mortality, while rare for both TOL and ERCD, is statistically significantly
increased with ERCD (3.8 deaths per 100,000 for TOL [95% confidence interval (Cl): 0.9 to 15.5
per 100,000] compared with 13.4 per 100,000 for ERCD [95% CI: 4.3 to 41.6 per 100,000]).

Hysterectomy: Eight studies found no significant difference in the rate of hysterectomy between
TOL and ERCD.

Hemorrhage/transfusion: Among all studies, there is no significant difference in transfusions for
TOL versus ERCD. However, among studies that focused exclusively on term patients, TOL is
associated with increased risk of transfusion.

Infection: Twenty-two studies provide weak evidence that there is no significant difference
between TOL and ERCD in infection. The body of evidence is low in strength due to
inconsistent definitions, high risk of bias, and indirect evidence.

Surgical injury: There is insufficient evidence to evaluate the impact of route of delivery on
surgical injury.

Length of stay: ERCD is associated with a longer hospital stay (pooled mean estimate 3.92
days [95% CI: 3.56 to 4.29]) than is TOL (2.55 days [95% CI: 2.34 to 2.76]).

Uterine rupture: There is moderate strength evidence that the risk of uterine rupture is higher for
women undergoing a TOL (0.47%) than for those undergoing ERCD (0.03%). Women with prior
low vertical CD or with an unknown scar are not at a statistically significant increased risk. The
risk of rupture increased with induction of labor and was highest at >40 weeks gestational age.
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Long-Term Benefits and Harms to the Mother of TOL Versus ERCD

Adhesions: Prior CD was associated with a statistically significant increase in adhesions at
subsequent CD and hysterectomy, increased perioperative complications, time to delivery, and
total operative time. It is unclear whether adhesions and complications increase with increasing
number of prior cesareans.

General health: No studies evaluated TOL and/or RCD with respect to pelvic pain, risk of
ectopic pregnancy, and general health risks. Two studies have suggested impaired fertility
following CD.

Multiple cesareans: Women with multiple cesareans have increased risk of
hemorrhage/transfusion, surgical injury, and hysterectomy. The risk of postoperative infection
remains unclear. The risk of wound complications does not appear to increase.

Abnormal placentation: Women with a prior cesarean had a statistically significant increased
risk of placenta previa and accreta. Risks increased with increasing number of prior cesareans,
as did the risk for maternal transfusion, hysterectomy, and composite maternal morbidity.

Discussion

A major contributor to the increase in cesareans is the rapid decline in VBACs witnessed over
the last decade. One of the major findings of this report is that the best evidence suggests that
VBAC is a reasonable and safe choice for the majority of women with prior cesarean. However,
there is a minority of women who will suffer serious adverse consequences of both TOL and
ERCD. Models have not been able to predict who will do well and who will be harmed. Serious
deficiencies were found in the existing literature, however, and the evidence report provides a
list of research priorities to advance the field and provide important information to patients,
clinicians, and policymakers.
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Birth After Prior Cesarean Delivery:
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An estimated 40% of the 1.3 million caesarean deliveries performed each year in the United
States are repeat procedures. Understanding the competing short-term maternal risks of
adverse outcomes associated with trial of labor after cesarean (TOLAC), elective repeat
cesarean delivery (ERCD) with labor, and ERCD without labor is especially challenging given
the complexity of factors influencing childbirth. If a trial of labor among some of these women
were to be safe and effective,’™? early screening, careful candidate selection, and accurate
counseling would be important to inform women of the favorable and unfavorable outcomes that
present during and after childbirth.

Central to making progress in the care of women with a prior cesarean delivery is the ability to
distinguish benefits from harms. The National Institute of Health’s Consensus Development
guidelines for the management of birth after a previous cesarean delivery were last published in
1985.1*!* These guidelines recommended that a trial of labor should be attempted for women
with previous cesareans because it was safe.'® We discuss the available published scientific
data on (1) the short-term maternal outcomes of TOLAC and ERCD, (2) the important factors
that influence these outcomes, (3) the differences between outcomes for TOLAC compared with
ERCD, and (4) successful VBAC compared with unsuccessful VBAC.

In the absence of randomized controlled trials, we consider observational studies conducted in
North America to allow for comparison of competing short-term maternal outcomes across a
range of study designs, data sources, dates, study populations, and settings. Severe short-term
maternal outcomes reported in the literature include uterine rupture, uterine rupture or
dehiscence, hysterectomy, bladder injury, thromboembolic disease, and death.**° Less serious
postdelivery outcomes have been reported on blood transfusion, postpartum hemorrhage,
endometritis, infection, and prolonged hospital length of stay.**82%-2123.24,26-31

Many factors can influence the short-term maternal outcomes associated with TOLAC and
ERCD, and the relationships of these factors can be complex. Such factors may be patient
related, provider related, or the environment in which the birth occurs. When deciding to
undergo a TOLAC or an ERCD, providers and women want to know the benefits and risks of
factors that impact the outcomes. However, except for uterine rupture, data on factors that
impact short-term maternal outcomes associated with TOLAC and ERCD are relatively sparse
(Table 1). On the basis of the results of the National Institute of Child Health and Human
Development (NICHD) Maternal-Fetal Medicine Units (MFMU) Network Cesarean Registry
study, morbidly obese women undergoing a TOLAC were more likely to have a uterine rupture
relative to women with ERCD; however, absolute risk was small.** In women who undertake a
TOLAC, the risk of uterine rupture is significantly higher among women who have either a short
interpregancy or interdelivery time than among women with longer intervals.******-** Factors
attenuating the rate of uterine rupture during TOLAC include a woman having a history of more
than two previous caesarean deliveries,***’ a prior vaginal delivery,®%%#3° and a successful
previous VBAC.* Despite the frequent exposure of women to induction during a TOLAC,
induction is known to increase the risk of uterine rupture >*:%232414 gjj|| - discrepancies
between reported risks of uterine rupture associated with induction of labor may be attributed in
part to different methods of induction, dosage, and timing.
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Table 1. Factors Impacting Short-Term Outcomes Among Women With a TOLAC Compared With ERCD

Outcome

Uterine rupture

‘ Factor

Morbid obesity®
Interpregnancy and
interval delivery time®
Number of prior CS
History of prior vaginal
delivery

Prior VBAC

Induction of labor

’ Evidence

In TOLAC vs. ERCD, morbidly obese women have an increased risk of uterine rupture (2.1% vs. 0.4%).32

Among women undergoing TOLAC, short interpregnancy and interdelivery interval increases uterine
rupture risk,'%?*** particularly when the delivery interval is <6 months™’; there are no data to suggest
that longer intervals increase the risk for uterine rupture.

For TOLAC vs. ERCD, women with >2 prior cesarean deliveries are more likely to have a uterine
rupture.*

Women who have had a vaginal birth prior to a TOLAC are at less risk for uterine rupture.**%%%%

The Iik4eolihood of uterine rupture decreases among women undergoing a TOLAC who have had a prior
VBAC.

The method of induction, dosage, and tlmlng must be taken into consideration. Overall, induction of labor
increases the risk of uterine rupture. 2111223554144 Among women with a TOLAC, there is an evident dose
response’’; oxytocin ranges above 20 mU/min increases risk fourfold? augmentatlon odds ratio
[OR]=2.4; |nduct|on with any prostaglandin OR=4.0; oxytocin alone OR=3.0.

Blood transfusion

Interpregnancy
interval

Morbid obesity

Among women undergoing a TOLAC, an interpregnancy interval of <6 months increases the likelihood of
blood transfusion, particularly when the delivery interval is <6 months. ™

Morbidly obese women with TOLAC vs. ERCD have similar risk of blood transfusion (1.5% vs. 1.3%).%

Endometritis Morbid obesity Morbidly obese women with TOLAC vs. ERCD are more likely to have endometritis (4.6% vs. 1.9%).%
Death No data

Length of Morbid obesity Morbidly obese women with TOLAC vs. ERCD are more likely to have longer hospital stays (30.3% vs.
hospital stay 26.0%).32

>4 days

NOTE TOLAC = trial of labor after caesarean ERCD = elective repeat cesarean delivery.

Morbldly obese defined as 40.0 kg/m” or greater.
Interpregnancy interval defined as number of months between immediate prior delivery and subsequent conception, and interval delivery time defined
as time between delivery dates.
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Data identifying factors that adversely impact blood transfusion, endometritis, and prolonged
hospital stay among women with ERCD or TOLAC are scarce. Among women attempting
TOLAC, an interpregnancy interval of <6 months increases the likelihood of blood transfusion.*
Based on data from the NICHD MFMU study, women with TOLAC relative to ERCD had a
similar risk of blood transfusion, but morbid obesity was associated with an increased risk of
blood transfusion.** Morbid obesity also adversely impacted other short-term maternal
outcomes, including endometritis and length of hospital stay >4 days.

0

Adverse short-term maternal outcomes associated with management of childbirth among
women with prior caesarean delivery can be severe. Because this area contains
misperceptions, we review the medical evidence pertaining to these outcomes (Table 2).
Uterine rupture is as uncommon as other major short-term maternal outcomes for which
preventive strategies are debated. AImost no uterine rupture accompanies ERCD and, in the
rare event that uterine rupture does occur, it is with TOLAC or ERCD with labor. Although
morbidity associated with emergency hysterectomy can be very severe, hysterectomy is not
significantly associated with a TOLAC compared with ERCD. 8292327283045 \jjth regard to blood
transfusion, reported rates were inconsistent between studies, particularly for TOLAC and
ERCD groups.?*?*?°3! Thromboembolic disease and maternal death rates among these women
were extremely low, with no difference in the risk of either from a TOLAC versus ERCD.#23%
Women with ERCD were more likely to stay longer in the hospital than women with TOLAC.?%?

Most adverse short-term maternal outcomes occur among women with a failed TOLAC. Uterine
rupture was almost exclusively confined to unsuccessful VBAC compared with successful
VBAC.?232426.21.2946 Qyerg||, the rate of hysterectomy was similar for successful VBAC and
unsuccessful VBAC.'"?*2"?8 Findings on blood transfusion among women with successful and
unsuccessful VBAC were inconsistent, with reported rates either the same between
groups*’#2829 or higher among women with an unsuccessful VBAC.?#*24262" \Women with
unsuccessful VBAC were more likely to have endometritis and stay longer in the hospital than
women with VBAC.?*# Thromboembolic disease and maternal death were rarely reported and
were indistinguishable between groups.

In summary, for women with a previous caesarean delivery, a successful TOLAC offers several
distinct, consistently reproducible advantages compared with ERCD, including fewer
hysterectomies, fewer thromboembolic events, lower blood transfusion rates, and shorter
hospital stay. However, when TOLAC fails, emergency caesarean is associated with increased
uterine rupture, hysterectomy, operative injury, blood transfusion, endometritis, and longer
hospital stay.
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Table 2. Frequency of Short-Term Maternal Outcomes for TOLAC Compared With ERCD

TOLAC

0.9
0.3
0.8

0.4

0.2
0.2

0.1-0.2°
0.3
0.1

0.04
0.0
0.6

17
0.7
11
0.8

13

0.5-0.8"
1.2
0.2

29
8.2

1.0

0.02
0.001

3.3
2.3-2.9°

ERCD

0.004
0.0
0.0
0.0
0.0

0.3
0.2

0.1-0.4°
0.5
0.1

0.1
0.1
0.5

1.0
1.2
13
14
0.3
0.6

0.3-0.9°
1.6
0.2

1.8
8.8
12

0.04
0.005

5.0
3.0-3.3"

ERCD With ERCD Without
Labor Labor
Uterine rupture (%)?
0.15 0.0

Hysterectomy (%)
0.3

0.4

Thromboembolic disease (%)

Blood transfusion (%)
1.7

Endometritis (%)

Maternal death (%)

0.9

Length of hospital stay (days, mean)

Reference

Landon et al.>**®
Macones et al.?®
McMahon et al.?’
Hibbard et al.?*
Blanchette et a
Loebel et al.**

29
l.

Landon et al. 4

McMahon et a
Quiroz et al.*®
Gregory et al.?°
Ford et al.*®
Wen et al.”®

27
l.

Landon et al.®
Ford et al.®
Wen et al.?®

Landon et al.?34¢
Macones et al.?®
McMahon et al.?’
Hibbard et al.?*
Blanchette et al.?®
Loebel et al.**
Quiroz et al.*
Gregory et al.”
Ford et al.*®
Wen et al.?®
Landon et al.?®
Hibbard et al.?*
Blanchette et a
Upadhyaya et al.**

29
l.

Landon et al. 24
Wen et al.?®

Hibbard et al.”*
Gregory et al.”°

NOTE: TOLAC = trial of labor after caesarean; ERCD = elective repeat cesarean delivery
® Based on medical record abstraction studies.
® Range includes women of low to high medical risk.
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Delivery After Previous Cesarean:
Long-Term Maternal Outcomes

Robert M. Silver, M.D.

Most studies of cesarean morbidity focus on short-term rather than long-term complications.
However, women undergoing cesarean delivery are at increased risk for a variety of chronic
problems including pain and surgical adhesions. In addition, they may be at increased risk for
infertility or subfertility as well as perinatal complications in subsequent pregnancies. Most
importantly, women undergoing multiple repeat cesarean deliveries are at substantially
increased risk for life-threatening hemorrhage and morbidity in the setting of placenta accreta.
These long-term maternal complications must be factored into the risk:benefit ratio for women
considering vaginal birth after cesarean (VBAC) delivery.

There are few studies that have assessed chronic pain after cesarean delivery. In a study from
Denmark, 18.6% of patients still had pain months after cesarean and 12.3% still had pain at
follow-up (median 10.5 months).! Chronic pain may be associated with entrapment of the
iliohypogastric or ilioinguinal nerves after Pfannensteil incision.?™ The risk of pain increases with
increasing numbers of cesareans, and about 1 in 12 women seek medical attention for their
pain.® In a case-control study of women undergoing laprascopy, prior cesarean delivery had an
odds ratio of 3.7 (95% confidence interval [Cl]:1.7—7.7) for chronic pain.® Another potential
source of chronic pelvic pain’ as well as abnormal vaginal bleeding® is cesarean scar defects.
These involve myometrial discontinuity at the site of a previous cesarean scar and may be
identified by a transvaginal sonogram. Almost 7% of women with a prior cesarean had cesarean
scar dehiscences detected on sonogram.® There was an association between multiple
cesareans and the size of the defect, dysmenorrhea, and pelvic pain.® Pain also may be due to
pelvic adhesions, which increase with increasing numbers of cesarean deliveries.****

Another source of hidden morbidity from cesarean delivery is the effect on fertility and
subsequent pregnancies. In theory, surgery involving the uterus and other pelvic organs may
compromise local vasculature that could potentially decrease fertility and adversely affect
placental development and perinatal outcomes. In addition, surgical adhesions might obstruct
tubal patency, further compromising fertility. Although it is difficult to study without bias,
decreased fertility in women with prior cesarean deliveries has been reported by several
groups.'*™ Cesarean is associated with an increased risk of ectopic pregnancy and
spontaneous abortion in some****but not all studies.*® It is clearly associated with cesarean
scar ectopics, a life-threatening condition that is increasingly common.*’

Numerous studies have established a clear increase in the risk for abnormal placentation in
subsequent pregnancies in women with cesarean deliveries.*®** The most clinically significant
long-term maternal morbidity after cesarean delivery occurs in subsequent pregnancies in
women with placenta accreta. The morbidity from placenta accreta is substantial and includes
problems associated with massive bleeding such as disseminated intravsacular coagulation,
multi-organ failure, and death, as well as the need for often-complicated hysterectomies.?**

The rate of accreta is rising, almost assuredly as a direct result of the increasing rate of
cesarean delivery. The incidence is now reported to be 1 in 533,% considerably more than the 1
in 2,510 noted in a large center between 1985-1994.%° There is a direct correlation between an
increasing number of cesarean deliveries and an increased risk of placenta accreta. In a large
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multicenter cohort of 30,132 women in the Maternal-Fetal Medicine Units (MFMU) Network who
had cesarean delivery without labor, placenta accreta was present in 0.24% of women having
their first cesarean.”” However, accreta occurred in 2.13%, 2.33%, and 6.74% of women having
their fourth, fifth, and sixth or greater cesarean deliveries, respectively (Table 1).

The combination of placenta previa and prior cesarean delivery dramatically increases the risk
for placenta accreta. In the 723 women in the cohort with placenta previa, accreta occurred in
3%, 11%, 40%, 61%, and 67% in those having their first, second, third, fourth, and fifth or
greater cesarean deliveries, respectively.?” Others also have noted a dose response between
the number of prior cesareans and the risk of accreta in women with previas.*

Women with multiple repeat cesarean deliveries are at increased risk for a variety of
complications, even if they do not have placenta accreta (Table 1).2*™?” There does not seem
to be a clear absolute threshold for the number of cesarean deliveries beyond which patients
should be counseled to forgo future pregnancies. However, the risk of several rare but serious
morbidities including cystotomy, need for hysterectomy, or intensive care unit admission is
substantially increased with the fourth or greater cesarean delivery.?’

Table 1. Maternal Morbidity of Women Who Had Cesarean Deliveries Without Labor

orpid D, econd CD d CD 0 D D 6 CD P
No. 6,201 15,808 6,324 1,452 258 89 -
Placenta accreta 15 [(0.24)| 49 |(0.31)| 36 |(0.57)| 31 ((2.13) 6 |(233)| 6 [(6.74) | <0.001
Hysterectomy 40 |(0.65)| 67 |((0.42)| 57 |(0.90)| 35 |(2.41) 9 |(349)| 8 [(8.99) | <0.001
Any blood transfusion | 251 ((4.05)| 242 |(1.53)|143 |(2.26)| 53 |(3.65)| 11 |((4.26)| 14 |((15.73) 0.61
Blood transfusion =4 65 ((1.05)| 76 |(0.48)| 49 |(0.77)| 23 |(1.59)| 6 |(2.33)] 9 |[(10.11) <0.001
units
Cystotomy 8 [(0.13)| 15 |(0.09)| 18 |(0.28)| 17 |(1.17)| 5 |((1.94)| 4 |[(4.49) | <0.001
Bowel injury 7 1(0.11) 9 |(0.06)] 8 [(0.13) 5 1(0.34)| 0O |(0.00) 1 |(1.12) 0.02
Ureteral injury 2 {(0.03) 2 ((0.01) 1 ((0.02) 1 [(0.07) 1 1|(0.39) 1 |(1.12) 0.008
Placenta previa 398 ((6.42)| 211 |(1.33)| 72 |(1.14)| 33 |(2.27) 6 |(2.33)| 3 [(3.37)| <0.001
lleus 41 |(0.66)| 71 |((0.45)| 43 |(0.68)| 13 |(0.90)| 4 |(1.55)| 3 ((3.37) 0.01
Postoperative 62 ((1.0) 33 |(0.21)| 15 ((0.24)| 10 |{(0.69) 2 |(0.78) 1 |(1.12) | <0.001
ventilator
Intensive care 115 |((1.85)| 90 |(0.57)| 34 |(0.54)| 23 |(1.58)| 5 |((1.94)| 5 |(5.62) 0.007
admission
Operative time (min) 50.6((24.0)| 54.9((23.2)| 60.7 |(25.6)| 64.5|(32.7)| 67.9|(32.6)| 79.9((53.4) <0.001"
Hospital days 5.6((7.2) 3.91(4.2) 3.8((4.0) 4.2((5.2) 4.1((5.0) 5.5((7.8) <0.001"
Wound infection 95 |(1.53)| 148 |(0.94)| 97 |[(1.53)| 19 |(1.31) 9 |(3.45)| 3 [(3.37) 0.09
Endometritis 371 |(5.98)| 404 |(2.56)[178 |(2.81)| 43 |((2.96)| 4 |(1.55)| 6 |[(6.74) | <0.001
Wound dehiscence 23 |(0.37)| 17 |(0.11)| 10 |(0.16) 3 ((0.21) 2 |(0.78)| O 0.18
Deep venous 17 |(0.27)| 24 |(0.15)| 9 |(0.14) 3 |(0.21)| O 1 |(1.12) 0.42
thrombosis
Pulmonary embolus 13 |(0.21)| 18 |(0.11)| 5 |[(0.08) 4 1(0.28) 1 |(0.39) 1 |(1.12) 0.85
Reoperation 26 |(0.42)| 35 |(0.22)| 16 |[(0.25) 6 ((0.41) 1 |(0.39)] 3 |(3.37) 0.57
Maternal death 12 |(0.19)| 11 |(0.07)| 3 |[(0.05) 1 |(0.07) 0 0 0.02

NOTE: CD, cesarean delivery. Data are presented as n (%).
*Primary cesarean delivery.
TP values are from Cochran-Armitage test for trend unless otherwise indicated.
* These P values are from Spearman rank correlation test.
Reprinted with permission. Silver et al., 2006.%"
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Complications such as stillbirth, small for gestational age fetus, preterm birth, perinatal death,
birth asphyxia, and need for neonatal resuscitation and special neonatal care all have been
reported to be increased in women with prior cesarean deliveries.**° In a landmark study of
antepartum stillbirth in Scotland, the risk of stillbirth attributable to prior cesarean was 0.88 per
1,000 births.*? However, several studies found no association between prior cesarean and
stillbirth.>>*"~%° Different results among studies are likely due to variation in study design,
definitions, and populations.
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Predicting Uterine Rupture in Women Undergoing
Trial of Labor After Prior Cesarean Delivery

Mark B. Landon, M.D.

Catastrophic uterine rupture is the most dreaded complication for women attempting vaginal
delivery after prior cesarean section (VBAC). Varying terminology and definitions employed as
well as ascertainment bias all have contributed to difficulty estimating risks of uterine rupture
from the VBAC literature.' A review of 10 observational studies providing the best evidence on
the rate of symptomatic rupture in women undergoing trial of labor (TOL) revealed rates ranging
from 0/1,000 in a small study to 7.8/1,000 in the largest study cited." The National Institute of
Child Health and Human Development Maternal-Fetal Medicine Units (MFMU) Network study
reported a 0.69% incidence with 124 symptomatic ruptures occurring in nearly 18,000 women
undergoing TOL.?

Risk Factors for Uterine Rupture

Rates of uterine rupture have been reported to vary significantly according to a variety of
associated risk factors® (Table 1).

Table 1. Risk Factors for Uterine Rupture

Odds Ratios  (95% CI) References
Prior Vaginal Delivery 0.2 (0.04 -0.8) 4
0.38 (0.23 -0.62) 5
0.66 (0.45 -0.95) 3
Multiple Prior Cesareans 3.06 (1.95-4.79) 6
4.5 (1.18 -11.5) 7
2.3 (1.37 — 3.85) 9
1.46 (0.87 — 2.44) 5
1.36 (0.69 — 2.69) 3
Short Interpregnancy Interval 3.0 1.2-7.2) 10
2.65 (1.08 — 6.46) 11
2.05 (1.41 - 2.96) 3
2.66 (1.21 -5.82) 12
One-Layer Uterine Closure no ruptures 14
3.95 (1.35 — 11.49) 15
Prior Preterm Cesarean 1.6 (1.01 - 2.50) 16
15 (0.7 -3.5) 17
Labor Induction 2.86 (1.75 - 4.67) 3
1.01 (0.43 - 2.34) 22
Oxytocin Augmentation 2.40 (1.45-4.07) 3
1.72 (0.80 — 3.64) 22

Prior Vaginal Delivery
Prior vaginal delivery has been consistently reported to be protective against uterine rupture in

women undergoing TOL. A single-center study revealed a rupture rate of 0.2% (2/1,021) in
women with a prior vaginal birth attempting VBAC compared with 1.1% (30/2,762) among
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women with no prior vaginal deliveries.* Both the large multicenter studies of Macones and
colleagues (odds ratio [OR]=0.38, 95% confidence interval [CI] 0.23-0.62) and Landon
(OR=0.66, 95% CI 0.45-0.95) have confirmed the protective effect of prior vaginal birth on the
risk for subsequent uterine rupture.?®

Number of Prior Cesarean Deliveries

Miller et al. reported a uterine rupture rate of 1.7% in women with two or more prior cesareans
compared to 0.6% in those with a single prior operation (OR=3.06. 95% CI 1.95-4.79).° A
smaller study of 134 women with two prior cesareans reported a uterine rupture rate of 3.7% in
these women compared to 0.8 percent in women with a single prior cesarean (OR=4.5, 95% ClI
1.18-11.5).” In 2004, the American College of Gynecologists and Obstetricians (ACOG)
followed with a recommendation that a TOL for women with two prior cesarean deliveries be
limited to those with a history of a successful VBAC or prior vaginal delivery.® Following these
recommendations, Macones and colleagues reported a uterine rupture rate of 20/1,082 (1.8%)
in women with two prior cesareans compared to 113/12,535 (0.9%) in women with one prior
operation (adjusted OR=2.3, 95% CI=1.37-3.85).° The MFMU Cesarean Registry found no
difference in rupture rates in women with multiple prior cesareans (9/975, 0.9%) compared to
women with a single prior cesarean (115/16,916, 0.7%).°

Interpregnancy Interval

Shipp and co-workers reported a rupture rate of 2.3% (7/311) in women with an interdelivery
interval of less than 18 months compared with 1.1% (22/2,098) with a longer interdelivery
interval.®® Bujold and colleagues noted an interdelivery interval of less than 24 months to be
associated with a 2.8% rupture rate compared to 0.9% in women undergoing TOL more than
24 months since their prior cesarean section.'* Secondary analyses from two large multicenter
reports both support an increased risk for rupture with shorter interpregnancy intervals.®*?

Uterine Closure Technique

In a retrospective study of 292 women undergoing TOL, similar rates of uterine rupture were
found for women regardless of the prior uterine closure technique employed.*® A small
randomized trial of 145 women who received one- or two-layer closure at the time of primary
cesarean revealed no cases of rupture in the subsequent delivery.™ In contrast, a large
observational cohort study in which detailed operative report review was performed, a nearly
fourfold increased risk for uterine rupture following single-layer closure was evident compared to
a double-layer closure.® It remains unclear whether single-layer closure increases the risk for
uterine rupture.

Prior Preterm Cesarean Delivery

The MFMU Network reported a risk of rupture of 1.0% in women undergoing TOL with a prior
preterm cesarean compared to 0.68% in those with prior term cesarean delivery.'® In contrast,
Harper’s analysis revealed similar risks of uterine rupture when patients were stratified
according to prior cesarean before or after 34 weeks’ gestation.'” The risk for uterine rupture
was 6/508 (1.2%) with prior preterm cesarean compared to 103/12,027 (0.9%) in women with
prior term operations.
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Labor Induction

Induction of labor appears to be associated with an increased risk of uterine rupture in women
undergoing TOL. In the MFMU Network analysis, a nearly threefold (OR=2.86, 95% CI=1.75—
4.67) risk was evident as rupture occurred in 48/4,708 (1.0%) women undergoing induction and
TOL compared with 24/6,685 (0.4%) accompanying spontaneous labor.? Although a systematic
review'® failed to find a higher rate of uterine scar disruption with labor induction, additional
analyses suggest that oxytocin should be used with caution in women undergoing induction
attempting VBAC.**%

It is unclear whether other induction methods such as prostaglandins significantly increase the
risk for uterine rupture.???? In Macones’ analysis, an increased risk for rupture was evident only
in women receiving a combination of oxytocin and prostaglandins. The MFMU Network study
revealed no cases of uterine rupture when prostaglandins alone were used for induction.**
ACOG currently advises against the use of misoprostol (prostaglandin E1) for labor induction in
women with prior cesarean delivery.?®

Oxytocin Augmentation

Excessive oxytocin use may be associated with uterine rupture such that the MFMU Network
study documented a risk for rupture of 52/6,009 (0.9%) in women receiving oxytocin for
augmentation compared to 24/6,685 (0.4%) in spontaneous labor, which was confirmed in
multivariable analysis.? In contrast, Macones and colleagues found that labor augmentation was
not associated with uterine rupture.®

Uterine Rupture Prediction Models

Macones and colleagues used multivariable methods to develop two separate predictive models
relying on antepartum and intrapartum factors and then constructed a combined model.> The
two clinical predictive indices for uterine rupture were neither sufficiently sensitive nor specific
for clinical use.

Grobman and colleagues also attempted to develop a model that would predict individual
specific risk for uterine rupture during an attempted VBAC.?* The optimal final prediction model
included the two variables: previous vaginal delivery (OR=0.44) and induction of labor
(OR=1.73). Unfortunately, the model did not allow a clinically useful estimate of the probability
of uterine rupture for an individual woman.

Conclusions

Counseling women with prior cesarean considering their options for delivery should ideally
include an individualized discussion of the risk of uterine rupture and the likelihood of
successful VBAC.

In contrast to the introduction of a useful nomogram to predict the likelihood of successful VBAC
for a given woman, two well-conducted analyses have failed to develop a clinically useful
individual prediction model for uterine rupture.>** Nonetheless, obstetrical care providers will
continue to be expected to provide information to women regarding the risk of uterine rupture.
Understanding this event clearly cannot be predicted on an individual basis, but known risk
factors representing population averages can be discussed. Absolute risks and relative risks
should be presented to provide objective counseling regarding the risk for uterine rupture.
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